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Abstract This paper draws attention to the dynamics beyond the shaping of his-
torical landscape and deals with the settlement abandonment and landscape trans-
formation during the Later Middle Ages. Despite long-lasting debate about the
reasons of this process, explicit explanation is still missing. Among others, eco-
logical issues, including soil erosion, have been frequently mentioned, although not
always supported by data. We examine four deserted villages in the Czech Republic
—Bzik and Kamenice in Pilsner region (Bohemia) and Bouchenec and NovoSice in
the Drahany Uplands (Moravia). Their remains have been preserved in woodlands
and, therefore, the extent of medieval ploughlands could be reconstructed.
LiDAR-derived DEMs and Universal Soil Loss Equation (USLE) have been
applied to assess the soil erosion threat of the village fields. The results of the
modelling indicate a high erosion threat for the majority of fields. This factor,
together with resulting soil degradation, can be considered as a reason for the
abandonment and subsequent landscape transformation.
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Introduction

The current landscape is a record of various transformations and human activities in
the past. In several parts of Europe, it also contains prehistoric elements (cf. Rippon
2004, 6-14). The main character of the Central European landscape had been
formed during the 13th century as a result of a stabilisation of a settlement pattern
and a nucleation of villages (cf. Klapst¢ 2005). Nevertheless, since then, the
landscape has undergone further dynamic development (especially due to the
intensification of agriculture and the industrialisation) and most of the medieval
elements have therefore been overlaid. Well visible remains of the medieval
landscape (e.g. hedgerows) are to a large extent spatially restricted (cf. Houftkova
et al. 2015). The first large-scale map sources (e.g. the 18th and 19th century
military maps of the Czech lands) do not fully reflect the ‘archaic form of the
landscape’ and it is not possible to use them (directly, without additional data) for
the reconstruction of older, medieval situation (gtépének 1967, 727). Also,
woodland areas may not be ‘ancient’; many of them had not existed in the Middle
Ages and appeared later, during the (early) modern period. Nevertheless, due to this
afforestation, many remains of past human activities have been preserved (cf. Kuna
and Tomések 2004), among other deserted medieval villages (DMVs).

The current settlement pattern can be considered as the remnant of a high
medieval lay-out. A rough estimate indicates more than 5000 settlements that had
been abandoned in the area of the Czech Republic in the period between the 13th
and the 17th century (cf. Nekuda 1961, 176; Smetanka 1988, 9). The phenomenon
of settlement abandonment during the late medieval and/or postmedieval period is
documented in most European countries (e.g. Pohlendt 1950; Beresford 1954;
Beresford and Hurst 1971; Gissel et al. 1981; Chapelot and Fossier 1985; Smetanka
1988; Dyer and Jones 2010). Many reasons for it have been suggested, both
environmental and cultural. However, this disappearance has not been explicitly
answered. In addition to more general statements (as ‘Retreat from Margins’,
agricultural crisis or ‘Fehlsiedlung’: cf. Abel 1966; Postan 1973) or a number of
crisis events (wars, epidemics and famines have been frequently stated), the dis-
ruption of the ecosystem and ecological issues (cf. Klapste 2005, 269), including
soil erosion, has been mentioned (cf. below).

Remains of numerous deserted villages, including their hinterlands, have been
documented during large-scale field surveys (cf. Cerny 1979, 1992; Klapsté 1978;
Smetanka and Klapsté 1981; Vareka et al. 2006). On their basis, we are able to
distinguish specific types of earthworks, among others also those associated with
ploughlands. The economy of medieval villages that depended mostly on arable
agriculture is expected in highly elevated/exposed/agriculturally marginal areas as
well (cf. Zemlitka 1980; Boha¢ 1983; Meétinsky 1987; Klir 2008) and it is
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supported by artifactual evidence (cf. iron agricultural tools from DMV
Spindlebach in Ore Mountains situated 800—880 m a.s.1. : Hylmova et al. 2013) and
the palynology (Rybni¢kova and Rybnicek 1975; Nekuda and Jankovska 2005;
Jankovska 2006, 2011; Petr 2008).

Currently, the identification of the remains of past human activities, especially
line features such as field boundaries, is facilitated by LiDAR data, despite the fact
that these objects are hardly discernible by the surface survey (cf. Malina 2015,
516). Using DTM 5G (Digital Terrain Model of the Czech Republic of the 5th
generation) and subsequent ground-truthing, more complete image of past settle-
ment areas (abandoned villages and their hinterlands) have been obtained, even the
total extent of original ploughlands (cf. Vaieka et al. 2011, 335; Capek 2013; in
print; Capek et al. 2013; Holata and Svétlik 2015; Malina 2015). This allows us,
together with the analytical potential of LiDAR-derived DEMs, to assess the pro-
cess of the settlement abandonment as well as the dynamics in the land use during
the historical period from a different perspective.

The Evidence for the Erosion During the Medieval Period

The evidence of the large-scale soil erosion during the medieval period comes from
many European areas and beyond. An exceptional erosion (and other land degra-
dation) is documented in the area of North Atlantic (e.g. Jakobsen 1991; Dugmore
and Buckland 1991; Amorosi et al. 1998; Dugmore et al. 2000, 2005; Hannon et al.
2001; Greipsson 2012; Silva-Sanchez et al. 2015) as the impact of the landnam
(colonization and settlement of new areas, destruction of vegetation cover, inap-
propriate land management) and the Little Ice Age. In England, substantial allu-
viation and influxes of sediments into river valley floodplains occurred during the
Late-Saxon to the high Middle Ages and the cessation of alluviation in the late
Medieval period corresponds with the contraction/desertion of settlements, aban-
donment of the ridge-and-furrow cultivation, enclosure of the open fields and the
shift to grassland in general (Robinson 1992, 206; Lambrick 1992, 217-223;
Rippon 2012, 232-240). The evidence also comes from southern Europe (e.g. van
Andel 1990; Boone and Worman 2007).

In the case of Central Europe, high hillslope erosion during the Middle Ages is
demonstrated mainly in Germany based on many case studies (e.g. Rosner and
Topfer 1999; Dotterweich 2005, 2008; Enters et al. 2008; Dreibrodt et al. 2010;
Larsen et al. 2016). It is associated with deforestation and farming activities at a
high altitude, on steeper slopes, introducing the three-field crop rotation system,
synchronous with the highest intensity of the land use. The end of medieval period
is considered as a one of the peaks of increased soil erosion in the Czech Republic
(Benes 1995, 143).

Concurrently, soil erosion has been mentioned in connection with deserted
settlements as a reason for their abandonment (e.g. Iceland: Sveinbjarnardottir
1991; Dugmore et al. 2006; the Lower Alentejo of southern Portugal: Boone and
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Worman 2007; Germany—the Harz mountains: Linke 1983; abandoned
Oberwiirzbach in the Black Forest: Schreg 2009, 327-328; or Horb in western
Schwanberg: Hildebrandt 2004). In the context of the Czech medieval settlement, it
has been supposed as one of the ecological effects of the extensive deforestation and
extensive agricultural land use (Bohac¢ 1982, 46; Cemy 1982, 104-105; 1983, 430;
Vermouzek 1985, 70). Thick sediments have been documented in the deserted
village of Bystfec in the Drahany Uplands together with erosion control elements
(Hradek 2006). However, statements addressing the erosion threat are only a pre-
sumption for many cases, not approved by empirical research.

Aims of the Paper in a Broader Perspective

The main aim of this paper is to (1) assess erosion threat in the fields of four
deserted villages using LiDAR-derived DEMs and the USLE equation. The subject
of our interest is water erosion which has the greatest importance in the region of
Central Europe. More specifically, we intend to (2) determine whether the soil
erosion threat and its consequences could be included among the reasons for
abandonment of these villages and their management as a stimulus for subsequent
landscape transformations.

Our intention corresponds with the current settlement transformations study
approach which are now perceived in the context of wider transformations of
land-use; the role of the natural environment in shaping cultural landscapes has
been recently pointed out (especially Williamson 2004) and this issue is currently
assessed, among others, in terms of human-environmental interactions as well. The
hazards, sustainability, cultural responses to risk and environmental stress, and the
resilience of human communities and societies in the past have been reflected in
recent studies (e.g. Gerrard and Petley 2013; Curtis 2014), also in the context of
medieval rural settlement and its economy (Schreg 2011, 2014).

Materials and Methods

Sites Selection, Their Characteristics and History

Due to previous surface surveys (cf. Cerny 1992; Vateka et al. 2008), all sites have
been very well charted. Their selection also reflects different natural environments,
topographies and diverse field system types. It allows us to assess the soil erosion
threat under different conditions, type of field system, and thus different effect of
field boundaries on the soil protection (cf. Janecek 2002, 118; garapatka 2012,
226).
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The remains of the deserted village of Kamenice (residential area 440—470 m a.s.
1., Pilsner region) are situated on the slopes under the hilltop. It had a radial field
pattern around the residential area in the centre, most of field boundaries run along
fall lines or in the angle of ca. 45° to the slope gradient, especially in the steepest
parts (slope = 8°—12°, mean of the all ploughland = 4.67°). Bzik (Pilsner region,
535-560 m a.s.l.) is also situated under a hilltop, in the area of very steep slopes
which in several parts reach to over 15° (mean = 8.18°). Field boundaries run along
contours; furthermore, a large part of the field system is arranged in terraces.
Bouchenec used to be the highest settlement in the Drahany Uplands (679693 m a.
s.l.), situated in a slight hillock near the highest point of the whole area. Its fields
were placed on mild continual slopes (up to ca. 7°, mean = 4.63°). The field plots
are arranged diagonally to the slope gradient, this is however documented in older
plans only, not in LIDAR data. The hinterland of the deserted village of Novosice
(Drahany Uplands, 553-574 m a.s.l.) was situated in the undulated terrain with
very variable gradient of slopes (from flat areas to very steep slopes around ca. 20°,
mean = 5.57°). In general, slight field boundaries preserved in the relief indicate a
variable arrangement of field plots both along and perpendicular to contours
(Fig. 1).

Based on the written evidence and a collected pottery, the existence of sites in
the Pilsner region is dated from the 12th/13th to the 15th century (cf. Vareka et al.
2008). The villages in the Drahany Uplands had been occupied from the
13th century. Bouchenec was deserted in the first half of the 15th century,
Novosice in the first half of the 16th century (cf. Cerny 1992).

c)F'Izeﬁ

) Kamenice
Bzik @
()

Novosice . Bouchenec
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OBrno

Fig. 1 Location of deserted medieval villages
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Identification of the Past Land-Use (Based on LiDAR Data
and Surface Surveys)

For this analysis, georeferenced plans of sites in the Drahany Uplands were used
(Cerny 1992; Holata 2013). Additional relief formations, especially in the villages’
hinterlands, have been identified in the LIiDAR data (DTM 5G; applied visualisation
cf. Zaksek et al. 2012; Doneus 2013). Their interpretation has been verified by recent
surface surveys. The categorisation and vectorisation of all the identified remains
have enabled the reconstruction of land-use for all deserted villages in the GIS. Field
plots as well as residential, communication and mining areas have been delimitated.
Potential meadows, pastures and forests have been located based on negative evi-
dence and in accordance with the statements of historiography (especially Mika
1960; Lom 1973; Beranova 1975; Petrail and Petraniova 2000; Fig. 2). Having used
these sources, intensely used parts of fields around residential areas have been
delimitated as well, albeit only arbitrarily because of the missing field evidence.

Preprocessing of LiDAR-Derived DEMs for the Purpose
of Soil Erosion Modeling

Still visible remains of field boundaries signify that original medieval relief has
been preserved under woodland canopies up to the present. Nevertheless, it contains
also later and recent objects (especially charcoal wooden platforms, tree windfalls
or roads and forest ways) which had to be eliminated for the calculation of erosion
threat models. More extensive objects documented by LiDAR data have been
removed from the original point cloud and slight terrain anomalies have been
smoothed with the resampling of DEMs to 3 m and by using the Low-pass filter.

Soil Erosion Modeling

Water erosion is quantified using average annual soil loss (A) (t ha™! yearfl) which
is calculated on the basis of USLE (Universal Soil Loss Equation; Wischmeier and
Smith 1965; 1978) in order to assess the soil erosion threat:

A=R+«KxLxSxCxP

where R is the rainfall erosivity factor (20 MJ ha™' cm h™ was proposed as an
average value for the Czech Republic until 2012—it is considered as an optimal
solution, because past climate reconstructions testify for dry as well as rainy periods
during village existence—cf. Kotyza et al. 1990; Kotyza 1992; Brazdil and Kotyza
1997). K is the soil erodibility factor, expressing soil susceptibility in terms of
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Second Military Survey (1806-1869)
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Fig. 2 Historical mapping with the range of woodlands and the reconstruction of medieval
activity areas against the DTMs (visualised by anisotropic sky-view factor)

erosion depending on soil texture and structure. It was derived from forestry
typology of soil types (SLT, UHUL 2013). LS is a ‘topographic factor’ combining
the influence of the slope length and gradient (derived from modified LiDAR-based
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DEMs). C is the cover-management factor, expressing the influence of sowing
methods and agro-technology. Three-field crop rotation system has been considered
together with the cultivation of flux, vegetable and legumes in the fields around
residential areas (in accordance with Mika 1960; Lom 1973; Beranova 1975; Petran
and Petraiiova 2000; for the settings of the factors in the Czech Republic
cf. Novotny et al. 2016).

Data Evaluation

Resulting models have been divided into 6 categories of erosion threat (after
Novotny et al. 2016; Fig. 3). On this basis, two thresholds have been determined
(below 1.0 t ha™! year™! without threat or very slightly threatened, below 4.0 t ha™'
year ' as max. tolerable limit of soil loss, higher values means heavy erosion
threat). Sites are compared with each other (using the boxplots with both thresholds;
Fig. 4) and also with the long-term annual soil loss in current agricultural land in
the Czech Republic (Table 1). In addition, flowlines have been also generated and
displayed against field boundaries to assess their role in soil protection (Fig. 3).

Results

Kamenice: Almost the entire ploughland is threatened by erosion. Only restricted
and fragmentary areas (3.5% of the total extent of fields) are threatened very
slightly, but they occur in the most distant parts of the ploughland, in the hilltop
position. The largest part of the whole extent of fields (51.3%) is threatened only
slightly. Higher level of threat can be found around the residential area (mostly
medium, but locally also heavily). Considerable is the extent the areas that are very
heavily or even extremely threatened (28.4%). These areas are scattered especially
in the north-east—north-west parts of the ploughland with the steepest slopes. In
addition to this, field boundaries run here in the direction of water run-off and their
impact on the erosion reduction is minimal. Overall, with the exception of three
southern fieldplots, high erosion threat occurs across all the ploughland.

Bzik: Very high erosion threat is registered here, despite the fact that all field
boundaries break the water run-off and a large part of the ploughland is arranged
into terraces (heavily—extremely threatened areas cover 40.6% of which extreme is
25.6%). Affected were particularly upper parts of fieldplots and the terraced transect
south from the residential area. Nevertheless, the extent of very slightly threatened
areas is larger (17.8%) than in the case of Kamenice, but identically as in the
previous case, these areas are situated in the fringe of ploughland in the southern
and south-eastern—eastern part.

Bouchenec: Erosion threat is low in the ploughland (37.6% of the area is very
slightly threatened, 33.8% then slightly). These areas cover both parts of the fields
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Average annual soil loss

Bzik

Kamenice

Bouchenec

Novosice

Legend
A(tha1year™) <=1 J1-2 71 2-4 4-s 1l 8-10 1N > 10
Slope <=1 1-3073-6 M 6-10 M 10-15 Ml 15-25s 1M >25
Visible field boundaries [__| Estimated fieldplots —— Flowlines || Residential area

Fig. 3 Soil loss in the ploughlands (leff) and flowlines against field boundaries and slope (right).
The scale is the same as in the Fig. 2
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Fig. 4 Boxplots of erosion threat for all sites

Table 1 The erosion threat of the sites and compared with the current Czech agricultural land

Average annual A [tha! Distribution (%)

soil loss (A) Year '] Bouchenec | Bzik | Kamenice | NovoSice |Czech
R.

Very slightly Below 1.0 37.6 17.8 |3.5 45.2 49.6

threatened

Slightly threatened 1.1-2.0 33.8 26.5 |51.3 18.0 18.3

Medium threatened 2.1-4.0 12.0 15.1 |16.8 10.0 15.6

Heavily threatened 4.1-8.0 9.5 10.8 |9.7 13.7 10.4

Very heavily 8.1-10.0 24 42 |32 3.7 2.0

threatened

Extremely threatened | Above 10.1 4.6 256 |15.5 9.5 4.2

Total 100 100 | 100 100 100

(lowest values are recorded in the central area of the southern field). Heavily—
extremely threatened areas are restricted to local anomalies and scattered around the
whole ploughland. Only in the southern part they are concentrated into the con-
tinuous strip (also because of the absence of field boundaries). Another area with
higher erosion threat adjoins the edge of the village in the northern field.
Novosice: Undulating relief of the village hinterland also implies very variable
threat of the soil erosion. Almost half of the ploughland is very slightly threatened
(45.2%), especially in the central part of the southern and eastern fields. However,
heavily—extremely threatened parts spread to over 26.9% of the ploughland (9.5%
is extreme threat). These are documented across the whole extent of ploughland,



Risk Management as a Stimulus for a Settlement ... 141

mostly in the northern fringe, but also in the broader residential area surroundings.
As most of the field boundaries are slight only, their influence on soil protection is
low (in addition to this, most of them are not situated transversally, especially in the
area adjacent to the village from the south-east).

Only in case of Novosice, the extent of a very slightly threatened area corre-
sponds with the current agricultural land in the Czech Republic. Together with
Bouchenec percentages show similar trend in the range of categories (but the extent
of heavily—extremely threatened areas is higher). On the contrary, there is an
opposite trend in the case of Kamenice and especially in Bzik with large areas of
heavily—extremely threatened areas and limited range of very slightly threatened
areas. A high erosion threat occurred despite the fact that field plots are divided into
small sections (in contrast to the current fields). However, the placing of meadows
around streams is considered to be a positive factor in terms of erosion threat, which
protects the streams against soil accumulation.

Discussion

The results are mostly determined by the characteristics of LiDAR-derived DEMs,
especially their resolution and vertical accuracy of the relief under woodland
canopies (local depressions are most problematic). The quality of the DEM should
be verified by a surface survey and selected testing areas compared with a detailed
measurement using a total station. Other factors in USLE (especially R and C) could
be only expertly estimated based on the current knowledge of historiography. In
contrast with the modelling of erosion threat in current agricultural land, percent-
ages of areas with erosion threat cannot be considered absolutely, but only as an
expression of the main trend.

From today’s perspective, all occupied areas are not suitable for agriculture in
terms of soil erosion threat. Although threat in Bouchenec is low and restricted to
small areas, it was the higher settlement in the whole region and a very low
agricultural potential is assumed (only slight erosion threat could have a serious
impact). High erosion threat is documented despite the fact that the ploughlands are
divided into small fieldplots (compared to the current agricultural practice). Most of
the fields occupied slopes, often with very steep gradient and for that reason heavy
erosion threat occurred also in areas where field boundaries interrupt the surface
run-off, or in terraced fields in Bzik—even this arrangement did not protect the high
soil loss there. In this respect, the issue of accumulated material on field boundaries
has emerged. Written sources for post-medieval period indicate the effort to carry
soil from various places back to the fields (cf. Cerny 1930; Cilek 2012, 95). This
work activity is deemed as a necessary workload during the year as a coping and
mitigation of erosion threat. Nevertheless, many field boundaries are parallel with
flowlines as well and erosion threat is heightened by the lay-out of the field system.
In the cases of Kamenice and NovoSice, sedimentation of the soil deposits could
have occurred in the residential areas as a consequence of their position below the
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fieldplots, missing soil protection elements and also supposed intensely used parts
around them.

As a consequence of high erosion threat together with growing crops with high
nutritional requirements (grain) and the three-field crop rotation system (inclusive
of winter months without vegetation cover), overall soil depletion and degradation
is taken into account: higher erosion > higher nutrient run-off > reduction of
organic matter in soil > reduction the quality of the soil structure > higher pre-
disposition to desiccation > lack of soil moisture for plants > poor germination.
Economy of these villages, if it depended only upon arable agricultural, is con-
sidered vulnerable because of low yields. Currently, we are still far away from the
understanding why or for what reasons these parts of the landscape were occupied
and used for arable agriculture, whether their location was mistaken based on the
perception of past communities and what were the particular causes for their final
abandonment. Nevertheless, following our results, we argue that arable agriculture
of such areas was a risk management, which can be considered as one of the
reasons for their abandonment and a stimulus for landscape transformation.
Contrasted to other documented cases, the vast majority of these ploughlands
were not incorporated into the surrounding territories and used for arable agri-
culture by their communities (cf. Stépanek 1969, 663—679; Smetanka 1988, 47).
It resulted in the transformation of the landscape and afforestation of original
settlement areas.

Considering risk management of past communities also implies remarkable
dynamics beyond the settlement abandonment and landscape transformations:
choice of the position for occupation and perception of the landscape > village
economy, intense arable agriculture and the role of subsistence strategies > soil
degradation caused by long-term using of unsuitable areas for agriculture > re-
sponse of communities to the stress (coping with the high erosion threat and mit-
igation of implications) > the role of possible transformation of the village
ecosystem as an adaptation to changing conditions > sustainability of village
economy > decision to abandon the settlement > leaving the areas without agri-
cultural use > change of land-use.

All sites indicate different problems than we have in current agriculture. On the
one hand high erosion threat occurred also in small and discontinuous fieldplots. On
the other hand, a high proportion of grassland (although it should be confirmed by
additional evidence) protected the watercourses. It evokes a comprehensive
approach of agricultural land use concerning ‘inputs’ and ‘outputs’: soil without
any degradation = good yields = necessary adequate care.

Conclusion

We assessed, based on the LiDAR-derived DEMs and USLE, the soil erosion threat
in the fields of four deserted villages. Our outputs indicate that the only a minor
extent of ploughlands is without erosion threat or threatened very slightly. On the



Risk Management as a Stimulus for a Settlement ... 143

contrary, the range of heavy—extremely threatened areas is considerable. The
lowest erosion threat is documented in Bouchenec (the highest settlement in the
whole region), the high erosion threat occurs in the both sites in the Pilsner region,
especially Bzik. From this point of view, none of the settlement areas are suitable
for agricultural use, which is considered as risk management in these environments.
Soil erosion threat and subsequent soil degradation can be included among the
reasons for abandonment these villages and their management as a stimulus of
subsequent landscape transformations. Our outcomes imply remarkable dynamics
in the process of settlement abandonment and beyond the shaping of historical
landscape in general. Although this is the first support of such statement for the
Czech deserted villages based on data, other procedures (especially empirical
research) are necessary for the validation.

Software

LiDAR data were interpolated in Surfer 12 using Natural Neighbor algorithm.
Elimination of later and recent objects and filtering of LiDAR data were realised in
QGIS. Relief Visualisation Toolbox (RVT) was used for LIDAR data visualisation.
USLE2D and Esri ArcGIS 10.3 (with Spatial Analyst and 3D Analyst extensions)
were used for calculations of erosion threat models. Graph was prepared using
Rstudion (R version 3.3.2). An Internet application, the Erosion Control Calculator
(http://kalkulacka.vumop.cz) was used for C factor.
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