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Abstract: Ridge and furrow fields are land-use-related surface structures that are widespread in
Europe and represent a geomorphological key signature of the Anthropocene. Previous research has
identified various reasons for the intentional and unintentional formation of these structures, such as
the use of a mouldboard plough, soil improvement and drainage. We used GIS-based quantitative
erosion modelling according to the Universal Soil Loss Equation (USLE) to calculate the erosion
susceptibility of a selected study area in Southern Germany. We compared the calculated erosion
susceptibility for two scenarios: (1) the present topography with ridges and furrows and (2) the
smoothed topography without ridges and furrows. The ridges and furrows for the studied site reduce
the erosion susceptibility by more than 50% compared to the smoothed surface. Thus, for the first
time, we were able to identify lower soil erosion susceptibility as one of the possible causes for the
formation of ridge and furrow fields. Finally, our communication paper points to future perspectives
of quantitative analyses of historical soil erosion.

Keywords: historic soil erosion; USLE; Anthropocene; Archaeology; Wölbäcker; ridge and furrow;
historic land use; GIS; erosion management; historic anthroposphere

1. Introduction

Erosion caused by surface runoff leads to a serious loss of soil based ecosystem services.
Areas of lower historical soil erosion are valuable areas of landscape and biodiversity
resilience [1]. In the course of the current climate change, especially due to changing
precipitation patterns and intensive land use, the average soil loss in Central Europe is
expected to increase significantly [2,3]. The question of historical cultivation forms and
their effects on soil erosion has so far been answered mainly qualitatively [4–7]. Models
that simulate erosion quantitatively have existed for some time with the introduction of
the USLE (Universal Soil Loss Equation) by Wischmeier and Smith [8] and the German
adaption ABAG (Allgemeine Bodenabtragsgleichung) [9]. Beside actualistic studies [10–12],
an application of such a concept to historical geomorphological conditions are rare [13,14].

As land use and topographic properties are crucial factors estimating soil erosion [15],
the imprint of historical cultivation techniques in topographic properties are still impor-
tant factors. In several areas of Germany [16–19], but also in other parts of Europe and
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beyond [6,18,20–22], large parts of former ridge and furrow field systems are still pre-
served. The most evident structures are ridge and furrow fields, which consist of several
parallel ridge structures of considerable length (up to 700 m) and relatively small width
(about 5–20 m), separated from each other by rather small furrows. They are clearly visible
in LiDAR (Light Detection and Ranging) images [16,18] and characterise large parts of
present-day meadow landscapes, also on low mountain slopes, where they have been well
preserved through extensive use or afforestation after these fields were abandoned [23].
Due to their longevity and enormous spatial extent, they can be considered as a geomor-
phological key signature of the Anthropocene [24].

Origins and reasons for the establishment of ridge and furrow fields in low mountain
ranges as well as path dependencies to the present appearance of the landscape are the
focus of a collaborative research project in the district of Göppingen [25]. So far, various
explanations for their establishment have been discussed in the literature: A common view
sees a causal link between the mouldboard plough with fixed, non-turning ploughshare
and long strip fields: it is argued that the fact that this type of plough led to an accumulation
of clods of soil in the middle of the plots and the fact that the turning manoeuvres at the
end of the field required a lot of energy, led to an elongated shape of the plots that required
fewer trips for each owner [26,27]. Apart from the fact that ridge and furrow fields can
also be formed by other types of soil tillage, additional causes are also discussed such
as the function as boundary markers within open field systems [26], the improvement of
water management or at least the increase of internal hydrological variability to secure crop
yields [27] and the accumulation of organic fertiliser [21,28].

Therefore, we present a case study, where historic ridge and furrow fields are still
visible in a loess landscape with high soil fertility. We focused on a field system with well-
preserved ridge and furrow fields in the municipality of Albershausen, southern Germany
(in total, c. 13 % of the area is still covered with remains of ridge and furrow structures).
Many of the ridge and furrow fields there were oriented perpendicular to the slope, raising
the question of whether this orientation was deliberately chosen to reduce erosion of the
vital soil and humus cover and/or to support the run-off of excess rainwater. To answer
this question, we used a GIS-based USLE approach to model and compare the erosion
susceptibility using a digital elevation model of the present topography and a smoothed
topography without ridge and furrow structures.

2. Materials and Methods
2.1. Study Area

The plot Höfelbett is located northwest to the village of Albershausen on the fringe of
the Swabian Karst. It has been mentioned in 1476/77 for the first time in a stock book [29]
and is nowadays used as an extensive orchard, which helped the old field system to
survive in a well preserved and visible way up to today (Figure 1). Albershausen was
first mentioned in 1275 in the liber decimationis [29] but may be of older, presumably early
medieval origin due to its characteristic place name suffix-hausen [30]. One of the questions
asked was how long has the field system been in use for. Today the region is characterised
by a Cfb climate with 1058 mm mean annual precipitation and a mean annual temperature
of 9.3 ◦C. The wettest months are in spring and summer. Heavy rainfall is also most
frequent during this period [31,32]. The geology of the Höfelbett consists of a pisolith-rich
claystone (Obtusus Clay Formation) on the upper slope and sandstone (Angulate Sandstone
Formation, Lower Jurassic) on the middle to lower slope [33]. Both formations are covered
by a lower periglacial layer (mainly clay loam with intercalated sandstone fragments) and
an upper periglacial layer consisting mainly of loess loam with a few small sandstone
fragments and pisoliths. Eroded Luvisols frequently occur in areas with thicker loess
loam, while stagnic Luvisols and Vertisols are developed in more clayey and Cambisols
in more sandy substrates. The boundaries of the individual fields and today’s parcels are
identical to the field boundaries from the original cadastre of 1828 [34]. Their size varies
considerably with lengths between 86 and nearly 400 m and widths between 8 and 20 m.
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The individual ridges are still between 25 and 80 cm high (Figure 1). The plot Höfelbett is
situated at a North-East facing slope with a mean slope angle of c. 5◦ and cut off on the
north by a narrow valley leading east. Between 2020 and 2022 five archaeological trenches
were opened as accompanying measures of the development of the site. The soils were
described according to WRB [35] and samples were taken for dating, soil chemical and soil
physical analyses as well as for archaeobotanical and ancient DNA analyses [25].

Figure 1. (a) Topographical map of the area surrounding the plot “Höfelbett” in Albershausen based
on LiDAR DEM data (©www.lgl-bw.de (accessed on 24 January 2023)) [36]. The blue line frames the
plot Höfelbett. (b) Picture of the plot with visible ridge- and furrow structures. (c) Location of the
study area within Germany. (d) 3D view of the study area (elevation and hillshade) based on LiDAR
DEM data (©www.lgl-bw.de (accessed on 24 January 2023)).

2.2. Data

To model soil erosion, the USLE requires four factors to be multiplied for any given
point in the study area (Table 1): slope gradient and length (LS-factor), soil erodibility (K-
factor), rainfall erosivity (R-factor) and land cover (C-factor) [8]. To calculate the LS-factor,
we used a LiDAR DEM provided by LGL (Landesamt für Geoinformation und Landesentwick-
lung Baden-Württemberg) [36]. This DEM has a spatial resolution of 0.5 m and is therefore
suitable to accurately depict the ridge and furrow structures in the study area [16,18]. For
the second factor of the USLE, R-factor, we used a data set from the German Weather
Service (DWD - Deutscher Wetterdienst), which was derived from radar measurements of
precipitation. This dataset has a spatial resolution of 1000 m due to the low variability of

www.lgl-bw.de
www.lgl-bw.de
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rainfall erosivity on a local scale [37,38]. The complete study area lies within a single cell of
this data set, which appoints a value of R = 104.497864915 kJ/m2/mm. The K-factor data
set has been created by the German Federal Institute for Geosciences and Natural Resources
(BGR - Bundesanstalt für Geowissenschaften und Rohstoffe) based on their land use stratified
soil map of Germany at scale 1:1,000,000 and according to DIN 19708:2005-02 [39]. This data
set has a spatial resolution of 250 m and offers one value for the complete study area which
is K = 0.22912 (t/ha)/(N/ha). Concerning C-Factor, there are various possible approaches
to calculate modern day values depending on the data available [40–43]. As stated earlier,
we assume that historical land use was different from the meadow orchard found there
today. In absence of historical data accurately describing early medieval farming practices
and arable crops in the area, we assigned C = 0.2. This value is meant to represent wheat
farming with standard tillage practices as implemented in the Europe-wide RUSLE 2015
soil erosion study [42].

Table 1. Basic USLE factor data product acquisition and description.

Data Product Data Source Availability Spatial Resolution
(m)

LiDAR DEM LGL [36] upon request 0.5
R-factor DWD [37] open access 1000
K-factor BGR [39] open access 250
C-factor ESDAC [42] open access -

2.3. Modelling Routine

To approximate the influence of ridge and furrow structures on soil erosion for our
study area, we chose to simulate soil erosion rates under two scenarios (procedure in
Figure 2): (1) The first is the present surface scenario, which represents the relief of the
study area exactly as it is now, including the ridge and furrow structures. (2) The second
scenario is called smoothed surface, which describes soil erosion rates for the study area
using a virtually smoothed surface that does not include the ridge and furrow structures,
while at the same time preserving the larger scale topographical properties of the study
area. Therefore, we assume this smoothed surface to serve as an approximate model
for the pre-ridge and furrow palaeosurface. The first step after acquiring all necessary
data from the sources listed in Table 1 was to create the virtually smoothed surface in
Quantum-GIS (QGIS). To do this, we applied the Gaussian Filter function [44] to the DEM
using the following settings: Standard Deviation = 50; Kernel Type = Circle; Radius = 20. The
Gaussian Filter and specific settings were chosen by a trial and error approach. Methods
mentioned in other publications [45,46] for slightly different objectives, e.g., the Low pass
Filter changed the underlying relief more than necessary in order to smooth out only the
ridge and furrow structures.

After the virtually smoothed surface had been created using the Gaussian Filter, we
proceeded to use the USLE, for estimating soil erosion rates. In addition to the factors (K, R
and C), described above, the slope gradient and length (LS) is necessary for the calculation
of the USLE [8]. K, R and C were gained from external data sets as shown in Table 1 and are
used in both scenarios without alteration. As the K, R and C factors are independent from
the shape of the surface and equal in both scenarios, LS must be the crucial factor in this
study. For its calculation, we applied the exact same procedure to the present surface and
the virtually smoothed surface. We used the function LS-factor, field based with the method
of calculation set to Wischmeier and Smith 1978 [8]. Hrabalikova et al. 2017 [47] found with
empirical measurements that USLE models using this method for LS calculation predicted
erosion most accurately in a manual and GIS environment. The settings were as follows:
Type of Slope = [0] local slope; Specific Catchment Area = [1] contour length dependent on aspect;
Rill/Interrill Erosivity = 1; Stability = [0] stable.

We then multiplied each of the two resulting LS-factor Layers with all other factors
using Raster Calculator in QGIS (Figure 2). The extent was set to match the DEM-based
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catchment area of the plot Höfelbett. This provided two erosion models representing the
present surface and smoothed surface scenarios.

Figure 2. Flowchart of the GIS-based modelling procedure for both scenarios for calculating the
potential soil erosion.

3. Results

The difference between our erosion model scenarios is the topography. In the calcu-
lation of the USLE, only the calculated LS factor differs. The smoothed surface model no
longer shows ridges and furrows (Figure 3). However, the general topography of the slope
is maintained. The drainage direction is therefore also preserved. In addition to the linear
structures on the agricultural land, further anthropogenic structures such as buildings
(visible on the western margin of Figure 3) have also been cleared away.

Figure 3. Comparison of the present (left) and smoothed (right) surface topography based on
the LiDAR DEM (©www.lgl-bw.de (accessed on 24 January 2023)) [36]. The black line frames the
classified cultural site within the plot Höfelbett.

www.lgl-bw.de
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The present surface scenario model (Figure 4 left) shows the highest erosion rates on
top of the ridges of the ridge and furrow structures, with very low erosion rates in the
furrows. Sharper edges of the ridges create extreme values in potential soil loss. In contrast,
under the smoothed surface scenario, the rates are evenly low at the western, higher upper
slope of the plot and gradually increase towards the east. The slope gradient is essentially
constant across the plot (see Figure 3), so these differences must be a result of the increased
slope length and connectivity. Maximum values, comparable with extreme values from
the smoothed surface scenario only appear in the northernmost part in context of the steeps
slopes of the small valley at the northern margin (Figure 4).

Figure 4. Maps of the two (left: present surface, right: smoothed surface) erosion models for the
study area. The red-to-green colour range shows the mean annual soil loss. The black line frames the
cultural site within the plot Höfelbett.

4. Discussion
4.1. Erosion Susceptibility of Ridge and Furrow Structures

The reconstruction of a palaeosurface, based only on a deductive filtering approach,
such as the Gaussian filter, can produce unintentional effects. The surface smoothing in
the area of the bridge (at the northern margin of the map, Figure 3) shows insufficient
removal. However, since the area of the bridge lies in the periphery of the catchment area
of the Höfelbett, no bias of the results of the erosion model is to be expected. A coupled
approach in building up a (ridge-and-furrow-free) palaeosurface should consider large
linear structures and remove them accordingly [45,48,49].

Summary statistics for all raster cells (0.5 m spatial resolution as given by the LiDAR
data) of the modelled potential soil loss show clear differences between both scenarios
(Figure 5). The results suggest that the ridge and furrow structures reduce erosion by
approximately 50% according to the arithmetic mean. However, the median is more
meaningful because extreme values at the edges of the ridges are small scale and and may
have been artificial outliers. The median shows a 3-fold increase for potential erosion for
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the smoothed surface scenario and a 3-fold decrease for the present surface with ridge and
furrow features.

Figure 5. Boxplot and summary statistics of raster cell values of both erosion model scenarios.

It is clear that a topography structured by ridges and furrows significantly reduces
erosion. Even today, the altered erosion rates through old ridges and furrows are notice-
able [50,51]. Ridges and furrows have also been linked to changed erosion patterns [52],
e.g., they were attributed to a potentially increased erosion through high landscape connec-
tivity in times of increased cultivation during the 9th and 10th century AD on landscape
scale [6]. In general, changing erosion rates can be quantified based on scenarios of historical
land uses and their effects [14].

Compared to RUSLE calculations by ESDAC [53], both our smoothed surface and our
present surface scenario models predict soil erosion rates above the European average for
arable land of 2.46 t/ha/yr (see Figure 5). This difference of maximum values cannot be
attributed to a single factor of our model. Generally, it seems that the combination of the
USLE factors in our study leads to such high erosion rates compared to the European scale
RUSLE calculations, which are more sensitive for surface runoff distribution [37,54,55].

Today, we still observe large areas with ridge and furrow fields in the district. There
has been a conversion of arable land, including many ridge and furrow fields to grassland,
orchards and also forests, which are of different origins and periods [56]. The late medieval
desertification phase [57,58], but also the intensification and increased productivity of
agriculture in the last century has significantly changed the structure of the rural areas
and the extent of cultivated land. This conversion often occurred on slopes that were
labour-intensive for arable farming [59] and resulted in large areas of ridge and furrow
fields still being preserved in the study area.

4.2. Future Perspectives

1. We see a high potential to quantify landscape-altering processes such as erosion (as
well as their geo-ecological consequences and yield changes) in a historical context
using erosion models with different topographic scenarios. This will allow for a
quantification of anthropogenic impacts, e.g., on hydrology and soil preservation, on a
local scale and therefore contribute to global models of pathways to the Anthropocene.

2. In order to refine the validity of erosion models, it is crucial to adjust the USLE
factors to the historical context. Information of the historical land use (C-factor)
and land use techniques (P-factor) could be derived from local palaeoecological
archives (e.g., pollen, phytoliths, sedimentary DNA, geo-biomarkers) as well as
from archaeological and written sources [60,61]. The K-factor can be adjusted by



Land 2023, 12, 544 8 of 11

local, empirical sedimentological analyses of soil properties, especially because of the
exposure of different soil horizons (with varying erodibility) during erosion phases.
The reconstruction of a historical R-factor can be achieved using model scenarios of
rainfall erosivity [62] but also accompanied by regional proxy-based palaeoclimatic
reconstructions [63,64] and (semi-) quantitative data from written sources [65].

3. As our approach is based on the comparison of the present surface with a ridge and
furrow-free smoothed surface, precise palaeosurface reconstructions are essential to
improve the results. We encourage the use and adaptation of existing deductive,
inductive and coupled surface modelling (see review in [45]) approaches to create
supervised (cross-checked with historical and land use information) and reproducible
pre-modern Digital Terrain Models with high spatial resolution.

4. One further hypothesis about the functions of ridge and furrow fields may be ad-
dressed using a similar approach: the assumption of a positive effect on the hydro
management of soils. The furrows are meant to drain surface runoff from precipitation
and the humus-rich ridges increased water storage capacities. Case modelling can
generate quantitative data about such anthropogenic impacts on the soil moisture and
proof historic geo-engineering on a local level.

5. The coupling of empirical sedimentological-geoarchaeological data of soil erosion and
erosion models offers the chance of (i) a model verification and (ii) the examination
to what extent parameters of the erosion model have to be adjusted. Therefore, we
see field-based geomorphological, sedimentological and archaeological mappings
and information gain indispensable. The link to soil geochemical laboratory results
(e.g., soil organic matter) also allows the distribution of carbon stocks to be modelled
using e.g., machine learning approaches in digital soil mapping [66,67].

6. To clarify the question of the extent to which erosion reduction contributes to the
installation of ridges and furrows, a systematic mapping of ridge and furrow fields at
(supra-) regional level is important. The comparison with geomorphological indices,
such as slope, aspect, angle of the ridges and furrow to the slope, as well as geological-
sedimentological characteristics allows the identification of common patterns.

5. Conclusions

For the first time, we have shown how valuable a quantitative erosion modelling
approach can be for assessing what effects historic ridge and furrow fields can have on
soil erosion. With a GIS-based erosion modelling approach based on the Universal Soil
Loss Equation (USLE), we compared two scenarios with surface topographies in a small
study area in Southern Germany: (1) The present topography with ridges and furrows and
(2) the smoothed topography without ridges and furrows. This allowed us to show that
historical land uses with ridges and furrows led to a strongly reduced erosion susceptibility.
From this, we drew six key perspectives for future research on the topic of historical
anthropospheres regarding ridge and furrow fields.
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