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Summary

Summary

Rigorous research focusing mainly soil erosion by water including its drivers and impacts is
carried out in the region Frienisberg since more than 10 years. Within the EU project named
RECARE Frienisberg has been chosen as one of the 17 Study sites throughout Europe. This
initiative has been established in order to search for effective soil degradation prevention and
remediation solutions in Europe. Concentrating on soil erosion and compaction one PhD study
and several master and bachelor studies are being carried out as part of the project in the same
focal region.

While focusing mainly on agricultural land and forest, the goal of this study is the evaluation of
various land-uses and distinct land management practices in order to appraise their impact on
land degradation and ecosystem services. The final output of this study aims identifying and
localising effective land degradation and conservation measures in relation to the corresponding
land use systems (LUSs). Changes, trends, and impacts are observed and analysed over a ten-year
period (2005-2015).

To accomplish the set objectives the World Overview of Conservation, Approaches, and Technologies
(WOCAT) mapping methodology has been implemented, focussing on three tasks: First, the
identification and categorization of the major land use systems. Second, the mapping of these
defined systems in the study area Frienisberg. Finally, and based on the WOCAT Mapping
Questionnaire (QM), the engagement of multi-stakeholder meetings.

The WOCAT QM tool has now been applied in several countries worldwide, yet never before in
Switzerland. Thus, the useful and local implementation necessities further reflection and practice
adapted to the Swiss agricultural landscape.

The three LUS cropland, permanent grassland, and forest have been identified and assessed according
to the QM method. The surfaces used for crop production are qualified as cropland. Though
different management practices can apply, conventional intensive ploughing is retained as
reference technology on these lands. Permanent grasslands are surfaces under perennial
(generally six years) grass cover and are used as meadows or pastures, whereas forests are land
areas covered with trees or other woody vegetation.

The questionnaire data was collected in a one-day stakeholder workshop and in a meeting with
the district forester. This collective reasoning led to the identification, for each LUS, of the major
land degradation types and conservation measures, as well as their impacts on selected ecosystem
setvices. The main land management practices/conservation measures on the LUS cropland are
exctensive ploughing, intensive and extensive mulching, intensive and extensive strip sowing, intensive and

exctensive no-till, as well as (bi-) annual grass clover leys: Plough tillage is a practice inverting soils with
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a disk plough or mould-board consistent with one or two harrowing passes. Mulching refers to a
non-inversion tillage practice leaving more than 30% of the crop residues on the soil surface.
Since no-till and strip sowing practices allow the crop to be planted in a seedbed that has not
been tilled (at least since the preceding crop), these technologies limit the soil disturbance to the
strict necessary for the seed positioning. In the context of LUS cropland, zntensive and extensive
refer to crop rotations with, respectively without, root crops. Finally, grass clover leys are sown
grasslands included in the crop rotation, which are generally maintained over a two-year period
(sometimes the last one or three years). The latter conservation technology distinguishes itself in
that it is present in all cultivation systems, i.e. in the reference technology and in all conservation
technologies. The LUS permanent grassland is also subdivided in two management practices,
intensive and extensive, distinguishing variables such as the frequency of mowing or drive-on,
grassland species composition, or nutrient inputs influencing the ecological impact of the land
management. Finally, the conservation practice mixed forest, advancing mixed stocks, represents
the LUS forest at its best.

In terms of area trends, no significant shifts have happened during the last 10 years, only minor
surface losses of LUS ecopland were retained relating to the expansion of the settlement area.
Nevertheless, these minimal changes may be partially biased by effective adaptation and
mitigation measures. Individually, the farmers may take initiatives to compensate the surface
losses on flatter areas by cultivating steeper zones. As a matter of precaution these assumptions
are not explicitly reflected in the questionnaire outputs.

On c¢ropland moderate increases in the land use intensity are highlighted over the last decade,
reflecting particularly the ecological intensification intended by the direct payment system to
increase production without increasing its’ ecological impacts. The workshop participants fear
that the practical implementation of the intensification incentive suggested for midlands, through
the agricultural policy, appears to take a worrying turn, although the expert group’s request for
precaution applies also here. The future evolution of this trend may be influenced by market
pressure, government policies, as well as by the farmers’ personal conviction in the management
practices they apply.

However, it is remarkable to notice how the vast range of conservation measures, practiced for
some since the 1950s or 1990s, involved reducing the land management intensity during the
second half of the 20" century. In terms of unconventional cultivation systems, by reference to
conventional, bigh-input plonghing, Frienisberg can be considered as an “area of exploration”, or

“pioneering area”, since more than 50% of the LUS ¢ropland area is not being ploughed. Thus,

b

considerable efforts were certainly made during the second half of the 20" century to reduce the

land use intensity, which might explain why the trend values are so little over the observation
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period 2005-2015. In order to truly convey the area and intensity trend all farmers in the study

area should be questioned personally to explain their practices.

Despite Frienisberg’s pioneering role when attending conservation management, all the LUSs in
the area are prone to land degradation. It is easily understandable that LUS cwvpland is most
affected by land degradation, while the occurring processes are surface erosion, compaction, and
water degradation. Water degradation and surface erosion occur on slightly more than 10% of
the surface area, though not in the same degree. While nearly no surface erosion or water
degradation is observable on flas (slope gradient category (SGC): 0-3%) and wvery steep (SGC:
>30%) parcels, moderately (SGC: 3-15%) sloped and steep (SGC: 15-30%) lands are perceivably
degraded. Processes of compaction are particularly interesting since they affect indiscriminately
all areas under cropland (100% of the LUS area) and all land management practices. Since drive-
on and the use of heavy machinery are inseparably associated to today’s agriculture the
practitioners learn to cope with compaction. Unfortunately, the rate of compaction has been
slightly increasing in the recent past, triggered by market pressure and flexibility, compelling
sowing and harvesting periods, which may raise unexpected issues about production security and
the maintenance of adequate soil structure, as well as about the impacts of extreme weather

conditions.

The numerous unconventional cultivation systems emerging and establishing in Frienisberg over
the last decades cover about 70% of the LUS ¢ropland area, which is quite remarkable given the
standards and practices in other parts of the country. And even more, since six out of eleven
technologies are considered as highly effective, according to the classification they do “not only
control the land degradation [i.e. soil erosion, compaction, and water degradation] problems
appropriately, but even improve the situation compared to the situation before degradation
occurred” (rated as high effectiveness, 4). Since most technologies have now been implemented
during the 20" century, it is no particular surprise that the effectiveness trend of most
technologies is not increasing anymore (rated as no change in effectiveness, 0), with the
exception of mulching int. (rated as increase in effectiveness, 1). To some extent, this study leads to
the reasoning, that conservation practices not only diminish, or in some cases even prevent,
occurring land degradation processes, they can also be successful when encouraging ecosystems
services, notably soil cover and structure. In some cases they even increase the farm income rate
(e.g. strip-sowing ext., ext. mulch and no-till ext), contribute to positive water quality results (e.g.
permanent grassland and ext. much), or increase production while reducing the risk of crop failure

(e.g. ext. no-till).
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As with agricultural land, foress management required the implementation of conservation
measures for it to become more viable. Woodlands have been managed for centuries and are thus
far from their natural state. In pre-industrial ages, the lands were cleared without cause of
concern. But since 1876, with the Forest Police Act, the Confederation tealized the need to
establish and maintain a minimal capital, and subsequently, the socio-cultural and ecological
benefits of forest conservation become undeniable. Nowadays, nearly 80% of Frienisberg’s LUS
forest benefits from mixed stocks. Even if the conservation practice mixed forest is not specifically
oriented to profit maximisation, through the positive effects on both land degradation and
ecosystem services mixed stocks are established as the common practice. Through their well-
developed root systems, supporting water infiltration and the improvement of the soil structure,
mixed stocks mitigate and prevent water stresses during summer/dry spells as well as forest
degradation caused by the additional impact of increasing pests/diseases. Long-term forest
degradation may be prevented. Furthermore, mixed forests no not only make woodland
management more resilient to hazardous markets, they make forests more enjoyable for leisure

and great to watch.

Although when we look faithfully at the situation on the whole, the observed land degradation is
not dramatic when compared to other regions of the world. Nevertheless, Frienisberg’s land
management (with particular emphasis on agricultural lands) cannot be regarded as totally
sustainable, even though substantial efforts are made. Pushed by the practitioner’s request for
collective accountability and empowerment, calling for societal responsibility for what is
happening in the fields, in the outlook the study suggests the emphasis on more community-
based solutions, as proposed for instance by the movements of community supported
agriculture, addressing sincerely some of the identified causes of land degradation. Aware that
there may be a need to structural changes protecting all, farmlands and farmers as well as forests

and foresters, from the roughness of free markets and global competition.
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Introduction

1 Introduction

While stipulating the opening settings and drawing a contour of the main issues part, one aims a
general introduction in the subject. Following a common overview of the production of food, the
broader research project RECARE is presented, in which this master thesis fits in. Specifics on
the relevance of this research lead to the elaboration of the study goal, the specific objectives, as
well as the hypotheses and research questions. Finally, the chapter ends with the description of

the RECARE project area and the confinement of the selected study area.

1.1 Structure of the thesis

The thesis will be structured in four main chapters titled as follows:

Part One Introduction
Part Two Methodology
Part Three Results and discussion

Part Four Synthesis and Outlooks

Subchapters have been introduced in order to facilitate reading and to provide more structure to
the text. Part one contains the common introduction to the subject, references and a detailed
description of the research goal and objectives, as well as a presentation and description of the
area of interest. The theoretical background, the conceptual framework, the state of the art, as
well as the WOCAT-tools are elaborated and clarified in part two. Part three offers space for
listing and discussing the results, whereas the concluding synthesis, closing thoughts and
observations regarding the theory, the methodology, and the results are exposed in the last

section fout.

1.2 General starting situation

The food and agriculture sector could record considerable successes over the past century as it
could supply nourishment to a growing and richer world population (Godfray et al., 2010;
Koohafkan, Altieri, & Gimenez, 2011). Generally, the total factor productivity increase of the
agricultural sector surpasses the demographic expansion. As this continual population increase is

expected to endure, an adaptation of the food production system to this swelling demand will
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become necessary. Over the past decades augmentations in food production were accomplished
through the modernisation and intensification of the agro-industrial production system, primarily
by using synthetic fertilisation, pesticides, large-scale irrigation, and high-yielding crop varieties
(Koohafkan et al., 2011). Many studies already exposed the negative consequences of agricultural
intensification for the land and its ecosystem services, by starting with the strong contribution of
modern, high-input agriculture (e.g. synthetic fertilizers, intensive ploughing) to the increasing
concentrations of atmospheric greenhouse gases such as carbon dioxide (CO,), methane (CH,),
and nitrous oxide (N,O) (Albrecht & Engel, 2009; Baah-Acheamfour, Catlyle, Bork, & Chang,
2014; Paustian, Six, Elliott, & Hunt, 2000). In a context of increasing awareness of climate
changes and the environmental effects of using non-renewable resources, new solutions for land
conservation seem indispensable. Additionally, combined global economic interests, property
rights abuses, and asymmetric access to power and information cause environmental conditions
to become critical and populations vulnerable (Adger, 2007). To face these requirements
sustainable agricultural production systems are shaped (Godfray et al., 2010), in which context
for instance agro-ecological production techniques and principles are advanced (de Schutter,
2010; Koohatkan et al., 2011).

Measurements, assessments, and documentation of the state of agriculture (in more general terms
of the state of the land), as well as the extents and the effects of conservation practices are of

value in these processes in movement. While committing to this study we may want to step into

this breach.

1.3  Problematic and research gap

The region Frienisberg (BE), located in northwest part of the canton of Bern, Switzerland, is
determined case-study site as part of the European research project RECARE — Preventing and
Remediating degradation of soils in Europe throngh Land Care and therefore also identified as the focal
area for this study. Based on the WOCAT mapping approach for the assessment, this research
focuses on the evaluation of land use while illustrating land degradation (e.g. surface erosion,
compaction) and conservation processes (e.g. agronomic measures such as mulching and
minimum tillage), as well as ecosystem services.

Both natural and human-influenced systems are constantly subject to change. These inherent
changes can be related to both global and local social, political, economic, and environmental
changes. In life change is inevitable (Cabell & Oeclofse, 2012). Ever-stable systems do not exist in
practice (Kummer, Milestad, Leitgeb, & Vogl, 2012) and thus change shall rather be considered

as the norm than the exception. In this perspective, learning to live with and to shape change
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becomes a fundamental management strategy for agricultural systems (Folke, Berkes, & Colding,
2003).

Given the general topic soz/ erosion by water chosen by the RECARE project, the focus of this
thesis is on agricultural land and forest land. The conventional, high-input agriculture requires
field standardisation and homogeneity, originating potentially negative impacts on the
ecosystems. This modern, technological agriculture strongly relies on synthetic fertiliser and
heavy machinery (Godfray et al., 2010), wherein, through recurrent and intensive ploughing,
fields are disrupted and spatially disconnected from their situation in the environmental setting
(van Apeldoorn, Kok, Sonneveld, & Veldkamp, 2011). At larger scales, pushed by their economic
viability, farming structures are subject to mechanisation and intensification. In order to enter
food markets, common goods (i.e. living matter) are normalized, standardized, and products are
labelled (Demeulenaere, 2013; Tordjman, 2008). Thus, no apparent reason requests any
preferential treatment organic and conventional high-input management. Both are expected to
induce land degradation, due to unadapted management, and consequently also to generate land
conservation practices. Agriculture cannot be thought without the natural environment it evolves

in, the need to preserve it seems undeniable (Bourguignon & Bourguignon, 2008).

Serious and rigorous research including long-term (more than ten years) erosion damage mapping
and involving soil erosion and its on- and off-site effects has been, and still is, realised on selected
areas in the region of Frienisberg (Prasuhn, 2011). That mapping method viewed as useful for the
appraisal of erosion processes, stating the locations, reasons, and intensities as well as giving
guidance for erosion-control. In the observed region, erosion is retained as a marginal
problematic occurring on roughly 30% of the fields per year, controlled by different factors, such
as weather conditions, crops and/or crop rotations, as well as soil tillage. Nevertheless, no
broader and more inclusive illustration, embracing land use and degradation processes in their
wide-ranging spectrum, has been done yet for the region. The geographic distribution, of land
use and land management, within the landscape, as well as the expressions of land degradation
and the responses to it, in terms of Sustainable Land Management (SLM) as well as Soil and
Water Conservation (SWC), have not so far benefited from particular attention. Furthermore, no
assessment illustrating the impacts of land use, land management, and land degradation on the
land and on the related ecosystem services (ESS) has been done so far. Finally, the coverage and
effectiveness of land conservation in controlling and reducing land degradation have barely been

monitored. The present study intends to fill these gaps.
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1.4 Relevance of the research

As already mentioned, this study is imbedded in the European RECARE-project, which
relevance needs no further attention. Both land use and management are widely recognised as
controlling factors in land degradation. The importance of understanding their drivers and
impacts appears undeniable. Despite the fact that the WOCAT Mapping Questionnaire (QM) is
recognised and accepted worldwide in fulfilling these purposes, no study based on the systematic
application of the WOCAT QM has ever been made in Switzerland. The QM emerges and
progresses as a partnership of WOCAT, LADA, and DESIRE, which combined result in
participatory and integrated tools and methods for the assessment of land degradation and
Sustainable Land Management (SLM) as well as improved decision support (CDE, 2012, p. 1).
Given that the approach serves to draw and illustrate the current regional situation of the land
management, as well as to picture causalities relating land use and degradation impacts, this
research might represent an interesting support for further studies and/or practical
implementation of conservation practices in Switzerland’s midlands.

The land use map resulting from this exercise is considered as a useful contextualisation tool and
might be valuable during further stakeholder workshops and participatory meetings, among

others, as part of RECARE.

141 WOCAT-LADA-DESIRE

The following section provides a brief overview of the three branches of the questionnaire for
mapping land degradation and sustainable land management WOCAT, LADA, and DESIRE
(CDE, 2012, p. 1):

DESIRE (Desertification Mitigation and Remediation of Land) — Local solutions for a global problem:
emerges from the intention to give SLM measures a scientific basis free from error, thus a clear
and understandable definition of indicators becomes necessary (www.desire-project.cu).
Wherewith auspicious SLM strategies can be assessed and developed in cooperation with
stakeholder groups. Furthermore, the tool permits the evaluation of SLM measures on regional
scales and the diffusion of results, assessment and judgement support tools in appropriate

formats allowing all significant stakeholders to enjoy the fruits of participation.

WOCAT (World Overview of Conservation Approaches and Technologies) — Standard SI.M
knowledge management and decision support for up scaling of SLM recognises the need of shaping and

coordinating a worldwide network of SLM specialists (www.wocat.net). It emphases on the
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development of harmonized instruments and methods at local, regional, and domestic level in
order to strengthen the organisation of knowledge and to support decision-making processes.
The initiators assume the collective responsibility in working to manage this worldwide
knowledge base on SLM and distributing the composed material by means of diverse channels.
Management includes developing and enriching the competence of involved actors, through
processes fostering research, training, and education. WOCAT strives to extend its’ structure in
order to become the standard platform wherein SLM practices and land degradation processes

are assessed and reported.

IL.ADA (Land Degradation Assessment in Drylands) — basis for informed policy advice on land
degradation at global, national and local level takes special care of SLM and land degradation
assessment in drylands from national to local scale (www.fao.org/nr/lada). The program puts
efforts and determination on structuring competence and understanding in order to act in
situations of land degradation. It aspires an integrated assessment of SLM and land degradation
thus the elaboration of adequate tools and methods. To accomplish the assessment, LADA
defines numerous indicators operating at various scales. As enclosing objective LADA tries to
identify SLM and land degradation assessment methods at global level in order to create a

worldwide standard for upcoming monitoring of land degradation.

1.4.2 RECARE project

In 2013, the European project titted RECARE has been established in order to search for
effective soil degradation, prevention, and remediation solutions in Europe. By incorporating and
advancing actively the understanding and experience of multiple actors and researchers,
RECARE covers large series of soil threats in diverse biological, physical, and socio-economic
milieus across Europe. RECARE emerged from the recognition that the available knowledge on
soil threads in Europe is large, however fragmented and incomplete (www.recare-project.cu),
thus the project initiators included a pioneering trans-disciplinary approach (Hadorn et al., 2008).
The region Frienisberg (including the municipalities Seedorf (BE), Schiipfen, and Grossaffoltern)

has been chosen as one of the 17 Study sites throughout Europe.

1.5  Goal and objectives

1.5.1 Study goal
The goal of this study is a spatial assessment of land use, land management, and land degradation

as well as its impacts on ecosystem services on the base of the WOCAT participatory mapping
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method, in order to appraise the influence of land use and distinct land management practices on
land degradation, land conservation, as well as on related ecosystem services. Within the
agricultural land, particular attention is given to the assessment of a reference technology, namely
conventional or intensive, high-input plonghing, as well as to other cultivation systems (e.g. no-tillage or
mulching), referred to as conservation technologies of SLM practices, which are to be considered
as emergent in response to the difficulties (e.g. occurring land degradation processes)

encountered on lands under conventional, high-input ploughing.

1.5.2 Specific objectives

The objectives of this MSc study are pursuit to provide insight and contribute to the
development and assemblage of knowledge on land degradation/conservation based on
participatory methods and applied in the context of cropland, grassland, and forest management.

The specific objectives of this study are listed as follows:

1. Create a Land Use System (LUS) map including the major slope gradient categories
2. Establish the current state of land degradation in order to

a. Ldentify type, severity and extent of land degradation,

b.  Identify drivers and impacts of land degradation,

3. Establish the current state of Sustainable Land Management (SLM) and Soil and Water Conservation
(SWC) practices in the region of Frienisberg (BE) using the WOCAT Mapping Questionnaire (QM)
in order to

a. ldentify type and exctent of conservation measures/ practices,

b.  Identify drivers and impacts of good land management practices

Researchers notably form the University of Bern and Agroscope (FAL) studied the surroundings
of Frienisberg (BE) largely over the past two decades. The study builds on very valuable
knowledge and data and focuses on identifying both the degradation areas and the already
implemented conservation practices with accurate precision. Leading to a better understanding of
the effects of SLM initiatives, this process is conducted not only with the intention to identify
problem areas and conservation successes but also eventually to fortify the need to shift towards
more conservation practices and to pinpoint the good management while relating to ecosystem

services.
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1.5.3 Hypotheses and research questions

The research questions and hypotheses are expressed as follows:

Research questions

1.

Hypotheses
1.

1.

1.

1v.

vi.

1.6

1.6.1

To what extent have the conservation practices been reducing and/or preventing #pes,
severity, and extent of land degradation in Frienisberg?
Can so-called bright spots, locally adapted conservation technologies, be identified and

encouraged in this pioneering region?

On the base of the LUSs the land will encounter different types of degradation.

The occurrence (#pe) and the strength (severity and extent) of land degradation will
depend on the land use system, and, within the LUS cropland, on crop types (e.g. root
crops), on the vegetation type (e.g. grade of soil cover), as well as on the land
management (e.g. species selection, soil treatment, etc.).

The various experts and stakeholders can assess and identify different types of land
degradation, which are grounded on their knowledge related to the different land
management practices applied in different fields within the well defined study area.
Conservation practices significantly reduce land degradation. Land degradation
cannot be completely avoided when referring to conservation technologies involving
heavy, power-driven machinery.

The spread and effectiveness of conserving land management practices vary between
different landscape categories (e.g. slope gradient categories).

The long-term viability of high-input agriculture may be questionable given the
importance of its impact on the land. Resolute community-based initiatives

emphasising on structural transformations may be invited paths.

Area of interest: RECARE project area and study area

Valuation of the land

The surroundings of the village of Frienisberg (BE) have been selected as one out of 17 case

study sites throughout Europe addressing different soil threats. This area is located in the Canton

of Bern, Switzerland, between the cities of Biel/Bienne and Bern (approximately 20 kilometres

northwest) (see Fig. 1). Enclosing three adjoined municipalities Seedorf (BE), Schipfen, and

Grossaffoltern the project area extends beyond the near vicinity of Frienisberg. The area of
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interest documented as part of this master thesis lies between those municipalities without

covering them entirely, and sometimes extending beyond the boundaries (including areas

belonging to Seedorf (BE), Schiipfen, Grossaffoltern, Lyss, Aarberg, Kappelen, Bargen (BE),

Radelfingen, and Meikirch) principally in the East alongside the Aare River (Fig. 2 includes details

of location).
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Fig. 1 Location of the study area Frienisberg (BE) (Illustration: Fedrigo 2016, Data source: © swisstopo)

Decisive factors defending a surface area reduction (with respect to the RECARE project area)

were first the data availability, then, additionally, the availability of key actors and their readiness.

Illustrating the area in question, Streit (2014) created an area pattern exemplifying an exact spatial

grid of analysis, wherein the cropland and grassland surfaces are narrowed down to the

accurateness of the practical cultivation plots (see section 2.4.5 for more details). The value of

such precise grids is furthermore defensible by the characteristics of the areal distribution of
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Switzerland’s agricultural landscape: While referring to the analysis of the Swiss midland
countryside both Gasser (2009) and Grob (2010) justify the use of a higher spatial resolution and
a smaller scale. These characteristic patterns validate the assessment of a smaller area by
comparison to the reference sizes usually expected by the WOCAT methodology. Additionally,
Streit (2014) already justified the choice of this area of interest considered as representative for
the surroundings. Trusting these judgements, the same area of interest is adopted. Furthermore,
since the agricultural policy acts at national level (see section 1.6.3 for more details) and there is
no usage and/or property right restriction that is systematically bond to the municipality, i.e. the
agricultural leasing agreements and plot properties are not trestricted/confined within municipal
borders, the distinction of municipal boundaries is not necessarily required in the case of this
study, although administrative borders are generally mentioned in the WOCAT procedure.
Instead, agriculturalists own, inherit, buy, and lease patches that stretch over different
municipalities, in which case the property and/or leasing covenant becomes determining factor,

not the administrative borders.

The regional land use is typical for the Swiss midlands. Five major land use types are observable
in the study area (Fig. 2), namely cropland, grassland, forest, waters, and settlement area. Out
of these, cropping can be identified as a predominant land use characterising the region (see Fig.
10). The most spread agrarian system is mixed farming, joining cropland and livestock keeping.
This uniform land use is regularly spatially disrupted by small settlement areas and waters bodies,
as well as occasionally by forestlands. Frienisberg is also characterised by a wide range of slopes
(see section 2.3.1.2), used for intensive and extensive crop production, and it’s associated risks of
land degradation. Vast research has been achieved within the area centring mainly on soil erosion
and the related land uses (more details in section 2.06).

The agricultural surfaces account for the largest share of land area. Creating a checked pattern, as
observable in Fig. 2, agricultural activities, joining cropland and permanent grassland, occupy
nearly all the northern and central section of the study area. Thus, the surfaces affected by
degradation processes due to mismanagement of farmland are potentially far-reaching. However,
the region has been characterised by a remarkable diversification and conversion of the tillage
practices between 1993/1997 and 2007: Even though ploughing remains a widespread soil tillage
practice, ploughed surfaces were almost halved for the benefit of non-ploughed soils, mulching,
and reduced tillage practices (Prasuhn, 2012). Furthermore, forests represent a significant part of
the study zone. As noticeable in Fig. 2, most woodland is confined to the south of the research

area, while smaller patches are distributed randomly all over the assessment zone.



Introduction

Waters and settlement areas are not directly assessed as part of this study. In order to maintain
consistency, the fact of their existence is recorded. Since the research focus of the RECARE
project has been put principally on soil erosion by waters, it has been chosen to concentrate the
efforts on the other land use types, although, the potential adverse effects of theses land uses are
known. Water bodies and settlement areas are eventually investigated in terms of offsite effects
and/or triggering factors when relating to other land uses.

In light of the homogeneity of land and the cultivated crops as well as the constraint study area
surface no further distinction of the cropland, grassland, and woodland needs to be drawn other

than the subdivisions provided by the slope gradient categories detailed in section 2.3.1.2.

Finally, illustrative precipitation values, retrieved from the long-term annual precipitation series,

range between 1035 mm, for Seedorf (BE), and 1150 mm, for Frienisberg (Prasuhn, 2012).

Since many studies involving local actors have been performed throughout the years in the region
we can benefit from the relations that built up, but with great sensitivity not to abuse the people’s

trust. So, this region seams an interesting area to start with for comparative research.
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1.6.2  Soil properties
The aptitude maps illustrated in Fig. 3 are based on different physiographical units and features
of the landscape characterised by bedrock, slope and hillside situation. While referring to the

variable aptitude: cropland (Fig. 3, left) most of the area of interest is classified as very good

production (sebr gute Produktion in German, red section) and good production (gute Produktion in
German, green section), although nearly one fifth of the area is considered as wusuitable (ungeeignet
in German) (Fig. 3 right, greyish section). By comparing with the areal picture and the digital
elevation model (DEM) (described in section 2.4.2) it becomes visible that most of the land
characterised by a steep slope gradient and qualified as wnsuitable (grey section) is covered by
forest. Selected steeper and wusuitable plots (e.g. nearby surface waters, see details of location in
Fig. 2), which are not enclosed by forest, are managed as permanent grassland (comparing land-
use map section in Fig. 13). Finally, two tiny areas one close-by lake Lobsigen, stretching North
along the Seematte and identified as mootland/peat, and another on the northeast corner, are
only moderately suitable for agricultural production (wzdssige Produktion) (yellow section).

Predominantly occurring soil types are identified as Braunerde, Saunre Braunerde, Parabraunerde,
Kalkbrannerde, Cambisols or Brunic Arenosols (see Annex Table 1 for more details) according to the

WRB (USS Working Group WRB, 2015) and Luvisols (Ledermann et al., 2010).

study area: FrieniSberg (white frame) Databasis: SwisstoFo
5 Copyright: Nicolas Fedrigo 2015
Canton of Bern, Switzerland Masterarbeit, Geographisches Institut der Universitat Bern

Aptitude: Cropland Aptitude: Crop types

- Very good production Crop farming Natural fodder crops

- Good production - Young cattle pasture - Fodder and cereals
Moderate production - Cultivation of cereals

- Unsuitable - Fodder crops % i i 3i?<,,,

Fig. 3 Study area Friensiberg (BE) (white frame): Aptitude crop-types and cropland (Illustration: Fedrigo
2016, Data source: © swisstopo)
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1.6.3 Agricultural policy

As the directives and payments are accounted by the Confederation, and thus the definition of
margins, the leeway left to the Cantons and municipalities are only little. Ecological performances
emerge from the farmers’ willingness to contribute or from the choice to cooperate, wherefore
the Canton or municipality only plays a secondary role in the location of the area of interest.
Since the agricultural reform in 1992, direct payments (DPs) constitute a central feature in
Switzerland’s agricultural policy (Bieri, Steppacher, & Moser, 1999; BLW, 2013). Up until then
regulations of government subsidies where primary based on price and quantities. Since the
revision of the agricultural law structural changes led to the introduction of general (compulsory)
and ecological (voluntary) non-product dependent DPs (Popp, 2013). With the reform, ecological
concerns are newly considered through economic incentives. Pure price support is no longer
appropriate to achieve the goals of sustainable agriculture, including cultural landscape
management and the conservation of natural resources. The agricultural policy 14/17 provides
financial support to initiatives favouring extensive land use and farming practices. Specific
ecological services, in which the participation is voluntary, are encouraged, maintained, and
reinforced with ecological direct payments (Okologische Direktzablungen in German). In practical
terms, by actively participating in these programs farmers receive amounts for ecological
performances such as extensive meadows (extensive Wiesen in German) or wild flower fallow land
(Buntbrache in German). Furthermore, the Confederation launched programs supporting the
quality and the connectivity of ecological compensation areas (BLW, 2004), while the Canton of
Bern introduced financial supports accompanying management practices intended to reduce the
land use intensities and the related impacts on natural resources (Schwarz, Chervet, Sturny,
Hofer, & Zuber, 2007).

Fostering sustainable and market oriented production the Swiss Confederation wants to ensure
that agriculture contributes significantly in certifying a reliable supply to the population and the
conservation of natural resources, while maintaining the cultural landscape and backing the
decentralized settlement of the country (Agrarpolitik 2014-2017). According to its authorities and
duties, the Swiss Confederation directs its actions so that the agriculture achieves its multi-
functional obligations: General DPs include contributions related to the area, to roughage-
consuming livestock, to livestock production under difficult conditions, and to hang posts,
whereas contributions referring to ecological DPs relate to ecological compensation, extensive
cereal and rapeseed cultivation, organic agriculture, and particularly animal-friendly husbandry as
well as payments for summer pasturing. Furthermore, investment loans as well as retaining and

operating aids can be entitled to the benefits of DPs.
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2 Theoretical backgrounds

Experience made, and confirmed in the practical phase of this study while including multiple
actors with different backgrounds, expertise, knowledge, or fields of application, clear and
common definitions are necessary.

The most important definitions, methods, and concepts the research is built on are illustrated in
the succeeding sections. The following chapter represents an attempt to form a concise and
comprehensive presentation of the theoretical fundaments. The notion of land includes the
natural resources soil, water, and vegetation, whereas the WOCAT-LADA-DESIR methodology
involves the assessment of land degradation and conservation measures with regard to the
resources mentioned, including moreover the ecosystem services. The theoretical sources
underpinning the current research are acquired from the WOCAT methodology that is based on
the DPSIR framework. Consequently, part two includes furthermore a section discussing the

framework. Finally, the state of the art concludes the methodological chapter.

2.1  Terminology and Definitions

2.1.1 Sustainable Land Management

Sustainable Land Management (SLM) is a criterion of major importance for sustainable
development (Liniger, van Lynden, Nachtergaele, Schwilch, & Biancalani, 2013). In this context
SLM is defined as follows:

“The use of land resources (including soils, water, animals and plants) for the production
of goods to meet changing human needs, while simultaneously ensuring the long-term
productive potential of these resources and the maintenance of their environmental

functions” (Liniger, van Lynden, Nachtergaele, et al., 2013, p. vi).

Agricultural intensification and the settlement on peripheral land areas increases pressure on
croplands and forests, but also on meadows and pasture lands (Steiner, Herweg, & Dumanski,
2000). In face of the situation Steiner et al. (2000) suggest that rising food provisions need to be
achieved through agricultural intensification other than the extension to additional land lots.
Thus, SLM recommends this intensification to come along with paired ambitions of delivering
socio-cultural, environmental, and economic openings, as well as care taking to the quality of the

land resources.
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However, in order for SLM to become effective, the need to develop operational and appropriate
assessment and monitoring indicators and tools is recognised. The SLM terminology requires
also clear definition for it to operate and thus, in the context of this research, it has been chosen
to adopt the following definitions: The land is described as generally representing the natural
resources, ie. soil, plants/vegetation, water, and animals/living organisms (Liniger, Schwilch, et
al., 2008, p. 1), which are present in a confined spatial unit, the land unit (Hurni, 2000, p. 85).
The on-ground action using appropriate technologies in the corresponding land use system (see
section 2.3.1.1), considered as the elementary evaluation unit (Nachtergaele & Petri, 2007), is
referred to as management, whereas sustainable calls for an implementation in all dimensions,
L.e. ecological, social, economic, institutional, and political (Hurni, 2000, p. 85). Thus, when
referring to what is sustainable the term ‘appropriate’ calls also for conformity to the three
dimensions of sustainable development (as already intended in WCED, 1987), signifying that a
techniques/practices ought to be ecologically, economic, and socio-culturally viable.

With the intention to assess SLM and to complement prior limited concepts, the multi-level
stakeholder approach to sustainable land management is theorised, envisioning a guidance towards
achievable, adequate, viable, and ecologically supportable local scale solutions (Hurni, 2000).
“The ways and means used to realise SLM” are intended as an approach (Hurni, 2000, p. 80),
wherein, the categories of people or institutions sharing a mutual interest in a portion of land are
indicated as stakeholders. Hurni (2000) appreciates the broadness of a long-term sustainable
land management to be expressed at multiple levels, as it invokes a variety of actors operating in
different societal configurations, these key actors (further also referred to as experts or expert
group) evolving on-site (e.g. farmers, residents, etc.) and off-site (e.g. scientists, professional
researchers, administrators) are integrated in the assessment process, while former concepts and
suggested technologies were trying to shorten the procedures by considering for instance land-
users as the only actor category, an oversimplification leading to one-dimensional approaches

evaluating the negative impacts on land.

In my understanding some limits, inherent to the application of this SLM definition in the
context of this study, are worth noting. Practices will be further noticed as SLM/conservation
technologies/practices without accomplishing — in my opinion — the notion of sustainability at
its fullest. According to the Brundtland Report (1987) “sustainable global development requires
that those who are more affluent adopt life-styles within the planet’s ecological means — in their
use of energy, for example® (WCED, 1987, p. 15). Since all conservation practices evaluate in this
study rely in their functioning inherently and unconditionally on the consumption of non-

renewable, fossil resources (be it for running machinery or for the reliance on synthetic inputs)
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none could be termed as long-term sustainable (or viable) technology, in its’ strict sense, not least
because of the global climate changes and the peaking of fossil energy (Mulligan, 2010). Even
though it has been shown how conservation measures and organic farming may contribute in
mitigating the greenhouse gas emissions also of Swiss farms (Schader et al., 2014), major long-
term impacts, also associated with the consumption of fossil fuels, remain a source of concern.
The environmental and social burden gets even heavier when addressing the food systems
through all levels of the life cycle (Heller & Keoleian, 2003). In my understanding a technology
cannot be qualified as appropriate and sustainable, or “viable” (WCED, 1987), at long-term, as long
as it maintains its investment in fossil resources. It seems important to specify this understanding,

which is relevant particularly when building up new perspectives.

However, in the interest of convenience, it has been decided to ensure consistency of the
terminology used throughout the WOCAT methodology, thus not abandoning using the term

“sustainable land management (SLM)”.

2.1.2 Local participation and transdisciplinarity

Eventually this research emphasises on participatory and multi-stakeholder approaches, which
are planned in an actor-oriented perspective. As presented in Hurni (2000), these methods can
be embedded in a larger theoretical background structured on behalf of SLM perspectives,
engaged in the attempt to catch the complexity of all operating factors, while emphasising on the
potentials of multiple actors and scales, as well as pricing the local knowledge. The participation
of multiple actors is expected to include more widespread information, although while
highlighting the fact that common value-bases, including the belief in fundamentals such as
learning, equity, empowerment and trust, are a prerequisite for the functioning (Reed, 2008).

In the attempt to capture the location specificity in its various forms and dimensions (social,
physical, organizational, political, etc.) transdisciplinary research, as a joint work between
science and society and thus based on the integration of various disciplines and actors, emerges
and aims to produce new knowledge in collaborative learning processes (Angelstam et al., 2013).
Grounded on the non-hierarchical exchange of observations, theories, and experiences the
collaborative (multi-stakeholder representation) procedures can be introduced in all processes
from knowledge production and learning to problem formulation. Evolving through the
permanent effort and cooperation of researchers from distinctive scientific disciplines and non-
scientific local stakeholder participation, transdisciplinary research is presented as a more holistic
approach to understand and explain problems in complex social-ecological systems (Angelstam et

al., 2013). Introduced as an antagonism to applied and basic science the authors reflect

b
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transdisciplinary research as an applied practice prepared to find practical solutions to the
world’s problems. The LADA project, for instance, is quick to recognise the importance in
creating multidisciplinary teams, involving land users, various experts, and district extension
officers, for the sub-national and local assessment. Experiences made, it acknowledges the
importance of producing real links with and within the districts under investigation, in order to
ensure a better quality of the outputs, knowing that valid and equal participation, incorporating
all stakeholders, is not always a tranquil task (Biancalani, Nachtergaele, Petri, & Bunning, 2013).
Wide, diverse, and solid knowledge exists ramified among local actors, specialists, and the vast
scientific community. Existing obstacles and difficulties mitigate the creation, diffusion, sharing,
exchange, and access to information, experience, and encouraging techniques. Aware of the
characteristics in knowledge involvement, the WOCAT-LADA initiative recognises the need to
establish a tool for the integration and diffusion of SLM approaches and technologies among and
between communities and actors. SLM practices often emerge and develop as an outcome of
local traditional practices and progressive experimentation rather than only building upon
scientific evidence (Berkes, Colding, & Folke, 2000). Recurrently SLM emerges in response to
precarious conditions, however for countless reasons farmers’ local and traditional knowledge is
less weighted, e.g. in policy decisions (Stringer, Fleskens, Reed, Vente, & Zengin, 2014). Despite
the fact that both field practitioners and scientific specialist have a wealth of knowledge and
information about SLM, their complementarity seemed not yet to be perceived at its true value.

Thus the call for transdisciplinary, participatory research seams unquestionable.

In Frienisberg, scientists from the University of Bern, Agroscope (FAL) and practitioners have
been working together over decades. The cooperation led to the establishment of networks of

trustworthy actors and close (research) partnerships.

2.1.3 Land degradation

The following sections introduce and discuss the content related to the notions of land
degradation. The LADA involvement in the land degradation discussion has been significant,
when showing the necessity to incorporate the time period over which the degradation processes
strike as an assessment variable. Considering that nearly every land would be considered as
degraded if referring to its original natural state, land degradation is therewith put in its local
context. Human-caused degradation and its impacts on food production must be assessed in this
local context and shared with all stakeholders and local actors (Oldeman, 1998). The location
specificity recognises the role that beneficiaries or stakeholders play pondering that, on a given

status, the land can be considered as good or bad depending on the applied value system or the
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envisioned use of the land (Nachtergaele, Biancalani, Bunning, & George, 2010). The time
variable is one major dimension in which land degradation operates, wherewith the process are

theorised as a compulsive development of multi-annual land cover activity (Mialhe et al., 2015).

Various definitions of land degradation exist (we may retain the third one):

* LADA defines land degradation as: “The reduction in the capacity of the land to provide ecosystem
goods and services and assure its functions over a period of time for its beneficiaries.” (Bunning,
McDonagh, & Rioux, 2011b, p. 31).

* UNEDP defines land degradation as: “a long-term loss of ecosystem function and service, cansed by
disturbances from which the system cannot recover unaided” (UN Environment Programme, 2007,
p. 92).

*  Whereas the WOCAT definition of degraded land is: “land that, due to natural processes or
human activity, is no longer able to sustain properly an economic function and/ or the original ecological

Sfunction” (Liniger & Critchley, 2007, p. 18).

Degradation disturbs and lowers permanently or temporarily the productivity of the land as well
as numerous further ecosystem services it provides. It is widely recognised that there is an urgent
need for both local and global action against land degradation. In the outcome document
adopted at the Rio+20 UN Conference on Sustainable Development held in Rio de Janeiro, Brazil, in
June 2012, articles 205-209 refer to Desertification, land degradation and dronght (United Nations,
2012). The urgency of action, to prevent and reduce land degradation, is mentioned, as well as
the will to achieve a “land-degradation neutral world” (art. 200).

Mainly initiated by natural processes, and potentially accelerated by human activities and
changing climates, land degradation leads to the qualitative and quantitative reduction of both
land resources and related ecosystem services (Bunning, McDonagh, & Rioux, 2011a). Qualified
as developments affecting soil properties, land degradation processes can be grouped into three
broad categories, namely physical, chemical, and biological degradation (Liniger, van Lynden,
Nachtergaele, & Schwilch, 2008; Liniger, van Lynden, Nachtergaele, et al., 2013). Characteristics

and particularities distinguishing each group are briefly outlined in the sections below.

2.1.3.1 Physical degradation
Physical soil degradation is mainly characterised by soil erosion and compaction processes,
expressed through actions such as surface crusting and sealing, loss of topsoil structure, sub-soil

compaction, reduced soil rooting depth, and loss of fines (erosion of clay and silts). The loss of
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bio-productive functions, waterlogging, and the subsidence of organic soils are also included in
this section (Bunning et al., 2011a; Liniger, van Lynden, Nachtergaele, et al., 2013).

Soil erosion is conveniently explained as replying to the increasing and accumulative stresses
applied on the land, both by a growing world population and by the desertion of wide regions of
previously productive land (e.g. resulting from erosion, alkalinisation and/or salinization).
Globally, in terms of severity and regularity, the spatial variability of soil erosion is substantial.
Social, political, economic, and institutional factors influence its’ geographical and temporal
parameters (Morgan, 2005).

Soil erosion is one major expression of physical and mechanical soil strain. Occurring in two
phases, it starts with the secondment of discrete soil elements from the soil mass and is followed
by the soil transport through erosive agents (e.g. flowing water and wind). Eventually, the erosion
stops once the remaining energy becomes insufficient for carrying the mobilised particles
(Morgan, 2005). Exposed soils are weakened and once they are loosened, their particles are easily
removable by transporting agents. Both biochemical and mechanical (e.g. alternating wetting-
drying, freezing-thawing) weathering processes disrupt the soils. Raindrops splattering
(rainsplash) on bare soils are the most significant isolating agent, displaced particles being moved
over many centimetres. Transporting agents can be categorised in two major entities opposing
spatially extensive and homogenous displacement, caused by rainsplash, to channelled water flows, expressed
in forms of rill erosion or its larger associate gully erosion. Another driver gathering and
transferring the material on the land surface is expressed as the transport by mass movements:

water disturbs the soil inertia by changing its strength (Morgan, 2005).

Oberboden

Unterboden

2 a b @

Fig. 4 Effects of the tyre width and wheel load on the top- and subsoil (Source: Marbot et al., 2014)

Second types of physical land degradation are confined in soil compaction processes. Animal
hooves, farm machinery, and impacting raindrops are the principal factors causing crusting and
sealing. The use of heavy machinery and wheelers, accentuated by the frequent passages, lead to

internal transformations of the soil structure, such as the compression of soil cavities. If
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combined with excessive tillage or recurrent ploughing at a persistent depth these thoroughgoing
physical stresses that can reach subsoil depths and high levels of compaction.

The soil functioning and the state of its’ quality can be identified or evaluated when assessing the
soil structure, demonstrating the faculty of the soil to sustain plant and animal live this indicator
is of central influence. Variables such as the soil pore system (Pagliai, Vignozzi, & Pellegrini,
2004) and the aggregate stability (Six, Elliott, & Paustian, 2000) appear to be indicators for the
soil structure.

In general terms, soil compaction occurs when the soil pressure exceeds the soil strength
(Marbot, Fischler, & Kiing, 2014). Anthropogenic pressure on the soil can be confined when
reducing the wheel load (machine and load weight) and raising the contact area (tyre type,
pressure, width and volume, single or twin formation (tyres), and axis type). It is of primary
importance to avoid subsoil compaction. As shown in Fig. 4 both the wheel load (arrows) and
the tyre width induce and vary the soil pressure (red). The wheel load remains a critical factor
even though the tire width might mitigate the pressure exerted, wherefore high loads are
fundamentally risky. Soil strength is a force that counteracts compaction. The primary factors
acting on the soil strength are the soil moisture, the soil type, and the soil structure. The higher
the soil moisture content, the lower the soil strength, thus the danger of soil compaction rises
with increasing soil moisture. It is therefore draw attention on moist fields that should not be
driven on for at least three days after intensive rainfalls (Marbot et al., 2014). Furthermore, the
soil types atre characterised by the texture and weight, wherewith light and/or sandy soils are less
exposed to compaction than heavy, loamy ones.

Finally, a well-developed soil structure, characterised by small soil particles and comprised by
active living organisms and pore water availability, decimates compaction. The soil organisms
subsist due to root and crop residues as well as organic manure. Tillage practices induce soil
loosening and the weakening of its” structure (Bronick & Lal, 2005; Holland, 2004). Thus, in
Switzerland, most agricultural lands are at risk of compaction. Applying adequate cultivation
methods (e.g. no-tillage, conservation tillage) may prevent this degradation processes from
happening (Armengot, Berner, Blanco-Moreno, Mader, & Sans, 2015; Holland, 2004; Siegrist,
Schaub, Pfiffner, & Mider, 1998).

2.1.3.2 Chemical degradation

The second soil deterioration category assessed in this study is qualified as chemical
degradation. This expression of soil degradation does not discuss recurrent oscillations of soil
chemical settings in agricultural systems of relative stability, nor does it refer to steady

transformations in the chemical configuration resulting from soil building processes (Oldeman,
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1994), but rather articulate processes of unfavourable soil developments: e.g. progression of soil
reaction or pH, fertility regression, quantitative decline in reserves and availability of soil and
plant nutrients, or the capability to unplug toxic complexes and diminish extreme accumulations
of salts in the root area (Lal, Iivari, & Kimble, 2003). The chemical processes underpinning this
deterioration are e.g. organic matter decline, acidification, salinization, or soil pollution (Bunning
et al., 2011a; Liniger & Critchley, 2007).

Nowadays, large amounts of pollutants reach the earth and enter the soil. Many processes and
sources can lead to land contamination, e.g. washout of airborne pollutants and particle setting,
mineral and farm manure, chemical pesticides, or the use and improper waste deposition.
Presently, the impacts of such pollutants are not known at all, or only incompletely known. The
substances accumulate somewhat in the soil where they affect the soil life and its’ fertility. While
certain elements leave the soil to reach the water or the air, others enter the food chain via
comestible plants and the water cycle (BAFU, 2007). The investigations carried out so far point
to the recognition that there are no uncontaminated soils left in Switzerland. According to BAFU
(2007) problematic stresses are generally linked to particular and imbalanced uses (e.g.
viticulture), close exposure to significant sources of pollutions (e.g. roads), or mismanaged
processing of soil excavations. Fortunately, only low pollutant contents could be registered
outside the actual pressured key areas. In most agricultural and forest areas the soil fertility is still

guaranteed in the long term, provided that the stresses do not increase further (BAFU, 2007).

2.1.3.3 Biological degradation

Finally, the degradation of soil biological properties is systematised by processes such as the
reduction, in terms of quantity and activity, of symbiotic and valuable soil organisms (e.g.
earthworms, mycorrhiza, bacteria, rhizobia) as well as the loss of their related functions, or in
contrast, the increase (also in terms of quantities and activity) of damaging soil organisms (e.g.
parasitic weeds, nematodes) as well as the losses associated to pest and/or diseases (Bunning et
al., 2011a).

Biological degradation includes stresses exercised by pathogens or non-indigenous, which have
been consciously introduced as well as genetically modified living organisms (GMOs). Even
though the risk of biological soil contamination stays moderate, it is nonetheless quite real. A
global market, thus globally distributed commodities introduce stowaway species in new
environments. These living organisms represent a threat to soil fertility and health (BAFU, 2007).
The structural evolution of Switzerland’s farming system, notably hiring contractors and the

increasing community tolerance for GMOs (the current moratorium ends in 2017, what is the
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situation going to be after?), at least for scientific trials (Nausch, Sautter, Broer, & Schmidt,

2015), contributes to increasing risks related to biological contaminations.

Soil degradation, expressed through physical, biological, and chemical degradation processes, and
the related causal effects on the environment are an issue of increasing importance since the
1930s and will persist as critical concern throughout the 21% century. According to the MEA
worldwide 15% of the soils are degraded by the early nineties, whereof 38% only to a light degree
and 62% to a moderate or strong degree (BLW, 2008). For this study the assessment of land
degradation is focussing on anthropogenic causes, notwithstanding naturally driven causes are
not excluded nor are they contested. Concisely defined, soil degradation is the soil quality
deterioration triggered by anthropogenic mismanagement. This quality decline occurs through
the temporal interaction of the tree processes presented previously. Degradation can be
irreversible and permanent. Nevertheless, slightly or temporarily degraded soil might be restored
through changes in land use and management, including SLM practices and conservation
measures (Lal et al., 2003). This mapping practice directs precisely the evaluation potential of the
soil, or the land, resilience, meaning the restoration or recovery capacity of the land, termed for
instance in environment balance capacity and biomass productivity, through appropriate
management. Special emphasis it put on agricultural land, comprehending ploughed cropland
(reference technology), permanent grassland, and other cultivation methods, out of concern for

the cohesion, referred to as conservation technologies (e.g. no-tillage).

2.1.4 Ecosystem services (ESS)

According to MEA (2005a) ecosystems are the systemic fundamentals of life on earth. Besides its
need for water, food, shelter, clean air, and comparative constancy in climatic conditions,
anthropological biology relies on integral watersheds, climate regulation, genetic assortment, and
species complementarity. The health and well-being are highly impacted when stressing food-
production systems, freshwater sources, or climate regulation, since they rely on the services
provided by the ecosystems (MEA, 2005a). The yields from agriculture, for instance, are one of
the crucial ecosystem services humanity relies on (MEA, 2005c¢), in order to maintain them it is
important to assure the long-term sustainability of social-ecological systems.

In its most concise definition ecosystem services (ESS) are “the benefits people obtain from
ecosystems” (MEA, 2005b, p. 1). These, as well as their constituents water, soil, nutrients, and
organism, are central and vital to human health and safety. Fluctuations in those services can
disturb revenue, livelihoods, local population movements, as well as eventually political conflicts,

which, while affecting physical and economic security, or social relations, may impact on human
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health and safety (MEA, 2005b). In other words, ESS can be qualified as the procedures through
which the environment generates assets used by humans, such as water, food, clean are, etc.
Various elementary services untaken by biodiversity (e.g. carbon sequestration, pest regulation,
pollination, or nutrient steering) uphold for instance farming efficiency (FAO, 2015).
Selected from the Millennium Ecosystem Assessment (MEA), the WOCAT QM assesses the
impacts on ESS according to the following categories (Liniger, van Lynden, et al., 2008, p. E 14):
* Productive services
* Ecological services

* Socio-cultural services/human well-being and indicators

Productive services are to be understood as including the provisioning services, namely the essential
requirements (e.g. water, food, fibre, genetic resources, etc.). The second category entitled
ecological services and incorporating the water, soil, and climate services, combines both the
supporting and the regulating services, whereas the third group defines the eu/tural services outlining

the immaterial components accompanying the context of human life (FAO, 2015).

2.2 DPSIR framework

In the late 1990s the European Environment Agency (EEA) adopted the DPSIR (Driving forces,
Pressures, States, Impacts, and Responses) framework to describe the interactions between the
environment and society (Smeets & Weterings, 1999). National and international institutions such
as the UNEP or the Swiss Agency for the Environment (BAFU) refer to this conceptual
framework, which is a simple and useful tool for the illustration of complex and multi-layered
environmental concerns such as land degradation. Research on land degradation steers towards
solution-finding processes and remedies against land degradation, with the DPSIR scheme
different methodical perspectives can be connected to particular forms of answers (Andersson,
Brogaard, & Olsson, 2011). Representing the referential framework within the WOCAT

approach, the current study is also sustained by this theoretical background.
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Drivers
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consumption
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availability, increased
vulnerability to
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State of the
Environment

e.g. change in biodiversity,
increasing eutrophication

Fig. 5 The DPSIR framework visualising the flow of causes and effects for a certain environmental issue as
represented in Carr et al. (2007)

The DPSIR framework emerged as an extension of the Pressure-State-Response (PSR)
framework, developed by the Organization for Economic Co-operation and Development
(OECD), and of the Driving-Force-State-Response (DSR) framework, proposed by the UN
Commission on Sustainable Development. Practically, it arose as a response to gaps in the two
former frameworks (Carr et al., 2007). While the PSR only focused on anthropogenic pressures
and responses, none of the two frameworks (PSR and DSR) could address the incentives
underlying the responses to alterations in the state of the environment nor did they comprise a
category focussing on the causal motives for the pressures. The DPSIR framework establishes as
a tool seizing the relevance and significance of the broad assortment of environmental indicators
in use. It is intended to support the structure and analysis of the indicators as well as to relate the
inter-connections between the environment and society (Smeets & Weterings, 1999).
The acronym DPSIR stands for the five components constituting the framework (Carr et al.,
2007, p. 545):

* Driving forces (or Drivers) refer to fundamental social processes, such as the distribution of wealth,

which shape the human activities that have a direct impact on the environment.

* Pressures are both the specific human activities that result from driving forces which impact the
environment, such as the resource extraction necessary to fuel the automobile fleet (...), and the natural

processes that have a similar impact on the environment, such as volcanoes and solar radiation.
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*  State is the condition of the environment. This condition, under current conceptualizations, is not static,

but is meant to reflect current environmental trends as well.
* Impacts are the ways in which changes in state influence human well-being.

* Responses generally refer to institutional efforts to address changes in state, as prioritized by impacts.

The DPSIR, as well as its forerunners, is intended to identify suitable indicators to measure and
evaluate environmental problems. DPSIR is planned for the classification and the distribution of
information related to precise environmental challenges. Additionally, the framework allows to
assess the efficiency of the diverse responses that were crafted (Carr et al., 2007).

In other words the framework gives an edifice for organising the required indicators allowing
advice on environmental value and on the subsequent effect of the political actions made (or to
be made) to the policy makers (Kristensen, 2004).

As illustrated in Fig. 5, the driving forces trigger and induce causal reactions in the chain of
elements (Kristensen, 2004): These drivers (e.g. human activities) induce pressures (e.g.
pollution, waste, resource use, emissions) on the states (biological, physical, and chemical) of the
environment, which impact on the quality of the environments (e.g. in terms of ecosystems
health, human wellbeing and functions). These causal links can generate responses, expressed in
terms of societal and political actions, which can address any element of the series (i.e. from
drivers to impacts). As it is displayed in Fig. 5 the responses assume a central role in structuring
the causalities (illustrated by the arrows), which can be created with the four other components
of the framework. Since land degradation is comprised in the state compartment, the focus is put
on that section and on its interactions with the responses section. As mentioned previously the
state describes the environmental situation. The indicators used for monitoring pronounce
noticeable alterations in the environmental dynamics and functions relating sustainable
development (Bowen & Riley, 2003). The state of the environment, such as the value of the
different environmental compartments (e.g. soil, water, air) related to the roles they accomplish,
is disturbed as a consequence of the exerted pressures (Kristensen, 2004). The delivery of
satisfactory settings for health, resources accessibility, and biodiversity might be compromised as
soon as the state of the environment changes (Smeets & Weterings, 1999). The pressures
compartment is inevitably included in this thesis since the different land-uses suggest this
category.

Referring to a certain area by inventorying Driving forces, Pressures, States, Impacts, and
Responses, the description of land degradation and SLM is pursuit by the DPSIR mapping
(Liniger, van Lynden, Nachtergaele, et al., 2013).
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2.3  WOCAT Mapping Questionnaire (QM)

WOCAT emerges also in a context of conscious awareness of the social, environmental, and
economic issues related to land degradation and it is concerned by the search for adapted and
viable solutions. In this process, WOCAT believes and invests in the strength and the necessity
of knowledge sharing. Specialists (comprising for instance land users, project managers,
agricultural advisors, government agents, etc.) continually produce valuable and vast knowledge
and savoir-faire related to good land management (Schwilch et al., 2011). Recognizing the lacking
distribution and exchange of this specialized knowledge, the WOCAT-network initiators
conceptualise the project, inter alia, with the scope of providing experts with the appropriate
structures and tools favouring a visually supported sharing of their precious comprehension. To
facilitate and efficiently organise the extra-regional exchange of local accomplishments and
expertise in land management, a globally acceptable categorization system for SWC-SLM
technologies and approaches is required (Liniger et al., 2002). WOCAT conceptualized three
questionnaires and one database system to document the characteristics of each important
feature of the conservation technologies and approaches. As a complement to the Questionnaires
on Technologies (QT) and on Approaches (QA) (both not used in this study), the Mapping
Questionnaire (QM) represents the geographical perspective for research. Emphasising on the
centrality of the land use, the joined questionnaires offer a broad overview of SLM-SWC
activities in the defined geographical area, e.g. country or region (Liniger, van Lynden, et al.,
2008; G. W. J. van Lynden, Liniger, & Schwilch, 2002). The WOCAT QM guidelines (Liniger,
van Lynden, et al., 2008) represent the basis for the methodology applied in this study. The

central elements are briefly discussed in the following section.

The QM suggests an extensive choice of variables (i.e. degradation types, conservation groups
and measures, impacts on ESS, etc.) offering a more in-depth, comprehensive, and transparent
sharing of information and practice (detailed in sections 2.3.4, 2.3.5, and 2.3.6). Encouraged by
the will to create a complementary map to the FAO LADA project, which is particularly
concerned by the hot spots (problem areas), through its QM WOCAT wishes to identify
conservation successes, so-called bright spots (Liniger & Critchley, 2007, p. 10). To do so
conservation techniques and approaches, and SLM practices are globally assessed, but in diffuse
(local or regional) and inclusive processes soliciting local stakeholders and their situation-specific

knowledge.
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Determined to assess both biophysical and socio-economic parameters, the QM offers tools for
broad and intelligible know-how documentation, monitoring, and evaluation. The spatial
assessment is processed while following three fundamentals: First of all, the principal land use
systems (LUSs) are identified and categorised. Then, the revealed LUSs are mapped in the
treating phase of the base map. In a third step supported by the base map, the QM is completed
during the stakeholder meetings and/or expert interviews: Based on the information obtained
from a mixture of sources, supported by the QM and the GIS-database, the consulted experts
systematise and register the data. More detailed information to the LUS and base map are
described in the following section 2.3.1, while the stakeholder participation is discussed in section
2.5.

For consistency with other documents the mapping methodology focuses, for each LUS and
within a predefined spatial unit (the management unit) on three aspects (Liniger, van Lynden,
Biancalani, Mekdaschi-Studer, et al., 2013): (i) Enclosed area and intensity trends (LUS trends),
(i) Types, degree, causes, and impacts of land degradation, and (i) Implemented
conservation practices (SLM technologies), their range, effectiveness, and effects (also on
ESS). This process helps in identifying and illustrating the spatial spread and the features of
land management, while relating them to different land-use types (Schwilch, Hessel, &
Verzandvoort, 2012). The QM outcomes represent dissemination channels to simplify the
transfer of experience, although, to ensure a certain degree of uniformity, a certain number of
points need to be considered while implementing this method (Liniger, van Lynden, et al., 2008):
Include both fruitful and unsuccessful examples in the map and the documentation; evaluate
the current situation from a historical perspective, reaching at least ten years back in time; and
include conservation and land degradation experts (with scientific data) as well as land users
(with specialized knowledge) with diverse qualifications and experiences to reply to the
questionnaires.

The QM pays also notice on both direct and indirect (socio-economic) causes of degradation
processes (Liniger, van Lynden, et al., 2008) and serves for the appraisal of whether there is a
need for remediation or conservation strategies, i.e. evaluation of whether there is need to
repair or to inhibit land degradation, and as a basis for the identification of appropriate areas for
investment, suggesting, for each option, the impacts on ESS (Liniger, van Lynden, Biancalani,
Mekdaschi-Studer, et al., 2013; Schwilch et al., 2012). The methodology offers a harmonised and
standardised knowledge management system and builds a corner stone for informed decision-
making on various scales (Liniger & Schwilch, 2002; G. W. J. van Lynden et al.,, 2002) by

pledging the assured involvement of different actors.
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2.3.1 Defining the base map: land use system (LUS) and slope category

The characterisation of following categories is necessary to the application of the QM.

2.3.11 Land use system (LUS)

The land use system is the elementary spatial unit of evaluation (Nachtergaele & Petri, 2007)

and serves as primary unit to illustrate the base map, since the WOCAT mapping system founds

on the land use, which is considered as one of the main drivers for both land degradation and

land conservation measures (Nachtergaele & Petri, 2007). As defined by the IPCC land use is:
“The total of arrangements, activities, and inputs undertaken in a certain land cover type (a set of human
actions). The social and economic purposes for which land is managed (e.g. grazing, timber extraction,
conservation)’ (IPCC, 2000, p. 21).

Wherewith land cover is:

“The observed physical and biological cover of the Earth’s land as vegetation or man-made feature’
(IPCC, 2000, p. 21).

The anthropogenic on-land interventions (i.e. the different land use types) accent on actions that
directly disturb the state of the land and have an effect on merchandises and services. The joined
land management (referred to in section 2.1.1) practices and the land use can be termed as
land use system (LUS).

Since the LUSs are developed and build on the distinct land uses, the evidence on land
degradation and conservation practices can be implemented into these mapping categories. Even
though a global land use system map already exists, there is a need to improve and adjust it at
national or regional levels in order to offer appropriate national, respectively regional, units to
describe and evaluate land degradation and conservation. Combined with chosen administrative
units and other subdivisions (e.g. slope gradient categories), the LUS units enhance the
understanding and the appraisal of land conservation practices and degradation, notably with

regard to tendencies and variations in time (Liniger, van Lynden, et al., 2008).

Selecting various land use types is an important pace in the land assessment. Since characteristic
properties, transpiring the land use types, induce or inhibit land degradation, some land use types
are more susceptible to land degradation, or to some expressions of land degradation, than
others. As described through the section 2.3.1.2, in this study the LUSs are further subdivided in

slope gradient categories.

28



Theoretical backgrounds

2.3.1.2 Slope gradient categories (SGC)
To describe the global terrain slope (Fig. 6) IIASA/FAO uses eight slope gradient classes

(ITASA/FAQ, 2012). Based on the slope pattern of the atea of interest retrieved from the DEM
(swissALTI®)?, four SGC are retained for the classification, reaching from flat to wvery steep.
Careful reflection and analysis of the extracted slope values, corroborated by the group of experts
during the multi-stakeholder meeting, led to the conclusion that in the present case no
information of substantial value is lost while reducing the number of classes from eight to four.

Following gradient categories subdivide the area according to the slope classes flar (0-3%),
moderate (3-15%), steep (15-30%), and very steep (>30%). These subdivisions are representative for
the slope matrices in the area of interest, characterising concise and clear patterns with regard to

the information reported.
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Fig. 6: Median global terrain slope as used by IIASA/FAO (2012)

2.3.1.3 The base map

The mapping process starts with the establishment of a base map, involving closed polygons, that
provides a ground to the questionnaire (Liniger, van Lynden, et al., 2008) and functions as visual
information support for the stakeholder workshops, the individual discussions, and eventually for
the field observations. Based on existing data (e.g. LIE and BOF’ and LANDKULT") following
land use types could be identified, localized, and mapped for the region: cropland, permanent

grassland, forested areas, waters, as well as settlements (urban areas, roads, etc.). After

2 swissALTI3D © Bundesamt fir Landestopographie swisstopo
3 Amtliche Vermessung Reduziert AVR © Amt fiir Geoinformation des Kantons Bern
4+ Landwirtschaftliche Kulturen © Amt fiir Landwirtschaft und Natur des Kantons Bern
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extensive study and numerous attempts to refine the land units, the land use systems are defined

in accordance to the land use types.

Subsequently, considering the hilly terrain shaping the regional landscape, the LUSs cropland,
permanent grassland, and forest are further subdivided with respect to the slope gradient category
(four slope classes, in percentage) creating eleven distinct mapping units. The slope categories
are basically defined according to FAO, used in WOCAT, but modified, grouped, and regrouped
according to the stakeholder perception, which categories they perceive as relevant to distinguish
and assess separately (Table 1). The skeleton of the these units builds on Streit’s master thesis,
wherein he realised an exact spatial grid of analysis narrowed down the accurateness of
cultivation plots (Streit, 2014). Since grass clover leys (which have also been spatially identified by
Streit, 2014) are not permanent on selected patches they are not assessed as an individual LUS
but incorporated in the LUS avpland. Grass clover ley represents (bi-) annual vegetation cover

aiming land regeneration, generally included in the crop rotation (see section 3.4.1).

Ilustrating the base map, the mapping units highlight an area pattern by combining the land use
type and the slope gradient. The slope parameter is primarily involved for reappraisal and
validation, thus to confirm the importance of slopes in land degradation processes and the
incorporation of slope gradients in the conception of land conservation measures in agro-

ecosystems.

2.3.2 Organising the LUSs
The following section introduces concisely the LUSs, how they are structured, isolated and

assesses on the field:

2.3.2.1 Agricultural land:
The land qualified as agricultural land (landwirtschaftliche Nutzfliche in German) is assigned to a farm

and available to the managers all year round. In accordance with Article 14, LBl this category

includes (agridea, 2014):

LUS Cropland
Croplands (offene Ackerflichen in German) are cultivated areas enclosing one-year field crops,
vegetables, and berry plantations as well as one-year aromatic and medicinal plants. Strips sown

in wildflowers, rotational fallow land, and agricultural land edges are included in this category.
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The current wording crgpland raises the question of the land management: Various management
methods are practiced in Frienisberg, although according to the questionnaire structure one

reference technology will be assessed as such: conventional or intensive, high-input plonghing (see section

2.33.1).

LUS Permanent grassland

Areas permanently under grass/permanent grasslands are desctibed as agricultural areas permanently
sheltered with grasses and herbs grown outside summering areas. Grasslands (meadows and
pastures) that are maintained over more than six years can be qualified as permanent. While
permanent grass clover leys/meadows are mown and hatrvested for fodder at least once a yeat,
permanent pastures are lands belonging to a year-round farm and are exclusively used as
pastureland.

In the context of this thesis, all categories of permanent grassland (i.e. meadows and pastures) shall
be understood as referring to the LUS permanent grassland. More specific characteristics of LUS

permanent grassland are discussed in section 2.3.3.2.

2.3.2.2 Wooden areas:
LUS Forest

Forests are wide areas covered with tress and wooden vegetation that represent an angular stone
in the environment. They do not only act as natural regulators they also play a central role in
human activities. Forests furnish vast and valuable assets to humankind: maintain the diversity of
species (biodiversity), clean the air, filter precipitation, act as a carbon sink (storing carbon
dioxide in trees and in the soil), produce timber, offer spaces for recreational activities, protect
against natural hazards, as well as induce payed labour forces (Bundesamt fir Umwelt BAFU,
2010).

Unlike agricultural surfaces, forests are not, or only to a very limited extent, supported by
government payments. As a matter of fact, forest management is a highly challenging activity
since woodlands must be economically profitable, environmentally beneficial, and remain
recreational and relaxation areas. Sustainability is a key issue in the forest management, so the
timber-harvesting rate should not exceed the wood-growing rate Only this specific attention
guarantees the permanent maintenance of the forest functions, such as resources, protection,
recreation, and habitat (Bundesamt fiir Umwelt BAFU, 2010). Location factors such as soil and
climatic conditions influence the vegetation types in which the forest grows. 32% (1.31 million
ha) of the Swiss territory is covered by forest (Bundesamt fiir Umwelt BAFU, 2010) and none of

it is deprived of human influence. With the exception of the three last primeval forests (e.g. Forét
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vierge de Derborence’, in the Canton of Valais) all woodlands have been used for a long time

with varying degrees of intensity, so that they became part of the cultural landscape.

Areas with hedges, wooden banks and field shrubs

Hedges and wooden banks are mainly enclosed and narrow (only few meters wide) wooden strips.
They are generally constituted of indigenous shrubs, perennials, and small threes in accordance
with the location. Field shrubs are extensively arranged groups constituted of indigenous shrubs
and location specific threes. Although the areas with hedges, wooden banks, and field shrubs are not
implemented and organised within the LUS forest, it appears appropriated to mention the
presence. This vegetation became inherent part of Switzerland’s agricultural landscape and is

privileged by the agricultural policy and assisted by direct payments.

2.3.2.3 Othets:
LUS Settlement area

Urban ot settlement areas are zones characterised by high human population density and extended
human-built structures relatively to its surrounding areas. One major village, Aarberg (see Fig. 2
for details of location), is situated in the western part of the area of interest. Further, small
villages spread randomly over the whole research perimeter. The on-land and off-site effects of

the settlement areas can be evaluated while assessing other LUS:s.

LUS Waters

No major plane water bodies are situated in our area of interest. A tiny lake (Lobsigensee; see Fig. 2
for details of location) is located in the centre of the focal zone and on the western edge the river
Aare flows through Aarberg and extends northwards for about two kilometres. Other small rivers
run through and shape the landscape. The anthropogenic influence on surface waters is very
important as no river kept its natural flow. However, since RECARE focuses on soil erosion by
water no specific questionnaire, assessing water bodies, is completed. The on-land and off-site

effects of land degradation on water bodies are evaluated while assessing other LUSs.

5 http:/ /www.detborence.ch/flore/foret-vierge/, page visited on 26 May 2015.
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Illustration 1 Study area Frienisberg (BE): Grass clover ley with lake Lobsigen in the background (Data

The selected LUSs are presented in Table 1. Therein they can be directly related to the slope

source: © Fedrigo 2016)

gradient category (subdivision) and to the according mapping unit.

Mapping unit Land use system Slope gradient category

1 Cropland 0-3% 1
2 Cropland 3-15% 2
3 Cropland 15-30% 3
4 Cropland >30% 4
5 Permanent grassland 0-3% 1
6 Permanent grassland 3-15% 2
7 Permanent grassland 15-30% 3
8 Permanent grassland > 30% 4
9 Forest 3-15% 2
10 Forest 15-30% 3
11 Forest > 30% 4
12 (not assessed) Waters none -
13 (not assessed) Settlement none -

Table 1 Study area Frienisberg (BE): Overview Land use systems (LUS), slope gradients categories, and

mapping units

2.3.3 Land management practices organised per LUS

The following sections are devoted to the description of the land management technologies
implemented on each LUS. Since the major conservation practices have been identified at early
stage in the elaboration process of this study, and confirmed during the QM assessment, it has
been chosen to describe the conservation technologies in that section, succeeding the description

of the land use systems.
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2.3.31 LUS cropland
Various management practices appear in the study area Frienisberg (BE) on the LUS avpland.

According to the methodological and structural pattern of this thesis, one cultivation system is
qualified as reference technology, namely conventional, intensive, or high-input ploughing. The other
cultivation systems (no-tillage, mulch, and strip sowing) need to be qualified as conservation
technologies and are documented as such in part 3. Both the reference system and the

conservation practices are studied, measured, and assessed as intended by the WOCAT QM.

2.3.3.1.1 Reference technology: “conventional”/intensive /high-input ploughing

In the context of this research, the reference technology intensive, high-input plonghing comprises all
ploughed surfaces that include root crops (e.g. potatoes, sugar beets) into the crop rotations.
This is mainly due to the fact that according to the farmers’ personal beliefs, or the physical
variability and situation specificity of the local land, the ploughing technology cannot be
considered as a stable and homogenous practical action throughout the study area.

Generally, “conventional” cultivation systems involve annual deep topsoil loosening with the
plough. Simultaneously, the remains of the preliminary and/or intermediate crops and the weeds
are incorporated into the soil. The ploughing process leaves an arable surface free from residual
materials, a requirement for the appropriate operation of seeding technologies, such as seed drill
(Drillsaat in German) or wide sowing (Breifsaat in German). The seedbed preparation follows the
basic tillage and prepares the upper soil layer for sowing or planting. The processing depth is
uniform and homogenous, clods are crushed, the soil surface is levelled out, and the soil
underneath the seed placement horizon is reconsolidated for the desired seed-soil contact.
Ploughing and tillage tools can be differentiated between passive (pulled) and active (rotating or
oscillating) instruments. Considering that each individual implement has different working
effects, they can be joined as tool combinations. Therewith the seedbed preparation might
require fewer processes or tracks and could become labour saving (Landwirtschaftskammer

Nordrhein-Westfalen, 2015).
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Illustration 2 Study area Frienisberg (BE): Ploughed cropland (Data source: © Fedrigo 2016)

In order to understand the development of the reference technology the historical agrarian
context must be briefly explained:

The terminology “conventional”, which is in this case also understood as “intensive” or “high
external input”, refers to this cultivation system describing, transforming, reshaping, as well as
industrialising the agricultural landscape strappingly since the 1950s. It does not only describe the
strong intensification of the agricultural production systems, caused by increasing mechanisation
and the massive use of agricultural inputs permitting a high labour productivity, but also a gradual
specialisation of the agricultural systems (e.g. separating spatially crop production from animal
farming). On-farm species diversity gradually decreased, cash-crops became one major criteria
orienting the production, and the use of pesticides, herbicides, and synthetic fertilisers firmly
increased to level out the effects of condensed crop rotation periods (De Raymond & Goulet,
2014; Meynard et al., 2014). Incorporating heavy machinery, tow cars, and tools the industrialised
agriculture increases stresses and loads (firm increasing degree of interventions and use of power
take-off-driven machines and higher axle loads) too which the land is exposed to, damaging
progressively the soil structure until the destruction is irreversible. These stresses might induce
various consequences such as physical soil compaction, accumulations of mud, surface erosion,

as well as leaching of nutrients and additives (Schwarz, Chervet, Hofer, Sturny, & Zuber, 2007).

2.3.3.1.2 Conservation technology: Extensive ploughing

Exctensive plonghing excludes root crops, while intensive ploughing comprises them. With this
cultivation technique a first trial is taken towards more attentive agricultural practice. Certainly,
during the harvesting process root crops, such as potatoes and beets, require strong physical
intervention affecting the soil structure deeply. While avoiding these additional stresses exzensive

ploughing reduces the vulnerability of the land.
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2.3.3.1.3 Conservation technologies: intensive and extensive mulching

Mulehing or minimum tillage refers to the conservation technologies in which the main crop is sown
in the crop residues of the previous crop (www.ohnepflug.de). In line with the workshop
participants, two general types of mulching, reflecting the land use intensity, are sustained in the
QM assessment, namely zntensive and extensive mulch. While intensive mulch comprises root crops,
extensive muleh excludes them. More detailed and technical subdivisions of the cultivation systems
would have required the involvement of a great number of practitioners, which was impossible in

light of the local availability.

Illustration 3 Mulched sugar beet on cropland (Data source: © Prasuhn®)

In mmulch farming, rapidly growing crops, the catch crop or undersow, can be grown between
succeeding plantings of primary crops. The crop mulch, e.g. biomass from the cash crop or straw
from the previous crop, covers the soil surface before and after sowing protecting it, inter alia,
from erosion and mud silting (Prasuhn, 2012). Mulched land requires between 30 and 70% of the
soil surface to be covered by crop residues. These rests of preceding crops can either be used as
mulching material and remain on the soil surface or be incorporated superficially (ANNA,
2010a). Usually the mulching practice induces the application of reduced tillage techniques, i.e.
cultivation practices implying, if at all, the use of non-turning tillage tools (e.g. grubber, disk
harrow) for soil loosening. Depending on the farmers needs loosening can be deep or shallow.

Mulching techniques are subdivided in mulching with subsoiler (mole plough) and mulching with

shallow tillage. The latter implies only superficial tillage above (< 5cm) or just underneath (5-10

cm) seeding depth, whereas the use of a subsoiler induces soil loosening and breaching up as far

6 ,,Zuckerriben Mulchsaat001“ by Volker Prasuhn. Licenced under CC BY-SA 3.0 via Commons -
https://commons.wikimedia.org/wiki/File:Zuckert%C3%BCben_Mulchsaat001.JPG#/media/File:Zuck
ert%C3%BCben_Mulchsaat001.JPG, retrieved October 1, 2015.
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as the plough pan level (> 25 cm). Mulching with subsoiler is recommended when the nature of
the soil causes major restrictions on the seeding technology. The crop root penetration can be
obstructed by compacted soils with unfavourable soil structures. First the grubber is used to
break up the soil structure. Then the crop residues and the soil are loosened and mixed up with
coulters (different coulters produce different results). A surface tillage can apply eventually to
process and level the topsoil (ANNA, 2010c). On the other hand shallow tillage involves the
superficial incorporation of pre- or inter-crop residuals (mulched topsoil) wherein the sowing is
done. This labour expresses mainly in forms of stubble cultivation, fostering straw
decomposition, germination of volunteer grains and weeds, as well as disease prevention, and
eventually seedbed preparation. Factors such as soil type, climatic conditions, as well as cultivated
crops or crop rotations determine the actual practical choice. Seedbed preparations are
discouraged on plots subject to erosion (ANNA, 2010b), thus mulching without seedbed
preparation can largely contribute to erosion control and soil structure stabilization. In these
cases, to combat well-developed weeds that are difficult to eliminate after emergence, some
practitioners chose a non-selective herbicide (e.g. glyphosate) before or immediately following

sowing.

2.3.3.1.4 Conservation technologies: intensive and extensive no-tillage

No-tillage systems are presented as soil-conserving techniques maintaining long-lasting soil fertility
and structure. As par of this study, in line with the workshop participants, two general types of
no-tillage, reflecting the land use intensity, are sustained in the QM assessment, namely znzensive
and exzensive no-till. While intensive no-till comprises root crops, extensive no-till excludes them. More
detailed and technical subdivisions of the cultivation systems would have required the
involvement of a great number of practitioners, which was impossible in light of the local
availability.

No-till systems emerge as a consequence of the rising awareness recognizing the need to
converge towards a less disturbing agriculture, requiring the enforcement of physical soil
protection. While abandoning the plough, the seeds are deposited directly in the raw ground
covered with plants and/or plant residues without prior tillage (Fachstelle Bodenschutz, 2013), at
least since the previous crop harvest (Prasuhn, 2012). Croplands under enduring no-tillage
practice redevelop stronger and more stable topsoil structures. Eventually, the soils are enlivened
and revitalised, whereas the damages in the subsoil microstructure are slowly resorbed (Busari,
Kukal, Kaur, Bhatt, & Dulazi, 2015).

No-till is recognized as a separated cultivation system and not only a sowing technique (www.no-

till.ch). Using specific disks, chisels or cross-slot saw-coulters to place the seed, only a slit is
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opened in the ground and closed right after. Auxiliaries, such as (micro)-nutrients, can be
introduced simultaneously in the soil. The permanent renunciation of soil disturbance, reduced
mechanical soil stresses, permanent soil cover, improved water conservation, as well as nitrogen-
and energy-efficiency have a part in the success of long-standing, uninterrupted no-tillage-system
(Chervet et al., 2007; Sturny et al., 2007), although the benefits are not always recognised (Maltas,
Charles, Jeangros, & Sinaj, 2013). While endorsing valuable functions for the land, cover crops
are a distinctive feature of no-tillage systems, encouraging soil fertility building processes,
underpinning nitrate leaching, rising the soil organic matter content, acting as erosion control
measure, lowering soil temperature, providing effective weed control, and improving soil water
infiltration and storage (Derpsch, 2002). However, abandoning mechanical soil disturbance for
weed control many farmers do also use non-selective herbicides in no-till farming systems.

According to Prasuhn (2012), out of the technologies observable in the study region, only no-till

meets the three preconditions for “conservation tillage”, namely the soil organic matter cover

(>30%) must be maintained year-round, the soil disturbance by tillage minimized (<25% of the
cropped area), as well as the crop rotation, sequences and associations (at least three different

crops) diversified (Kassam, Friedrich, Shaxson, & Pretty, 2009, in Prasuhn, 2012).

Glyphosate is a highly effective herbicide, also in Switzerland widely used in the agriculture, private gardens, and for
maintenance of banks along the communication channels (national and cantonal roads, railway tracks). In 2007, it
has been qualified as a “valuable tool that should remain fully accessible to our [Switzerland’s] agriculture” (Delabays
& Bohren, 2007, p. 338). Nowadays it is used worldwide in over 750 distinctive products for various applications
(agriculture, forestry, urban, and home). In march 2015, this synthetic pesticide and active ingredient in the Roundup
herbicide synthesised by Monsanto since the 1970s, is declared as “probably carcinogenic to humans” by the
International Agency for Research on Cancer (IARC; Lyon, France) of the WHO (Guyton et al., 2015, p. 491). With
its most recent agricultural policy the Swiss Confederation provides indirect subsidies for glyphosate since it founds

programs encouraging the application of no-tillage technologies.

2.3.3.1.5 Conservation technologies: intensive and extensive strip-sowing

Emerging in the 1990s, strip sowing (Streifensaat in German) is rapidly considered as technically and
economically practicable, while reducing soil and nutrient leaching into groundwater, when
compared to ploughing methods. As par of this study, in line with the workshop participants,
two general types of strip sowing, reflecting the land use intensity, are sustained in the QM
assessment, namely zntensive and extensive strip sowing. While intensive strip sowing comprises root
crops, extensive strip sowing excludes them. More detailed and technical subdivisions of the
cultivation systems would have required the involvement of a great number of practitioners,

which was impossible in light of the local availability.
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Strip sowing emerges as an intermediate technique between conventional ploughing and
conservation agriculture. Maximum 30 cm wide strips (in which the seeds will be sown) are cut
into an intermediate culture or a field by combining till and drill actions. The soil is loosened just
below the plough pan limit with leading cultivator tines (Fachstelle Bodenschutz, 2013). It has
been recognised that the technology contributes in the effort of conserving soil structure and
reducing erosion risk, although effective and consistent weed control is determining (Bohren,
Ammon, Dubois, & Streit, 2002). In the research area this technology is primarily used for
planting maize into grass-clover sods (Prasuhn, 2012).

The spreading of no-tillage, mulching, and strip sowing technologies is encouraged by the soil

support programme (Forderprogramm Boden in German) of the canton of Bern.

Comparative research at Inforama Riiti

Since 1994, the two farming systems no-tillage and “conventional” ploughing are compared at the Inforama Riiti in
Zollikofen (BE), on a medium-weight, deep, and basic moist brown earth (Chervet et al., 20006). This faintly humic
grimy loam is a profound soil and rich in nutrients (Sturny et al., 2007). The two techniques are studied measuring
decisive parameters for the maintenance of a valuable land for food and fodder production. Parameters reaching
from physical soil properties, moisture content, pest management, nitrogen fertilization and yield, to the ecological
balance sheet are assessed and compared on permanent observation plots. After a seven-year testing period at the
Inforama “Rutti” results indicate that uninterrupted no-tillage systems can be presented as worthwhile alternatives to
conventional ploughing. The authors consider no-till agriculture as being arrived at a stadium of practical maturity,
producing a biologically active soil with a stable structure and thus load-bearing capacity, reducing erosion risk and
achieving a favourable ecological balance sheet. The yields harvested on the test plots where slightly higher in no-
tillage systems compared to conventional ploughing, obtained through higher and continuously renewed soil

moisture as well as higher nitrogen efficiency (Sturny et al., 2007).

Illustration 4 Strip sowed maize on cropland (Data source: © Prasuhn?)

7 ,Mais Streifenfrissaat009° von Volker Prasuhn. Lizenziert unter CC BY-SA 3.0 Uber Wikimedia
Commons _
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2.3.3.1.6 Conservation technology: grass clover ley

Annual or biennial grass clover leys (Kunstwiese in German) are included in crop rotation cycles. They
represent sown grassland areas maintained for at least one vegetation period (one growing
season). Grass-clover leys have various purposes reaching from a viable and equilibrated nitrogen
supply, over to weed and erosion control, as well as humus enrichment and increasing the
biological activity in soils. Information on these fluctuating surfaces is not available from any
register. Data for specific vegetation periods can be extracted from the analysis of aerial
photographs, wherewith parcels can be identified and spatially localised (Streit, 2014). According
to Streit’s calculations, in Frienisberg annual/ biennial grass clover leys represent neatly 20% of the
agricultural land area. This land management practice applies to all cultivation systems (including
all conservation technologies) and is generally a partaking step in rotational cropping systems.
They are of inseparable nature for integrated production (IP) and conservation agriculture and
call therefore for attention and characterisation. Temporary grass clover leys might be confused with
permanent grasslands. Their (bi)-annual characteristic discriminates them cleatly form permanent
grassland, which maintain a perennial/permanent grass cover (permanent implying at least six-yeat-
lasting vegetation). This differentiation is hardly feasible through simple on-field observation.
Prior local field knowledge including its history becomes therefore a prerequisite for the mapping

process (importance of the multi-stakeholder approach and of quality databases).

2.3.3.2 LUS permanent grassland

Permanent grassland is per se perceived as a land conservation technique on agricultural lands. Its
value appears undeniable to Switzerland’s agricultural landscape, just as well as grass clover leys.
Different management practices clustering under the concealment of permanent grasslands can
be identified, notably meadows and pastures. Although sometimes hardly visible to the untrained eye
these categories can be further subdivided reflecting the intensities of the land use, i.e. intensive
and extensive management.

In line with the workshop participants, only two permanent grassland types, reflecting the land
use intensity, are sustained in the assessment, namely intensive and extensive permanent
grassland. Since permanent grassland meets at the same time the LUS and SLLM practice criteria,
the various dimensions of permanent grassland can be considered as conservation technologies

relating to the agricultural land as an entity.

https://commons.wikimedia.org/wiki/File:Mais_Streifenfr%C3%A4ssaat009.jpg# /media/File:Mais_Strei
fenfr%C3%A4ssaat009.jpg, retrieved October 1, 2015.
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2.3.3.2.1 Intensive permanent grassland

Based on the data LANDKULT (discussed in section 2.4.4) intensive permanent grasstand includes
the following two categories indiscriminately (description based on: pro natura, 2015):

Intensive meadow: Intensively used meadows represent nowadays the most common type of

grassland in Switzerland (typical examples are ray or orchard grassy meadows). These areas thrive
less than 20 plant species per are. They are mown between four and six times a year, mostly the
harvest is used to produce silage for animal feed. Animal manure or synthetic fertilizers are

regularly disseminated on the land plots, wherefore they grow on very nutrient-rich soils.

Intensive pasture: Intensive pastures are frequently fertilized, as well as evenly grazed by brewers,
while additional revitalizing cuts might apply occasionally. Comparable to intensive meadows,
this management practice does not favour abundant species diversity (of both plants and

animals).

=5 m
-

Illustration 5 Study area Frienisberg (BE): Intensive meadow (Data source: © Fedrigo 2016)

2.3.3.2.2 Extensive permanent grassland

Based on the data LANDKULT (discussed in section 2.4.4) extensive permanent grasstand includes
the following three categories indiscriminately (description based on: pro natura, 2015):

Low intensity or extensive meadow: While low intensity or extensive meadows were the most

common grassland type in Switzerland only a few decades back they became rare nowadays.
These surfaces account between 20 and 35 plant species per are. The two most prominent
examples for this category are made of golden oatgrass and tall oatgrass. Animal manure is not at
all, or only to a very limited extent, used on these meadows. The practice implies mowing up to
two or three times per year.

Extensive meadow: Extensive meadows create Switzerland’s most species-rich grasslands. On

such surfaces over 50 different plant species are to be found per are. This management technique

implies no fertilizers and rare mowing, maximally twice a year.
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Illustration 6 Study area Frienisberg (BE): Extensive meadow (Data source: © Fedrigo 2016)

Extensive pasture: Structured, very diverse extensive pastures are often found on sloped and

sunny situations. These surfaces are not fertilized and only grazed once to three times a year over
a limited period. In comparison to intensive pastures the trampling damage can be lowered.
Altering the over- and under-use of land patches provides an interesting location-mix for a wide

range of plant species and small animals.

2.3.3.3 LUS forest

Only one conservation technology applies on LUS forest and is intended as described in the

following paragraph:

2.3.3.31 Mixed forest
According to the National forest inventory (NFI), mixed stand (here mixed fores?) is defined as

follows: “Stand consisting of at least two tree species both with an ecologically important share”,
while the stand is demarcated as a share of “broadleaves and conifers cover” extending over “at
least 10% each of the basal area”. This is in contrast with the pure stand: “consisting of a single
tree species or with an ecologically marginal mixture of other tree species” (Brindli & Speich

2007)".

2.3.4 LUS area trend and land use intensity trend
Changes in LUS area and land use intensity are discussed in addition to the assessment of land

degradation and conservation technologies. Spatial changes in land use and variations in land use

8 The definition is taken from the Swiss NFI glossary and dictionary: Brindli, U.-B.; Speich, S., 2007: Swiss
NFI glossary and dictionary. [Published online 27.06.2007]. Available from World Wide Web
http://www .lfi.ch/glossar/glossar-en.php. Birmensdorf, Swiss Federal Research Institute WSL. (Page
visited on 9 January 2016).
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intensities are estimated as potential factors leading to land degradation/conservation, thus they
become determining in the assessment.

First of all, this trend analysis implies the estimation of the spatial variation of the LUS area
(increasing or decreasing area) within the retained mapping units. It goes without saying that the
increase of one or several LUS goes with the decrease of another (or others). While considering
changes in a historical perspective (including a 10 year observation period; in this case between

2005-2015) outstanding years can be averaged in the evaluation process.

Changes in area of the LUS (direct drivers) Changes in land use intensity (direct drivers)
-2 Area coverage is rapidly decreasing in size, i.e. > 10% -2 A major decrease in land use intensity, e.g. from
of that specific LUS area/10 years mechanisation to manual labour, or a large reduction of
external inputs.
-1 Area coverage is slowly decreasing in size, i.e. < 10% -1 A moderate decrease in land use intensity, e.g. a slight
of the LUS atea/10 years reduction of external inputs.
0 Area coverage remains stable 0 No major changes in inputs, management level, etc.
1 Area coverage is slowly increasing in size, i.e. < 10% of | 1 Moderate increase, e.g. a switch from no or low external
the LUS atrea/10 years inputs to some fertilizers / pesticides; switch from
manual labour to animal traction.
2 Area coverage is rapidly increasing in size; i.e. > 10% 2 Major increase: e.g. from manual labour to
of the LUS atea/10 years mechanisation, from low external inputs to high

external inputs, etc.

Table 2 Area trend and land use intensity trends as provided by the WOCAT QM (Illustration: Fedrigo
2016, Data source: Liniger, van Lynden, et al., 2008, p. E4)

Secondly, changes in the land use intensity are estimated. In crop-based systems intensity
changes are articulated in terms of input modification, management level, or organisation of
harvests, whereas in grazing plots they are more probably expressed in terms of functional
changes such as the introduction of rotational grazing and fencing (Liniger, van Lynden, et al.,
2008). Figures ranging from 2 to -2 are used to express increasing, respectively decreasing, trends

according to Table 2 (Liniger, van Lynden, et al., 2008, p. E4).

2.3.5 Land degradation assessment

The third step, following the trend analysis, involves the particular appraisal of the land
degradation. This procedure allows a concrete expression of the current state of the land.
According to the QM each LUS is assessed with regard to the variables (first column) listed in
Table 3". The polysemous nature of the concepts of land degradation and thus the importance of
clear definitions could be experienced during the workshop session. Well-defined terms are an
essential precondition, which should ideally be defined in a participatory process including all

key-actors.

9 Refers to the indicators within the DIPSR framework, c.f. section 2.2
10 See Annex p. 144 for the translated materials (German) used duting the stakeholder workshop/meeting
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Types of land
degradation

.o 11
(State indicators )

W: Soil erosion by water:

Wt: Loss of topsoil/sutface erosion
Wg: Gully erosion

Wm: Mass movements/landslides
Wr: Riverbank erosion

Wc: Costal erosion

Wo: Offsite degradation effects
E: Soil erosion by wind

Et: Loss of topsoil

Ed: Deflation and deposition

Eo: Offsite degradation effects
B: Biological degradation

Bc: Reduction of vegetation cover
Bh: Loss of habitats

Bq: Quality/biomass decline

Bf: Detrimental effects of fires

Bs: Quality and species composition / diversity

decline
BI: Loss of soil life
Bp: Increases of pests/discases

C: Chemical soil deterioration:
Cn: Fertility decline and reduced organic matter
content
Ca: Acidification
Cp: Soil pollution
Cs: Salinization/alkanisation
P: Physical soil deterioration
Pc: Compaction
Pk: Sealing and crusting
Pw: Waterlogging
Ps: Subsidence of organic soils, settling of soil
Pu: Loss of bio-productive functions due to other
activities
H: Water degradation
Ha: Aridification
Hs: Changes in quantity of surface water
Hg: Changes in groundwater/aquifer level
Hp: Decline of surface water quality
Hq: Decline of groundwater quality
Hw: Reduction of the buffering capacity of
wetland areas

Extent (in % of LUS)
(State indicator)

Extent of the degradation type: Area percentage of mapping unit.

Degree of land 1: Light 3: Strong
degradation 2: Moderate 4: Extreme
(State indicator)
Rate of degradation Increasing degradation: Decreasing degradation:
(State indicator) 3: rapidly 0: no change in degradation - 3: rapidly
2: moderately - 2: moderately
1: slowly - 1: slowly

Direct causes of
degradation
(Direct pressure
indicators)

s: Soil management
c: Crop and rangeland management

f: Deforestation and removal of natural forest
e: Over-exploitation of veg. for domestic use

g: Overgrazing
i: Industrial activities and mining

u: Urbanisation and infrastructure development
p: Discharges

q: Release of industrial airborne pollutants

w: Disturbance of the water cycle

o: Over-abstraction/excessive withdrawal of water
n: Natural causes

Indirect causes
(Indirect pressure
indicators)

p: Population pressure

c: Consumption pattern and individual demand

t: Land tenure
h: Poverty
1: Labour Availability

r: Inputs and infrastructure

e: Education, awareness raising, access to knowledge
w: War and conflicts

g: Governance, institutions, and politics

o: Others

Impacts on
ecosystem services
(Impact indicators)

P: Productive services
E: Ecological services and indicators

8: Socio-cultural services/human well-being and indicators

Impact level
(Impact indicator)

Positive impact:
3: high positive

2: negative impact
1: low positive

Negative impact:
- 3: high negative

- 2: negative impact
- 1: low negative

Table 3 Overview of the land degradation assessment as provided by the WOCAT QM (Illustration:
Fedrigo 2016, Data source: Liniger, van Lynden, et al., 2008, pp. E6-E15)

2.3.6 Land conservation assessment

The fourth step focuses on the spatial expression of conservation processes. It offers a

geographical overview of the conservation practices within the area of interest. According to the

QM the assessment of each LUS includes the investigation of following parameters by reference

to the applied technology: determination of the reasons for the use (making reference to a

conservation group and conservation measure), identification of the purpose addressed by

11 Refers to the indicators within the DIPSR framework, c.f. section 2.2
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the technology, estimation of the extent and qualification of the degradation types addressed,

as well as the effectiveness, the effectiveness trends, and the impacts on ecosystem setrvices.

Name of the (No local names)
Technology
Conservation groups CA: Conservation agriculture / Mulching SA: Groundwater/water use efficiency

MN: Manuring/composting/nutrient management WQ: Water quality improvements

RO: Rotational systems SD: Sand dune stabilization

VS: Vegetative strips/cover CB: Costal bank protection

AF: Agroforestry PR: Protection against natural hazards

AP: Afforestation and forest protection SC: Storm water control, road runoff

RH: Gully control/rehabilitation WM: Waste management

TR: Terraces CO: Conservation of natural biodiversity

GR: Grazing land management OT: Other

WH: Water harvesting
Conservation A: Agronomic S: Structural
measures V: Vegetative M: Management
Purpose addressed P: Prevention R: Rehabilitation
by the SLM M: Mitigation
Technologies
Extent of the SLM Indicated as an area percentage of the mapping unit
Technology
Degradation Specify the degradation types addressed by the SLM Technology according the types listed in Table 3
addressed
Effectiveness of SLM | 1: Low 3: High
Technologies 2: Moderate 4: Very high
Effectiveness trend 1: Increasing effectiveness
of SLM 0: no change in effectiveness
Technologies -1: decrease in effectiveness
Impact on ecosystem | P: Productive services
services E: Ecological services and indicators
(Impact indicators) 8: Socio-cultural services/human well-being and indicators
Level of impact Negative impact: Positive impact:

-3: High negative 3: High positive

-2: Negative impact 2: Positive impact

-1: Low negative impact 1: Low positive
Period of Indicate since what year the technology has been implemented
implementation

Table 4 Overview of the land conservation assessment as provided by the WOCAT QM (Illustration:
Fedrigo 2015, Data source: Liniger, van Lynden, et al., 2008, pp. E16—E23)

2.4  Data basis

According to the objectives set in chapter 1.5 the data is chosen in order to create a detailed and
precise land-use map, adapted to the regional and local context of Switzerland’s agricultural
landscape. In a view to maintain coherence, the national triangulation network LVO3 (reference

framework) is used for all geographical data.

2.4.1 Aerial photographs
The structure of Switzerland’s farming system resides noticeably in small farms. Therefore it

involves datasets with a high spatial resolution. Various entities and institutions produce aerial or

45




Theoretical backgrounds

satellite imagery/photographs and make them available for commercial use. Nevertheless, high-
resolution imagery remains related to great expenses.

Various Federal Offices of the Swiss Confederation produce large quantities of data concealing
the whole country area in more or less regular grids. The land-use statistics (Arealstatistif) provide
point information on land-use and land-cover (LULC) in a 100x100 meter grid
(map.geo.admin.ch). Even though the number of farms in activity diminished over the last
decades (decreasing form over 70’500 farms to 56’600 between 2000 and 2012) small farms are
still dominant in the agricultural landscape: the average utilised agricultural area reached 18.6 ha
per farm in 2012 (Bundesamt fiir Statistik BFS, 2014). In such agricultural disposals only limited
information, useful to the purpose of this thesis, can be derived from a one-hectare data grid.
The Federal Office of Topography swisstopo, further referred to as swisstopo, produces high-
resolution aerial pictures (SWISSIMAGE) covering nearly the country area surface. These images
reveal the territory with a high areal resolution (0.5 meters), thus they are a remarkable data
source for the purpose of this study. Hence the aerial photographs serve as root information to
the production of the base map. For research purpose swisstopo delivers aerial series free of
charge to the Institute of Geography of the University of Bern.

The SWISSIMAGE photographs cover the complete surface of the state territory. The pictures
are subdivided in 4375 by 3000 m tiles corresponding to 1/16 of the 1:25°000 domestic map. The
quad-tree standard operates for the division and numbering of the tiles. Geometric and
radiometric values are of pronounced significance for the use of an orthophotograph, as well as
the moment (year, date) when the imagery is recorded (swisstopo, 2007). The tiles Lyss 1146-31, -
32, -33, and -34 cover the area of interest. For each tile the flight years are fixed, wherewith it
becomes manageable to analyse, combine, and compare images from different years (here 2004
and 2011). Finally, while comparing images reaching back to the early 2000s tendencies such as

area trends can also be included.

2.4.2 Digital elevation/terrain model (“Digitales Hohenmodell”)"

Besides the aerial photographs a digital elevation model (DEM) is introduced as additional
dataset for the production of the base map. Established on its” predecessor product, the DHM25,
swisstopo creates a high resolution digital terrain model (DTM) swissALTT’® describing the
surface of Switzerland and Lichtenstein deprived of vegetation and infrastructure/development

(swisstopo, 2014). The series structuring the dataset are renewed in a six-year cycle and can be

12 Digitales Hohenmodell (DHM) LIDAR Rohdaten des Kantons Bern © Amt fir Wald des Kantons
Bern ; swissALTI3D © Bundesamt fiir Landestopographie swisstopo
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ordered from the toposhop". As presented by swissALTI’® the DTM is a digital raster dataset or
a xyz-file, with a regular grid, disposing a mesh width of 2m, 5m, or 10m, wherein an altitudinal
value is attributed to each element compiling the dataset. Various sources assemble the elevation

records contained in the swissALTT°

. Alpine chronicles ranging over 2000 meters above mean
sea level (mamsl) are generated through stereo correlation, whereas lowland data is recovered
from laser measuring points (swisstopo, 2014). These disparities in the database and in the survey
methods lead to an absence of uniform accuracy within the swissALTI’®. Corresponding to
accuracy values for both situation and altitude in the lowlands (below 2000 mamsl) a precision
reaching approximately 50 can be obtained, where as in the alpine regions (above 2000 mamsl) it
extends within 100 cm.

T°® within the

Sectoral slope values are calculated and extracted from the raster dataset swissALT
field zones (discussed in chapter 2.4.5). The esti ArcGIS-tool Zonal Statistics (Spatial Analyst) is

used for the statistical calculation enclosing the slope gradient in the field grids.

2.4.3 “Amtliche Vermessung reduziert”" AVR (Official measurements)

The concise version of the official measurements (AVR) is a geoproduct created by the
Department for geographic information of the Canton of Bern (Amt fir Geoinformation des
Kantons Bern). Covering the whole area of the Canton of Bern, it contains the most accurate
data on land and soil available (Zeltner, Muchenberger, Droz, & Brawand, 2010). Because of its
accuracy and its timeliness, this data is a valuable product for the purpose of this study. It permits
high precision and truthful fragmentation of the fields as well as a detailed evaluation of
individual parcels of land. Enclosed in the procedure of official measurement precise surveys of
the earth’s surface are made. The AVR dataset contains assorted information such as the
property boundary points, the ground height, and the type of land cover, e.g. buildings or roads,
but also fields, meadows, and waters (swisstopo, 2012). Various products, such as the digital
terrain model (Digitales Terrainmodell), the AV basic plan (Basisplan der amtlichen 1 ermessung), and the
cadastre (Grundbuch), establish on these official measurements, but also Geographic Information
Systems (GISs), the national geodata infrastructure, and maps.

The data contained in the AVR is based on the coordinates and on the height systems of the
Swiss land survey. Since 1903 the convex globe is epitomised on a two-dimensional surface by

reason of a conformal, oblique cylinder projection. By unwinding the cylinders’ surface both the

13 http:/ /www.toposhop.admin.ch/de/shop/products/height/alti3D_1, retrieved on 26 May 2015.
14 Amtliche Vermessung Reduziert (AVR) © Amt fir Geoinformation des Kantons Bern

(http:/ /www.apps.be.ch/geo)
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earth latitudes and longitudes are projected on a rectangular plane coordinate system (swisstopo,
2012). Willing to involve new, satellite-based technologies swisstopo demarcates the highly
precise land survey LVI5 (Landesvermessung 1995), including Global Navigation Satellite System
(GNSS) techniques facilitating the access to the European reference system and data exchanges
reaching beyond national boundaries (swisstopo, 20006). In LV95 the ancient origins x, = 200’000
m and y, = 600’000 m are replaced by the denomination North and East related to new origins:
N, = 1°200°000.00 m and E, = 2°600’°000.00 m. So as to avoid confusion the numerical values
have also been extended. Even though not the whole territory has been retained in the official
measurements yet, the available data covers roughly two thirds of the surface.

The current state of measurements can be called up on the Internet at www.geometa.ch. For the
study perimeter this online map confirms the existing standard of quality “digital LV03” (y =
587°000 to 593’000, x = 206000 to 212°000), which is

therefore used for this study.
The environment is continuously changing. In order to /\_(;‘h,
guarantee the correctness and precision of ever- ' E\»
A7 Xr,
changing settings, official measurements require LAt 2L~
. | oY e P o
permanent (laufende  Nachfithrung in  German) and / ' 5 .}\‘;’, "., & T
o . y : ﬁ S a7 B ki)
periodical (periodische Nachfiibrung in German) renewal 4 / ,'»"i’ 71k /
and re-evaluation. The final dataset results from the

combination of various on-land and aerial methods and ___ . . .
Fig. 7 Swiss coordinate system; Geographic

procedures, such as terrestrial recordings, levelling, reference system (red) and Swiss projection
system (black). In: swisstopo (2006)

GNSS, photogrammetry, and laser scanning,

consenting precise measurements (swisstopo, 2006). Points of reference (fix points and boarder

points) are arranged for backups, to ensure systematic accuracy of the measurements, and for

actual on-field demarcations.

2.4.4 Agricultural crops (LANDKULT)"

Since May 2015 and in accordance with the Department for geographic information of the
Canton of Bern, the geoproduct LANDKULT Landwirtschaftliche Kulturen (agricultural crops) is
publicly accessible. This dataset includes the geographic location of the spatially registered crops
on the basis of the contribution year (areas and trees). The first status report is created at the end

of the contribution year, following the ordinary opposition period, and published at the

15 Landwirtschaftliche Kultuten © Amt fir Landwirtschaft und Natur des Kantons Bern, Abteilung
Direktzahlungen
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beginning of the following year, whereas the second status report is produced in the summer of
the following year. The product LANDKULT contains various elements related to the direct
payments. The layers Dawuerkulturen (DK) (permanent cultures in English) and Okoelemente, Flichen
(OEFL,) (eco-elements, areas in English) are of particular interest to fulfil the purpose of this
study, emphasising on permanent grasslands, and other permanent cultures, wherein symptoms
of degradation are marginal, possibly negligible. The layer OEFL contains areas such as
extensively used meadows and pastures, rotational fallow, or wildflower strips. DK, however,
contain inter alia permanent meadows, horticultural outdoor crops, or permanent pastures. The
information contained in these layers could be narrowed down, keeping only permanent

ecological surfaces appealing to the denominator permanent grassland (c.f. section 2.3.2).

2.4.5 Field grid: cultivation plots on LUS cropland

In his master thesis, Streit (2014) experiences the conception of an automated classification
system. From the spectral information of the aerial photographs the author creates texture layers
and performs object-based analysis with the geographic information system eCognition.
Therefrom, a subdivision of the aerial image into segments, representing the single fields, or
cultivation plots, is made in order to distinguish open farmland (cropland) from grass clover ley
and from permanent grassland. Willing to obtain the cultivation plot accuracy Streit (2014)
extracts the information from the AVR and combines it with the spectral information derived
from the aerial photographs. Based on the data from the cadastral survey (AVR) the agricultural
area can be subdivided using the land cover layer (BOF Bodendeckung in German). The BOF layer

distinguishes land cover 26 categories, one of which contains arable, meadow, pasture (referred

to as ARTS). This layer is of major interest for this work, excluding herewith in the first instance
buildings, roads, rocks, forests, and waters. Distinguishing particular crop plants (or more broadly
the land cover), each polygon, as part of the agricultural land area, characterises a particular
cultivation plot. Streit (2014) encounters some particularities in the plot border demarcations:
High contrasting fields, which border correspond to the property plots, were identified easily and
the lines matched well with the plot patterns observable on the aerial photographs. Whereas
more homogenous cultivation plots are recurrently subdivided in two or more plots, while the
aerial pictures show clearly the recurrence of one crop plant type (or management practice).
These erroneous margins are easily identifiable given their frayed line path. Once cross-
referenced with the slope gradients, the surfaces are gathered to the LUS and the irregularities
can be considered as marginal. Finally, artefacts such as cast shadows sometimes disturb the
accuracy of distinct cultivation plots. These misstatements are of minor importance, since they

will not be fastidious in the fulfilment of the thesis, there is no need for further discussion.
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2.5  Actor participation

Offering a substitute to formal research practices theories of participatory research and planning
emerge primary between the 1970s and the 1980s (Ericson, 2006). They act as a counterbalance
to top-down, centralised approaches. The underlying thoughts of participatory methods are the
incorporation of local perspectives and knowledge, facilitating the empowerment of local
populations. Solutions emerging from their integration in research and planning are expected to
be longer lasting and more appropriate to the local context (Ericson, 2000).

Establishing in a perspective of social change, the model of action-research is certainly the first
milestone posed with the intention to better anchor research in practice (Anadén & Savoie-Zajc,
2007; Couture et al,, 2007). It has been developed in order to foster the understanding of
peoples’ actions and eventually to modify them, as well as to acquire prejudice reduction and
increase democratic behaviour. Focusing on change, action-research joins practitioners and
researchers to produce it, considering systemic changes only achievable through the active
engagement of small groups of people (Anadén & Savoie-Zajc, 2007). Although the historical
roots of this research structure are predominantly in the educational field and in the sociology,
the author points the concern of scientists to link research and action in order to provoke radical
changes in society (Ander-Egg, 2003 in Anadén & Savoie-Zajc, 2007). In processes emerging
therefrom researchers can be considered as intellectual activists committed to the interests of the
popular movement and action-research as a process of political action and an area of social
participation. Aiming the discovery of social and systemic inequalities and the emancipation and
empowerment of populations through knowledge sharing generated within research processes,
the critical paradigm founds the perspective of the action-research (Anadén & Savoie-Zajc,
2007).

By now, as exposed in Couture et al. (2007), research based on participatory processes is subject
to polysemy. Various terminologies are being used, and equally as many attempts are started to
define participation. The common idea recurring in most approaches is the intent to strengthen
links between theory and practice, taking into account the voice of practitioners and local actors
in the production of a certain knowledge related to their practice (Couture, Bednarz, & Barry,
2007), while considering that participatory research is done with the practitioners rather than
about them (Desgagné, 2007). Participatory research is commonly based on on-field complexity
and on the recognition that adaptations involving different expertise need to emerge from it.
Creating research partnerships materializes as a precondition, increasing the significance of
research involvement to sustainable development (Wiesmann, Hurni, Ott, & Zingerli, 2011).

Hence the responsibility for determining sustainability and multifaceted society-environment
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concerns would not only be that of individual actor groups (Herweg et al., 2010), e.g. the
scientists. Thus, by combining system, target, and transformation knowledge, transdisciplinarity
aims to link the scientific world as well as society and science, and appeals on how to arrange and
systematize collective knowledge creation and social learning practices at the edges that lie
between science and society (Wiesmann et al., 2011). Ideally, local actor involvement is achieved
all-over the process of the study, by involving the research partners in the characterization of the
terminology, the elaboration of the research questions, as well as the choice of the methodology
and procedure (Herweg et al., 2010).

In practice, research termed as “participative” implies the involvement of the local population,
e.g. in conservation programs, though it can appear in many forms ranging from simple, passive
participation to the complete commitment to the cause (Couture et al., 2007). The WOCAT QM
envisages the involvement of participatory approaches through the production of qualitative data
emerging from discussions and workshops embracing land users, decision-makers, scientific
experts, etc. (Schwilch et al., 2012), and sustained by documents, studies, and analyses (Liniger,
van Lynden, Biancalani, Mekdaschi-Studer, et al., 2013). It has been broadly recognised that
notwithstanding their scientific viability and efficiency, acknowledged SLM technologies only
succeed and are fruitfully implemented by agriculturalists or land superiors once various hurdles
are overcome, notably cultural norms, local traditions, profitability, risk, etc. (Stringer et al.,
2014). By favouring local interaction and exchanges, stakeholder workshops may cither help to
anticipate such difficulties or to prevent them from happening. Organised in order to induce
mutual interactions and knowledge sharing such exchange boards can also act as a springboard
and extend the disposable knowledge as well as empower the local ability for decision-making
(Mendoza & Prabhu, 2000).

Participatory processes attempt to challenge the legitimacy of the knowledge and the
contributors. However, emerging from different stakeholders, it seems sensible to bear in mind,
while interpreting the outcomes, that the results reveal somehow the discrete importance various
actors give to one or the other landscape (Mialhe et al., 2015). Even though the extents of
subjective biases are weakened, through the participation of multiple land users and professional

researchers, they cannot be avoided entirely and are therefore accepted as probable prejudice.

2.5.1 Stakeholder workshop

For this study, a multi-stakeholder expert group engages the regional situational analysis in a
workshop environment based on the QM. The emerging data is produced through a process of
participatory assessment and agreement, based on the vast personal, private, and professional

experience of the participants and their knowledge of the region. Obviously this study does not
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pretend accomplishing thorough understanding, although it provides a grounded insight into the
region and how it is perceived and felt while including the local actors. The outcomes may serve
as support in further steps of the transdisciplinary RECARE project, organised by other
contributing researchers in which key actors are involved.

The organisers’ role is to take care of the good organisation of the workshop and to create
favourable structures for the meeting making people feel comfortable and their knowledge
recognized and valued. It remains important to avoid creating the impression of abusing their
availability, considering that these local research partners, and experts in the fields of
investigation, contribute on a voluntary basis, hence doing it with conviction and belief.

The foregoing is not intended to be a stamp of legitimacy but only a way to outline and bring

clarity to the source of the data provided.

2.5.1.1 Stakeholder workshop held on September 4, 2015
The one-day workshop held on September 4, 2015 at the restaurant Hirschen in Frienisberg is a

central component of this study. This multi-actor involvement is one key component in
assembling and generating knowledge and data used in this study. Regrouping assorted players
active in the region and exploring the specific objectives exposed in section 1.5.2 on behalf of the
WOCAT QM (questionnaire provided by: Liniger, van Lynden, et al., 2008), it is an integral part
of this research process.

First of all, this research is lucky to insert in an existing network of shared commitment and in a
region where research partnership and trust could be established over the past two decades
between local stakeholders and the professional research communities from the University of
Bern and Agroscope (FAL). It seems of prior importance not to unbalance the established
mutual confidence and respect between on-field actors and off-field scientists when introducing
an additional research proposal. The data formation and acquisition performed in this study
would not have been possible without the devotion and participation of convinced stakeholders
dedicated to the cause, as well as the trust and relationship they share.

Hence, supported by a solid partnership, a complementary, experienced, and specialized
research team is formed for the one-day stakeholder workshop on the commitment for

adapted and viable development of the region.
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Illustration 7 Multi-stakeholder workshop held on September 4, 2015 at the Restaurant Hirschen in
Frienisberg (BE) (Source: © Hanspeter Liniger)

Stakeholder narrative Name

Farmers

Conventional farmer, contractor, and representative of the | Hanspeter Lauper
association SWISS NO-TTLL
Conventional farmer and member of the local council | Jirg Lauper
(municipality of Seedorf BE)

Organic farmer and entrepreneur Stefan Brunner
Forest representative

District forester Seedorf (BE) | Rudolf Schweizer
Researchers

Researcher at the Swiss centre of excellence for agricultural | Volker Prasuhn
research  Agroscope; head of the division water
protection/pollution control

Researcher at the Office of agriculture and nature (LANAT), | Andreas Chervet
specialist department for soil protection of Canton Bern
Senior research scientist at the CDE, University of Bern and | Hanspeter Liniger
cootdinator of WOCAT
Research Associate at the CDE, University of Bern. Thematic | Nina Lauterburg
cluster: Natural resources and Ecosystem Services
MSc Student at the CDE, University of Bern and trainee at the | Mirjam Lazzini
specialist department for soil protection of Canton Bern
BSc Student at the University of Bern Deborah Nigoli

Table 5 Overview of the key-actors involved in completing the WOCAT QM to document and evaluate
land degradation and land conservation in Frienisberg (BE) (Illustration: Fedrigo 2016).

The constituted research group embraces relevant land-users and local stakeholders, including
farmers, agricultural contractors, representatives of the no-till association SWISS NO-TILL and
officials of the commune, as well as federal and cantonal soil and water conservation experts. All
part-taking experts had shown their interest for the RECARE study in the past and already

attended meetings as part of that broader research project. More than twenty people where
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originally contacted by mail, email, and telephone, a suitable date could finally be set for one
meeting regrouping about ten people. The workshop participants, who are the major
contributors to this research, are mentioned by name in Table 5, they completed the

questionnaire in a process of participatory assessment and agreement.

Structured on behalf of the WOCAT mapping questionnaire, the workshop was planned and
thoughtfully structured to be a one-day meeting and it proceeded as follows:

The meeting has been scheduled at 9 a.m. at the Restaurant Hirschen in Frienisberg, which is
located within the study area, where the research group could easily access. First contacts can be
established while sharing a coffee and waiting that all participating partners have joined and are
installed. After what, a short introduction takes us through the day. Each subject is presented, as
well as the assessment procedure and the criteria of selection and evaluation, so that the expert
group arrives at a common understanding, as well as the agreement is established on consistent
definitions and cohesion in the approach. On the basis of this, the evaluation can then be
conducted on behalf of the leaflet constituted for the purpose gathering the essence of the
WOCAT QM translated in German (included in Annex 2). A printed version of the base map
(combining Fig. 11, Fig. 12, and Fig. 13) and the German leaflet are distributed to each
participant as a visual support for the discussion. In addition to these printed documents the base
map (included in Annex Fig. 2) and the evaluation grids are projected from the computer with
the beamer.

Then, the validity of the pre-established land uses and slope gradient categories (determined by
the workshop organisers) is discussed, negotiated, and modified taking into account the different
opinions of the local stakeholders involved. Only when the agreement is found, on the distinct
land use types and slope classes, all the steps of the assessment are carried out for the entire study
region.

In the interests of brevity, clarity, convenience, and consistency, all aspects of land use, land
degradation, and impacts on ecosystem services (QM step 2 and step 3) are discussed area-wide,
but by differentiating the land use types and the slope gradient categories. To become familiar
with the questionnaire, the assessment addresses first the LUS permanent grassland in which all
aspects on land degradation and impacts on ESS are discussed one after another and for each
slope gradient category separately: i.e. starting with LUS permanent grassland slope gradient category
0-3%,; then LUS permanent grassland slope gradient category 3-15%, etc.). After examining and
documenting the LUS permanent grassland this process is repeated for the LUS cropland (the
stakeholder workshop outputs are included in Annex 4). This way of doing results in great

discussions and debates that are extended until approximately twelve o’clock. Informal, individual
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debriefings held during the lunch break, draw an encouraging overall picture of the first
workshop half-day.

The second half-day of the workshop focuses on the evaluation of land conservation and the
impacts on ESS (step 4 of the QM) as well as on the expert recommendations (step 5 of the
QM). The pre-established list of conservation technologies (determined by the workshop
organisers) is discussed and validated by the working group before analysis commences. In
conformity with the approach used for steps 2 and 3, land conservation is assessed separately by
land use type (cropland and permanent grassland) and slope steepness. In addition, contrary to what
was made for land degradation, the four slope categories are reduced to two broader slope
gradient classes (>75% and <75% slope steepness) when discussing the extent of the
conservation technologies on LUS ¢rgpland. In the light of the significant number of conservation
technologies on LUS c¢wpland, the evaluation procedure must be systematic, functional and
efficacious: The questionnaire variables (extent, effectiveness and -trend, etc.; see Annex 2:
“Schritt 4” for more details) are assessed one after the other and it is at this stage, while
discussing each variable, that all conservation technologies are evaluated and documented in a
spreadsheet (documented sheet included in Annex 4). As scheduled, the workshop ends at 5 p.m.
with a debriefing, after which the research partners are invited to enjoy a drink. This gives me the
opportunity to express my sincere thanks for their participation in, and contribution to, the
workshop.

The success of this consultative and cooperative approach is based on the contributors’
willingness to listen and to understand the complexity of the processes and actors involved in the
region, as well as on the know how to call and conduct a meeting in order to captivate
participants’ attention on the agenda. I should like here to express my recognition to Hanspeter
Liniger who conducted the meeting with great sensitivity. His long-standing partnership with the
local stakeholders, as well as his knowledge and experience on the WOCAT method, and his
flexibility in referring to the participants facilitate the exchanges and allow the success of this
workshop day.

The stakeholder meeting (held on September 4, 2015) was decisive in producing valuable and
adequate information and making it accessible all stakeholders as well as eventually to an even
larger audience. In order to eliminate uncertainties and little shortcomings informal exchanges
were conducted.

The assessment of the LUS forest is based on the experience gained during the stakeholder
workshop. It was made in consultation with the district forester on September 14, 2015 and also
supported by the WOCAT mapping questionnaire, the German leaflet, and the printed version of

the base map.
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Illustration 8 Group of experts involved in the stakeholder workshop on Septembre 4, 2015 in Frienisberg
(BE). Missing: Mirjam Lazzini, who is taking the photograph, and Stefan Brunner (Source: © Hanspeter
Liniger)

2.5.2 Field observations

Field observations are additional tools in the procedure of assessing land degradation and
conservation, as they may be valuable for both the identification of degradation processes and as
a calibration or validation method. Workshops might want to be kept in a restrained and calm
environment favouring the understanding and an inclusive participation of all actors.
Nevertheless, unplanned and impulsive fieldtrips with the survey participants can be envisaged,
encouraged, and acutely valuable, as spontaneous information can emerge in-situ elicited by the
context itself (e.g. observations, reflections, remarks, explanations, etc.).

The circumstance in which this study is made, considering both the players involved and the
small study area, does not particularly request the inclusion of collective field observations, the
study area being relatively small and the expert group very well acquainted with the region, its
situation and its development. The majority of the participants work on the ground on a daily
basis and are totally aware of the existing processes. While the land users walk the fields every
day, the professional researcher and soil and water conservation experts have been doing research
in the study region for many years. However, I have walked the land to observe and absorb the

spirit of the place.
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2.6  State of the knowledge

The following section emphases on the literature review. While some notions have already been
introduced in sections 2.1 and 2.5 (while discussing actor participation), a brief overview of the
notions of soil and land is given in this section before focusing on documents and publications

relating to the local and regional context of Frienisberg.

2.6.1 Opening remarks

In ancient times bridges had already been built between life and soils. The Latin word Homo for
the human species is derived from humus (Bourguignon & Bourguignon, 2008; Hillel, 2003),
where as a close literal meaning of the two biblical figures Adam and Eve is soil and life, from
the Hebrew words adama and Hava (Hillel, 2003), finally in the Inca mythology Pachamarma,
meaning “Mother earth” (Eviatar, 2000), is the sovereign, the fertility goodness determining over
planting and harvesting (Graves, 2001; Kemper Columbus, 2004). Following these tight bonds

between life and soils, the necessity for protecting soils appears undoubtable.

Soils represent the essence of life (Bourguignon & Bourguignon, 2008; Gobat, Aragno, Mathey,
Collectif, & Bally, 2010; McNeill & Winiwarter, 2004) and the basis of its establishment within
the ecosphere (Scheffer et al., 2010). There is no need to discuss this topic at too much length.
Through their physical, chemical, and biological characteristics soils control and disclose many
ecological processes and are therefore considered as one of the most important sections
composing the ecosystem (Gobat et al., 2010), regrettably the least comprehended (McNeill &
Winiwarter, 2004). Innumerable factors relate to the soil and many of them influencing its’ quality
reach far beyond the soils’ defined space (Bouma, 2002). The used wording land, land quality,
and by extension land degradation become common custom, since the opinion of land
degradation is widened over the decades, starting from the limited concept of production to an
ampler conception embracing broadly the provided goods and services. The focus is thus
extended from the only soil to the ecosystem as an entity (Nachtergaele et al., 2010). Various
authors do not explicitly distinguish the terminology (soil degradation or land degradation) what
might lead to confusion. It appears important to make it clear that this study regards both terms
as equal. A land of quality is a sine qua non for sustainable agricultural production. Soils, water,
and air are of important relevance for habitat, regulation, and production functions and thus
precious goods and the most worthy of protection (Scheffer et al., 2010). The enhancement and
conservation of the land components, through the reappropriation of natural cycles within
agricultural structures, are significant constituents of a strategy leading towards a more

sustainable agriculture (Barrios, 2007; Fukuoka, 1989; Robin, 2012).
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Initiatives for land protection

Through the adoption of the Ewuropean Soil Charter United Nations” (UN) Resolution (72) 19 in 1972 the Committee of
Ministers deliberates soils as part of humanities’ most valuable assets (Council of Europe, 1972). Although UN
resolutions are mostly considered as non-binding this adoption may anyway lead to a soil conservation perspective.
Sensible to the emerging risks of land degradation in terms of yield and land surface losses (in both countries of the
Global South and the industrial North) the 21t Session of the FAO Conference (November 1981) approved the World
Soil Charter (Food and Agriculture Organisation of the United Nations (FAO), 1982). This document sets a number
of principles for the use, the productivity improvement, and the conservation of the global land resources for
upcoming generations. Through the Rio Earth Summit 1992 desertification, climate change, and the loss of
biodiversity have been recognised as the utmost defies to sustainable development. Building on this statement the
United Nations Convention to Combat Desertification (UNCCD) has been approved in 1996. Even though soil protection is
not an explicit goal of any European Union (EU) legislation up to now, some legislations mention it as a resulting
objective (SoCo Project Team, 2009): Two EU environmental directives are referred to as ambitioning the
improvement of soil quality, specifically the Nitrates Directive (91/676/EEC) and the Water Framework Directive
2000/ 60/ EC).

The 2012 European Commission Report The State of Soil in Europe beholds an acceleration of soil degradation
processes throughout Europe (G. van Lynden, Ritsema, & Hessel, 2014). While the intensification of land use and
the deforestation for agricultural production enhanced the stress exerted on soils (McNeill & Winiwarter, 2004) land
degradation represents a danger to society, the habitat, and the economy. The 68th UN General Assembly declares
2015 as the International Year of Soils (IYS) recognizing the fundamental essence of soils as a natural but limited

resource for crop production, ecosystem functions and food security (United Nations, 2014).

Worldwide land degradation endangers soils, water, native vegetation, but also cultivated crops
(Liniger & Schwilch, 2002). The spread, enforcement, and belief in agro-technology titled Green
Revolution (Khush, 2001), engages the development of irrigation infrastructure and the
generalisation of high-yielding varieties, hybridized seeds, synthetic fertilizers, and pesticides in
the farming communities (Koohafkan et al., 2011; Robin, 2012). Nowadays, intensive agro-
systems using technical inputs such as soil tillage and the spread of fertiliser and pesticide are
considered practices adjusting soil structure, nutrient stream, as well as pest and disease control
(Barrios, 2007; Dale & Polasky, 2007). In this context of intensive, high-input, and technological
agriculture land degradation is a topic of major importance, as it has strong repercussions on
both the environment (e.g. soil or biodiversity loss) and the agricultural productivity, there is no
need to dwell on the impacts (Benton, Vickery, & Wilson, 2003). The main degradation processes
contributing to the declines of fertile agricultural land and ecosystem services, as well as making
the land lose its” ability to sustain suitably its primaty ecological and/or an economic function are
presented as “vegetation degradation, water degradation, soil degradation, climate deterioration,
and losses to utban/industrial development” (Liniger & Critchley, 2007, p. 18). Human-induced

impacts such as soil erosion or urbanisation are expected with increasing tendency alongside the
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ongoing climate changes. Consequently, soil conservation techniques such as terracing, use of
grass strips, contour ploughing, no-tillage, and soil treatments have been widely studied, and an
abundant literature is already available on these subjects (Liniger & Critchley, 2007). The EU
project RECONDES has for instance been developed with the intention to produce an
integrated spatial strategy for erosion control while using vegetation as land degradation
management method (Hooke & Sandercock, 2012), proposals and suggestions are produced for
the operation of the strategy. While natural processes and human activity can lead to land
degradation, fitting to the political visibility society has varying outlooks on different properties
of land degradation (UN Environment Programme, 2007).

The case-specificity and polysemous nature of land degradation seems obvious since, among
other things, the concepts are constructed on socio-culturally and economically embedded ideas
of quality and productivity (Warren, 2002). Standardization and normalisation procedures are
questionable since they inherently induce the necessity to consider certain parameters as
constancies, such as, among others, relief, climate, parent material, vegetation and organisms, but
also the social context, land management, economic viability or time (Bojoérquez-Tapia, Cruz-
Bello, & Luna-Gonzalez, 2013). However, the necessity to create standardised methodologies for
the assessment and the illustration of land degradation, as well as the responses to it, could be
established (Liniger, van Lynden, Biancalani, Lindeque, et al., 2013). In this respect, WOCAT
recognizes the potentiality of maps and includes them next to the assessment of SLM
technologies and approaches. By emphasising on land degradation, conservation technologies,
and ecosystem services the QM is a tool assembling, creating, and visually representing the
knowledge convenient for addressing land management appropriately. Thus, maps are not only a
valuable and useful communication tool to initiate discussions, they are also powerful
contributors to evidence-based policy making (Hauck et al., 2013), as they might serve as visual
support to plan conservation related activities (e.g. in the context of nature and biodiversity) and
to underline the benefits of conservation measures. Beyond their geographic perspective the
products resulting from mapping processes can be beneficial and suitable for different purposes.
While assessing the potential benefits for decision-making processes, Hauck et al. (2013) deduce
that mapping ecosystem services allows the identification and framing of related problems, e.g.
the assessment of conceivable divergences between ecosystem services and other land uses
(Hauck et al., 2013).

Both topics SLM (section 2.1.1) and SWC are and have been research subjects over several years
and by a vast number of scientists and practitioners. A high number of scientific publications
have evaluated the range and grade of land degradation throughout Europe. Abundant research

has also been done on single soil/land threads (e.g. soil organic matter decline, compaction,
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salinization, landslides, or erosion), which became subject to many reviews. Both the broad
scientific community and numerous national and major international institutions acknowledge
the scientific fundamentals of those topics (Hurni, Giger, & Meyer, 2006) so that there is
therefore no further need to prove their scientific applicability. Consequently, the following
section 2.6.2 will only focus its attention on local subjects and published documents that are

relevant for the present research areas.

2.6.2 The Swiss context

The Centre of Development and Environment (CDE) at the University of Bern has conducted many
studies assessing land and soil quality in Switzerland. Focusing mainly on soil erosion, the region
of Frienisberg has been studied and mapped over various years (Prasuhn, 2011). An interesting
referential is the erosion damage research accomplished by Ledermann et al. (2008) showing the
current state in the three study sites (Frienisberg, Estavayer-le-Lac, and Oberaargau). The damage
mapping approach is considered as the appropriate methodology to assess rill erosion. The
resulting maps showing an overview of on-site erosion damage, including its temporal
implications, are a useful support to picture the interactions occurring between human activity
and the soil (Ledermann et al., 2008). As an outcome, linear erosion (including both small and
large rills) represents between 62 and 85% of the total soil loss in the three study areas, whereas
wind erosion characterises only a minimal problem.

The region Frienisberg has also been chosen as test area while evaluating the legal regulations
concerning SWC, introduced in 1993 (Prasuhn & Weisskopf, 2003). These regulations are
embedded in the re-positioning of Switzerland’s agricultural policy, wherein direct payments are
allocated to the farmers to compensate for ecological attainments. In their research Prasuhn &
Weisskopf (2003) focus on soil erosion using simultaneously both methods model calculations
(assessment of mean long-term soil erosion risk) and erosion damage mapping (regular
estimation of soil losses). The mapping results published in Prasuhn & Weisskopf (2003)
illustrate the positive effects of conservation measures to counter and prevent soil erosion. The
authors recognise the effects of soil conservation tillage systems, protecting fields from erosion,
and regulated crop rotations, since barely any erosion could be evaluated in areas with direct
seeding and reduced tillage systems with mulch cover in contrast to recurrent and intense soils
losses in ploughed fields. The damage mapping method permits the assessment of valuable
information such as the in-field analysis of causalities, the valuation of special cases (e.g. road
inflows, subsurface exfiltration flows, etc.) (Prasuhn & Weisskopf, 2003), and the identification of
off-site damages associated with soil erosion (e.g. for the assessment of phosphorous pollution of

surface water) (Ledermann et al, 2008; Prasuhn & Weisskopf, 2003). Reflecting certain
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circumstances the authors mention the need for specific measures against linear erosion, e.g.
grassed waterways since the vegetation cover can act as an important agent mitigating soil loss.
The outcomes of the test fields revealed the main damages occurring in periods of low vegetation
cover and shortly after cultivation (Ledermann et al., 2008), “during vegetation period of spring crops”
and “when the fields were planted with winter cereals” (Prasuhn, 2011, p. 37). Nevertheless, in an
extended perspective, the Swiss Plateau is only locally affected by soil erosion processes, since
physical activities affect between 10 and 40% of the agricultural land (Ledermann et al., 2008;
Prasuhn, 2011).

Furthermore, the high resolution erosion risk map of Switzerland illustrates the agricultural areas
potentially affected by soil erosion (Gisler, Liniger, & Prasuhn, 2011). Gisler et al. (2011) identify
the topology of the terrain as major influencing factor for the erosion risk. They state that the
potential risk of erosion can be related to factors as the presence or absence of depressions
(Gelindemmulden in German), concave or convex slopes, banks and hedges, or the direction of the
water flow. However, as a concluding thought, Gisler et al. (2011) suggest some precaution to the
user interpreting the map, since areas might be qualified at high risk of erosion, while in reality
the farmers have already adapted their cultivation practice (e.g. conservation soil cultivation, areas
of permanent grassland, etc.), and on the other hand some areas can be qualified as not
endangered by erosion, when in fact erosion processes occur (caused by high inflow of external
water, outflow of slope water, defective drainage, etc.). In such configurations experts’ knowledge
(farmers, scientists, land users, etc.) and participation become important and can reveal
themselves determining. Most soil erosion research and modelling is still based on results from
test plots as large-scale field studies are not fully considered as scientific by a range of researchers
(Prasuhn, 2011). A 10-year field survey (1998-2007) assessing soil erosion in 203 fields around
Frienisberg (max. 10km between the five study areas) is presented in Prasuhn (2011). The author
divulges the importance of long-term studies minimising the bias that might result from “Jow
frequency high magnitude effects” (Prasuhn, 2011, p. 34). Most of the identified rill-depths reached only
a few centimetres and the erosion mainly occurred just after the sowing or seedbed preparation.
The difficulty in determining reliably the sedimentation areas is foregrounded. He argued that an
important part of the eroded soil volume had been diffused on the fields, concentrated on the
field border, or distributed beyond these edges, whereof some of it might have reached
surrounding water bodies. Over a ten-year period the author detected erosion damage on
approximately 30% of the fields. He accredits the absence of erosion (observed on 24 of the 203
fields) to a valuable soil structure and enough soil cover, obtained thanks to favourable site
properties (relief, soil), crop rotations, conservation tillage, and the presence of temporary grass-

clover leys. Finally, Prasuhn (2011) emphasises on the subsequent off-site damages that could be
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detected in 72% of the studied cases. In Switzerland erosion damage mapping has now an
extended tradition. Numerous conducted studies lead to raising attentiveness to the concern and
the institution of many legal regulations diminishing the soil erosion range in the country
(Prasuhn, 2011; Prasuhn & Weisskopf, 2003). Even though the current study is targeting land
degradation in a broader perspective than only focusing on erosion damage and soil loss, the
information generated in these studies as well as the existing long-standing relationships and
trustful networks between the different stakeholders present and active in the region are qualified

as highly valuable and a great advantage.

In addition to the peer-reviewed publications, previous bachelor and master thesis issued by the
CDE and the University of Bern have studied land degradation in the Swiss Plateau. These
represent an additional useful state of the art literature for this study. One document of particular
interest is Constantin Streit’s master thesis published in 2014. Willing to contribute with
additional information to the review of the erosion risk map, the author describes the feasibility
of automated classification characterising effective agricultural areas based on aerial images
(Streit, 2014). The tree investigated study sites, whereof one is covering the region of Frienisberg,
are situated in the canton of Bern. Streit understands the importance of land cover in the
evaluation of the erosion risk. He managed the creation of an automated tool distinguishing
croplands from grass clover leys as well as from permanent grasslands. Discriminating (bi)-annual
grass clover ley from permanent grassland is necessary, since grass clover leys being comprised in
crop rotation cycles whereas the latter (permanent grasslands) maintain a perennial grass cover
for at least six years. The present master thesis assumes Streit’s (2014) classification as a thematic
layer to build on while constituting the base map. A second interesting document is Christine
Hauert’s master thesis, wherein she compared the humus content of no-till and conventionally
tilled agricultural fields, in both regions Oberaargau and Frienisberg (Hauert, 2007). She also
measured physical properties such as the water infiltration, determined the grain texture and soil
structure, and estimated the vegetation cover in each patch. With regard to the long term, soils
under conservation agriculture (no-tillage) will develop better soil properties than conventionally
tilled soils. Although the difference between the two soil treatments where more pronounced in
the Oberaargau than in Frienisberg.

In his master thesis, Urs Grob applied methods of visual field observation in the region of
Oberaargau (Swiss Plateau), for the mapping and the evaluation of land degradation as well as
SLM practices on agticultural fields. Grob (2010) based his approach on the WOCAT/LADA
methodology; wherefore he had to establish and adapt the method in order for it to become

suitable to the spatial partitioning of the regional farmland. He also had to review and check the

62



Theoretical backgrounds

land degradation indicators for their applicability in this context. Grob made one major
methodological adaptation in the mapping process when substituting the experts’ participation by
visual field observations, wherefore he used a higher spatial resolution (Grob, 2010). The
amendments made to the approach induced the creation of a suitable and adapted catalogue.
Grob (2010) focused on the assessment of two main land use types: grassland and agricultural
land. He attributes the land use systems grassiand/ grass clover ley and pasture and grass clover ley to the

land type grassland, whereas no-tillage, mulching, and conventional ploughing to the agricultural land. He

confirmed that the various land use types are subject to degradation in different manners,
grassland being less affected by land degradation processes than agricultural land. While the
differences in the extent of land degradation are negligible between no-tillage and mulching
techniques, these two conservation methods reduce the land degradation potential compared to
conventional ploughing methods. Even though conservation agriculture does not entirely prevent
land degradation (Grob, 2010), many authors consider no-tillage agriculture as a possible base for
sustainable agriculture, creating inter alia significantly lower erosion charges (Chervet, Ramseier,
Sturny, & Tschannen, 2005; Montgomery, 2007, 2007), with erosion values that may be close to
soil production rates (Montgomery, 2007). In her master’s thesis Judith Gasser has also proposed
an adaptation of the WOCAT/LADA mapping Questionnaire to the small scale agricultural
patterns of the Swiss Plateau (Gasser, 2009). Further, her method differs from the one used in
this study as she decided to exclude interviews with farmers, soil and water experts, or other
stakeholders, while focusing the data collection on pure and intense fieldwork. Here study area —
Murist — is located in the East of Yverdon-les-Bains in an exclave of the canton of Fribourg, in
vicinity of Lake Neuchatel. Both Gasser (2009) and Grob (2010) justify the use of a higher spatial
resolution and a smaller scale by the characteristics of the areal distribution of the Swiss
agricultural landscape.

Finally, the master thesis presented by Michael Chisholm, and the follow up project realised by
Simon Gisler, both assessing soil erosion on agricultural cropland in the Swiss Plateau operating
the GIS-Tool AVErosion for ArcView 3.x., also contain valuable information. Chisholm (2008)
identified the tool as adequately structured and useful for the long-term prediction of the rates of
soil loss. He argues that this high-resolution assessment allows identifying the strong variation of
the relative erosion risk within small spatial areas and he recognises the relief (principally the
slope) as being one major influencing factor for soil erosion on agricultural land (Chisholm,
2008). Even though the tendency that the AVErosion tool overestimates erosion can be
confirmed in the follow up study (Gisler, 2009), the assumption that the C-factor (land cover and
land management) weights in local soil erosion processes can be re-established and confirmed, as

it had been mentioned in Chisholm (2008).
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3 Results and discussion

The following part three shows the data assembled and produced according to the purpose of the
present master thesis. It illustrates and discusses the results obtained through the WOCAT QM
with regard to LUS changes, land degradation, and land conservation measures.

The multi-stakeholder meeting held on September 4, 2015 at the Restaurant Hirschen in
Frienisberg (BE) to assess the LUSs cropland and permanent grassland and the consultation held on
September 14, 2015 with the district forester to assess LUS forest allowed us to gather sufficient
valuable and adequate information eliminating the need for additional personal interviews, with
the exception of some informal exchanges.

The WOCAT assessment focuses on the land use systems permanent grasstand, cropland, and forest,
combined with the four major slope categories (Table 7). The LUSs settlement and water bodies have
been disregarded as such in the appraisal, though related to land degradation they are considered
when referring to other LUS. For the purposes of coherence they are included in the report,

along with other types of land degradation perceivable in the region.

3.1 Valuation of the land

In the context of this study the municipal boundaries are of minor interest, there is no usage
and/or property right restriction that is systematically bond to the municipality, ie. the
agricultural leasing agreements and plot properties are not restricted or confined within municipal
borders, which makes this distinction not necessarily required. Instead, agriculturalists own,
inherit, buy, and lease patches that stretch over different municipalities, in which case the
property and/or leasing covenant becomes determining factor, not the administrative borders.
Since conservation practices recurrently emerge from personal initiatives, face-to-face exchanges,
and through observations made on neighbouring fields, the focus is put on the practitioners and
the key local actors, which in daily practice, guided by ideological view, work their land according

to their convictions.

In accordance with the LUSs, the area of interest is subdivided conferring to the spatial

proportions detailed in Table 6 and illustrated in Fig. 8 and Fig. 10.
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Land use system area

Waters
1% (28 ha)

Settlement —
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-\
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Permanent grassland

Fig. 8 Study area Frienisberg (BE): Relative (in %) and absolute (in ha) spatial extent of each land use
system (Illustration: Fedrigo 2016, Data source: © Amt fiir Geoinformation des Kantons Bern and © Amt
fir Landwirtschaft und Natur des Kantons Bern)

The LUS cropland accounts for the largest share of land area, covering approximately 47% of
the study zone (see Fig. 8), and 75% of the agricultural land (see Fig. 9). As illustrated by Fig. 12
and Fig. 13 agricultural activities occupy particularly the northern and central sections of the
study area. While most LUS awpland parcels belong to the muoderately sloped areas (77 % of the
cropland area), much less are located on flaz (12.7 % of the cropland area) and szeep (9.3 % of the
cropland area) lands, and only very few are on very sloped (1.0 % of the cropland area) terrains (Fig.
9), alongside the Milibach (see Fig. 2). According to the workshop participants, the latter
category might even be inexistent, its’ appearance in the map may be related to inaccuracies in the
dataset. Although, since the croplands are manly situated on moderately sloped patches (extending
over 36% of the total study area), the surfaces affected degradation processes due to
mismanagement of farmland are potentially far-reaching (see Table 6 or section 3.3.2).

The LUS permanent grassland is the second system belonging to the agricultural land
(comprising roughly 25% of these surfaces, as shown in Table 22) while it extends over 16% of
the area of interest (see Fig. 8). It is quickly detectable in Fig. 12 and Fig. 13 how the two LUSs
are complementary (see also section 3.3): Most permanent grassland parcels are located either on
more or less inclined terrains or in the vicinity of surface water bodies. Unlike cropland areas,
permanent grassland patches are frequently confined on moderately (43.36 % of the permanent

grassland area) and s/ped (46.22 % of the cropland area) lands. Some remaining grassland areas
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are on extremely (7.8 % of the permanent grassland area) sloped terrains, whereas they are barely
detectable on flat (2.62 % of the permanent grassland area) patches (see Fig. 9).

The agricultural lands, joining LUS cropland and LUS permanent grassland, extend over roughly 62%
of the area of interest (Table 6). The necessity to generate interest in adequate management of

these areas seems thus undeniable.

Land use ]'.‘US area LUS Slope category (%) and Area (in % Area Surface
(in % of area of total extent (%o)

SYStem | otal area) | (ha) steepness study area) | perLUs | 22 (1)
0-3% Flat 6.0 12.7 198.8
, 3-15% Moderate 36.2 77.0 1205.1
Cropland 47.0°) 15656 15.30% Steep 44 93 146.0
>30% Very steep 0.5 1.0 15.6
0-3% Flat 0.4 2.6 13.6
Permanent 15.6 520.8 3-15% Moderate 6.8 43.4 225.8
grassland 15-30% Steep 7.2 46.2 240.8
>30% Very steep 1.2 7.8 40.6
0-3% Flat - - -
3-15% Moderate 10.8 37.2 359.4
Forest 290 9664 15-30% Steep 121 418 403.5
>30% Very steep 6.1 21.1 203.6
Waters 0.8 27.8 | No distinction - 0.8 100 27.8
Settlement 7.6 252.3 | No distinction- 7.6 100 252.3

Total 100 | 3'333.04 | - - 100 - 3'333.0

Table 6 Study area Frienisberg (BE): Surface area (in % and ha) for each LUS and slope category
according to FAO and modified through the stakeholder workshop (Illustration: Fedrigo 2016, Data source:
© Amt fir Geoinformation des Kantons Bern and © Amt fiir Landwirtschaft und Natur des Kantons Bern)

The forest cover dominates approximately 30% of the area. As clearly illustrated in Fig. 11 most
woodland is confined to the south of the study area, while smaller patches are distributed
randomly all over the assessment zone. Since there is no woodland on flaf patches, almost 63% of
the forest area belongs to the gradient categories sloped and extremely sloped, whereas the remaining
37% is accountable to the moderately sloped land. Since no apparent need to subdivide the land
any further has been mentioned, the whole forest surfaces is evaluated as an entity even though

the forest patches are disseminated within the survey area.
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Area extent (in % and ha) of LUS cropland and
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Fig. 9 Study area Frienisberg (BE): Area extent (in % and ha) of LUS cropland (75% of the agricultural
land) and LUS permanent grassland (25% of the agricultural land) according to the slope gradient
categories and relative to the total agricultural land area. Combining both LUSs, the total surface of the
agricultural land covers 62% (2086.47 ha) of the total study area (Illustration: Fedrigo 2016, Data source: ©
Amt fiir Geoinformation des Kantons Bern and © Amt fiir Landwirtschaft und Natur des Kantons Bern,
data in Table 22).

Apart from the land use categories mentioned above, the study area is furthermore expressed in
terms of slope gradient categories (SGC). Frienisberg is a hilly area principally characterized by
cropland, woods, and small settlements. While observing the LUSs cropland, permanent grassiand,
and forest, the flat and very steep parcels are relatively few (respectively 6.4% and 7.8% of the total
study area) compared to moderately sloped and sloped lands (respectively 53.7% and 23.7% of the
total area) (see Table 7). The missing 8.4% refer to waters and settlement areas and will not be
discussed any further. Most of the steeper land patches are located in the southern section of the
research area (see Fig. 11 and Fig. 13), where they extend alongside the Miilibach (river) up to the
Frienisberger Wald (see Fig. 2). Further isolated sections, mostly covered by forestland, extend

alongside the Alewilbach (see Fig. 2) in the northeast of the area (see Fig. 11).
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Fig. 10 Study area Frienisberg (BE): Spatial distribution of the existing land use system (Fedrigo 2016)
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Fig. 11 Study area Frienisberg (BE): Regional base map section illustrating LUS forest and the slope
gradient categories (Fedrigo 2016)
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Fig. 12 Study area Frienisberg (BE): Regional base map section illustrating LUS cropland and the slope

gradient categories (Fedrigo 2016)
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Fig. 13 Study area Frienisberg (BE): Regional base map section illustrating LUS permanent grassland and

the slope gradient categories (Fedrigo 2016)
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Some arrangements were introduced to the slope categories during the stakeholder workshop'*:
Originally, and according to FAO standards, the evenest category had been planned including
slope gradients between 0 and 8% steepness. During the workshop expert group clearly state the
necessity to separate the flat parcels (SGC: 0-3%) from the parcels with moderate slope
gradients (SGC: 3-15%). For the mean of practical field experience (e.g. from a machinery
perspective) and several readings taken in the region, clear differences become visible between
the two slope categories in terms of degradation processes or types, as well as their occurrence,
shape, and intensity, though from a strict machinery perspective the land users would even
consider 20% steepness as the upper border for the evenest category. In terms of surface erosion,
first soil movements already appear at slope values nearby 2-3% and alter rapidly with increasing
gradients. Thus, with the knowledge that major changes in surface erosion processes already
occur on fields sloping between 3 and 8%, and with regard to the slope categories used in crop
rotation surfaces (Fruchtfolgeflichen in German), the limiting values are as shown in Table 7. In

order to maintain consistency, the slope gradient categories apply also to LUS foresz.

Slope gradient category Area extent (in %) | Area (in ha)
0-3% 6.4 212.5
3-15% 53.7 1790.3
15-30% 23.7 790.3
>30% 7.8 259.8
TOTAL 91.6 3052.9

Table 7 Study area Frienisberg (BE): Study area fragmentation according to the slope gradient categories.
The missing 8.4% surfaces designated as LUS water and LUS settlement areas. (Data source: © Amt fiir
Geoinformation des Kantons Bern and © Amt fiir Landwirtschaft und Natur des Kantons Bern).

3.2  Land use system (LUS) trends

3.2.1 LUS area trends

Referring to the data available in Switzerland’s Land Use Statistics (Arealstatistik in German)
moderate area changes occurred in the region over the last two decades. Based on data gathered
in 2004 (the most recent records available) the coverage areas evolved as listed in Table 8 (BES,
2015) — the selected municipalities and district provide an illustrative guidance. According to the
workshop results, in certain circumstances slight changes in land use area occurred over the

observation period 2005-2015 (see Fig. 14).

16 Multi-stakeholder Workshop, held on September 2, 2015, in Frienisberg (BE)
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Representing the Land Use Statistics, Table 8 illustrates how the spatial distribution of the land
uses has been changing during the past decades: According to the QM classifications'” (please
refer to: Liniger, van Lynden, et al., 2008, p. E4) the LUS ¢ropland area coverage has been “slowly
decreasing in size, i.e. < 10% of the LUS area/10 years” (rated as slowly decreasing, -1) over past
decades for the benefit of settlement area that “is slowly increasing in size, i.e. < 10% of the LUS
area/10 years” (rated as slowly increasing, 1). Similar tendencies are assumed in the workshop
results (Fig. 14) and “overbuilding” (Uberbanung in German), i.e. the expansion of settlement

areas, is identified as major cause and anthropogenic action causing these area changes.

Area trend per land use system

1800
1600 1565 ha 1515 ha Land use systems
— Cropland
14
00 g Permanent
= 1200 grassland
=2 B Forest
g 1000 Settlement
§ 300 B Waters
6u0 Area trend
400 2: area coverage is rapidly increasing in size
252 ha 1: area coverage is slowly increasing in size
200 0: area coverage is remaining stable
-1: area coverage is slowly decreasing in size
0 -2: area coverage is rapidly decreasing in size
-2 -1 0 1 2
Area trend

Fig. 14 Study area Frienisberg (BE): Area trend for each LUS based on a ten-year (2005-2015) observation
period (Illustration: Fedrigo 2016 based on De Maddalena (2011), Data source: WOCAT QM)

As underlining example, including the whole district Seeland, the area coverage of the settlement
increased by 8% (from 3’552 to 3’844 ha) during the periods ranging between 1992/97 and 2004,
whereas during the same periods the agricultural surface area decreased by 2% (from 20’254 to

19’983 ha). Illustrations demonstrating the area values from selected municipalities, Schiipfen and

17 In accordance with the definitions, categories, and rated classifcations listed in the WOCAT Mapping
Questionnaire (QM) (Liniger, van Lynden, Nachtergaele, & Schwilch, 2008). Readers are advised that for
future quotes and references to any definition/category/classification the QM source Liniger et al. (2008)
will not be repeated though it is understood as such.
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Seedorf BE, can be extracted from Table 8 below, whereas more exhaustive data including all

municipalities concerned by the study area is given in Annex Table 4.

Settlement area Agricultural area Forest area
Reference 1992 Area 1992/ Area 1992 Area
period /97 2004 trend % 97 2004 trend % | /97 2004 trend %
Seeland 3552 | 3844 8.22 | 20254 19983 -1.34 | 8839 | 8806 -0.37
Schipfen 201 213 5.97 1119 1105 -1.25 655 652 -0.46
Seedotf (BE) 154 161 4.55 1250 1248 -0.16 680 679 -0.15

Table 8 Area coverage of the district (Begirg in German) Seeland and the municipalities (Gemeinde in
German) Schiipfen and Seedorf (BE). The land surface values are given in ha and the sutface area change
(from 1992/97 to 2004) in % (Data source: BFS, 2015).

For the selected LUS some districts reveal only very little surface changes in area coverage: e.g.
Seedotf (BE) only lost 0.16% (-2 ha) of agricultural surface between 1992/97 and 2004.
Processes of adaptation engaged by the farmers (prior to the assessment period 2005-2015) may
have contributed in maintaining the area losses at minimal values. While flatter areas (in the
valley) were converted to new uses and credited to the se#tlement area, farmers were conducted and
started cultivating closer to the limits of their lands, including steeper land patches (D. Niggli,
2015a), balancing thus the losses provoked by the decreasing area coverage. However, conflicting
opinions regarding the area extent, the coverage, and the evolution of all observable LUSs are
mentioned during the stakeholder workshop. When individual perceptions hit on statistical
discernments, or when personal interests guide the sense of judgement, diverging views arise.
With respect to the LUS forest the workshop participants perceive an increasing area trend

whereas the forester states for a status quo.

Even though these disagreements are only marginal, they are worth mentioning as they touch
some fragility of the used method and subtleties in the interpretation of statistical values. When
working with qualitative data we basically operate in a different state of consciousness. Through
individual, subjective perceptions each observation of time becomes relative. Nevertheless, the
consciousness of appearing incoherencies in the constructed and discussed results puts the data

interpretation into perspective.
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Table 9 Study area Frienisberg (BE): Area and intensity trend for each LUS based on a ten-year (2005-2015)
observation period (Data soutce: WOCAT QM)

No particular distinctions between the slope categories are visible in the LUS area trends
(stakeholder workshop outcomes are presented in Table 9). However, the experts perceive
slightly diverging tendencies in the surface evolution. As mentioned, flat and moderately sloped lands
(SGC: 0-3% and 3-15%) might have been subject to land use conversion in the past, agricultural
lands where rehabilitated to settlement areas. Willing to compensate these area losses, the
cultivation of steeper land patches became eventually necessary. The direct payment system gives
financial supports according to the area size, thus hillside locations may be reconsidered for
cropping also to increase the farm size (D. Niggli, 2015a). In practice, in order to receive
additional payments land users may be tempted to cultivate sloped terrains (this may include plots
belonging to the slope gradient categories 15-30% and >30%), thus converting them into cropland.
These variations are not listed in Table 9 as the expert group clearly mentions this information
based on assumptions. To give more certainty to the statements it is recommended by the expert
group to interview additional farmers and landlords. The analysis of aerial photographs may also
provide additional insight on surface changes, although this requires technical equipment that is

not generally available for everyone.

3.2.2 Land use intensity trends

Considering the evolution of the crop rotations and the increasing cultivation of vegetables in the
region the workshop participants believe that only the cropland (Fig. 15), and by extension it
implies also the grass clover ley, is qualified by the QM category: “moderate increase of land use

intensity” (rated as moderate increase, 1). While throughout the past ten years, no significant
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changes in the land use intensity have been identified in the LUS forest or permanent grassland, as
with the other land use categories sefflement and waters (rated as no major changes in inputs,
management level, etc., 0). According to the stakeholder workshop, key changes to Frienisberg’s
land management intensities occurred in the second part of the 20" century with the
development of some of the conservation technologies on LUS ¢ropland, notably strip sowing and
no-tillage in the 1990’s, as well as ntensive mulching in the 1950/60’s, while previous changes had
already occurred (or have always existed), especially extensive plonghing and mulohing (19" century).
Both intensive and extensive permanent grassland (LUS permanent grassland), as well as mixed forests (ILUS

forest) are also ancient practices dating back to the 19" century.

Land use intensity trend per land use system
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Fig. 15 Study area Frienisberg (BE): Land use intensity trend for each LUS based on a ten-year (2005-2015)
observation period (Illustration: Fedrigo 2016 based on De Maddalena (2011), Data source: WOCAT QM)

Referring to LUS eropland, when including indicators such as the evolution of the tillage
techniques, the building knowledge concerning fertilizers (even though there is no major
evolution regarding fertilizers in the area of interest) and pesticides use (targeted and limited use
respecting human health and the environment), as well as the initiated national and cantonal
conservation and support programs, a decrease in the land use intensity would be expectable.
Yet, in Frienisberg (and in a broader perspective Switzerland’s midlands), many farms, principally
the parcels with flat (0-3%) and moderate (3-15%) gradients, are likewise subject to ecological
intensification programs, intended to increase production without increasing its’ ecological

impacts (Haas, 2014). These parcels represent potentially vast surfaces, covering roughly 90%
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(1’404 ha) of the LUS ecropland area (40% of the total area of interest, see Table 6). According to
the stakeholder workshop these encouragements led, in recent years, most probably to an
intensification that cannot be considered as ecological. As mentioned, the financial support
provided by the direct payment system may encourage farmers to cultivate hillside locations with
the intention to expand the farm size. Thus, the cultivation of more vulnerable lands (D. Niggli,

2015a) may also be understood as a process of intensification.

Furthermore, it was noted in particular by the expert group that some conservation practices,
which intended to reduce the land use intensity, possibly already lost some of their significance,
e.g. no-tillage: Relying mostly still on the use of non-selective herbicides some farmers refuse to
adopt this technology, while others cannot support the high investment-costs related to the
conversion to another cultivation system. However, with regulated crop rotations intensive mulching
still has a potential for increasing effectiveness (see section 3.4.1.3) and may thus, eventually,
extend further.

According to the land users, the LUS intensification trend might be strengthened by a general
intensification of the crop rotations hustled by the economic/matket pressutes: It turns out that
the planned crop rotations are not respected and the fallow periods shortened (e.g. by limiting
the grass clover ley period to one year rather than two). Nevertheless, according to the expert
group such generalizing statements need to be taken very cautiously, as emerging intensification
processes are eventually directly depending on the land users personal convictions and on their
management practice, which is known as varying. In order to obtain more reliable information
and to give certainty to these statements it is recommended to involve all farmers working in the
region personally and to question them about their tillage practices, crop rotations, etc.

The promotion and the financial support of extensification programs commanded by the
agricultural policy, might lead, among other things, to the conversion of cropland to permanent
grassland. However, on several occasions we were brought to conclude that the agriculturalists
want to remain and to be perceived as smallholders and producers rather than to be pressured to

become landscape conservationists.

3.3 Land degradation per land use system

In the following sections each LUS is considered by taking account of the land degradation types,

the most important of which are discussed in more detail in sections 3.3.2, 3.3.3, and 3.3.4.
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3.3.1 Recognizing degradation types for all LUSs

Regardless of the LUS, various degradation types could be observed in the area of interest during
the last decade (listed in Table 10), the nomenclature is based upon Liniger et al. (2008, pp. Eo6-
ES).

These degradation types do not appear in the same intensity, rate, or degree, nor do they apply to
all land use systems. In Table 10 the main degradation types (ifa/ic) can be distinguished from
secondary types (normal). While some forms of the latter might appear occasionally as a single
process, others emerge sometimes in associatio