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Abstract
The sheep herding is a typical way of subsistence helping to preserve the steppe character of The Central Bohemian
Highlands (in the region of Louny, Czechia). After 1989, herds were liquidated without replacement by other suitable
forms of farming. As a result, shrubs started to grow in the steppe areas in the analyzed region. Since 2010, the
traditional sheepherding began to return to the Central Bohemian Highlands Protected Landscape Area. The archival
remotely sensed data (aerial imagery, satellite imagery) were used to analyze the land-cover change. The archival
aerial images for the period 1953 – 2014 were processed to analyze the landscape change. Each of the processed
orthophotos was analyzed with a focus on the not original shrubs and trees. Several thousands of points were digitized
to analyze the influence of the sheep herding on the land-cover of the steppe grasslands.
Keywords: landscape change, sheepherding, archival aerial images, analysis.

INTRODUCTION
Human activity changes the surrounding landscape in many ways. All over the world, we may find large areas affected
by heavy industry, open-pit mining, intensive agriculture, or growing cities. In this paper, we would like to introduce
the analysis, how human activity helps to keep the original state of the landscape. The Central Bohemian Highlands (the
Czechia) has in the Louny region a typical steppe character. Here we can find rare animals and plants typical for the
steppe environment. The sheep herding is a typical way of subsistence helping to preserve the steppe character of this
region. The sheep herding tradition in this region was kept for centuries.
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Figure 1 Raná Hill and the landscape of the Central Bohemian Highlands (Toman, 2020)
After 1989, in connection with changes in Czech agriculture, herds were liquidated without replacement by other
suitable forms of farming. As a result, shrubs (as the not original plants) started to appear in the steppe landscape in the
analyzed area. Moreover, the loss of short-lived dry grasslands, habitat uniformity, and the reduction of species
diversity occurred. In 2010 the traditional ways of farming (including the sheepherding) started to return to the Central
Bohemian Highlands Protected Landscape Area with a significant effect on the non-original plants in this region.
The main aim of this paper is to analyze, with the use of spatial data, whether the renewed pastoralism has a positive
effect on the preservation of the original steppe landscape. The landscape change may be analyzed with the use of
different types of archival spatial data. The old maps and archival aerial photographs are mainly used for such a type of
analysis (Brůna et al., 2014; Pacina et al., 2012; Skaloš et al., 2011; Vuorela et al., 2002). Only archival aerial
photographs captured with sufficient overlap may be processed using the standard ways of photogrammetry or Structure
from Motion (SfM) modeling (Cantoro, 2015; Puligle and Fava, 2013; Sevara et al, 2017). The archival aerial
photographs are stored in repositories or national aerial image archives (Cantoro, 2015; Cowley and Stichelbaut, 2012;
Cowley et al, 2013; Pacina et al., 2020).
The archival remotely sensed data (aerial imagery, satellite imagery) were used to analyze the land-cover change. The
archival aerial images from different periods were processed to cover the entire period – the year 1953 (historical state
of the land-cover), 1998, 2004, 2008 (regular periods after the sheep herding stopped), 2011, and 2014 (the sheep
herding was renewed).

METHODOLOGY
Study area
The Protected Landscape Area of Central Bohemian Highlands lies in the north of Bohemia. With an area of 1266 km2,
it is the second-largest protected landscape area in the Czech Republic. The relief of the Central Bohemian Highlands is
the result of volcanic activity in the Tertiary, as well as subsequent weathering and erosion processes. Characteristic are
the conical and cumulus shapes of hills, short ridges, often with rubble fields on the slopes. (AOPK, 2020).
Among the most interesting and beautiful peaks of the Bohemian Central Mountains are the areas of the Raná and Oblík
hills analyzed in this paper. The analyzed area, in the Louny region, covers 1 577 hectares (see Figure 2).
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Figure 2 Area of interest - Raná and Oblík hill

Archival data
Several types of spatial archival data may be used for landscape development and change analysis. Concerning the
studied phenomenon and the scale, the archival aerial images were chosen as a relevant data source. Within the old
maps, we are unable to identify the single trees (studies in this area). The archival satellite images offered by the USGS
(Landsat) are available back to 1972 and are a very valuable source of the data with worldwide coverage.
Unfortunately, the spatial resolution is to rough to be used for our purposes.
In the Czech environment, the archival aerial images are available in the national archives managed by the Military
Geographical and Hydro-meteorological Institute in Dobruška (VGHMÚř) or the Czech Office for Surveying and
Cadaster (ČÚZK). The aerial images for the year 1953 were obtained from VGHMÚř and the aerial images for 1998,
2008, 2011 and 2014 were obtained from ČÚZK. The aerial images were, based on the accuracy analysis performed in
(Pacina and Popelka, 2017), processed in Agisoft Photoscan (v. 1.5.0). Selection of Ground Control Points (GCP) is
crucial for quality data processing (Pacina et al., 2020). The catalogs of the GCPs used for the original processing of the
aerial images are not available – thus the GCP has to be identified both on the archival aerial photograph and the
contemporary processed orthophoto. The elevation information is further derived from the Digital Terrain Model of the
Czech Republic of the 5th Generation (DTM 5G) available for the whole Czech Republic. The DTM 5G is acquired
with LiDAR and is available for the public as an irregular set of points, with a 1 point/m2 average density (ČÚZK,
2020).

Landscape change analysis
The landscape change analysis is based on a comparison of two or more processed time series of data. Within the area
of interest, two different types of analysis were performed: 1. landscape change analysis based on the differences in the
land cover and 2. the higher (non-original) vegetation identification. The manual identification and hand digitalization
were used for both of the analyses.
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RESULTS
Archival data processing and interpretation
The selected archival aerial photographs were processed for the defined years – the total number of 13 images for the
year 1953, 5 images for 1998, 4 images for 2008, 6 images for 2011, and 6 images for 2014. All of the images were
processed using the Agisoft Metashape software. For most of the images, the GCPs were identified on the 2018
orthophoto available as a WMS service at http://geoportal.cuzk.cz (see an example in Figure 3). The regular distribution
of the GCPs is requested to produce an accurate digital surface model (DSM) based on the raw archival aerial images
(Pacina et al., 2020). Approximately 10 GCPs for each of the processed time series of archival aerial images were used.
The only exception was the year 1953. The total number of 25 GCPs were defined and in field measured with RTK
GPS as the derived DSM was subjected to accuracy analysis in (Pacina and Popelka, 2017).
The land-cover on processed archival orthophotos was manually digitized (classified) into six categories: bosk,
grassland, field, built-up area, forest, and orchard. As a bosk is classified as an overgrown area where it is impossible to
identify single trees or bushes. The non-original higher vegetation (trees, bushes) was digitized as a single point for
detailed vegetation analysis. See the significant years (1953, 1998 and 2014) in Figure 4.

Figure 3 Example of Ground Control Point identification. A – contemporary orthophoto available as WMS. B –
processed orthophoto from 2008.
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Figure 4 Land cover digitalization within the area of interest. A - the year 1953. B - the year 1998. C – the year 2014.
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Non-original plants identification and landscape change analysis
The non-original plants (trees, higher bushes) identification/visualization was performed using two types of analysis.
The area of interest was divided into a regular square grid. Different grid sizes were tested – 30 x 30 m, 50 x 50 m, 75 x
75 m and 100 x 100 m. The 50 m sized grid was selected for further analysis. The Create Grid Index Feature function,
implemented in ArcGIS was used for the grid creation. The tree density was then recorded within each of the grid cells.
In Figure 5 is presented the tree density of the year 2014 with a detailed inset. In Figure 6 and Figure 7 are presented
results for years 1953 and 1998.

Figure 5 The “higher vegetation” density expressed with 50 x 50 m grid for the year 2014. Blue dots in the inset
represent single identified trees.
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Figure 6 The “higher vegetation” density expressed with 50 x 50 m grid for the year 1953.

Figure 7 The “higher vegetation” density expressed with 50 x 50 m grid for the year 1998.
In Table 1 are presented the maximum tree density values in the defined 50 m square and the total number of identified
trees/bushes for the defined year. It is visible that in 1953 there is a significantly low number of trees and bushes within
the area of interest. Between 1998 and 2004, there was a decrease in individually growing higher vegetation, there was
also a decrease in the total number of individually growing trees and shrubs, but this decrease could occur by pruning
higher vegetation or rather by growing this vegetation and merging into wholes. In 2008, the largest range of
individuals is evident. In 2014, there are almost 2/3 fewer individuals than in 2008.
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Table 1 Identified higher vegetation in the defined periods.
Analyzed period

Highest tree density in a square
Total number of trees

1953

1998

2004

2008

2011

2014

29

148

69

112

230

112

1931

9369

8556

11356

8947

4312

As a further analysis, a comparison of the development in individual years for bosks, forest, grass area, and field in the
given localized area was performed. All continuous vegetation was marked as a bosk, where it was no longer possible to
classify individuals of trees or shrubs. The results are presented in
As can be seen from the table, when comparing individual years, the development of bosks corresponds to the growth
and merging of individuals of higher growth. The fewest of them were in the first year of monitoring, the largest
increase occurred in the years 2008 - 2011. Since then, there has been a slight decrease, which has also caused pruning
of this vegetation. This fact was also verified by field research.
Grasslands do not differ significantly in the monitored years, the differences between the areas in individual years are
not so great. The forest is also growing, especially on the northern sides of both hills. The area of the fields decreased
slightly from 1953 to 1998, in 2004 the area of the fields increased again and in 2014 there was a slight decrease again.
Table 2 Landscover in the studied periods (in hectares)
1953

1998

2004

2008

2011

2014

Bosks

28.30

121.14

128.88

182.56

184.51

170.12

Grassland

170.13

221.04

172.27

116.84

124.84

120.02

Field

466.13

319.91

332.38

508.19

498.16

340.39

Built-up

19.87

28.12

28.67

32.54

34.33

32.82

Forest

16.18

12.72

17.55

20.51

16.05

18.77

Orchard

21.49

21.51

21.57

21.61

21.52

21.36

CONCLUSIONS
Within this paper, there are presented standard ways of landscape change analysis focused on the sheep-herding effect
on the plants in the studied region. The archival aerial photographs were used as the most suitable data for this type of
analysis. A time series of aerial images from 1953 to 2014 was processed to cover the period of the land-use change.
The research was focused mainly on the “higher vegetation” – the non-original trees and bushes in the steppe
environment of the Central Bohemian Highlands. More than 40 000 points representing the “higher vegetation” were
hand digitized in the defined time-periods. The research data support the theory, that the sheep herding keeps the natural
state of the steppe environment. In 1950’ when sheepherding was a natural part of this region, there was a very low
number of higher vegetation individuals. The tradition of sheepherding was disconnected in the early 1990’. The first
data analyzed after this point are from the year 1998. Here we have identified a significant increase in the higher
vegetation and the year 2008 represents the peak. In 2010, the sheepherding tradition was renewed and the analyzed
data from the years 2011 and 2014 show a significant decrease.
The manual identification of the trees requires a precise digitalization technique and a lot of time. In future research, we
would like to focus on automatic digital image processing and machine learning for faster (and possibly) more robust
tree identification.
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