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SUMMARY 

In recent decades, soil degradation research has focused on degradation processes and in particular on 

the on-site impacts of soil and water conservation (SWC) technologies on soil erosion and soil 

fertility. In contrast, little is known about the positive and negative socio-economic effects on the one 

hand, and the off-site effects of soil erosion and SWC, respectively, on the other hand. 

 

Therefore, this doctoral thesis investigated the effects of soil erosion, both on-site (in farmers’ fields) 

and off-site (within communities and watersheds) in a more comprehensive manner. Basically, it deals 

with farmers’ actions and their consequences regarding soil erosion at different scales: the plot, the 

farm, the catchment and the regional / national levels. Special emphasis was placed on the costs / 

benefits of the impacts of soil erosion for the different actors (e.g. farmers, insurance companies, 

communities, cantons, village dwellers, etc.) and the potential social conflicts arising within and 

between these different stakeholders in the context of soil erosion damage. With respect to SWC, the 

thesis explores the potentials and limitations of different SWC practices and their implementation, 

taking into account ecological soundness, economic viability, practicability, and social acceptance. 

The overall objective of the thesis was to provide new inputs for optimising implementation of soil 

and water conservation policy in Swiss agricultural knowledge systems. 

 

The present thesis was part of a larger research project (COST-634: ‘On- and Off-site Environmental 

Impacts of Runoff and Erosion’, http://www.cost.esf.org/). Two PhD theses using a transdisciplinary 

research approach (cf. also Schneider, 2008) were carried out within this project at the Centre for 

Development and Environment (CDE) of the University of Bern. The theses aimed to optimise a 

specific section of the agricultural knowledge system related to sustainable agriculture by re-

articulating and intensifying the interactions between researchers, experts and farmers.  

This implied a focus on a fourfold integration of actors, disciplines, topics, and approaches / tools. The 

project addressed critical questions about the improvement of interaction in the concerned section of 

the knowledge system, the lack of instruments for assessing off-site effects of soil erosion, and the 

need to assess impacts and the efficiency of incentives and innovative extension methods.  

 

The methodology of the thesis at hand is based on the integration, adaptation and improvement of 

existing instruments derived from research and expert knowledge: The baseline information was 

collected through damage mapping and field observations at the plot level in three field study areas 

located north of the Alps, in the main agricultural region of Switzerland. Further investigations of 

management practices as well as the costs / benefits of soil erosion were carried out mainly by means 

of interviews. To quantify the impacts of soil erosion, the valuation procedure was carried out on the 

http://www.cost.esf.org/
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basis of all gathered data as well as additional data from insurance companies. The accompany-group 

meetings that accompanied the research project from the beginning were an important learning-space. 

At eight meetings, researchers, experts and farmers regularly discussed preliminary research findings, 

as well as practical experiences of farmers and experts. These meetings permitted identification and 

discussion of the main dimensions and indicators to be considered in a comprehensive appraisal of 

sustainable land use, reflecting and integrating the perceptions and concerns of different actor groups.  

 

The present thesis consists of six scientific articles, of which articles I to IV will be discussed in more 

detail. Article V is discussed in the framework of the first thesis by Schneider (2008). 

Article I (Ledermann et al., 2008), entitled ‘Erosion Damage Mapping: Assessing Current Soil 

Erosion Damage in Switzerland’, describes the starting point of the thesis and the baseline 

information for all subsequent papers. It provides an analysis of the data collected by means of 

damage mapping and a comparison of the three field study areas within a period of one year (from 

October 2005 to October 2006), focusing on the on-site impacts of soil erosion. It emphasises 

questions about the extent, frequency and severity (where erosion occurs, why and when it occurs, 

how serious it is, who is affected, and how erosion can be controlled) – leading to a more 

differentiated understanding of erosion patterns on farm plots and within a landscape, such as average 

and maximum values as well as areas of high risk. At the same time, the effects of different types of 

land management are investigated in the field, focusing on the development of meaningful impact 

indicators of (un-)sustainable agriculture / soil erosion risk as well as the validation of erosion models. 

The results illustrate that conservation agriculture, including no-till, strip tillage and in-mulch seeding, 

plays an essential role in reducing soil loss as compared to conventional tillage (vegetation cover as a 

product of crop type and soil management was distinguished as the most important factor controlling 

soil erosion rates). 

During this one-year period, about 11 erosive rainfall events occurred. Average soil loss rates mapped 

at the three study sites amounted to 0.7 to 2.3 t ha
-1 

y
-1

, respectively. About one fourth of the total 

arable land showed visible erosion damage. Although mean annual soil loss rates are considered rather 

low compared to other European countries, substantial losses of >70 t ha
-1

 were recorded on individual 

farm plots (muddy floods). Furthermore, headlands, furrows, tractor tracks and slope depressions often 

triggered soil erosion damage and therefore marked important on-site accelerators of soil erosion. 

These linear features were often observed to interfere with run-on processes from upslope areas (run-

on source such as arable land, grassland / pasture, roads, etc.). 

 

Article II (Ledermann et al., 2010), ‘Applying Erosion Damage Mapping to Assess and Quantify 

Off-site Effects of Soil Erosion in Switzerland’ focuses on the spatial aspects of soil erosion and its 

effects off-site by further analysing the data gathered by means of damage mapping: In about one-third 
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of the damaged plots an external source of surface runoff upslope contributed to the damage (run-on). 

Similarly, more than 50% of the soil eroded on arable land was deposited downslope on adjacent plots, 

roads, public / private infrastructure, etc., and 20% was estimated to reach open water bodies. The 

paper concludes that although the three sites differ considerably in average soil loss rates, similar 

patterns of off-site effects can be observed. 

 

Further analysis of the results of the preceding articles, in combination with specific interviews and 

case studies of selected soil erosion events, resulted in an estimation of the total costs of erosion 

damage in Switzerland. These estimates are compiled in Article III (Ledermann et al., to be 

submitted), entitled ‘Costs related to the Effects of Soil Erosion in Switzerland’. The figures given 

indicate the seriousness of soil erosion and highlight the need to curtail erosion and its impacts, calling 

for policy responses. 

The study reveals a rough estimate of the range of total annual on- and off-site damage/cost to be 

about CHF 63 to 773 per hectare of arable land, with a best estimate of about CHF 186 per hectare. 

Off-site costs that are to be borne by the public are about two to three times higher than on-site costs 

borne by farmers.  

The study also stressed that soil erosion becomes an issue that concerns broader segments of society 

than only farmers. This not only refers to the fact that it is often the actions or omissions of various 

stakeholders that lead to damages. It also implies that responsibilities for conservation efforts must 

incorporate a wider range of actors: While soil almost certainly originates on cropland, water may be 

collected from various sources: farmland, communal and cantonal roads, settlements, etc. And this 

means that often many actors are involved to some extent in causing more or less severe on- and off-

site problems. 

 

Article IV (Ledermann and Schneider, 2008) – ‘The Spread of no-tillage in Switzerland’ – deals 

with the topic of SWC. Using the example of no-tillage, which has become more important in 

Switzerland in recent years, it presents maps that give a national overview of the spatial distribution of 

no-tillage in 2006. Although the maps show very heterogeneous patterns, different regions with 

substantial amounts of no-tillage are visible. An interpretation of these patterns reveals that the 

distribution of no-tillage can be explained by a variety of factors and not only by the natural conditions 

in a particular area. The role of cantonal programs to promote no-tillage is just as important as the 

personal engagement of specialists and direct contractors, existing agricultural networks, and the 

lifeworlds of farmers. 
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Article V (Schneider et al., 2009), ‘Social Learning Processes in Swiss Soil Protection’ is discussed 

by Schneider (2008) and will only be mentioned here very briefly. Nevertheless, the paper along with 

two other papers by Schneider et al. 2010 (entitled ‘Soil Conservation in Swiss Agriculture – 

Approaching Abstract and Symbolic Meanings in Farmers‘ Life-worlds’ and ‘No-tillage farming: Co-

creation of Innovation through Network Building)’ contributes remarkably to an understanding of soil 

erosion and SWC in Switzerland, and the combination of the two PhDs paves the way for integration 

of much advanced research in this entire field of interest and thus can be highly recommended for 

other research projects related to sustainable land management. 

 

Article VI (Herweg et al., 2010) entitled ‘Transdisciplinarity – An Option for Applied Landscape 

Ecology in Complex and Uncertain Contexts’ evaluates the application of transdisciplinary approaches 

in applied landscape ecology overall, including a brief synthesis of the COST project described in this 

thesis. Concerning our project, the transdisciplinary method (two theses as two parts of a whole) was 

certainly a good approach to address on- and off-site impacts and their ecological, socio-cultural and 

economic dimensions. However, it was also a great challenge, as the approach is demanding in time, 

especially in terms of communication and co-operation. 

 

Ultimately, the thesis helped to generate debates between farmers, scientists, decision-makers and soil 

conservation services about giving better consideration to economic and socio-cultural dimensions in 

their daily work, in policy formulation, and in consultation work prior to emerging conflicts.  
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1 INTRODUCTION  

1.1 INTRODUCTION TO THE PROJECT 

This thesis was researched and written in the context of the research project known as ‘On- and Off-

site Effectiveness of Soil and Water Conservation in Switzerland – Steps Towards the Integration of 

Scientific, Experts’ and Farmers’ Knowledge,’ which was elaborated in the framework of COST 

Action 634 on ‘On- and Off-site Environmental Impacts of Runoff and Erosion’. This project was 

based on a transdisciplinary research approach, appreciating that optimal implementation of soil and 

water conservervation measures (SWC) needs to combine scientific, expert and local knowledge as 

part of a social learning process involving farmers, researchers, public administration, and relevant 

representatives of civil society. Therefore, the project was split into two separate PhD theses 

(Schneider, 2008 and the present thesis by Ledermann, 2012) with a joint concept, in order to give due 

emphasis to both the natural and social sciences on the one hand, and to cooperation between research, 

policy-making and agricultural practice on the other hand. In doing so, the thesis by Schneider (2008) 

sought to determine farmers’ rationales for implementing, adapting, innovating and rejecting SWC 

(bottom-up approach), taking into account their local knowledge base and critically assessing 

conventional top-down, regulation and incentive-based and innovative bottom-up, farmer-to-farmer-

based approaches of implementation. 

 

1.2 INTRODUCTION TO THE THESIS 

The thesis at hand investigates the ecological, economic and social impacts of soil erosion and SWC 

activities on arable farmland in the Swiss Midlands, both on-site (farms) and off-site (communities, 

watersheds) in a more comprehensive manner. Basically, it deals with the farmers’ actions and their 

consequences regarding soil erosion at different hierarchic levels: the plot, the farm, the catchment and 

the regional / national level.  

However, while soil erosion almost certainly originates on cropland (on-site), water may also be 

collected from various sources upslope: farmland, communal and cantonal roads, settlements, etc. 

Furthermore, damage caused by soil erosion occurs mostly in downslope areas, such as accumulations 

on cropland, grassland, ecological compensation areas, damage to roads and other infrastructure, 

blocked drainage channels, polluted water bodies, etc. (cf. Figure 1: the erosion topo-sequence, 

Herweg, 1996),. Against this background, the thesis also attempts to determine the level of 

involvement of different actors in causing these on- and off-site problems. 
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Figure 1 Patterns of soil erosion along slopes in the Swiss plateau – the erosion-topo-sequence (Sketch: 

K. Herweg, 2007). 

 

Special emphasis is placed on the costs / benefits of the effects of soil erosion for the different actors 

(e.g. farmers, insurance companies, communities, cantons, village dwellers, etc.) and the potential 

social conflicts arising within and between these different stakeholders in the context of erosion 

damage. In the scope of SWC, the thesis explores the potentials and limitations of different SWC 

practices and their implementation, i.e. taking into account ecological soundness, economic viability, 

practicability and social acceptance. 

 

1.3 RESEARCH BACKGROUND AND PROBLEM STATEMENT 

The extent and severity of erosion on northern European soils have markedly increased over the last 

50 years, particularly on arable farmland (Boardman and Poesen, 2006; Fullen, 2003; Oldeman et al., 

1991). Hence, the European Commission has identified eight threats to soil, of which soil erosion is 

understood to be the major and most widespread form of soil degradation in Europe (Van-Camp et al., 

2004). For Switzerland as well, showing a similar increase in soil erosion between the 1970s and the 

1990s, the question is no longer to determine whether or not there is a soil erosion problem but to 

assess how extensive the problem is (Weisshaidinger and Leser, 2006; Mosimann et al., 1990). 
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Therefore, a great number of research activities have been launched to investigate soil degradation 

phenomena in the past three decades, particularly soil erosion: Geographic Institute University of 

Basel (Leser et al., 1998; Leser et al., 2002; Ogermann et al., 2003), COST 624 (Boardman and 

Poesen, 2006), and to develop technologies that help reduce soil loss (Fiener and Auerswald, 2001; 

Mosimann et al., 1991; Mosimann and Rüttimann, 1995; Frede and Dabbert, 1998). Consequently, 

considerable information and knowledge have been generated about soil erosion processes. 

 

In Switzerland, about 20% of the cultivated land is affected by water erosion (Mosimann et al., 1990: 

Swiss National Research Programme (NFP) 22 ‘Soil Use in Switzerland’). Compared with other 

countries’ long-term averages, soil loss rates are rather low in Switzerland (< 1 t ha
-1

 y
-1

, mainly due to 

well-balanced crop rotations with high shares of temporary leys), whereas losses of > 50 t ha
-1

 y
-1

 were 

recorded on individual farm plots. Within the scope of a comprehensive assessment of the degree of 

soil erosion in Switzerland, common methods including test plot measurements, artificial rainfall 

simulation, and erosion modelling have been conducted in the past. In addition, mapping guidelines 

for all visible erosion features have been developed since the 1970s and are being successfully applied 

in many research and soil conservation projects.  

In response to this, extended catalogues of SWC technologies were created. Off-site effects and 

damage caused by soil degradation are largely known (COST 832; Kronvang, 2002; Chardon and 

Schoumans, 2002; Heathwaite et al., 2003; Withers et al., 2003), but have not been examined with the 

same intensity as on-site effects (Adhikari & Nadella, 2011). For instance, the question about which 

off-site effects (positive or negative) can be clearly attributed to on-site erosion / damage and SWC on 

cultivated land is still unanswered. Furthermore, nothing has been documented so far about 

externalities, e.g. costs related to damage to houses, streets, and other infrastructure. Similarly, there is 

an information deficit regarding the most appropriate mechanisms of successful implementation, 

taking into account capacities for adapting, innovating or rejecting SWC on the basis of farmers’ local 

knowledge. The latter aspect is closely related to highly differentiated local ecological, economic, and 

social conditions, and farmers’ local knowledge. In addition, local variations and modifications in 

SWC technologies are often unknown or not well documented. Regional approaches and concepts in 

SWC are considered essential. 

 

At the same time, Switzerland is one of the few countries that has established legal frameworks to 

enhance implementation of SWC technologies on a large scale, supported by cantonal extension 

services. No other European country has established such a broad legal framework as Switzerland 

(Prasuhn and Weisskopf, 2004). Soil protection is manifested in the agricultural law (Art. 76), the 

regulation governing direct subsidies (Arts. 8 and 9), the law of environmental protection (Art. 33), the 
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regulation on soil degradation (Art. 6) and the river protection law (Art. 27). Thus Switzerland is the 

only country that has established reference values for soil erosion (VBBo: 2 and 4 t ha
-1 

y
-1

, resp. 

depending on soil depth; Schweizer Bundesrat, 1998). However, it is largely unclear how to enforce 

these laws - to date, soil conservation measures have only barely been applied in agricultural practice, 

and soil erosion damage is still regularly observed. Furthermore, at present no legal action is taken 

when these regulations are disregarded. Application of the existing legal framework, rules and 

regulations is considered unsatisfactory. At the cantonal level, soil protection is handled very 

differently. For example, the Canton of Berne has established a cantonal agricultural law, as well as 

river and soil protection regulations, supported by a system of incentives for minimum tillage. Several 

cantons have started pilot projects on minimum tillage (Berne, Aargau, Basel-Landschaft, Fribourg, 

Lucerne, Solothurn (http://www.no-till.ch/Diverses/beitraege.htm). As a consequence, the area where 

minimum tillage is applied has increased from 60 ha in 1992 to 10,147 ha in 2003, which is still only 

about  

3.5 % of a total of 290,000 ha of cultivated land in Switzerland. Little is known about farmers’ 

rationales for applying soil conservation measures. With the revision of the regulation relating to 

impacts on the soil (VBBo), farmers have been addressed directly by the Swiss authorities with respect 

to avoiding soil degradation. In order to maintain soil quality in the long term, soil protection agencies 

must communicate scientific knowledge in a way that allows farmers to incorporate it into their daily 

activities. How to integrate the different forms of knowledge represented by farmers, researchers, 

experts from public administration and private companies and organizations is another important 

challenge to be addressed. 

 

Boardman (2006) gives a very true and faithful essay on the state of soil erosion science to date, which 

also seems to be rather to the point in a Swiss context. According to him, erosion scientists have failed 

to address – or have addressed inadequately – some of the ‘big questions’ concerning soil erosion 

science. These, he suggests, concern the temporal and spatial context of erosion, the reason for its 

occurrence, its impact, and the response of individuals and society. The big questions and issues 

according to Boardman are listed below (cf. Table 1): 

 

http://www.no-till.ch/Diverses/beitraege.htm
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Table 1  The big questions and issues (Boardman, 2006). 

Question  Issues  

Where is erosion happening?  Scale  

- Global hotspots  Datasets  

Why is it happening?  Causality  

- The big picture: socio-economic drivers   

- The details: runoff, wind, soil etc   

When is it happening?  Temporality  

- Change through time, seasonality, climate   

Who is to blame?  Responsibility  

- Farmers driven by policy imperatives at national and local scales  

How serious is it?  Impacts  

- Magnitude, frequency  Economics  

Who does it affect?   

- On and off-site impacts   

What does it cost?   

- Short and long term costs   

- Agricultural externalities   

Over what time scale is degradation occurring?  Sustainability  

- Threat to agriculture and livelihoods   

Can we do anything about it?  Response  

- Effectiveness of conservation   

Who should take action?   

- Farmers; local, national government   

Is action worthwhile?  Ethics and economics  

What is the risk of erosion in the future?  Prediction  

- Land use and / or climate change   

Where is that risk?   

- Vulnerable soils, vulnerable communities   

 

In trying to address these questions, Boardman (2006) indicates that many of them stray from the 

strictly scientific arena (certainly from physical science) into areas of social science and management. 

Furthermore, as mentioned by Herweg et al. (2010), applied landscape ecology is still considered to 

have a limited impact on decision-making. To improve the effectiveness of research as well as to deal 

with expansion in additional disciplines (social sciences), close cooperation between researchers and 

non-academic actors is needed above all. Therefore, ‘transdisciplinarity’ is applicable ‘, as it 

represents a research approach that crosses different disciplinary boundaries in order to create a 

holistic approach. 
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2 A DESCRIPTION OF THE FIELD STUDY AREAS 

Based on a set of criteria, three field study areas were selected: ‘Estavayer’, ‘Frienisberg’ and 

‘Oberaargau’. The following criteria were considered: 

 various combinations of on-site and off-site damage, considering representativeness of the area 

 differences in landscape and mentality (German and French-speaking parts) 

 differences in the use of incentives (yes / no), subsidies and regulations 

 technologies applied to different land use types 

 existing studies, existing partnerships with relevant institutions / partners 

 

Both Estavayer and Frienisberg are located in the main agricultural regions of Switzerland, the Swiss 

Plateau (Schweizer Mittelland), whereas the third study area (Oberaargau) is situated in the Pre-alpine 

Swiss Plateau region. An outline of some of the main characteristics of the three study areas is given 

below (cf. also Table 2): 

 

 

Figure 2  Location of the field study areas under erosion damage mapping. 
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Comparing the three study areas, Frienisberg and Estavayer featured similar undulating to rolling 

conditions, while the topography of Oberaargau is rather hilly with deep cuts and steep slopes.  

In Frienisberg and Oberaargau, most of the farms still practice mixed farming, including arable and 

fodder crops. Estavayer, on the other hand, features mainly farms specialised in arable farming. The 

typical agriculture of Switzerland is characterised by well-balanced crop rotations with a high 

proportion of temporary leys (grass-clover meadow) and without monoculture crops. 

In the Swiss context, Frienisberg and Estavayer both have rather intensive agriculture, with a high 

percentage of root crops (potatoes, sugar beets) and maize as well as rather little arable land under 

temporary ley. In Estavayer about 80 % of the plots are still conventionally ploughed, whereas in 

Oberaargau and Frienisberg better adoption of conservation practices (ploughless systems) such as no-

till and strip tillage in maize can be observed. Average plot size differed remarkably, from 1.9 ha in 

Estavayer, to 1.3 ha in Frienisberg and 0.9 ha in Oberaargau (data from 2006). 

 

Table 2  General characteristics of the three study areas under investigation. 

 Estavayer Frienisberg Oberaargau 

Damage mapping since October 2005 October 1997 October 2005 

Geographical region Swiss Plateau Swiss Plateau Pre-alpine Swiss 

Plateau 

Altitude [m above sea level]  524 - 685 475 - 720 539 - 760 

Arable area under mapping [ha] 453 250 318 

No. of arable plots 236 192 352 

Average plot size [ha] 1.9 1.3 0.9 

Maximum plot size [ha] 8.8 5.2 3.2 

Precipitation (01.10.05 - 01.10.06) [mm] 1,077 1,250 1,431 

Annual rainfall erosion index (01.10.05 - 

01.10.06) [N h-1] 

87 152 175 

Soil types (arable plots) cambisols, luvisols cambisols, luvisols cambisols, luvisols 

Soil textures sandy loams sandy loams sandy loams 

Mean slope steepness [%] 
a
 12 10 18 

Root crops & maize [% of total arable 

area] 
b
 

22 36 10 

Winter wheat [% of total arable area] 
b
 26 20 12 

Other winter cereals [% of total arable 

area] 
b
 

8 10 21 

Temporary ley [% of total AA] 
c
 20 17 33 

% of arable area under plough in winter 
d
 83 74 57 

% of arable area under plough in summer 
d
 80 32 58 

a data extracted from detailed terrain models (DTM, grid cell size: 2 meters) 

b field surveys, expert interviews 

c BFS (2005), AA = agricultural area in use 

d values refer only to main crops (in winter: cereals, rape; in summer: potatoes, sugar beets, maize) 
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3 OBJECTIVES 

3.1 PROJECT: OVERALL OBJECTIVES 

The project was designed to shed light on the important challenges that are being confronted today. Its 

expected outputs were: 

 to increase the effectiveness of interactions between different actors in the knowledge system 

 to comprehensively assess socio-cultural, economic and ecological off-site effects of soil erosion 

 to attribute off-site effects to on-site causes (to determine whether there is a connection between 

off-site effects and on-site causes) 

 to evaluate the effectiveness of incentives as well as the ‘from farmer - to farmer’ approach 

 to link these initiatives to ongoing discussions on policy formulation and implementation at the 

national and international levels 

 to support the development of innovative, privately led promotion schemes, based on farmer’s local 

knowledge and communicated from farmer-to-farmer by means of film and personal networks 

The specific research assumptions and research questions of the present thesis are summarised in the 

following chapters. 

 

3.2 THESIS: RESEARCH ASSUMPTIONS AND RESEARCH QUESTIONS 

Research assumption 

The research activities were based on the following assumptions: 

 Land degradation and especially soil erosion is directly linked to land use and land conservation 

processes and vice-versa. 

 Off-site effects (positive and negative) are clearly related to cultivation / agricultural practises on 

arable land. Applied SWC technologies undoubtedly result in a decreasing level of off-site impacts. 

 SWC technologies allow farmers in Switzerland to cultivate their soil in a more ecological manner, 

without limiting their economic benefit. Additionally, these ecological measures are not restricted 

by any social incompatibility. 

 Off-site damage to infrastructure and water bodies results in high costs for the whole community 

and leads to social conflicts between all actors involved.  
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 Different systems and incentives for promoting soil conservation in Switzerland are concurrently 

being developed by experts in public administration. These systems will lead to an ecological, 

economical and socially sustainable solution tuned to farmer’s needs and possibilities and therefore 

ease the implementation of soil conservation measures and decrease soil erosion and its negative 

off-site impacts in the long-term. 

 Indicators for land degradation / conservation can be identified and used to assess sustainable land 

use / management practices. Current studies aiming at the introduction of an agro-environment 

‘erosion risk’ indicator can be assisted and supported. 

 

Research questions 

What are the ecological, economic and social impacts of soil erosion and soil and water conservation 

technologies (SWC), both on-site and off-site (private / public infrastructure, ground- and surface 

water)? 

(1) Which off-site effects (positive and negative) can be clearly attributed to on-site erosion / damage 

and SWC on cultivated land? (articles I and II) 

(2) What costs / benefits do these effects imply for different actors (e.g. farmers, insurance 

companies, communities, cantons, village dwellers etc.)? (article III) 

(3) What are the potential social conflicts within and between different stakeholders, and how are 

they related to off-site impacts? (article III) 

(4) What impact indicators of (un-)sustainable agriculture / SWS land management are meaningful? 

(article I and II) 

(5) What are the potentials and limitations of different SWC practices and their implementation? 

(article IV) 
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4 OVERALL PROCEDURE: RESEARCH APPROACHES AND 

METHODOLOGIES 

4.1 APPLIED METHODOLOGIES 

The applied methodology is based on the integration, adaptation and improvement of existing 

instruments from research and expert knowledge. Data pertaining to on- and off-site effects of soil 

erosion were compiled at various spatial scales, which can be subdivided into four steps: 

The baseline information was collected through damage mapping and field observations at the 

smallest spatial unit, the farm plot (Step 1, article I). Steiner et al. (1995; cited in Tegtmeier and Duffy, 

2004) and Dorren et al. (2004) acknowledge that, ideally, effects and costs should be calculated on a 

‘location-specific basis’. However, further investigations of management practices were made at the 

farm level and analyses were carried out by means of interviews (Step 2, article I and II). The 

catchment level as the third hierarchic level is of particular relevance according to Izac and Swift 

(1994) for quantifying the off-site impacts of soil erosion (Step 3, article III). 

 

 

Figure 3  Methodological procedure applied in the thesis 

 

The difficulties of extrapolating soil erosion rates and their effects to a national or continental scale are 

well illustrated by the discourse in Crosson et al. (1995) concerning the United States. Today the 

arguments remain the same: uncertainty about the data used (model), the numerous assumptions 

required, and the ‘location-specific’ nature of soil erosion. Lal (2001) has pointed to a scaling problem 
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for extrapolation of data from plot scale to regional, national or global scale. Most of the time, the data 

used are poor at best and not plentiful enough to have the research duplicated in other areas of the 

country, especially for estimates at global scale. Therefore, extrapolations made in this thesis (step 4, 

article III) are to be considered with great caution. 

Detailed information on the applied methodologies is found in the corresponding articles. 

 

4.2 TRANSDISCIPLINARY APPROACH: SYNERGIES BETWEEN / BENEFITS OF 

THE TWO PHDS 

Recent research has shown (cf. Meyer-Aurich, 2005; Herweg et al., 2010) that optimal implementation 

of soil conservation requires combining farmers’, experts’ and scientific perspectives and knowledge. 

Therefore, a transdisciplinary research approach was chosen. Transdisciplinary research aims to 

traverse the boundaries between scientific disciplines and between science and practice. It is an 

appropriate form of research when searching for solutions to ‘real world problems’ with a high degree 

of complexity, uncertainty and controversy (Hurni and Wiesmann, 2004; Klein, 2001; Pohl, 2008; Rist 

et al., 2007a). 

As already mentioned in chapter 3.1, the present study is embedded in COST action 634 consisting of 

two separate PhD projects in Switzerland. Close collaboration between these two projects was seen as 

essential to gain a common and comprehensive understanding of the interactions between agricultural 

practice, policy making and research and to achieve the overall objectives of the project. Collaboration 

took place at different intensity levels and addressed namely data management (e.g. databases), data 

exchange (e.g. regular meetings), data collection (e.g. field trips, interviews) and data analysis (e.g. 

context, implementation strategies, stakeholder networks, policy implications). Four dimensions of 

transdisciplinary research as defined by Rist et al. (2007b) were addressed during all stages of our 

project (cf. also Figure 3):  

First, soil erosion on arable land was identified as the problem to be jointly solved by research and 

societal actors from agriculture and soil conservation, based on a social learning process. In doing this, 

it became clear that for practitioners there is no need for further research on soil erosion processes on-

site; however, they are interested in knowing more about off-site effects such as damage on private, 

communal infrastructure as well as open water bodies, related costs, and farmers’ rationales for 

adopting or rejecting soil conservation measures.  

Second, academic knowledge production had to integrate natural and social science. In the framework 

of the thesis, this interdisciplinary collaboration was not only understood as the exchange of research 

results but also as collective knowledge production through common field work and joint reflection.  

Third, non-academic knowledge has systematically been integrated by encouraging dialogue between 
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different actors, joint field visits with farmers, and attendance at and organisation of expert meetings. 

This proved to be of crucial importance for gaining a broader understanding of the problem of soil 

degradation and possible solutions.  

Fourth, the scientific work has been understood as part of an overall social learning process. Scientists 

created and joined spaces where learning between different actors took place, e.g. group meetings, 

field trips, presentations at farmer assemblies. One important space for collective learning was the 

accompany-group meetings as well as the consultation group (cf. Herweg et al., 2010; Schneider, 

2008) which accompanied the research project from the beginning. Researchers, experts and farmers 

regularly discuss preliminary research findings, as well as the practical experiences of farmers and 

experts. The meetings permit identification and discussion of the main dimensions and indicators to be 

considered in a comprehensive appraisal of sustainable land use, reflecting and integrating the 

perceptions and concerns of different actor groups. These meetings were not only beneficial for 

research; practitioners also appreciated the continuous exchange of knowledge. 

 

 

Figure 4  Transdisciplinary approach and methodology of the case study (Herweg et al., 2010) 

 

Following this partnership, both PhDs benefited from processes like dialogue-based critical thinking 

(thinking that involves a dialogue or extended exchange between different points of view), enhanced 

‘reflection quality’, and complementary perceptions and approaches. Synergies were also created by 

consolidated (organisational) structures and networks as well as the availability of additional data. 
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5 THE ARTICLES – MAIN FOCUS AND RESULTS 

The present thesis consists of six scientific articles. Four of them have already been published in peer-

reviewed journals. One has been published in a Swiss agricultural journal, and also passed a review. 

One is about to be submitted.  

 

The following sections present the main focus and results of the four articles for which the author of 

the thesis was first author. One article is discussed by Schneider (2008). 

 

 Article I 

Ledermann, T., Herweg, K., Liniger, H.P., Schneider, F., Hurni, H., Prasuhn, V., 2008. Erosion 

Damage Mapping: Assessing Current Soil Erosion Damage in Switzerland. In: C. Dazzi and E. 

Costantini (Editors), The Soils of Tomorrow: Soils Changing in a Changing World. Advances in 

GeoEcology, 39, pp. 263-283. Reiskirchen, Germany. 

 

 

 Article II 

Ledermann, T., Herweg, K., Liniger, H.P., Schneider, F., Hurni, H., Prasuhn, V., 2010. Applying 

Erosion Damage Mapping to Assess and Quantify Offsite Effects of Soil Erosion in Switzerland. 

Land Degradation and Development, 21: 353-366. 

 

 

 Article III 

Ledermann, T., Schneider, F., Herweg, K., Liniger, H.P., Hurni, H., Prasuhn, V. Costs related to 

the Effects of Soil Erosion in Switzerland. To be submitted to Journal of Soil and Water 

Conservation. 

 

 

 Article IV 

Ledermann, T., Schneider, F., 2008. Verbreitung von Direktsaat in der Schweiz. Agrarforschung, 

15 (8): 372-377. 
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 Article V 

Schneider, F., Ledermann, T., Fry, P., Rist, S., 2009. Social Learning Processes in Swiss Soil 

Protection –‘The From Farmer – to Farmer Project’. Human Ecology, 37: 475-489. 

 

 

 Article VI 

Herweg, K., Rist, S., Liniger, H.P., Prasuhn, V., Schneider, F., Ledermann, T., Fry, P., 

Zimmermann, A., Hurni, H., Wiesmann, U., 2010. Transdisciplinarity – An Option for Applied 

Landscape Ecology in Complex and Uncertain Contexts. DIE ERDE, 141: 1–16. 
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5.1 ARTICLE I: EROSION DAMAGE MAPPING: ASSESSING CURRENT SOIL 

EROSION DAMAGE IN SWITZERLAND 

Erosion damage was continuously mapped over a period of several years (since 1997) in a test region 

in the Bernese central midlands (field study area: ‘Frienisberg’; cf. Prasuhn and Grünig, 2000; 

Prasuhn, 2004, 2009, 2010, 2011). In the framework of the present thesis, two additional areas were 

added in 2005 (‘Estavayer’ and ‘Oberaargau’). The results provided a good basis for a comparison of 

the three study areas within a period of one year, from autumn 2005 to 2006, with about 11 erosive 

rainfall events. This period showed the second highest erosion rates measured since 1997. 

Overall, damage mapping covered a study area of about 1,000 ha, subdivided into about 780 

agricultural plots with mean plot sizes of 1 - 2 ha. Damage mapping is an event- and field-based 

approach and surveys took place after every erosive precipitation or snow melting event. During field 

surveys, all visible linear erosion features were quantified (mean depth, mean width, length, number) 

and soil loss was expressed in cubic metres and tons, respectively. Sheet erosion damage was 

estimated qualitatively on the basis of runoff marks and with respect to soil loss values based on plot 

measurements. 

Within the one year period of mapping, about 80% of all plots showed no erosion or only minor 

erosion, with average soil loss rates of < 1 t ha
-1

 throughout the whole period (extent of erosion). 6 % 

of the plots were affected by more than 8 t ha
-1

, with losses of > 15 t ha
-1

 also occurring on individual 

plots at all three study sites (11 plots, with a maximum soil loss of about 70 t ha
-1

). About 65 % of the 

plots were not at all affected by erosion; that about 20% of arable land probably suffered erosion. 

Mean annual soil loss rates (including rill and sheet erosion) ranged from 0.7 to 2.3 t ha
-1

 y
-1

 (severity 

of erosion). In Oberaargau and Estavayer, about 3% of all plots were eroded twice during the period, 

in Frienisberg even 11% because of the comparable higher summer erosion. 

Results further illustrated that conservation agriculture, zone drilling and in mulch seeding can play an 

essential role in significantly reducing soil loss as compared to conventional tillage. Accordingly, 

areas with the lowest inputs of conservation components showed the highest mean annual soil losses. 

Tractor wheels and furrows often triggered erosion processes. Interestingly, > 50 % of the soil eroded 

on cropland was deposited outside the damaged plot (off-site), 20% even reached open water bodies. 

The greater part of it was carried to the rivers and lakes by roads and drainage channels. 

 

5.2 ARTICLE II: APPLYING EROSION DAMAGE MAPPING TO ASSESS AND 

QUANTIFY OFFSITE EFFECTS OF SOIL EROSION IN SWITZERLAND 

Following up on the data and results of article I (temporal and spatial distribution of on-site soil 

erosion), article II emphasises the off-site effects of soil erosion in particular. It presents more detailed 
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information about the causes and impacts of soil erosion in order to convey a comprehensive 

understanding of related processes as a basis for developing solutions: 

Analysing the extra data compiled by damage mapping helped to asses and identify specific causes 

(runon, influence of subsurface flows, impact of soil cover, malfunctions of road drainage, etc.) as 

well as to illustrate pathways of eroded material in order to estimate impacts on public / private 

infrastructure, ground- and surface water, etc. All this additional information was needed in order to 

assess the damage, and to assist in transforming conflicts and disputes between land users, 

communities, insurance companies, etc. Furthermore, interesting cases of conflicts were selected for 

further investigations. They were documented through interviews and surveys with all actors involved. 

Consideration of their roles and interactions supplemented the biophysical aspects of erosion with 

consideration of economic importance and social effects, which are equally decisive when searching 

for solutions.  

Results illustrated that although mean annual soil losses differ considerably between the three field 

study areas (2.3 t ha
-1

 compared to 1.2 t ha
-1

 and 0.7 t ha
-1

), all show similar patterns in terms of off-

site effects: about one-third of the plots that were affected by linear erosion showed the influence of 

run-on (an external source of surface runoff upslope contributed to the damage). The main sources of 

run-on were located on upslope agricultural areas (cropland and grassland). More than 50% of the soil 

eroded on cropland deposits outside the damaged plot on adjacent plots, roads, public/private 

infrastructure, etc., and 20% of it reached open water bodies. The greater part of it was carried to the 

rivers and lakes by roads and drainage channels. Large amounts of eroded soil which were deposited 

off-site, often related to slope depressions, were considered muddy floods and were frequently 

observed in Switzerland. 

 

5.3 ARTICLE III: COSTS RELATED TO THE EFFECTS OF SOIL EROSION IN 

SWITZERLAND 

Based on soil erosion damage mapping as well as further data discussed in articles I and II, this article 

categorized and estimated the total costs of erosion damage within the study areas: A rough estimate 

indicated the range of total annual on- and off-site costs for the study areas to be about CHF 63 to 773 

ha
-1

 of arable land, with a best estimate of about CHF 186 ha
-1

. Extrapolating the data to a national 

scale, the cost of soil erosion by water was estimated to be substantial in Switzerland (about CHF 53 

million per annum), certainly in affected regions, considering that annual costs accumulate over the 

years. Furthermore, the study revealed that off-site costs that are to be borne by the public were about 

two to three times higher than on-site costs borne by farmers, which are generally rather low. In case 

of more extreme rainfall events in future, off-site costs, and with them social conflicts between 
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farmers and villagers, are likely to intensify. The figures indicate the seriousness of soil erosion and 

highlight the need to curtail erosion and its impacts, calling for policy responses. 

The categorization presented in the article makes costs transparent and debatable and thus enables 

decision-makers and soil conservation services to better consider economic and socio-cultural 

dimensions in their policy formulation and consultation work prior to emerging conflicts. The study 

also stressed that soil erosion is an issue that concerns broader segments of society than only farmers. 

This not only refers to the fact that it is often the actions or omissions of various stakeholders that 

leads to damages. It also implies that responsibilities for conservation efforts must incorporate a wider 

range of actors. 

 

5.4 ARTICLE IV: MAPPING THE SPATIAL EXTENT OF  

NO-TILL FARMING IN SWITZERLAND 

Current and past research activities show that soil erosion by water is among the major environmental 

threats on arable farm land in Switzerland, with a remarkable increase in the extent and severity over 

the past 50 years. In response to this, various maps of soil erosion risk have been generated at national 

or regional level. But maps on the extent of sustainable land management are lacking in Switzerland. 

Against this background, thematic maps of the status of no-till farming in Switzerland were generated 

and are discussed in this article. 

A written survey was undertaken to collect the appropriate data. To ensure maximum geographical 

coverage, the survey was carried out in collaboration with the Swiss Soil Conservation Association, 

involving all farmers and contractors who own no-till machinery. The structured questionnaire 

consisted of two parts: (1) total hectares cultivated with no-till in 2006 and (2) the areal extent. After a 

telephone follow-up, information was received from 108 farmers (90%), resulting in good base data. 

By linking the information obtained through this survey to a Geographical Information System (GIS), 

which permits the production of maps as well as area calculations on various aspects, conclusions 

were drawn about what is happening where and why: 

Over the past few years, conservation farming has continuously gained in importance in Switzerland. 

In 2006, about 12,000 ha were under no-till. This corresponds to about 3% of all cropland area in 

Switzerland. Characterising the spatial distribution by means of visual interpretation of the maps 

shows highly heterogeneous patterns within the Swiss agricultural regions. Yet by evaluating the maps 

at different administrative units, four specific high-adoption regions can be identified.  

In-depth analysis suggested various influencing factors facilitating or hindering adoption within these 

regions: On the one hand, the technology is limited to arable areas, dependent on natural conditions 

(climate, relief, soil). Then again, and even though not mentioned explicitly in the Federal Laws and 
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Ordinances, several cantons promote conservation tillage systems like no-till or mulch seeding as 

efficient protection measures against soil erosion. The differences in these systems of incentives (e.g. 

program duration, financial scope, area of focus, contract period, philosophy) are well indicated by the 

maps.Addressing the adoption patterns in more detail suggested further factors as well. According to 

expert opinion, differences in the levels of commitment by involved actors (contractor, extension 

worker, etc.) can also strongly determine the spread of no-till systems. Beyond this, existing farmers’ 

networks seemed of at least equal importance. 

The present work shows that maps are an appropriate form for obtaining background information and 

may also well complement other studies. In the case of no-till in Switzerland, a good spatial overview 

of ongoing activities has been obtained. Besides the identification of areas with high / low adoption, 

the maps also provided details on various structures and processes enabling the spread of the 

technology. This information seemed to be of added value for ongoing discussions on policy 

formulation and implementation at regional and national level. It is crucial for policy makers and 

implementing institutions to have good spatial information on past and ongoing activities regarding 

sustainable land management. 

 

5.5 ARTICLE V: SOCIAL LEARNING PROCESSES IN SWISS SOIL  

PROTECTION – ‘THE FROM FARMER – TO FARMER PROJECT’ 

Cf. Schneider, 2008. 

The present article is based on the results of the two preceding articles which argue that development 

of sustainable agriculture requires space for social learning. It assesses the processes, effects and 

facilitating elements of social learning in the context of Swiss Soil protection and the innovative 

‘From Farmer - to Farmer’ project. It reveals that social learning contributes to fundamental 

transformations of patterns of interactions which can be related to three different levels: 1) face-to-face 

interactions within the project, 2) interactions within the involved organisations, and 3) interactions 

within the boundary spaces existing between organisations. This study reveals that translation of the 

face-to-face-based learning processes of the organisations’ representatives into organisational learning 

was achieved not directly through formalisation of new lines of institutionalised cooperation but by 

establishing links in a ‘boundary space’ trying out new forms of collaboration, aiming at social 

learning and co-creation of knowledge. It argues that further research on social learning processes 

should give greater emphasis to this intermediary level of ‘boundary spaces’.  
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5.6 ARTICLE VI: TRANSDISCIPLINARITY – AN OPTION FOR APPLIED 

LANDSCAPE ECOLOGY IN COMPLEX AND UNCERTAIN CONTEXTS 

Sustainable land management has been receiving great attention from scientists and policymakers in 

terms of expressing their vision of better agriculture. This often implicitly includes the tradeoffs 

between claims from different stakeholders.Soil degradation and soil conservation are highly complex 

subjects involving many different actor groups, all having their own perspective on the problem and 

on suitable solutions. However, applied landscape ecology is considered to have a limited impact on 

decision-making. To improve the effectiveness of research, closer cooperation between researchers 

and non-academic actors is needed (see Prager et al, 2011). Schneider (2008) and Ledermann (2012) 

therefore argued that transdisciplinarity (td) constitutes a suitable research approach in this context, i.e. 

an interdisciplinary research team working with non-academic actors.  

To illustrate the application of td, the research approach chosen in the context of this project is 

described in more detail: The main integrative pillars of the td approach were the continuous exchange 

of experience and knowledge among all interested and relevant actors throughout the project, the 

integrative development of a common conceptual framework and methodology, and extended periods 

of joint fieldwork. An evaluation of the study and the approach by all actors involved reveals that a td 

approach using mainly rough methods leads to results relevant to decision-making and enhances 

learning processes among all actors. The study also confirms some limitations of this relatively time-

consuming form of research in an academic environment with a disciplinary structure and peer-

reviewed scientific publishing as the main reference system. It is very difficult to combine a scientific 

career with additional investment in social learning processes and development of communicative and 

managerial skills. Nevertheless, optimising the td approach seems a worthwhile goal for applied 

landscape ecology. 

 





 

 

 

 

 

 

 

 

 

 

 

 

 

ARTICLE I 

Erosion Damage Mapping:  

Assessing Current Soil Erosion Damage in Switzerland 



 

Photos: 

top left: linear erosion, Frienisberg, 27 October 2005 (Thomas Ledermann) 

top right: severe sheet erosion including small rills < 2 cm depth, Estavayer, 8 July 2005 (Thomas Ledermann) 

bottom left: gully erosion, Frienisberg, 13 April 2006 (Thomas Ledermann) 

bottom right: shallow rill erosion, Frienisberg, 3 May 2007 (Thomas Ledermann)



 
 

Erosion Damage Mapping:  
Assessing Current Soil Erosion Damage in 

Switzerland 
 

Thomas Ledermann, Karl Herweg, Hanspeter Liniger, Flurina Schneider, 
Hans Hurni and Volker Prasuhn 

1 
Abstract 
Within the scope of a comprehensive assessment of the degree of soil erosion in 
Switzerland, common methods have been used in the past including test plot 
measurements, artificial rainfall simulation, and erosion modelling. In addition, 
mapping guidelines for all visible erosion features have been developed since the 
1970s and are being successfully applied in many research and soil conservation 
projects. 

Erosion damage has been continuously mapped over a period of 9 years in a 
test region in the central Bernese plateau. In 2005, two additional study areas 
were added. The present paper assesses the data gathered and provides a 
comparison of the three study areas within a period of one year (from October 
2005 to October 2006), focusing on the on-site impacts of soil erosion. During 
this period, about 11 erosive rainfall events occurred. Average soil loss rates 
mapped at each study site amounted to 0.7 t ha-1, 1.2 t ha-1 and 2.3 t ha-1, 
respectively. About one fourth of the total arable land showed visible erosion 
damage. Maximum soil losses of about 70 t ha-1 occurred on individual farm 
plots. Average soil erosion patterns are widely used to underline the severity of 
an erosion problem (e.g. impacts on water bodies). But since severe rainfall 
events, wheel tracks, headlands, and other “singularities” often cause high 
erosion rates, analysis of extreme erosion patterns such as maximum values led 
to a more differentiated understanding and appropriate conclusions for planning 
and design of soil protection measures.  

The study contains an assessment of soil erosion in Switzerland, emphasi-
zing questions about extent, frequency and severity. At the same time, the effects 
of different types of land management are investigated in the field, aiming at the 
development of meaningful impact indicators of (un-)sustainable agriculture/soil 
erosion risk as well as the validation of erosion models. The results illustrate that 
conservation agriculture including no-till, strip tillage and in-mulch seeding 
plays an essential role in reducing soil loss as compared to conventional tillage. 

 
Keywords: Erosion damage mapping; soil erosion; sheet erosion; rill erosion; 
on-site effects; average soil erosion pattern; Switzerland. 
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Introduction 
The extent and severity of erosion on north European soils have markedly 
increased over the last 50 years, particularly on arable farm land (Boardman and 
Poesen, 2006; Fullen, 2003; Oldeman et al., 1991). Hence, the European 
Commission identified eight threats to soil, of which soil erosion is understood 
to be the major and most widespread form of soil degradation in Europe (Van-
Camp et al., 2004). 

For Switzerland as well, showing a similar increase in soil erosion between 
the 1970s and the 1990s, the question is no longer to determine whether or not 
there is a soil erosion problem but to assess how extensive the problem is 
(Weisshaidinger and Leser, 2006; Mosimann et al., 1990). The first activities to 
investigate the soil degradation phenomena in Switzerland were launched in 
1975 at the University of Basel (Leser et al., 2002). Later, the Swiss National 
Research Programme (NFP) 22 “Soil Use in Switzerland” conducted a 
comprehensive assessment of soil erosion on arable land for the first time with 
large land area coverage in 1987-89, reporting long-term average soil loss rates 
of less than 1 t ha-1 yr-1 in general, with sporadic losses > 50 t ha-1 occurring on 
individual plots. About 20% of the cultivated land is affected by soil erosion 
(Mosimann et al., 1990). As a consequence of this report, soil erosion eventually 
became an issue among the general public. In response, several legal regulations 
regarding soil protection and sustainable soil use have been introduced in 
Switzerland since 1993 (Weisshaidinger and Leser, 2006; Prasuhn and Weiss-
kopf, 2004). Among others, the Swiss Ordinance on Soil Protection (Schweizer 
Bundesrat, 1998a) established tolerance threshold values for average soil loss on 
arable land. Depending on soil depth, maximum tolerable soil losses should not 
exceed 4 t ha-1 yr-1 (> 70 cm soil depth) and 2 t ha-1 yr-1 (< 70 cm), respectively. 
Furthermore, farmers are supported with direct payments (financial incentives) if 
they implement suitable protection measures against soil erosion; conventional 
agricultural practices may also be financially subsidised and incentives may 
continue as long as no visible signs of soil erosion occur regularly (Schweizer 
Bundesrat, 1998b). 

Despite all research to date, which often relied upon modelling and field/test 
plot measurements, questions relating to the temporal and spatial context of 
erosion (extent, severity, and frequency) as well as its sources and causes have 
been neglected or have been inadequately dealt with (Boardman, 2006). For 
some of these unacknowledged issues, the erosion damage mapping approach 
presents a suitable tool leading to crucial answers about where erosion occurs, 
why and when it occurs, how serious it is, who is affected, and how erosion can 
be controlled. Evans and Brazier (2005) conclude that the distribution and extent 
of erosion within the landscape is rarely considered except by those assessing 
erosion in the field. 

The mapping approach is often criticized due to uncertainties in detecting and 
quantifying sheet erosion (Cerdan et al., 2006; Auerswald and Weigand, 2000). 
In response, we provide essential reasons here (Sections "Methodology" p. 269 
and "Discussion" p.271) for why sheet erosion should not be omitted from the 
damage mapping exercise. 

The present paper addresses the following issues: (1) how suitable is damage 
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mapping for answering questions about the extent, frequency and severity of soil 
erosion; what are the potentials and constraints of mapping; (2) can the tool be 
recommended for further and broader application; and (3) how serious is soil 
erosion in Switzerland (on-site impact). Further mapping results and experiences 
regarding the assessment of off-site effects in the context of optimising land 
resources management will be the subject of another paper (Ledermann et al., 
submitted). Evans and Brazier (2005, p. 493) state that “policy makers 
concerned about soil erosion and its impacts need good quality information on 
which to base their decisions. There is a trend toward using erosion models to 
aid such decision making. Such models are based on data obtained from 
experimental plots. The theoretical results need to be compares with information 
gained from monitoring erosion in the field to assess if theory accords with 
reality. … Until better models are devised, policy makers and decision takers 
should treat the results of modelling exercises with great caution”. 

Fig. 1: Location of the case study areas under erosion damage mapping. 
 

Area descriptions, methods and material studied 
Study areas 
Erosion damage has been continuously mapped over a period of 9 years in a test 
region (Frienisberg) in the central Bernese plateau (Prasuhn and Grünig, 2000; 
Prasuhn, 2004). In autumn 2005, two additional study areas were added – 
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Estavayer and Oberaargau. Damage mapping has continued ever since. Both 
Estavayer and Frienisberg are located in the main agricultural regions of Swit-
zerland, the Swiss Plateau (Schweizer Mittelland), whereas the third study area 
(Oberaargau) is situated in the Pre-alpine Swiss Plateau region (Fig. 1). Table 1 
presents an outline of some of the main characteristics of the three study areas. 

In total, the area under damage mapping covers about 1,000 ha of arable farm 
land – comprising 780 plots. Average plot size differed remarkably, from 1.9 ha 
in Estavayer, 1.3 ha in Frienisberg, to 0.9 ha in Oberaargau. Such plot sizes are 
typical but small compared to international standards. The mean farm size for 
Switzerland is about 16.7 ha (BFS, 2005b). 

 
Table 1: General characteristics of the three study areas under investigation. 

 Estavayer Frienisberg Oberaargau 
Damage mapping since October 2005 October 1997 October 2005 
Geographical region Swiss Plateau Swiss Plateau Pre-alpine 

Swiss Plateau 
Altitude [m above sea level]  524 - 685 475 - 720 539 - 760 
Arable area under mapping [ha] 453 250 318 
Nr. of arable plots 236 192 352 
Average plot size [ha] 1.9 1.3 0.9 
Maximum plot size [ha] 8.8 5.2 3.2 
Precipitation  
(01.10.05 - 01.10.06) [mm] 1077 1250 1431 
Annual rainfall erosion index 
(01.10.05 - 01.10.06) [N h-1] 87 152 175 

Soil types (arable plots) cambisols, 
luvisols 

cambisols, 
luvisols 

cambisols, 
luvisols 

Soil textures sandy loams sandy loams sandy loams 
Mean slope steepness [%] a 12 10 18 
Root crops & maize  
[% of total arable area] b 22 36 10 
Winter wheat  
[% of total arable area] b 26 20 12 
Other winter cereals  
[% of total arable area] b 8 10 21 
Temporary ley [% of total AA] c 20 17 33 
% of arable area under plough in 
winter d 83 74 57 
% of arable area under plough in 
summer d 80 32 58 

a Data extracted from detailed terrain models (DTM, grid cell size: 2 meters) 
b Field surveys, expert interviews   
c BFS (2005a), AA = agricultural area in use 
d Values refer only to main crops (in winter: cereals, rape; in summer: potatoes, sugar beets, maize) 
 
Rainfall data were obtained from official gauging stations situated within or near 
by the study areas. Mean annual precipitation varied during the one year period 
of mapping (October 2005 - October 2006) between 1,077 and 1,431 mm, 
depending on the study area, and exceeded the 30-year average (1961-1990) by 
about 20 percent. Comparing monthly precipitation, all three case study areas 
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were characterised by a rather dry winter and wet spring months, followed by a 
dry summer and a wet autumn (Fig. 7). During the one year period of mapping, 
about 24 rainfall events in Estavayer and 37 (at Oberaargau) were classified as 
erosive according to Wischmeier and Smith (1978; calculated on the basis of 10-
min intervals, cf. Table 3). Considering the annual rainfall erosion index (after 
Wischmeier and Smith, 1978), Estavayer showed the lowest erosion index, with 
about 87 N h-1. Frienisberg and Oberaargau both had twice the value calculated 
for Estavayer. Furthermore, situated in the Pre-alpine Swiss Plateau, it is not 
surprising that Oberaargau shows the highest mean precipitation as well as 
annual rainfall erosion index. Thus Frienisberg and Oberaargau showed 
relatively high annual R-Factor values compared to the mean for the Swiss 
plateau of about 80 to 100 N h-1 reported by Schaub and Prasuhn (1998). 
According to Wischmeier and Smith (1978), erodibility of the soils may be rated 
as moderate. All areas have marked slopes and a relief strongly structured by 
slope depressions and tops. Comparing the three study areas, Frienisberg and 
Estavayer featured similar undulating to rolling conditions, while the topography 
of Oberaargau is rather hilly with deep cuts and steep slopes. 

In Frienisberg and Oberaargau, most of the farms still practice mixed 
farming, including arable and fodder crops. Estavayer, on the other hand, fea-
tures mainly farms specialised in arable farming. The typical agriculture of Swit-
zerland is characterised by well-balanced crop rotations with a high proportion 
of temporary leys (grass-clover meadow) and without monoculture crops. 

In the Swiss context, Frienisberg and Estavayer both have rather intensive 
agriculture, with a high percentage of root crops (potatoes, sugar beets) and 
maize as well as rather little arable land under temporary ley. In Estavayer about 
80 % of the plots are still conventionally ploughed, whereas in Oberaargau and 
Frienisberg better adoption of conservation practices (ploughless systems) such 
as no-till and strip tillage in maize can be observed (Table 1). 

 
 

Methodology 
The methodology applied in the current study is based on existing mapping 
guidelines by Rohr et al. (1990), Herweg (1988; 1996), DVWK (1996) and 
Prasuhn and Grünig (2000), which were adapted to the aims of the project. The 
method consists of two major parts, which are complemented by photo 
monitoring and interviews: (1) the damage mapping, and (2) the documentation 
of current erosion damage. The location of sheet and rill erosion features, area 
affected, and causes (on-site accelerators) of erosion are precisely indicated on 
the sketch map of each plot (Fig. 2). Furthermore, data on current field 
conditions, land use, on- and off-site damage (source and on-site accelerators of 
erosion, accumulation, on-site damage, off-site effects, etc.) as well as all other 
observations are gathered in the erosion damage form that is completed for each 
damaged plot. In accordance with the design of the Swiss Ordinance on Soil 
Protection (Schweizer Bundesrat, 1998a), the plots serve as the spatial reference 
area - total soil loss is therefore projected to the size of the plot and expressed in 
tons per plot [t plot-1] and tons per hectare [t ha-1] for each plot affected by 
erosion (Fig. 3).  
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Fig. 2: Detail of an erosion damage sketch from Estavayer, displaying erosion features 
from 01 Oct. 2005 - 01 Oct. 2006. 
 

 
Fig. 3: Map of total soil loss for Estavayer from 01 Oct. 2005 - 01 Oct. 2006. 
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Damage mapping is an event- and field-based approach and surveys take place 
after every erosive precipitation or snow melting event, demanding a constant 
recording of local rainfall data. Secondary notifications of occurred erosion 
damage were communicated to the researcher by farmers living in the study 
areas. An experienced surveyor can cover an area of up to 200 ha in one to two 
days, depending on the density of erosion damage. Over the one year period 
covered, about 10 days of mapping were conducted for each study area.  

All linear erosion features deeper than 2 cm (rills, gullies) were measured 
with a tape or ruler and quantified by calculating the volume of soil eroded 
based on representative cross-sectional areas (mean depth, mean width) and its 
length (Fig 4, left). In the context of this paper, a distinction between small 
(depth 2-10 cm) and large rills (deeper than 10 cm) is made; gullies, defined on 
the basis of a critical cross-section of 929 cm2 (Hauge, 1977; cited in Poesen, 
1989) were rarely observed in the three study areas. In Estavayer, 24 out of 1061 
rills actually exceeded the above-mentioned critical cross section; in Ober-
aargau, 1 out of 627 rills did. Large rills mapped in the study sites partly match 
with some of the characteristics of ephemeral gullies (SSSA, 2007; where 
ephemeral gullies are defined as small channels eroded by concentrated flow that 
can be easily filled by normal tillage, only to reform again in the same location 
by additional runoff events).  
 

 
Fig. 4: Measuring the volume lost from linear erosion (left). Indicators for sheet 
erosion: runoff tracks (centre) and small sediment deposits (right). (Photos by T. 
Ledermann, 2006) 

 
The number of rill cross sections recorded for each rill in the field depends on 
the length as well as the heterogeneity of the feature described. For those parts of 
the plot covered with a number of identical or similar rills, a representative rill is 
measured and the total loss determined according to the number of similar rills 
(extrapolation method). The volumes calculated for the individual forms are 
added to obtain the total soil loss which is then expressed in cubic metres and 
tons, respectively. The conversion of volume to weight (tons) follows the 
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assumptions made by Rohr et al. (1990): for all large rills (> 10 cm deep, subsoil 
or B-Horizon) as well as small rills (depth 2 – 10 cm) caused by tractor 
compaction, furrows, etc., a mean bulk density of 1.2 g cm3 is assumed. For 
other areas with recent cultivation but without recognizable compaction and 
covered only by small rills, a bulk density of 1.0 g cm3 is assumed. 

Damage by sheet erosion is roughly and qualitatively estimated on the basis 
of indicators such as soil texture and colour, runoff tracks (Fig. 4, center) , 
pedestals, and small sediment deposits e.g. in furrows and wheel tracks (Fig. 4, 
right) observed during the field surveys (Stocking and Murnaghan, 2001). Total 
soil loss as a result of sheet erosion is determined by the area affected multiplied 
by one out of three intensity classes (light = 0.5 t ha-1; moderate = 1.0 t ha-1; 
severe sheet erosion including small rills < 2 cm depth = 1.7 t ha-1). The level of 
intensity is decided by visual impressions gained in the field. The classes used 
are adjusted to field plot measurements with sediment traps (40 sediment traps in 
30 plots; measurements over 3 years) summarized in Rüttimann et al. (1995) 
carried out in Switzerland, suggesting that mean values of sheet erosion 
approximately level off at 1.0 t ha-1 per event. Maximum rates almost never 
exceeded 2.0 t ha-1 per event without showing any linear erosion features. As 
already mentioned by Evans (1990; 2005), net soil losses downslope by splash 
and sheet wash are probably small (< 0.3 m3 ha-1 yr-1) and therefore negligible in 
plots with only few or no signs of water flow across the surface, and without 
deposition of sand particles or soil aggregates that might indicate soil particles 
had moved. This statement supports the fact that mapping of sheet erosion due to 
visual impressions gained in the fields is feasible. Further arguments are given in 
Section "Discussion and conclusions" (p. 279). 

Volumes of accumulations are not measured but serve as an indicator for 
current/past soil erosion, and to identify the pathways of eroded material. 
Nevertheless, conclusions concerning the percentage and the location of off-site 
soil deposition are drawn on the basis of observations.  

The field survey and data base also include additional information about land 
use (crops), tillage systems, vegetation cover (crop and mulch), source (origin of 
erosion) and causes of erosion (on-site accelerators), accumulation on-site, and 
off-site effects. This allows for an assessment of specific cases (runon, influence 
of subsurface flows, impact of soil cover, malfunctions of road drainage, etc.) 
and identification of off-site damage (accumulation, damage of infrastructure, 
pollution of water bodies, etc.). 

In addition, all gathered and documented data are supplemented with 
photographs. Plots with exceptional conditions (no-till, farmers’ measures, etc.) 
or severe erosion damage are therefore monitored to some extent by a series of 
photographs throughout the year addressing changes and processes over time. 
They help to interpret costs of soil erosion, crop failure due to washout of seeds, 
etc. The photographs can also serve as stimuli for interviews and group 
discussions. 

Further, the combination of damage mapping with erosion models or other 
assessment methods such as the erosion risk key developed for Switzerland 
(Mosimann and Rüttimann, 1995) and Germany (Ministerium für Ernährung und 
Ländlichen Raum Baden-Württemberg, 2004), can provide a comprehensive 
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overview of soil erosion in a specific area (Prasuhn, 2004; Auerswald and 
Weigand, 2000; Brazier, 2004). Van Dijk et al. (2005) note that applying a 
model to a certain area always needs to be combined with field verification, 
especially if the model was not designed for the area of interest. Therefore we 
intend to use the results gained in this study for validation of soil erosion 
modelling in Switzerland, in particular to assess the recently calculated soil 
erosion risk map of Switzerland (Prasuhn et al., 2006), which provides a basis 
for detailed maps or in-depth investigations in areas that are especially at risk. 

 
 

Results and analyses 
The results presented in this paper are based on a comparison of the three study 
areas Estavayer, Frienisberg and Oberaargau, described above, within a one year 
period from 1 October 2005 to 1 October 2006. The analyses give an overview 
of on-site soil erosion damage and also cover details about the temporal aspects 
of erosion. Off-site erosion damage as well as the spatial aspect of soil erosion is 
the subject of another paper (Ledermann et al., submitted). 
 
 
Soil loss rates 
The average soil loss rate [t ha-1 yr-1] is an important indicator of soil erosion 
referring to the total arable land that was mapped. This data allow for a compari-
son between the three study areas and becomes relevant when estimating e.g. the 
cumulative impact of soil erosion on water bodies. The data in Table 2 show 
average soil loss rates of 2.3 t ha-1 in Estavayer, 1.2 t ha-1 in Frienisberg, and 0.7 
t ha-1 in Oberaargau, including both linear and sheet erosion. Considering the 
maximum soil loss rates [t ha-1 or t plot-1], it is again Estavayer that stands out 
most. During the one-year period under consideration, around one-fourth of the 
total arable farm land was actually damaged by sheet and rill erosion.  
 
 
Table 2: Soil erosion in the three study areas – some key values (01 Oct. 2005 – 01 Oct. 
2006). 

 Estavayer Frienisberg O’aargau 
Average soil loss [t ha-1 yr-1] 2.3 1.2 0.7 
Sheet erosion [% of total soil loss] 17 15 38 
Linear erosion [% of total soil loss] 83 85 62 
(small rills [% total soil loss]) (21) (70) (40) 
(large rills [% total soil loss]) (62) (15) (22) 
Max. soil loss [t ha-1] 70 22 33 
Max. soil loss [t plot-1] 405 43 32 
% of arable plots affected by erosion 35 46 23 
Area affected by erosion [% of total arable 
land]  30 21 24 
Winter erosion [% total soil loss] 93 78 96 
Summer erosion [% total soil loss] 7 22 4 
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Regarding the three regions, about 75% of all plots showed no or only minor 
erosion with average soil loss rates of < 1 t ha-1 throughout the whole year. Not 
at all affected by erosion were about 54% of the plots in Frienisberg, 65% in 
Estavayer and 77% in Oberaargau. However, losses of > 20 t ha-1 also occurred 
on individual plots in all three regions (Table 2: max. soil loss [t ha-1] and Fig. 
5). In Oberaargau and Estavayer, about 3% of all plots were eroded twice during 
the observation period, and in Frienisberg even 11 % because of the comparable 
higher summer erosion. Focusing on the distinction between winter and summer 
erosion, all study areas showed high soil loss during the winter. Sheet erosion 
accounted for about 38% of total soil loss in Oberaargau and about 15% in 
Estavayer and Frienisberg. 
 

Fig. 5: The extent of soil erosion (categorised) in the study areas (01 Oct. 2005 – 01 Oct. 
2006). 

 
 

It becomes obvious that the average soil loss rates [t ha-1 yr-1] described above 
are rather high given the average soil loss rates for Switzerland. Mosimann et al. 
(1991) provided values ranging between 0.3 - 1.0 t ha-1 yr-1. Only the rates in the 
small Swiss Loess belt greatly exceeded these figures (3 to 5 t ha-1 yr-1). More 
recent data by Prasuhn & Grünig (2000) estimated a mean annual soil loss of 
about 0.9 t ha-1, which also supports this argument. It must be kept in mind, 
however, that the period discussed showed the second highest erosion rates 
mapped since 1997 (Fig. 6). The values in Figure 6 are based on a long-term 
mapping exercise carried out in the Frienisberg region (Prasuhn and Grünig, 
2000; Prasuhn, 2004; Prasuhn and Weisskopf, 2004). As illustrated, only the 
period of winter 1998/99 to summer of 1999 resulted in higher soil loss. 

Considering the area affected, the erosion values reported in this study match 
well with the results obtained by Prasuhn and Grünig (2000) and Mosimann et 
al. (1991), showing that total area affected by erosion adds up to about 25% of 
total arable farm land. Mosimann et al. (1990) point out that soil erosion is not 
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an area-wide phenomenon on the Swiss Plateau. Depending on the region, land 
management, precipitation, etc. soil erosion may affect 10 to 40% of the arable 
farm land. A better correlation exists regarding the subdivision between linear 
and sheet erosion. Based on six years of damage mapping in Frienisberg, 
Prasuhn (2004) states that to date linear erosion makes up about 68% and sheet 
erosion 32% of the total erosion. 

 
 

Fig. 6: Sequence of soil loss over 9 years in the Frienisberg area and annual 
precipitation (year 05/06 represents the discussed period). 
 
 
It is noticeable that large rills in Estavayer accounted for over 60% of total soil 
loss, whereas large rills in Frienisberg and Oberaargau only played a minor role 
(Table 2). This may be explained by the data given in Figue 5, assuming that 
extreme soil loss rates are linked to large rills. In Estavayer, 12 plots (or 5% of 
all plots) exceeded the level of 8 t ha-1 compared to 4 plots (2% of all plots) in 
Frienisberg and 4 plots (1% of all plots) in Oberaargau. 

Given the fact that highly erosive rainfall events in Switzerland normally 
occur during the summer months, it is somehow surprising that winter erosion 
accounted for most of the erosion during the period (Table 2). However, these 
results are reasonable considering the particular weather conditions (Fig. 7) with 
a wet springtime as well as a dry summer and with almost no heavy thunder-
storms coinciding with unprotected soils. 

 
 

Temporal aspects of soil erosion 
As reported by Prasuhn (2004) for Switzerland – but also by Herweg (1988) in a 
subtropical environment and Herweg and Stillhardt (1999) in a tropical environ-
ment – the mapping underlines once again the fact that the order of magnitude of 
soil loss depends largely on the time of the year when the rains occur. Spring or 
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autumn/winter rains are more likely to cause soil erosion in Switzerland because 
they fall on freshly cultivated plots under low vegetative cover. These findings 
are supported by the fact that only about one-third of all rainfall events during 
the period described, which are considered erosive according to Wischmeier and 
Smith (1978), led to actual erosion damage (Table 3). The noticeable difference 
in summer erosion between Frienisberg and Estavayer/Oberaargau can be 
explained by way of a higher proportion of root crops (potatoes, sugar beets) and 
maize in Frienisberg and the absence of severe, erosive rainfall events 
(thunderstorms, hail) during the summer, when many plots show poor ground 
cover. Furthermore, in the Frienisberg region, only two plots with potatoes 
accounted for most of the 22% of summer erosion. 

In contrast to the average behaviour of soil erosion, as summarised above by 
means of annual data on rainfall, erosivity and soil loss, the extreme patterns of 
erosion provide more detailed information about the temporal and spatial aspects 
of soil erosion (Herweg and Stillhardt, 1999). Therefore an in-depth analysis of 
the data gathered was compiled with respect to the temporal aspects of soil 
erosion (rainfall, land management and crops). 

Rainfall events 
As illustrated in Figure 7, and compared to the 30-year average value, all three 
case study areas were characterised by a rather dry winter (Nov, Dec, Jan) and 
wet spring months (Feb, Mar, Apr, May), followed again by a dry summer 
(June, July), and a wet early autumn (Aug, Sep).  

Two characteristics of the period are crucial for soil erosion: (1) heavy 
rainfall events in late February and early March on a partly frozen topsoil layer 
resulted in high soil loss; and (2) the absence or sparse occurrence of extreme 
summer storms resulted in a rather dry summer with low erosion (Table 2). 

 
 

Fig. 7: Monthly precipitation within the three study areas (01 Oct. 2005 - 01 Oct. 2006). 
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According to Wischmeier and Smith (1978), about 24 to 37 rainfall events were 
classified as erosive (calculated on the basis of 10-min values for each study 
area) and accounted for more than half of total precipitation during the described 
period. However, in all three study areas only about one-third of these erosive 
rainfall events led to actual erosion damage (Table 3).  
 
 
Table 3: Characteristics of single rainfall events (01 Oct. 2005 – 01 Oct. 2006). 

 Estavayer Frienisberg O’aargau 
Nr. of total erosive rainfall events / % of 
total precipitationa 24 / 54 33 / n/a 37 / 71 
Nr. of erosive rainfall events causing 
erosion damage / % of total precipitationa 10 / 22 11 / n/a 12 / 33 
a not applicable (n/a)  
 
 
Figure 8 shows an extract of the ten most erosive rainfall events with the highest 
R-factor values for Estavayer and Oberaargau (calculations of R-factor 
according to Wischmeier and Smith, 1978). The black bars indicate events 
which actually caused erosion damage – the grey bars represent events which 
were classified as erosive but did not lead to any damage. In general, Oberaargau 
features much higher R-factors than Estavayer (also mentioned in Section 
"Study areas" p. 267). 
 
 

 
Fig. 8: Extraction of the ten most erosive rainfall events, showing highest erosivity 
values - arranged in order of the course of the year. Black bars indicate erosive rainfall 
events which caused erosion damage (left: Estavayer; right: Oberaargau) (01 Oct. 2005 
– 01 Oct. 2006). 
 
 
It is striking that in Estavayer three out of the four rainfall events that led to 
actual erosion damage show the lowest erosivity. Oberaargau presents another 
picture, with high erosivity events also causing erosion damage. Concentrating 
on the total soil loss and two erosion events in late spring/early summer 
(Estavayer: 08. May 2006; Oberaargau: 05. Jul 2006), it is not surprising that 
these two events show only very little soil loss due to good vegetation cover (in 
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Oberaargau about 3% or 6 tons of total mapped soil loss within the period). But 
in the case of Estavayer, the damage represents only one plot that was cultivated 
shortly before. All other plots already showed high vegetation cover. These data 
indicate that soil erosion is not equally distributed over the year, and that high 
erosion damage usually occurs shortly after cultivation and during low 
vegetation cover (spring and autumn). 

In Estavayer, about 36% of total precipitation during the period, or 10 rainfall 
events, were responsible for the total soil loss. The data for Frienisberg look 
similar, with about 33% of the rainfall and 11 events. In Oberaargau the values 
are slightly higher, with 43% and 12 events. 

Further analyses showed that in Estavayer, as well as in Frienisberg, more 
than 90% of total soil loss occurred during three rainfall events, which amounted 
to about 8% of total precipitation. In Oberaargau, 3 rainfall events amounting to 
15% of annual precipitation caused 58% of total soil loss in Oberaargau. 

The above comments underline the conclusion of Herweg (1988) and Herweg 
and Stillhardt (1999) that annual erosion rates are heavily dominated by single 
rainfall events. 

 
 

Soil management and crops 
Figure 9 clearly shows that in all three case study areas, more than half of total 
soil loss occurs on plots with winter wheat; in Estavayer it even exceeds 75%. 
Soil erosion occurring under other winter cereals such as winter barley, spelt, 
triticale and oats is crucial in Oberaargau but almost negligible in Frienisberg 
and Estavayer. Root crops (potatoes and sugar beet) as well as maize account for 
only diminutive amounts in all three study areas. Only in Frienisberg, where two 
potato plots were heavily affected, was the amount of total soil loss greater. 
 
 

Fig. 9: Total soil loss in relation to cultivated crop (% of total soil loss), 01 Oct. 2005 – 
01 Oct. 2006. 
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It should be mentioned that in Estavayer and Frienisberg, besides winter wheat 
(26% and 22%, respectively, of total area under mapping), other winter cereals 
such as winter barley, spelt, triticale and oats only play a minor role (8% and 
11%, respectively). In Oberaargau, other winter cereals account for 21%, 
whereas winter wheat accounts for only 12%. Nevertheless, winter wheat shows 
a tendency to high erosion damage (Mosimann et al., 1990) that can be 
explained due to the certainty that winter wheat is seeded late and therefore 
results in light vegetation cover during winter. Spelt, on the other hand, also 
sown rather late, only plays a minor role in Estavayer and Frienisberg. In 
Oberaargau, where much spelt is cultivated, drilling is mostly done with no-till 
systems. 

Summer erosion during the study period was rather small – explaining the 
low portion of potatoes (with the exception Frienisberg), sugar beet and maize in 
Figure 9. Also notable, despite the fact that Frienisberg was hit by some summer 
storms, is the low share of total soil loss in maize and sugar beet (potatoes 
accounted for 98% of soil loss under root crops) compared to the two other study 
areas. This situation results from the fact that in Frienisberg about 68% of all 
summer crops are under conservation tillage (no-till, strip tillage and in-mulch 
seeding). The evident difficulties in applying conservation tillage systems to 
potatoes confirm these statements. 

Mean annual soil loss rates are highest in Estavayer, with 2.3 t ha-1, followed 
by the Frienisberg region (1.2 t ha-1) and Oberaargau (0.7 t ha-1). This conclusion 
is somehow surprising since Estavayer, compared to the other two study areas, 
has the lowest precipitation, moderate topography, and comparable soil 
characteristics. The highest erosion rates can be explained by three circum-
stances: (1) the relatively large plots (Table 1); (2) the relatively high share of 
root crops and maize, while the share of temporary leys is rather small (Table 1); 
(3) the proportion of plots under conservation agriculture (no-till, strip tillage, 
mulch seeding) is considerably low (Table 1). 

These remarks are supported by Govers (1991) and Auzet et al. (1993), who 
investigated the influence of existent field characteristics and concluded that 
vegetation cover is one of the most important factors having an effect on erosion 
rates.  
 
 
Discussion and conclusions 
According to Evans (1990), field assessment of water erosion is based on two 
major reasonable assumptions. First, over the short term, splash and sheet 
erosion are of minor importance in redistributing soil within a field other than 
over a distance of a few meters. Secondly, it is rills and gullies that redistribute 
soil over a larger distance within a field or a landscape. Evans and Cook (1986) 
further state that processes other than rills and gullies lead to the removal of only 
less than 0.7 t ha-1 y-1. Torri et al. (1987), Alström and Akerman (1992), and 
Poesen et al. (2006) all support these findings. 

Therefore, and due to the fact that damage mapping is well suited to assess 
rill erosion, the damage mapping methodology was applied within the frame-
work of this study. The main objective of this paper was to give a broad picture 
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of the situation of soil erosion in the study areas and therefore to assess the 
extent, frequency and severity of soil erosion in Switzerland. In addition, Rohr et 
al. (1990) point out that the primary goal of mapping is to estimate the impact of 
land use on soil erosion. Other purposes of the damage mapping methodology, 
such as the assessment of possible sources and causes of soil erosion as well as 
details of off-site effects, which are the most salient features of soil erosion 
damage and the basis for future soil protection, are the subject of another paper 
(Ledermann et al., submitted). It is important to state here that the main aim of 
the damage mapping exercise is neither to deepen our understanding of erosion 
processes nor to be as accurate as possible.  

In assessing the damage mapping tool itself in the light of its potential and 
constraints, the following remarks are appropriate:  
• Application of the methodology is quick, easy and inexpensive;  
• Questions about the extent, frequency and severity of soil erosion can be 

answered covering relatively large areas; 
• Assessment of soil erosion better reflects reality compared to on-station plot 

measurements under artificial borders or models – e.g. damage mapping 
includes linear erosion and addresses different land management conditions 
as well as sources and causes of soil erosion, etc.;  

• The data allow the validation of existing empirical models; 
• As illustrated by Prasuhn (2004), the tool is well suited for long-term 

monitoring; and 
• Additional data on sources, causes, off-site effects, land use, tillage, etc. lead 

to a more comprehensive understanding of soil erosion, particularly in view 
of developing better management options.  
Despite this, the method is often criticized because of its failure to address 

sheet erosion. However, we include sheet erosion in our damage mapping for the 
following reasons. First of all, sheet erosion is an important factor in the area 
and cannot be neglected. Compared to locations within the Swiss Loess belt 
(featuring high erodible soils), however, it is not the most dominant process. 
Sheet erosion is estimated in a semi-quantitative manner, i.e. considering data 
obtained from long-term measurements with sediment traps (Rüttimann and 
Prasuhn, 1993). Nevertheless, we are aware of uncertainties concerning the 
values for sheet erosion and therefore treat these data with caution.  

Several other limitations of damage mapping, which also reflect our own 
experience, are well summarized in Van Dijk et al. (2005) and Herweg and 
Stillhardt (1999). The spatial variation in rainfall at small scale may cause the 
spatial variations in observed erosion intensity; initial conditions (eg. micro-
relief, crusting, soil moisture) are often unknown; consecutive rainfall events 
lead to difficulties in the interpretation of the observations; the effect of 
individual storms after the first one is much more difficult to assess; and 
complex rill systems as well as high vegetation cover increase the chance of 
error. Casali et al. (2006) and Herweg and Stillhardt (1999) therefore conclude 
an estimated accuracy of ± 15-30%. Herweg (1986; 1996) further notes that the 
damage mapping approach results in an accuracy of ± 15% with experienced 
observers and by careful application, and with inexperienced or uninterested 
persons it is ± 30% or more. Two other facts presented in this study argue for the 
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best possible accuracy: firstly, all three study areas were mapped by the same 
two observers at all times and, secondly, we undertook close coordination and 
harmonization efforts beforehand. 

Since soil erosion is highly variable in time and space, a one-year period is a 
rather short time for final conclusions concerning the above results. Brazier 
(2004) and Vandekerckhove et al. (2004) stress that the value of such field 
surveys increases with the length of observation by affording a valuable long-
term perspective on rates of change of soil erosion. Herweg and Stillhardt (1999) 
reply that apart from average rates and conditions, which may provide an 
overview and assist in an appropriate interpretation of soil loss results, it is the 
extreme behaviour of soil erosion that makes it possible to address the temporal 
(periods of high and extreme erosion) as well as the spatial aspects (critical 
locations) and therefore leads to detailed information about when and where 
erosion occurs. Based on the above statements, we draw the following 
conclusion for the study areas: 
• Soil loss rates ranged between 0.7 – 2.3 t ha-1 during the study period; 
• Erosion damage by linear erosion doubles the damage caused by sheet 

erosion; 
• Around 25% of the total arable farm land was affected by erosion damage;  
• Vegetation cover (as a product of crop type and soil management) is the most 

important factor controlling soil erosion rates;  
• Runon is a crucial factor describing linear erosion; headlands, furrows, 

tractor tracks and slope depressions mark important on-site accelerators of 
soil erosion, causing concentrated run-off;  

• On average, about one-third of all rainfall events classified as erosive accor-
ding to Wischmeier and Smith (1978) led to actual erosion damage. 
Despite the fact that soil erosion on arable land in Switzerland is generally 

less serious than in other countries (Prasuhn and Weisskopf, 2004; Van-Camp et 
al., 2004), it is essential to bear in mind that any soil loss > 1 t ha-1 yr-1 can be 
considered irreversible and is thus not tolerable within a span of 50-100 years 
(Van-Camp et al., 2004). Regarding the threshold values mentioned by the 
Ordinance on Soil Protection (Schweizer Bundesrat, 1998a) as well as the 
regulations given within the Federal Law on Agriculture controlling direct 
payments (subsidies), erosion is not acceptable and farmers must implement 
suitable protection measures if visible signs of erosion occur (Schweizer 
Bundesrat, 1998b). Consequently, and as already stated by Prasuhn and 
Weisskopf (2004), it is important to pursue resolutely the implementation of 
measures to reduce the risk of soil erosion. This constitutes a major challenge to 
soil protection in Switzerland. The knowledge gathered by the mapping of on-
site damage could serve as a basis for policy decisions by legislators and also for 
soil conservation by farmers (Weisshaidinger and Leser, 2006). The details 
provided indicate the severity of the degradation process in Switzerland and 
underline the need for soil and water conservation measures. Regarding solution 
finding processes, additional analysis of the sources and causes of soil erosion, 
as well as of off-site damage, needs to be integrated. This is the subject of 
another paper by Ledermann et al. (submitted). 
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ARTICLE II 

Applying Erosion Damage Mapping to  

Assess and Quantify Off-site Effects of Soil Erosion in Switzerland 



 

Photos: 

top left: typical pattern of soil erosion along slopes, Oberaargau, 30 March 2006 (Thomas Ledermann) 

top right: slope depression (linear feature triggering erosion), Oberaargau, 24 January 2008 (Thomas 

Ledermann) 

bottom left: downslope damage (deposition on roads), Estavayer, 23 March 2006 (Thomas Ledermann) 

bottom right: water pollution (direct inflow), Frienisberg, 9 March 2006 (Thomas Ledermann)



land degradation & development

Land Degrad. Develop. 21: 353–366 (2010)

Published online 1 July 2010 in Wiley InterScience (www.interscience.wiley.com) DOI: 10.1002/ldr.1008
APPLYING EROSION DAMAGE MAPPING TO ASSESS AND QUANTIFY
OFF-SITE EFFECTS OF SOIL EROSION IN SWITZERLAND

T. LEDERMANN1*, K. HERWEG1, H. P. LINIGER1, F. SCHNEIDER1, H. HURNI1 AND V. PRASUHN2

1Centre for Development and Environment (CDE), University of Berne, Berne, Switzerland
2Research Station Agroscope Reckenholz-Tänikon (ART), Zurich, Switzerland

Received 1 January 2008; Revised 1 February 2009; Accepted 1 March 2010

ABSTRACT

In order to fill existing knowledge gaps in the temporal and spatial distribution of soil erosion, its sources and causes, as well as in relation to its
off-site impacts, erosion damage mapping of all visible erosion features was carried out at three study sites in Switzerland. The data illustrate
that about one-quarter of the cultivated land was affected by water erosion. Observed mean annual soil loss rates are considered rather low
(0.7–2.3 t ha�1 y�1) compared to other European countries. However, substantial losses of >70 t ha�1 were recorded on individual plots.
This paper focuses on the spatial aspects of soil erosion, by observing and comparing the study areas in a 1-year period from October 2005

to October 2006. The analyses illustrate that the sites differ considerably in average soil loss rates, but show similar patterns of off-site effects.
In about one-third of the damaged plots an external source of surface runoff upslope contributed to the damage (run-on). Similarly, more than
50 per cent of the soil eroded on arable land deposited downslope on adjacent plots, roads, public/private infrastructure, etc., and 20 per cent of
it reached open water bodies. Large amounts of eroded soil which deposit off-site, often related to slope depressions, are considered muddy
floods and were frequently observed in Switzerland.
Mapping, in conclusion, helps to sheds light on some of the important challenges of today, in particular: to comprehensively assess socio-

economic and ecological off-site effects of soil erosion, to attribute off-site impacts to on-site causes, and to raise awareness of all stakeholders
involved, in order to improve ongoing discussions on policy formulation and implementation at the national and international levels.
Copyright # 2010 John Wiley & Sons, Ltd.
key words: erosion damage mapping; rill erosion; sheet erosion; off-site effects; muddy floods; Switzerland
INTRODUCTION

Soil erosion by water is among the major environmental

threats in Europe (Van-Camp et al., 2004; Helming et al.,

2006), particularly on arable farmland, with a remarkable

increase in extent and severity over the past 50 years

(Oldeman et al., 1990; Fullen, 2003; Boardman and Poesen,

2006).

Besides its primary impact of loss of the soil resource,

erosion not only affects the agricultural area where it occurs

(on-site), but also involves economic and ecological costs

for society, related to the deposition of eroded material

downslope (off-site impacts). Events that result in damage to

property due to runoff from agricultural plots are now

commonly associated with the term ‘muddy floods’.

According to Boardman et al. (2006), muddy floods

describe water flowing from agricultural plots carrying

large quantities of soil as suspended sediment or bed load.
*Correspondence to: T. Ledermann, Centre for Development and Environ-
ment, Institute of Geography, University of Berne, Hallerstrasse 10, CH-
3012 Berne, Switzerland.
E-mail: thomas.ledermann@cde.unibe.ch
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This is therefore a fluvial process rather than a mass

movement. In Europe, muddy floods have been described in

Belgium, France, The Netherlands, Slovakia and the UK

(Boardman et al., 2006; Evrard et al., 2007; etc.). In our

Swiss example, off-site damage arises mainly when soil

transported by water is deposited on neighbouring plots,

blocking ditches and roads, and when sediments and

associated nitrate, phosphate and pesticides pollute water

bodies. These impacts generate considerable costs for

communities and individuals and can be termed muddy

floods. Muddy floods have not yet been described in

Switzerland. This may be due to lack of reporting and

investigation (Boardman et al., 2006).

In Switzerland, initial investigations of soil degradation

phenomena were launched in 1975 at the University of Basel

(Leser et al., 2002). In 1987/1989, the Swiss National

Research Programme (NFP) 22 ‘Soil Use in Switzerland’

conducted a comprehensive assessment of soil erosion on

arable land, for the first time with great area coverage.

Similar to northern European soils, the results suggested an

increase in soil erosion between the 1970s and 1990s

(Mosimann et al., 1991; Weisshaidinger and Leser, 2006).
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Mainly stressing the on-site environmental impacts of runoff

and erosion, the report presented long-term average soil loss

rates of less than 1 t ha�1 y�1 in general, with sporadic losses

>50 t ha�1 occurring on individual plots. About 20 per cent

of the cultivated land was reported to be affected by soil

erosion (Mosimann et al., 1991). Hence, the importance of

soil erosion was brought to the public’s attention, and several

legal regulations regarding soil protection and sustainable

land resource management have been introduced since 1993

(Prasuhn and Weisskopf, 2004; Weisshaidinger and Leser,

2006). Nevertheless, and despite all research activities to

date, there are still gaps in knowledge concerning the

temporal and spatial distribution of erosion, and its sources

and causes (Boardman, 2006). Subsequent off-site impacts

caused by soil erosion are basically known, but have not

been examined with the same intensity as on-site effects.

Addressing the distribution and extent of erosion within

the landscape demands an area-specific, field-based

approach (Evans and Brazier, 2005) suitable for responding

to the complex spatial and temporal patterns of runoff

connectivity (Bracken and Croke, 2007) and the critical

locations described in the erosion topo-sequence by Herweg

(1996). Thus, the analysis presented in this paper is based on

1 year of soil erosion damage mapping in three study areas in

Switzerland (Estavayer, Frienisberg, and Oberaargau) that

considers the spatial aspects of soil erosion, such as

important natural or artificial factors that affect hydrological

connectivity (influencing factors at the eroded location and

upslope) as well as off- site impacts downslope.

The erosion damage mapping tool, as applied in this

study, has been restricted to only a few places in Europe.

Some examples are given in Alström and Akerman (1992),

Auzet et al. (1993), Boardman (2003), Cerdan et al. (2002),

Evans (2005), Govers (1991), Øygarden (2003), Van-Camp

et al. (2004), Vandaele and Poesen (1995) and Van Dijk et al.

(2005). Focusing on the off-site effects caused by soil

erosion, Boardman et al. (2006) support the above

comments, noting that one reason for the lack of awareness

of off-site impacts, such as muddy floods, has been the

concentration of erosion studies on experimental plots of

limited size. However, severe off-site impacts are generally

associated with linear erosion features (especially ephem-

eral gullying) which can only be investigated at the

catchment scale. Hence, and according to our own

experience, the mapping approach also proved to be suitable

for monitoring and documenting muddy flood events. More

reflection on the potentials and constraints of the damage-

mapping tool, particularly with regard to our Swiss study,

are given by Ledermann et al. (2008).

Herweg (1988) previously applied rill mapping in Toscana,

Italy, a Mediterranean winter rain area with steep slopes and

small farms. It was also applied in a tropical environment of

the Ethiopian highlands (Herweg and Stillhardt, 1999).
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Within the two examples, the rill mapping approach proved to

be a relatively cost-effective method for monitoring the

effectiveness of soil conservation measures (outcome and

impact monitoring). In the Italian mapping example (Herweg,

1988) the method was used to monitor plots on a selected

farm over a period of 3 years, where in the majority of cases

soil losses were reduced from 40 to 1.2 t ha�1 y�1 with an

improved drainage system comprising the entire slope.

Average linear erosion losses in Italy (on damaged plots)

ranged from 10 to 25 t ha�1 y�1, while extreme annual losses

on single vineyards exceeded 191 t ha�1 y�1. 40 per cent of all

damaged plots were heavily influenced by run-on, among

other factors. In the Ethiopian highlands, on 25 per cent of all

cases mapped, rill erosion losses exceeded 150 t ha�1 y�1,

often by far. Such severe topsoil loss affected more than 15

per cent of the plot area, on average. 96 per cent of all rills

mapped in the Ethiopian sites were related to run-on from

upslope areas. Occurrence, number, and size of the erosion

features greatly depended on the specific land management

features, for example, vineyards cultivated across contour

lines in Italy, or defective soil and water conservation

structures in Ethiopia.

For our Swiss case studies, an overview of soil erosion

comprising average rates and conditions (mean annual soil

loss rates, sheet and rill erosion, area of damage on the

affected plot, etc.) is described in detail by Ledermann et al.

(2008) and will be reviewed here briefly. Mean annual soil

loss rates range from 2.3 t ha�1 y�1 in Estavayer to

1.2 t ha�1 y�1 in Frienisberg and 0.7 t ha�1 y�1 in Oberaargau,

including both rill and sheet erosion. These figures may seem

rather low, but it needs to be kept in mind that the mapped

erosion damage (total soil loss) is related to the total arable

land, and not only to the damaged plot or damaged areas.

Maximum damage of about 70 t ha�1 occurred on individual

plots. Linear erosion accounted for approximately 62 per cent

of total soil loss in Oberaargau and 85 per cent in Estavayer

and Frienisberg. While in Estavayer large rills >10 cm in

depth dominated, in Frienisberg and Oberaargau the majority

were small rills <10 cm in depth. At all sites, ephemeral

gullies were rarely observed, given that the threshold between

rills and gullies is 929 cm2 (cross-section) according to

criteria proposed by Hauge (1977) and discussed by Poesen

et al. (1996). During the 1-year period of observation, around

one-fourth of the total arable farm land was affected by sheet

and/or rill erosion. In Estavayer and Oberaargau more than 90

per cent of erosion, and in Frienisberg almost 80 per cent,

occurred during the winter (mostly on plots planted with

winter wheat). The period was characterised by the second

highest erosion rates mapped since 1997 (Prasuhn and

Weisskopf, 2004; Ledermann et al., 2008).

In contrast to Ledermann et al. (2008), discussing issues

concerning the temporal irregularity of soil erosion (erosive

rainfall events as determining factors), the relationship
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between land use/vegetation, land management and soil

erosion, and the potentials and limitations of the damage

mapping tool, this paper addresses the spatial aspect of soil

erosion and off-site effects in particular, in the context of

optimising land resources management. It presents more

detailed information about the causes and impacts of soil

erosion in order to convey a comprehensive understanding of

related processes as a basis for developing solutions.

MATERIALS AND METHODS

Study Areas

Agriculture in Switzerland is characterised by well-balanced

crop rotations including a high share of temporary leys

(grass-clover mixture). Most of the farms still practice

mixed crop-livestock farming. Compared to other European

countries, Swiss farm and plot sizes are typically small.

Therefore, slopes are characterised by a succession of

cropland and grassland, belonging to one or more farmers. In

our study, we use the term ‘arable land’ for all annual crops

and temporary leys, while the term ‘grassland’ refers to

permanent meadows and pastures. The mean farm size for

Switzerland is 16.7 ha.

The three study areas were selected to cover important

differences in Swiss agriculture, in particular the natural and

cultural landscapes, mentalities (French-speaking, German-

speaking areas), land management systems, and legislation

on soil protection. Availability of data from previous studies,

accessibility, and existing contacts/relationship with farmers

and extension workers further influenced the choice.
Figure 1. Location of the three study sites in Switzerland. This figure is a

Copyright # 2010 John Wiley & Sons, Ltd.
All three sites are located north of the Alps in the main

agricultural region of Switzerland—Estavayer and Frienis-

berg in the Swiss Plateau, and Oberaargau in the Pre-alpine

Swiss Plateau (Figure 1). Estavayer is situated in French-

speaking Switzerland whereas Frienisberg and Oberaargau

are in the German-speaking areas.

Within the scope of the study, a total of about 1000 ha of

arable farmland were mapped, comprising 780 arable plots.

The largest plots are found in Estavayer, with a mean plot

size of about 1.9 ha, followed by Frienisberg with 1.3 ha and

Oberaargau with 0.9 ha (cf. Table I). During the period of

observation (1 October 2005–1 October 2006), mean

precipitation was relatively high (Estavayer: 1077mm,

Frienisberg: 1250mm, Oberaargau: 1431mm), exceeding

the 30-year average (1961–1990) by approximately 20 per

cent (Table I). The erodibility of soils is considered

moderate (according to Wischmeier and Smith, 1978), with

sandy loams and loamy sands in Estavayer and Frienisberg,

and predominantly sandy soils in Oberaargau. To a large

extent Frienisberg shows a rather gentle topography with

slightly undulating terrain, and only a small part with rugged

relief and frequent slope depressions. Estavayer features

similar characteristics with a tendency to rolling conditions

and steeper slopes, whereas Oberaargau is hilly with deep

cuts and steep slopes.

Frienisberg and Estavayer both show relatively intensive

agriculture, with high mechanisation and percentage of root

crops (potatoes, sugar beets) and maize. Considerably small

areas of arable land are under temporary ley. Agriculture

is less intensive in Oberaargau due to steep slopes. In
vailable in colour online at www.interscience.wiley.com/journal/ldr
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Table I. General characteristics of the three study areas (modified, Ledermann et al., 2008)

Estavayer Frienisberg Oberaargau

Arable area under mapping (ha) 453 250 318
No. of arable plots 236 192 352
Average plot size (ha) 1.9 1.3 0.9
Maximum plot size (ha) 8.8 5.2 3.2
Precipitation (01.10.05–01.10.06) (mm) 1077 1250 1431
30-year average (1961–1990) (mm) 942 982 1197
Rainfall erosivity (01.10.05–01.10.06) (N h�1) 87 152 175
Soil types (arable plots) Cambisols, Regosols Cambisols, Luvisols Cambisols, Luvisols
Mean erodibility (K-factor) a 0.35 0.25-0.45 0.35-0.45
Mean slope steepness (%) b 12 10 18
Root crops and maize (% of total arable area) c 22 36 10
Winter wheat (% of total arable area) c 26 20 12
Other winter cereals (% of total arable area) c 8 10 21
Temporary ley (% of total AA) d 20 17 33
% of arable area under plough in winter e 83 74 57
% of arable area under plough in summer e 80 32 58

aFriedli (2006).
bData extracted from detailed terrain models (DTM, grid cell size: 2 metres).
cField surveys, expert interviews.
dAgricultural census, AA¼ agricultural area in use.
eValues refer only to main crops (in winter: cereals, rape; in summer: potatoes, sugar beets, maize).
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Oberaargau and Frienisberg the percentage of arable area

under plough is lower due to the adoption of conservation

practices (ploughless systems), such as no-till and strip

tillage in maize. In Estavayer, about 80 per cent of the plots

are still conventionally ploughed (Table I).

In Frienisberg, mapping has been continuously carried

out over the past 9 years (Prasuhn, 2004). Estavayer and

Oberaargau are monitored since autumn 2005.

Methodology

A detailed description of the methodology is given by

Ledermann et al. (2008). In the present paper, a brief review

of the procedure and the most important components of the

mapping are summarised.

Based on an adaptation of existing mapping guidelines by

Rohr et al. (1990), Herweg (1988, 1996), DVWK (1996) and

Prasuhn (2004), erosion damage is mapped in the field after

every erosive precipitation or snowmelt event. The

observations include not only the damaged plot itself, but

also comprise information on the adjacent upslope and

downslope areas. This allows assessment of specific process

patterns, such as run-on, influence of subsurface flows,

impact of soil cover, malfunctions of road drainage, etc., and

identification of off-site impacts (accumulation on neigh-

bouring plots, damage to infrastructure, pollution of water

bodies, etc.) (cf. detail of erosion damage mapping in

Estavayer, Figure 2).

Standard practices of damage mapping focus on rills and

gullies only, and do not consider sheet erosion. However, we

included sheet erosion in our damage mapping because it
Copyright # 2010 John Wiley & Sons, Ltd.
plays an important role in the study sites and cannot be

neglected. All linear erosion features (depth> 2 cm) were

quantified by calculating the volume of eroded soil based on

representative cross-sections (mean depth, mean width) and

length. In addition, linear features concentrating runoff, such

as wheel tracks, furrows and headlands, slope depressions,

etc., and external sources upslopewere identified, if relevant,

for each rill. Soil loss by sheet erosion was roughly

estimated in a semi-quantitative manner by the area affected

and according to three intensity values (‘light’ corresponds

to 0.5 t ha�1; ‘moderate’ corresponds to 1.0 t ha�1; ‘severe

sheet erosion including small rills< 2 cm depth’ corre-

sponds to 1.7 t ha�1). These values were adapted from field

plot measurements in Switzerland, with 40 sediment traps in

30 plots over 3 years (summarised in Rüttimann et al., 1995).

Visual indicators observed in the field, such as soil texture,

runoff tracks, small sediment deposits, etc. were combined

to determine the level of sheet erosion intensity. Finally, the

area affected by sheet erosion, and the causes of erosion

were recorded on the sketch map of each plot. Rills and

gullies are indicated separately according to their precise

location within the plot.

Data on soil properties, slope characteristics, land

management (tillage) and vegetation cover (crop and mulch)

are documented for each eroded plot. Off-site impacts

downslope were roughly estimated regarding measured on-

site soil loss. The observed soil accumulations off-site were

not measured but serve as indicators of current/past soil

erosion, and help to identify pathways of the eroded soil

which eventually help to assign the percentage of deposited
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Figure 2. Detail of an erosion damage sketch from Estavayer, displaying on-site erosion features and off-site effects (1 Oct 2005–1 Oct 2006).
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eroded soil (off-site) to a specific impact category (damage

on cropland, grassland, roads, open water bodies, drainage

channels, etc.).

Photographs were taken as part of a systematic documen-

tation of the impacts of soil erosion in order to detect

changes and identify processes and their influencing factors

(Bosshart, 1997). Applying a single-point approach, the

photo monitoring was conducted occasionally and ran-

domly—photographs were taken whenever a remarkable

event or change occurred. Consequently, plots showing

severe soil erosion or specific erosion control measures were

monitored by a series of photographs throughout the year,

documenting changes and processes over time. The

photographs can later also serve as stimuli for interviews

and group discussions (e.g. about the on- and off-site costs of

soil erosion, benefits of soil protection measures, etc.).

The erosion topo-sequence

According to the concept of the erosion topo-sequence

(Herweg, 1996), soil erosion is not evenly distributed along

the slope. Critical locations indicated by visual erosion

damage provide the starting point of observation. Although

soil erosion is primarily observed on arable land, it is often

the result of a combination of factors occurring both inside

and outside the cropping area (off-site effects, Figure 3).
Copyright # 2010 John Wiley & Sons, Ltd.
Consequently, soil conservation must include a combination

of measures along the entire slope. We therefore divide the

description of erosion damage into three parts:
� t
he damaged plot (mostly arable land), where several

linear features concentrating runoff can be observed, such

as wheel tracks, furrows and headlands, slope depressions

(thalweg), etc.;
� t
he upslope area where several influencing factors can be

located (run-on sources), such as upslope cropland or

grassland, roads, construction sites, forests, etc.; and
� t
he downslope area where off-site impacts occurs, such as

accumulations on cropland, grassland, ecological com-

pensation areas, damage to roads and other infrastructure,

blocked drainage channels, polluted water bodies, etc.

This subdivision into three parts (cf. Figure 3) is applied

throughout the case study. The slopes in the study areas are

often dissected into many different farm plots. Thus, all

damaged plots are considered an on-site impact of soil

erosion, and all subsequent damage is considered an off-site

impact, i.e. off-site impacts are produced whenever eroded

material reaches another field than the one it has been

produced on, even if the latter occurs on crop- and grassland.

This means that one plot can be considered a damaged

area itself, and an area experiencing off-site impacts
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Figure 3. Patterns of soil erosion along slopes in the Swiss plateau—the erosion-topo-sequence (Sketch: K. Herweg, 2007).
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from the adjacent plot upslope, and a run-on source for the

neighbouring plot downslope. Off-site impacts thus com-

prise both damage on agricultural land and on non-

agricultural land, such as villages, roads, water bodies

and the like.

This distinction of three parts was chosen because in

Switzerland farm plots serve as the spatial reference for

existing legal regulations and technological implications

regarding soil protection, e.g. according to the Swiss

Ordinance on Soil Protection (VBBo, Bundesrat, 1998).

Total soil loss is therefore always extrapolated to the entire

plot size and expressed in tonnes per hectare (t ha�1).
RESULTS AND DISCUSSION

On-site Soil Erosion

The various linear features, than concentrated runoff on the

damaged plots are compiled in Figure 4. The data refer to rill

erosion only, thus assuming that these features particularly

trigger linear erosion. Plots only affected by sheet erosion

are not considered in the following evaluation. General

conditions found on the plot, such as soil properties, land

management (tillage) and vegetation cover, which influence

erosion processes, are not considered and are labelled as ‘no

specific’ in Figure 4.

Three main types of linear features that concentrate runoff

were found in all study areas with different frequency and

severity (Figure 4): wheel tracks, furrows (e.g. plough
Copyright # 2010 John Wiley & Sons, Ltd.
furrows) and headlands, and slope depressions (thalweg).

Headlands refer to the two border areas of a cultivated

plot that are used for turning the tractors. The rows run

perpendicular to the layout of the plot and the soil is more

exposed to compaction by heavy machines compared to

the rest of the plot. In general, an additional furrow is

established at the border between the headlands and the

other part of the plot. In Frienisberg 68 per cent of total soil

loss by linear erosion is catalysed by one of these linear

features—in Estavayer and Oberaargau approximately 45

per cent (cf. Figure 4). The predominant linear features for

Estavayer were furrows and headlands, whereas slope

depressions seemed to be of major importance in Frienis-

berg. In Oberaargau, furrows and headlands and slope

depressions were of equal importance.

Our results are in agreement with the findings by Van Dijk

et al. (2005) and Fullen and Reed (1987), indicating that

erosion is often triggered by distinct linear features on-site

that lead to a concentration of overland flow. These can be

topographic features such as slope depressions (thalweg),

and also human-induced elements such as roads, ditches,

headlands, seed drills and furrows. Although the latter were

most frequently recorded on damaged plots, they rarely

caused high soil loss. By contrast, rarely observed depres-

sions usually led to high soil erosion.

In general, linear features concentrating runoff (on-site)

gain in relative importance when run-on from upslope areas

is less frequently observed, as is the case in Frienisberg

(cf. Figure 5).
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Figure 4. Linear features on-site triggering linear erosion (sheet erosion is excluded) (1 October 2005–1 October 2006). �No specific linear feature observed.
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Upslope Area: Identification of Run-on Sources

Many upslope areas, including well-covered grass and

forestland, produce sufficient overland flow during rainfall

and snowmelt events to cause run-on and erosion damage

downslope. Assessments of run-on and the sources of run-on

were done separately for each rill recorded on the plot. Sheet

erosion was assumed to emerge to a large extent on the

damaged plot itself. Run-on processes triggered 66 per cent

of the total rill erosion losses in Oberaargau, 50 per cent in
Figure 5. Upslope sources of run-on causing linea

Copyright # 2010 John Wiley & Sons, Ltd.
Estavayer, and only 15 per cent in Frienisberg (Figure 5).

Figure 5 illustrates that in Estavayer, 26 (41 per cent) out of

64 plots that were affected by linear erosion showed the

influence of run-on (frequency bar). In Oberaargau and

Frienisberg, run-on was observed in 33 and 27 per cent of the

cases, respectively.

The main sources of run-on in all three study sites were

located on upslope agricultural areas (cropland and grass-

land). In Oberaargau and Frienisberg run-on was generated

primarily on cropland, in Estavayer on both cropland and
r erosion (1 October 2005–1 October 2006).
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Figure 6. Common types of off-site impacts downslope: on crop land (left side), and by indirect inflow via roads and drainage channels (right side) (Photos T.
Ledermann, 2006). This figure is available in colour online at www.interscience.wiley.com/journal/ldr
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grassland. Generally, sealed surfaces such as roads and

urban areas contributed only little to run-on, showing the

greatest influence in Frienisberg. Other sources of run-on

were observed in one case in Estavayer, where runoff from a

highly compacted construction site caused large rills in the

cultivated plot downslope.

The data show remarkable differences among the three

case study areas. Due to a rather gentle topography in most

parts, as well as a dense drainage system, Frienisberg

showed almost no run-on. In Estavayer and Oberaargau, by

contrast, run-on was considered a major cause of 50 per cent

or more of all linear erosion features described, because

slopes are steeper and the area may be less well drained.

Figure 5 shows that in Estavayer and Oberaargau the

occurrence of run-on had a considerable influence on on-site

soil loss. 33 per cent of the plots in Oberaargau were

influenced by run-on and accounted for 66 per cent of total on-

site soil loss by linear erosion. In Estavayer, 41 per cent of the

plots showed run-on and amounted to 50 per cent of total soil

loss by linear erosion. Urban areas and asphalt roads in

Switzerland are mostly well drained, particularly in Frienis-

berg, with about one sewer per hectare. This decreases the

probability of run-on compared to many other studies. Run-on

from sealed areas was only observed when the drains were

temporarily clogged. As the drains are often well maintained,

this does not happen very often. Similarly, gravel roads are

also well drained, but the drains are more frequently blocked

because of eroded gravel and soil.

Downslope Area: Identification of Off-site Impacts

An eroded plot itself may trigger off-site impacts, when soil

and/or water leave the plot, causing damage downslope.

Common types of off-site impacts are accumulations on

cropland, grassland, and roads (cf. Figure 6), as well as

pollution of surface water, either by direct inflow in open

water bodies (streams, rivers), or by indirect inflow via roads
Copyright # 2010 John Wiley & Sons, Ltd.
and drainage channels (cf. Figure 8). Damage to private

infrastructure and housing was rarely observed during the

period but is reported in other areas. Even when eroded

particles can be filtered by conservation structures (e.g.

buffer strips), excess overland flow can still cause

considerable harm to infrastructure or lead to flooding.

Figure 7 illustrates that almost 80 per cent of the damaged

plots in Frienisberg, and more than 90 per cent in Estavayer

and Oberaargau resulted in off-site deposition. In terms of

soil loss, 66 per cent of sheet and rill erosion was deposited

off-site in Estavayer, in Frienisberg 54 per cent, and in

Oberaargau 56 per cent.

Hence, 34 per cent of total eroded soil (sheet and linear

erosion) in Estavayer, and in Frienisberg and Oberaargau

approximately 45 per cent, remained on the damaged plot. It

was found as both diffuse accumulations and concentrated

depositions, mostly in wheel tracks, furrows, concave

slopes, footslopes, or at the plot’s lower border.

Building on Figure 7, some further differences in

downslope damage between the case study areas are

illustrated in Figure 8. Off-site effects related to non-

agricultural areas, such as roads, infrastructure and water

bodies, were most important in Estavayer with 54 per cent,

followed by Frienisberg with 36 per cent and Oberaargau

with 26 per cent. Concerning water pollution, approximately

20 per cent of total soil eroded at all sites reached open

water bodies - the greater part of it was transferred to the

rivers and lakes by road and drainage channels (indirect

inflow). Frienisberg showed the highest water pollution

rates, with 24 per cent reaching surface water indirectly. In

Estavayer, in addition to the 15 per cent of indirect inflow,

some 9 per cent was observed to hit water resources directly.

Other damage mainly through accumulation in forest areas

and damage to private infrastructure, is summarised under

the damage type labelled ‘other’. In Oberaargau 30 per cent

of all eroded soil was deposited on agricultural land (mainly
LAND DEGRADATION & DEVELOPMENT, 21: 353–366 (2010)



Figure 7. Area of deposition of eroded material (sheet and linear erosion) (1 October 2005–1 October 2006). �On-site diffuse: diffuse depositions on the plot.
�� on-site concentrated: depositions in wheel tracks, furrows, concave slopes, footslopes, plot borders.
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cropland), in Frienisberg 18 per cent and in Estavayer

12 per cent.

Mosimann et al. (1991) as well as Prasuhn and Grünig

(2000) provide a close match for the Swiss Plateau region,

estimating that only about 40 per cent of the total eroded soil

remains on the damaged plots. This is partly due to the fact

that in Switzerland plots are rather small. Thus, depending

on the position of the damaged plot along a slope cross-

section, soil is primarily deposited on adjacent plots rather

than on the footslope of the damaged plot itself. Such slope
Figure 8. Off-site impacts: deposition area of eroded soil caused by
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fragmentation can decrease soil loss rates because it

functions like intercropping. Furthermore, cropland is

usually not separated from roads by drainage ditches as,

for example, in Germany. Therefore, runoff from agricul-

tural land can more easily cause off-site impacts downslope,

as illustrated in Figure 8.

Analysis also shows that not only rill erosion can induce

off-site impacts: in Estavayer, 17 out of 19 plots affected

exclusively by sheet erosion caused off-site impacts, and 92

per cent in Oberaargau (36 out of 39 plots) and 56 per cent in
sheet and linear erosion (1 October 2005–1 October 2006).
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Table II. Three cases with greatest total soil loss by sheet and rill erosion for each study area (1 October 2005–1 October 2006)

Study
area

Ephemeral
gullies (no.)a

Contributing
plots (no.)/total
area of plots (ha)

Total soil loss
(sheet/rill) (t)

Total off-site (t)b Total muddy
flood hazard (t)c

Estavayer 2 1/8.2 405 298 268
Estavayer 3 6/7.5 104 74 63
Estavayer 0 1/5.7 97 71 71
F’berg 2 1/2.0 43 36 16
F’berg 0 1/2.3 29 17 17
F’berg 0 1/4.4 24 9 9
O’aargau 0 2/3.5 39 14 13
O’aargau 0 1/1.0 24 20 6
O’aargau 2 1/0.6 20 18 11

aAccording to Hauge (1977).
bTotal off-site deposition related to agricultural and non-agricultural areas.
cMuddy flood hazard: off-site deposition related only to non-agricultural areas (roads, infrastructure, water bodies).
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Frienisberg (9 out of 16 plots). Further, the severity of

soil erosion alone does not determine whether there is any

off-site impact or not. Both Estavayer and Oberaargau

feature plots which show high soil loss but no off-site

impacts at all, because all the erodedmaterial is deposited on

the damaged plot itself. Regarding water pollution, close

correlation was found with Prasuhn and Grünig (2000) and

Mosimann et al. (1991), both of whom estimated the inflow

(direct and indirect) of eroded soil into water bodies to 10–

20 per cent.

Boardman et al. (2006) associate muddy floods with the

following issues:
� f
Fig
cu

Co
requent occurrence of concentrated flow in valley bot-

toms involving ephemeral gullying;
� h
igh percentages of arable land;
ure 9. Ephemeral gullies observed on two bare plots—left: ploughed, gully in
ltivator, gully with shallow depth �10 cm, width �300 cm (left side, Photo T

Estavayer and Frienisberg. This figure is available in colo

pyright # 2010 John Wiley & Sons, Ltd.
� la
cis
. L
ur
rge quantities of soil flowing as suspended sediment or

bed load from agricultural plots; and
� o
ff-site impacts causing serious financial damage to pri-

vate property and public infrastructure.

Consequently, many off-site effects in our study areas

related to non-agricultural areas, such as roads, communal

and private infrastructure, and water bodies, basically

indicate a high muddy flood hazard. Off-site deposition on

agricultural areas (cropland and grassland) did generally not

cause great financial damage and was therefore of minor

importance in terms of muddy floods. For each study site,

Table II compiles the three cases with the greatest total soil

losses (t) from sheet and rill erosion on agricultural land. In

the absence of extreme summer storms during the period
ed to plough pan depth �25 cm, width �55 cm; right: ripped with a field
edermann, March 2006; right side, Photo V. Prasuhn; August 2007) in
online at www.interscience.wiley.com/journal/ldr
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described, most of the cases related to autumn-drilled

cereals such as winter wheat.

According to the cross-section threshold of 929 cm2

mentioned by Hauge (1977), ephemeral gullies were rarely

observed within the three study areas (Table II). This may be

because of existing plough pans resisting deep incision

(Figure 9), soil of moderate erodibility only, or small plot

sizes hindering deep incision (short runoff distances).

However, Boardman (2003) and the Soil Science Society

of America (2001) define ephemeral gullies in a broader

sense, not only by size but also by slope position and

durability. Hence, ephemeral gullies are characterised as

wide channels of only several centimetres in depth that can

easily be filled by normal tillage, commonly occurring

in depressions and valley bottoms (Figure 9). Furthermore,

Vandaele and Poesen (1995) suggest that linear landscape

elements, such as plot borders, roads and furrows may

trigger ephemeral gullies in general. Regarding the above

comments in combination with the effects of linear

features concentrating runoff on-site (Figure 4), the occur-

rence of ephemeral gullies within the study sites is much

higher.

The study areas feature typical agricultural regions with

high percentages of arable land. Plot sizes are mostly small,

dissecting the slopes in several strips. However, in some

cases, runoff was observed not to stop at the border of the

plots but to affect adjacent plots as well, causing high soil

loss, especially as thalweg erosion. Further analysis of data

suggested that severe off-site impacts were often bound to a

large area, contributing to runoff and erosion (cf. Table II:

total off-site, total muddy flood hazard).

Table II further illustrates that remarkably high soil losses

by sheet and rill erosion may occur on individual plots,

although average soil loss rates are low (cf. introduction).

Addressing off-site impacts (damage), especially muddy
Figure 10. Muddy flood event leaving a blanket of mud on a road and cloggin
combination of high rainfall and snowmelt (right side). (Photos: T. Ledermann,

com/journa

Copyright # 2010 John Wiley & Sons, Ltd.
floods, the amount of soil deposited off-site is predominant.

The figures therefore suggest serious impacts to downslope

areas. The severity of the cases may be appraised by the total

amount of soil deposited off-site related to non-agricultural

areas, such as roads, communal and private infrastructure,

and water bodies (cf. Table II: muddy flood hazard) and the

associated financial damage caused. In most of the above

cases, costs were reported due to cleaning of roads and

maintaining of drainage drains (Figure 10). Damage to

housing (Figure 10) was only observed in one case because

the eroded plots were usually not located close to communal

or private buildings. Concerning the damage related to

sediment inflow into water bodies, the costs could only be

estimated as rather high.

The results of this study, as well as additional information

gathered through interviews with farmers, individuals,

extension agencies and reviews of newspaper articles,

provide evidence that muddy floods also occur to a large

extent in Switzerland, despite the rather small structures in

Swiss agriculture and the absence of areas with highly

erodible loess soils.

Accuracy of Erosion Damage Mapping

According to Casalı́ et al. (2006), assessing the volume of

linear erosion features directly in the field is a practicable

compromise in terms of accuracy, applicability and cost-

efficiency, compared with other more sophisticated methods.

One of its advantages is high area coverage. Nevertheless,

error values greater than 10 per cent are common. A good

approximation is possible for wide and shallow gullies, and

for small rills, but only if forms are uniform and the distance

between consecutive cross sections is shorter than 5m

(Casalı́ et al., 2006). Herweg and Stillhardt (1999), Herweg

(1988) and Rohr et al. (1990) support these conclusions,

estimating the error with experienced observers and careful
g the sewers (left side). Flooding of private housing properties due to a
2006). This figure is available in colour online at www.interscience.wiley.
l/ldr
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application of �15 per cent. A decline in accuracy to �30

per cent error is expected with inexperienced surveyors,

under high vegetation cover, and increasing complexity of

networks of rills.

In response to this, the pursued accuracy of the damage

mapping exercise always depends on the research questions

and objectives, and available time and funds. The tool has its

applications in many studies (Rohr et al., 1990). The purpose

of this study was to provide a broad overview of soil erosion

with greater area coverage, rather than to be as accurate as

possible with low area coverage. Depending on the density

of erosion damage, an experienced surveyor can cover an

area of up to 200 ha in 1–2 days. During the 1-year study

period, about 10 days of mapping were conducted for each

study area. Therefore, and despite all uncertainties, we

believe the damage-mapping tool is valuable in the case of

this project. Hudson (1993) and Stocking and Murnaghan

(2001) further note that the great number of observations and

the lack of artificial border conditions improve the realism of

data generated by such field surveys, even though the many

features recorded are estimations. We are particularly aware

of uncertainties concerning the values for sheet erosion and

therefore treat these data with caution.
CONCLUSIONS

Filling knowledge gaps concerning temporal and spatial

variations of soil erosion demands area-specific approaches

and tools, such as the damage mapping described here.

According to Vandekerckhove et al. (2004), mapping of

visible erosion features is of great value in assessing the

extent and the severity of soil erosion, as well as its causes

and impacts. Nevertheless, in soil erosion science, model-

ling and test plot measurements are regarded as more

reliable, although many models, especially the USLE-based

ones, are often restricted to rill and sheet erosion, and on-site

processes only (Prasuhn, 2004; Cerdan et al., 2006).

Upslope sources of erosion (run-on), special cases of linear

erosion (linear features concentrating runoff on-site) and

off-site impacts are often considered insufficiently, or not at

all. The results of this study underline the need for field

observations, precisely because these special on- and off-site

cases are of major importance. In addition, erosion damage

mapping can provide a comprehensive overview of soil

erosion in specific catchment areas and may lead to more

realistic models. In this regard, Van Dijk et al. (2005)

mention that applying a model to a certain area always

requires verification in the field.

Some important results and conclusions of this study are

summarised below. Although mean annual soil losses

differed considerably among the three study areas (due to

differences in plot size, land use and management systems),
Copyright # 2010 John Wiley & Sons, Ltd.
similar patterns were observed in terms of the off-site

effects:
(1) F
actors influencing soil erosion such as linear features

concentrating runoff on-site, run-on sources upslope,

and subsequent off-site impacts downslope occurred at

all sites but varied considerably within and between the

study areas.
(2) R
un-on processes and linear features concentrating run-

off were often observed to interfere with each other,

triggering or reinforcing soil erosion processes.
(3) T
he amount of soil deposited off-site, adjacent to the

damaged plot, was estimated to be >50 per cent

throughout, with 20 per cent even reaching open water

bodies directly or indirectly through roads and drainage

channels.
(4) T
his off-site impacts involved high financial costs for

communities and individuals. However, so far nothing

has been documented about externalities, e.g. costs

related to the damage to houses, streets, and other

infrastructure.
(5) T
he case studies of extreme erosion damage show that

muddy floods do occur in Switzerland.
The data discussed are for a 1-year period only, and are

hence highly dependent on the (non) occurrence of heavy

storms. The data may not be representative. Nevertheless,

since this period was characterised by extreme events and

severe erosion damage, it was an excellent opportunity to

study the decisive aspects of erosion and draw relevant

conclusions for better land management. Long-term map-

ping exercises by Mosimann et al. (1991), Weisshaidinger

and Leser (2006), Prasuhn and Grünig (2000), etc. support

our conclusions. Mapping within the three study areas will

continue in the future.

Without trying to draw universal conclusions, the

application of rill mapping in Italy and Ethiopia (cf.

introduction) has been included to highlight both differences

and the common aspects in comparison with the results

observed at the Swiss research sites. Certainly, the

completely different biophysical and socio-economic set-

tings explain the differences in orders of magnitude of

erosion, as well as the variation in the combinations of

factors and linear features that finally lead to soil erosion.

Nevertheless, common to all sites (Italy, Ethiopia, and

Switzerland) was:
(1) t
he importance of temporal and spatial singularities; i.e.

the occurrence of a few severe rainstorms causing the

bulk of annual soil losses, and the multitude of com-

bined factors that accelerate rill erosion;
(2) t
he complex interrelation between farmland (cropland,

grassland) and other land use types (e.g. infrastructure);
LAND DEGRADATION & DEVELOPMENT, 21: 353–366 (2010)
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(3) th
Copy
e fact that even densely vegetated areas, such as

grassland and forest, are rather well protected them-

selves but produce considerable amounts of overland

flowwith a high potential to lead to or accelerate erosion

damage on cropland downslope;
(4) th
e important role of depressions in predetermining

water flows and soil erosion across land use boundaries

that potentially create muddy floods.
These common issues indicate that technical solutions

must, first, be plot-specific and thus can best be developed by

or together with the respective land user. Second, soil and

water conservation cannot be the responsibility of a single

actor or actor group (Schneider et al., 2010). The complex

interlinks between arable land as a source of soil loss and all

land use types as a potential source of overland flow require

solutions that must involve farmers, as well as engineers,

communities, etc.

In general, rill mapping, starting from visible erosion

damage, investigating sources of run-on upslope and

subsequent off-site impacts downslope, opens one’s eyes

to the fact that effective soil and water conservation goes

beyond farmland. Soil erosion is a drainage problem at the

watershed level, and its mitigation must involve farmers as

well as communities, civil engineers, architects, etc.
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Thesis, Centre for Development and Environment, University of Berne:
Berne.

Fullen MA. 2003. Soil erosion and conservation in northern Europe.
Progress in Physical Geography 27: 331–358.

Fullen MA, Reed AH. 1987. Rill erosion on arable loamy sands in the West
Midlands of England. Catena Supplement 8: 85–96.

Govers G. 1991. Rill erosion on arable land in central Belgium: rates,
controls and predictability. Catena 18: 133–155. DOI: 10.1016/0341-
8162(91)90013-N

Hauge C. 1977. Soil erosion definitions. California Geology 30: 202–203.
Helming K, Rubio JL, Boardman J. 2006. Soil erosion across Europe:

research approaches and perspectives. Catena 68: 71–72. DOI: 10.1016/
j.catena.2006.03.008

Herweg K. 1988. The applicability of large-scale geomorphological map-
ping to erosion control and soil conservation in a research area in
Tuscany. Zeitschrift für Geomorphologie, Neue Folge, Suppl. Bd. 68:
175–187.

Herweg K. 1996. Field Manual for Assessment of Current Erosion Damage.
SCRP Ethiopia, and Centre for Development and Environment, Univer-
sity of Berne: Berne.

HerwegK, Stillhardt B. 1999. The variability of soil erosion in the highlands
of Ethiopia and Eritrea. Research Report 42, SCRP Ethiopia, and Centre
for Development and Environment, University of Berne: Berne.

Hudson NW. 1993. Field measurement of soil erosion and runoff. Food and
Agriculture Organization Soils Bulletin 68, FAO: Rome.

Ledermann T, Herweg K, Liniger HP, Schneider F, Hurni H, Prasuhn V.
2008. Erosion damage mapping: assessing current soil erosion damage in
Switzerland. In The Soils of Tomorrow: Soils Changing in a Changing
World, Dazzi C, Costantini E (eds). Advances in GeoEcology 3:
Reiskirchen, Germany; 263–283.

Leser H, Meier-Zielinski S, Prasuhn V, Seiberth Ch. 2002. Soil erosion in
catchment areas of Northwestern Switzerland. Methodological con-
clusions from a 25-year research programme. Zeitschrift für Geomor-
phologie, Neue Folge 46: 35–60.
LAND DEGRADATION & DEVELOPMENT, 21: 353–366 (2010)



366 T. LEDERMANN ET AL.
Mosimann T, Maillard A, Musy A, Neyroud JA, RüttimannM,Weisskopf P.
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Costs related to the Effects of  
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Photos: 

top left: yield loss as a consequence of soil erosion, Estavayer (Nicolas Rossier) 

top right: applying organic material (repair measure), Estavayer (Nicolas Rossier) 

bottom left: road construction (engineering measure), Oberaargau, 24. January 2008 (Thomas Ledermann) 

bottom right: insurance companies bear the costs, Oberaargau, 11. June 2007 (Thomas Ledermann) 
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ABSTRACT 
Based on soil erosion damage mapping done for this study, this paper categorizes and estimates 

the total costs of erosion damage in Switzerland. It takes account of the multifaceted and long-term 

nature of erosion and its economic impacts. The study reveals that off-site costs that are borne by the 

public are about three times higher than on-site costs borne by farmers, which are generally rather low. 

In case of more extreme rainfall events in the future, off-site costs and with them conflicts between 

farmers and villagers are likely to intensify. The categorization makes costs transparent and debatable 

and thus enables decision-makers and soil conservation services to better consider economic and 

sociocultural dimensions in their policy formulation and consultation work prior to the emergence of 

conflicts. The study stresses that soil erosion concerns wider parts of the society than only farmers. 

This does not only refer to the fact that it is often the actions or omissions of various stakeholders that 

lead to damages. It also implies that responsibilities for conservation efforts must incorporate a wider 

range of actors. 

 

Keywords: soil erosion; soil conservation; economic, ecological, and social effects; on-site and off-

site effects; costs and benefits 

1 INTRODUCTION 

Soil erosion by water is among the major and most widespread forms of land degradation in 

Europe, particularly in areas with intensive agriculture (Helming et al., 2006; Van-Camp et al., 2004; 

Oldeman, 1994). Erosion not only affects the agricultural area where it occurs (on-site), but also 

involves economic, ecological, and social costs related to off-site effects, such as soil deposits on 

adjacent plots, damage to public or private infrastructure, or pollution of water bodies. These off-site 

effects may result in considerable costs that are borne by society at large, including local authorities, 

individual householders, and insurance companies. 
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Hurni et al. (2008) note that the impacts of soil erosion are more easily understood if its costs, 

or the (financial) benefits of environmental protection, can be shown. The need for such estimates 

occurs at different levels (Pretty et al., 2000): policy strategies are developed at the cantonal, national, 

and international level. Here, the estimates provide a broad guide for policy emphasis, for example by 

decision-makers setting priorities for action (Bielders et al., 2003). Areas in which costs appear to be 

highest are often subject to policy emphasis and further analysis. At the level of programs or projects, 

estimates of costs and benefits can help guide decisions, for example about which soil protection 

measures are best suited to reduce erosion. Kuhlman et al. (2010) state that if the costs and benefits to 

the land user can be compared with those to society as a whole, a sound basis for a soil conservation 

policy may be found: we would be able to say by how much a farmer should be subsidized or 

penalized such that he or she will have an incentive to practice the socially desirable extent of soil 

conservation. 

Numerous studies have dealt with the socioeconomic effects of soil loss, such as reduced crop 

yield; the majority of these studies were conducted in North America and Australia (summarized, e.g., 

in Hurni et al., 2008; Görlach et al., 2004a; Tegtmeier & Duffy, 2004). However, much less has been 

written on the off-site effects and costs of soil erosion (Lal et al., 2003). Schuler et al. (2006) conclude 

that quantitative results are scarce, especially for Europe. In this respect, Pretty et al. (2003) list a 

variety of reasons for the scarcity of economic data. Most of these constraints also apply to soil 

erosion in Switzerland: First, there are different valuation methods or estimations at different scales, 

which are not necessarily comparable. Second, data availability is limited; hence, some costs are 

drawn from other studies. However, data transferability is limited, as background information is often 

missing and figures are only expressed as total costs over large areas. Neither can they be simply 

transferred to different regions or extrapolated regionally nor globally (Hurni et al., 2008). Third, some 

costs comprise an array of problems, of which only a proportion can be assigned to soil erosion. 

Fourth, cost categories are known, but the frequency of the problem or geographic extent is unclear. 

Finally, for some categories, no economic data exist at all. 

In addition, there are some huge disparities in cost estimates (Hopkins et al., 2001): For 

example, Pierce et al. (1984) predict losses in productivity between 1.8% and 7.8% due to erosion over 

a period of 100 years. By contrast, Pimentel et al. (1995) estimate erosion-induced productivity losses 

of 8% in a single year. These figures indicate the importance of an improved empirical analysis of 

these costs. Therefore, an assessment has been undertaken for Switzerland, also triggered by the 

growing concern among Swiss policymakers, farmers, private households, and insurance companies 

about who will bear the costs of soil erosion. 

2 RESEARCH QUESTIONS 

The present study is part of a larger research project (COST-634, http://www.cost.esf.org/) that 

investigated the effects of soil erosion as well as soil protection measures, both on-site (farms) and off-

site (communities and watersheds), in a more comprehensive manner, taking into account ecological 

http://www.cost.esf.org/
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soundness, economic viability, practicability, and social acceptance. Specific questions addressed by 

this paper are:  

(1) What costs do effects related to soil erosion imply for different actors? 

(2) What are the potential social conflicts within and between different stakeholder groups, and 

how are they related to off-site impacts? 

3 METHODOLOGY 

3.1 STUDY AREAS AND ACTOR GROUPS INVOLVED 

Field work was carried out between 2005 and 2008 and drew on various data sets covering the 

extent, severity, and frequency of soil erosion, as well as its on- and off-site impacts. The data were 

collected in three study areas encompassing 800 arable plots with a total of 1,000 ha (Ledermann et 

al., 2008, 2010). All three sites (Estavayer, Frienisberg, Oberaargau) are located north of the Alps in 

the main agricultural region of Switzerland. Mean plot sizes range from 0.9 to 1.9 ha. Such field sizes 

are typical for Switzerland. Swiss agriculture in particular is characterized by well-balanced crop 

rotations (cereals and rape seed as the main winter crops and potatoes, sugar beets, and maize as the 

main summer crops) including a high share of temporary leys (grass-clover mixture). Most of the 

farms still practice mixed crop-livestock farming. Oberaargau and Frienisberg show a remarkable 

adoption of conservation practices (ploughless and non-inversion systems) such as no-till and strip 

tillage. In Estavayer, about 80% of the plots are still conventionally ploughed. 

Damage mapping done for this study disclosed average annual soil loss rates of 0.7 to 2.3 t ha-1. 

Concerning the off-site impacts, about two-thirds of total soil eroded was deposited off-site, whereof 

25–50% was deposited in non-agricultural areas such as roads, infrastructure, and water bodies 

(Ledermann et al., 2008, 2010). Concerning the perception of soil erosion and its impacts and costs, 

scientific information gathered by field observations was complemented by 73 interviews with 

farmers, villagers, communal and cantonal representatives, fire brigade members, erosion experts, 

cleaning and sanitation firms, and others. 

3.2 COST CATEGORIES 

The methodology was adapted from a study carried out by the European Commission (Görlach 

et al., 2004b), assessing the economic impacts of soil degradation. Costs related to the effects of soil 

erosion can be threefold (Figure 1): First, direct damage costs occur as a consequence of erosion and 

the omission of protective measures (non-action). Second, (late) reaction costs may arise, that is, 

measures taken after the occurrence of soil erosion, such as applying fertilizers, excavating 

sedimentation pans, and diverting muddy water by means of sandbags to prevent further off-site 

damage. Third, proactive costs result from applying preventive soil conservation measures as a 

protection against potential future damage. 
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Figure 1: Categories of soil erosion costs (adapted from Görlach et al., 2004b). 
 

It is assumed that farmers bear either the non-action/reaction costs or the proactive costs of soil 

and water conservation, since investments in this result in a decrease in erosion rates. For example, in-

mulch seeding and no-tillage farming are regarded as proactive solutions that reduce the risk of soil 

erosion. However, soil and water conservation measures are not costed here (Schneider et al, 2010). 

Costs can further be spatially classified as on- and off-site effects (Görlach et al., 2004a), which 

is more or less equivalent to the distinction between impacts on the farmer (for example, loss of the 

productive function of the soil) and on other people, such as property owners, taxpayers, and 

municipalities (Boardman et al., 2003a; Van Rompaey et al., 2003; Jayasuriya, 2003; Barbier, 1995). 

Because of the complexity of soil erosion, this paper focuses only on non-action and (late) 

reaction costs. Based on the above comments, costs are classified into four cost categories (Figure 1): 

(1) Farm damage costs: non-action on-site costs arising as a consequence of soil erosion - for 

example, yield loss. 

(2) Farm mitigation and repair costs: (late) reaction on-site costs - that is, repair measures (such as 

additional fertilizer input) and emergency measures taken after the occurrence of soil erosion in 

order to avoid more serious damage. 

(3) Social damage costs: non-action off-site costs that are borne by others - for example, costs for 

clearing deposits of eroded material. 

(4) Social damage avoidance costs: reaction costs related to mitigating the off-site impacts of soil 

erosion - for example, engineering measures such as dams and ditches. 
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Within this paper, only total use values are estimated. Non-use values are not examined, 

simplifying the much broader “total economic value” approach described by Pearce and Warford 

(1993) and OECD (1989). However, even though direct values are fairly straightforward in concept, 

they are not at all easy to measure in economic terms. 

3.3 VALUEING AND QUANTIFYING 

According to OECD (1989), costs are estimated using indirect valuation procedures (dose-

response), mainly the “damage done procedure” (including costs of repairing, restoring, and 

remediating). The estimates are based on erosion damage mapping done for this study. Calculations 

refer to benchmark figures obtained through interviews, expert judgments, and literature. For all 

categories, minimum values (coherent to what was observed throughout) and maximum values 

(extremes) are indicated, displaying the difference in severity and cost ranges stated by other studies, 

along with an intermediate estimate, which reflects a best estimate of mean costs (not an arithmetic 

mean of the high and low estimates). 

Data from insurance companies are used wherever available, which is probably the most 

straightforward approach. However, the following constraints must be considered: (1) Some insurants 

(farmers and householders) either claim only part of their losses or do not report the damage at all, 

because they fear that insurance premiums may increase. (2) Only part of the damage can be related to 

soil erosion. (3) Some costs might be considered twice, because they are reported by both the 

insurance company and the insurant. 

Not all soil functions are of direct and measurable economic relevance. Some costs are 

unknown or at present difficult to quantify due to lack of data (OECD, 2003). Kuhlman et al. (2010) 

and Boardman et al. (2006) further remark that some costs may not be quantifiable at all, such as the 

psychological stress associated with repeated flooding. 

If quantification of the impacts is not possible, the second-best alternative is to assess the 

economic impacts qualitatively (Görlach et al., 2004a; Boardman et al., 2003a). The presence of such 

intangibles may not pose a crucial problem as long as the approximate magnitudes of such effects are 

known (Bojö, 1992). Therefore, a grading system (index of significance) was adopted based on a 

qualitative content analysis (Flick, 2005). It describes the relative importance of different types of 

impacts that were (1) observed in the field, (2) frequently mentioned by one actor group, or (3) 

mentioned by different actor groups. Table 1 summarizes all impacts addressed within this work: 
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Table 1: Soil erosion impacts and specifications for evaluation.  
 Impact  Specification Costs 

M
on

et
ar

y 

Q
ua

nt
ita

tiv
e 

Q
ua

lit
at

iv
e 

Farm damage 
costs 

Loss of soil 
fertility/productivity 

 Decrease in short- and long-term yield; loss of topsoil X - - 

Damage to crops due to 
incision by rills and 
material deposition 

 Loss of seedlings; loss of inputs such as fertilizer; crop burial 
 Hindrance of agricultural operations such as planting, fertilizing, and 

harvesting; additional tillage; loss of time due to delayed sowing 

X - - 
- X X 
   

Reduction of incentive 
payments 

 Sanction, regulation on SWC measures, reduction of incentive payments X - - 

Farm 
mitigation and 
repair costs 

Repair and replacement 
activities 

 Redistribution of eroded sediment/soil and filling operations X - - 
 Application of organic material and additional fertilizers; re-sowing  - X X 

Mitigation measures  Establishment and maintenance costs, e.g. for sedimentation pans and rill 
mulching 

X X - 

Social damage 
costs 

Damage to communal 
or private infrastructure 
and belongings 

 Damage to private housing and belongings 
 Damage to communal infrastructure, especially deposition on roads 

X - - 
X X - 

Water pollution  Nutrients (phosphate, nitrate), pesticides, decline in water quality X X - 
Social conflicts  Conflicts emerging between the different actor groups because of erosion 

damages 
- - X 

Social damage 
avoidance 
costs 

Repair and replacement 
activities 

 Clearance of blocked drainage channels (inlets) 
 Clearance of deposits outside arable land 
 Inputs by private householders 

X - - 
X - - 
- - X 

Mitigation measures  Inputs by administration and community X - X 
 

Wherever good economic data were missing, values were estimated by transferring information 

from studies already completed in another location or context. In order to minimize inaccuracy related 

to the transfer, expert judgments (personal communication by an erosion expert) considering our 

specific situation were consulted (Van den Bergh & Button, 1999). 

The estimates do not take all impacts of soil erosion into account. Only impacts that occurred 

during the damage mapping period, took effect at the catchment level, and were mentioned by the 

interviewees are discussed, focusing on current annual costs.  

4 RESULTS AND DISCUSSION 

4.1 ON-SITE IMPACTS AND COSTS 

Short-term loss of soil fertility/productivity 

In order to cost soil fertility and productivity decline, we transferred values published by 

Schmid et al. (1998), who applied the EPIC model (erosion-productivity impact calculator) to Swiss 

conditions. The values reveal annual on-farm costs, in 2006 values, between 2.15 and 2.85 Swiss 

francs (CHF) t-1 ha-1, dependent on soil depth (Table 2). 
Table 2: Short-term costs related to loss of soil fertility/productivity. 
 Lower  

estimate 
Intermediate 

estimate 
Upper estimate Sources 

Indicator: total soil loss (t ha-1 y-1)  0.70  1.50  2.30 Damage mapping done for 
this study 

Reference values: on-site costs (CHF t-1 ha-1 y-1)  0.00  2.15  2.85 Schmid et al., 1998 
Estimated costs (CHF ha-1 y-1)  0.00  3.30  6.55  
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Assessing the costs of soil fertility/productivity losses through interviews with farmers showed 

that farmers generally focus on why soil erosion occurs rather than what the consequences are 

(Schneider et al., 2010). This may also be due to missing scientific data for farmers.  

In agreement with other studies (e.g., Bielders et al., 2003), loss of soil fertility is an issue for 

only a small number of farmers. Most farmers reported that, currently, there is no decline in yields 

perceived to be due to erosion. Ascribing possible yield declines to soil erosion exclusively (isolating 

the effects of erosion) was perceived as invalid - precipitation, water stress, and temperature all affect 

yield and complicate relationships that otherwise might be attributed to erosion (Fenton et al., 2005; 

Lal, 2001). Further, farmers draw a balance over more than one year - a good year easily compensates 

for a bad year (Schaub, 1989). 

Goetz and Keusch (2005) support these values, noting that the costs associated with the 

productivity loss are relatively low for agricultural farms within the temperate zones. Similar results 

are reported by Colacicco et al. (1989) and Smith and Shaykewich (1990) for the United States and 

Canada. Uri et al. (1998) indicate even lower costs. 

 

Long-term loss of soil fertility/productivity 

There is some agreement among Swiss farmers that in the long run, erosion may lead to fertility 

decline (also Theler, 2001) and is thus undesirable. Costing these effects, we applied values published 

by Bakker et al. (2004) and Putman et al. (1988) (Table 3). 

 
Table 3: Long-term costs related to loss of soil fertility/productivity. 
 Lower  

estimate 
Intermediate 

estimate 
Upper  

estimate 
Sources 

Indicator/reference values: 
 yield loss (% 10cm-1 soil loss) 
 productivity loss (% 100 y-1) 

 
 4.00 
 - 

 
 - 
 2.30 

 
 - 
 25.00 

 
Bakker et al., 2004  
Putman et al., 1988 

Replacement costs for crop yield (CHF ha-1) 
low value (maize), high value (potatoes) 

 3,000.00  4,500.00  13,000.00 Lips and Ammann, 2006 

Estimated costs (CHF ha-1 y-1)  a 0.20  1.05  32.50  
a Calculation is based on a mapped average soil loss rate of 1.2 t ha-1 y-1. 

 

Bakker et al. (2004) conclude that in areas where erosion occurs gradually and where soil 

management avoids severe nutrient shortages, the remaining limitations are physical hindrance and 

water deficit. Yield reduction by these limiting factors is around 4% per 10 cm of soil loss and was 

negligible in our study areas: Estavayer, with a mapped soil loss rate of 2.3 t ha-1 y-1, would lose on 

average 0.01% yield per decade, Frienisberg and Oberaargau even less. 

Putman et al. (1988) estimate productivity losses of 2.3% over 100 years within the entire 

United States (for similar results Xu & Prato, 1995; Pierce et al., 1984). However, there is 

considerable spatial variability in the effect of erosion, and the productivity for particular areas may 

decline up to 25% over 100 years (de la Rosa et al., 2000). 

Although much research concerning the impact of soil erosion on agricultural productivity has 

been conducted (summaries by Hurni et al., 2008; Lee et al., 1997), reliable quantitative information is 

still missing (Bakker et al., 2007) and the discussions are often controversial. This may be due to the 
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fact that many factors interact to affect soil productivity, making assessment of the impacts of soil 

erosion on productivity difficult (Pimentel et al., 1995). Olson et al. (1994; quoted in Enters, 1998) 

note that physical soil loss is only a rough proxy for soil fertility decline and it is difficult to attribute 

crop yields to differences in past erosion. In fact, even high erosion rates may affect crop yields only 

marginally on deep soils with favorable subsoil characteristics (Lal, 1997; Enters, 1998). Bakker et al. 

(2004) note that future reductions in productivity in Europe as a whole are likely to be relatively small 

and probably will not pose a substantial threat to crop production in the coming century (Lal et al., 

2003). In Switzerland, as in other European countries, it is reasonable to assume that the high level of 

fertilizer applications to a large extent compensates for erosion-induced nutrient shortages (Hopkins et 

al., 2001).  

Therefore, in an economic context, soil productivity is “produced rather than primary” (Lal et 

al., 2003; see also Knowler, 2004). However, the effects of soil erosion on productivity may be 

masked not only by increased inputs but also by improved crop varieties and other agronomic 

practices such as supplemental irrigation (Lal, 2001). Nevertheless, increase in input reduces profit 

margin even though crop yield remains the same. Further, the effect of erosion might still be 

irreversible because an economically feasible substitute for properties such as soil depth or water-

holding capacity does not exist (Hopkins et al., 2001). 

 

Damage to crops due to incision by rills and material deposition   

Farmers who experienced soil erosion mentioned very little impact on their crop. If it played a 

role at all, rill formation was sensed to hamper agricultural operations and to generate extra work in 

seedbed preparation. Nevertheless, drilling, spraying, and harvesting were never at risk. 

Damage mapping done for this study of the affected plots revealed similar results with only very 

small amounts of crop possibly lost or damaged due to incision by rills and associated wash-out of 

seeds and plants. The plot area affected by erosion and deposition was generally very small: The 

average area covered by rills was 0.4%, and the maximum area was 3%. Only few heavily damaged 

potato plots were an exception. Overall, between 0.06% and 0.2% of the total arable area of the study 

sites was covered by rills and therefore experienced wash-out of seeds and plants (Table 4). 

 

Table 4: Costs related to the damage of crops due to incision by rills and material deposition. 
 Lower  

estimate 
Intermediate 

estimate 
Upper  

estimate Sources 

Indicator: area covered by rills (% y-1)  0.06  0.13  0.20 Damage mapping done for 
this study 

Replacement costs for crop yield (CHF ha-1) 
low value (maize), high value (potatoes)  3,000.00  4,500.00  13,000.00 Lips and Ammann, 2006 

Estimated costs (CHF ha-1 y-1)  1.80  5.85  26.00  
 

The area affected by sheet erosion was somewhat larger, but it never resulted in observed crop 

damage. This applied also to areas covered by deposition fans (buried crops were almost never 

observed). Agricultural insurance agencies indicated comparable results. Hence, and in agreement 
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with Evans (2002), a direct relationship between area affected by erosion and crop loss has not been 

observed (Figure 2).  

 

  
Figure 2: Severe rill erosion damage on a winter wheat plot in Oberaargau (left, 9 October 2006) causing 

almost no impacts on yield (right, 30 May 2007). 
 

Reduction of incentive payments  

In Switzerland, agricultural practices are subsidized with up to CHF 1,660 ha-1 y-1, and 

incentives may continue as long as no visible signs of soil erosion occur regularly (DZV, 1998). The 

Swiss Ordinance on Soil Protection (VBBo, 1998) established tolerance threshold values for average 

soil loss on arable land. Maximum tolerable soil losses may not exceed 4 tons ha-1 y-1 in soil depths of 

>0.7 m and 2 tons ha-1 y-1 in soil depths of <0.7m. On average over all study sites, about 5.9% of the 

total area holds plots with soil loss >2 t ha-1 y-1 which were affected more than once, 3.2% with >4 t 

ha-1 y-1 (Table 5) (Prasuhn & Grünig, 2001). 

 
Table 5: Reduction of incentive payments. 
 Lower  

estimate 
Intermediate 

estimate 
Upper  

estimate Sources 

Indicator: 
 plots with soil loss >4 t ha-1 y-1 (% y-1) 
 plots with soil loss >2 t ha-1 y-1 (% y-1) 

 
- 
- 

 
 3.20 
 - 

 
 - 
 5.90 

Damage mapping done for 
this study 

Reducing incentive payments (CHF ha-1 y-1)  0.00  a 996.00  b 1,660.00 DZV, 1998 
Estimated costs (CHF ha-1 y-1)  0.00  31.90  97.95  
a Calculations based on a reduction by 60% and b 100% respectively. 

 

In order to promote and enforce soil protection, some cantonal soil protection agencies put legal 

pressure on farmers, threatening them with possible reduction of subsidies (by 100% or 60%) if soil 

erosion continues to occur. Nevertheless, there is not yet a single case in the cantons of Berne and 

Fribourg of recurrence of soil erosion leading to a reduction in subsidies. On the one hand, cantons are 

still inexperienced and doubtful on how to enforce the laws. On the other hand, the few farmers 

addressed have often implemented the required soil protection measures. 
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Repair and replacement activities  

Most farmers did not treat erosion impacts. Only in cases of heavy damage, farmers used 

harrows, ploughs, or excavators to break or fill channels and to redistribute part of the displaced soil, 

along with organic material and additional fertilizers. These activities involve some costs in terms of 

labor, fuel, and machinery. Depending on the severity of off-site deposition, additional soil (organic 

material) might even need to be purchased from an external source. In this paper, redistribution and 

repair costs were derived as a function of the length of the rill systems (m ha-1), the depth of the rills 

(cm), and the amount of soil depositing off-site (Table 6). (For a similar approach, see Martínez-

Casasnovas et al., 2005.)  

 
Table 6: On-site costs for repair and replacement. 
 Lower  

estimate 
Intermediate 

estimate 
Upper  

estimate Sources 

Indicators:  
 length of rill system per plot (m ha-1 y-1) 
 off-site deposition (t ha-1 y-1) 

- Σ < 100 = no costs;  
- Σ > 100 AND < 500 = cost of leveling  
- Σ > 500 = cost of leveling and filling  

Martínez-Casasnovas et 
al., 2005 

Labor and machinery (CHF ha-1) 
Cost for additional soil (CHF m-3) 

 105.00 
 10.00 Ammann, 2006 

Estimated costs (CHF ha-1 y-1)  9.90  15.55  19.85  
 

In Estavayer, for example, with a total of 9,350 m of rills and 600 t of soil depositing off-site, 

repair costs added up to about CHF 9,000 and 19.85 ha-1, respectively. Interviews and observations 

made clear that re-sowing is rather uncommon. 

 

Mitigation measures  

Some farmers do react when confronted by severe soil erosion (Valentin et al., 2005), 

undertaking mitigation measures such as the excavation of sediment pans, dissection of water flow, 

and mulching of rills (Table 7, Figure 3). This helps in limiting the growth of existing rills and further 

impacts, both on and off site. Field observations and interviews indicate that such mitigation measures 

(requiring work time and machinery) occur on approximately 5–10% of all affected plots (including 

plots with only minor damage of <1 t ha-1 y-1), particularly on plots that triggered major off-site 

impacts. 

 
Table 7: On-site costs for mitigation measures. 
 Lower  

estimate 
Intermediate 

estimate 
Upper  

estimate Sources 

Indicator:  
 affected plots (% of plots y-1) 
 % of plot featuring mitigation measures 

 
 5.0 
 25.0 

 
 7.5 
 50.00 

 
 10.0 
 100.00 

Damage mapping done for 
this study 

Labor and machinery (CHF ha-1)  105.00 Ammann, 2006 
Estimated costs (CHF ha-1 y-1)  0.60  1.30  3.55  
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Figure 3: Mitigation measures: Sedimentation pans excavated by the farmer at the lower boundary of a plot 

(top left), mulching of rills with straw (top right), and a grassed waterway in a late reaction (bottom). 

4.2 OFF-SITE IMPACTS AND COSTS 

This section covers the costs that society, rather than the farmer, has to bear when soil erosion 

on farmland leads to serious damages off-site. 

 

Damage to communal and private infrastructure and belongings  

Damage to private infrastructure was rarely observed, given that heavily eroded plots generally 

did not border any properties with housing. In Estavayer, for example, only about 14 out of 150 plots 

adjoin downslope to private houses (in the area at risk of off-site impact), and only 5 of these plots 

were affected by erosion. However, costs of damage to private property and belongings may be 

extremely high: in one case, private households reported costs (for cleaning and compensation for 

damaged belongings) of up to CHF 70,000 from one extreme erosion event that affected gardens, 

garages, and the ground floors of homes (Table 8). For the most part, these costs are borne by 

insurance companies (through householder’s comprehensive insurance or insurance on buildings). 

However, homeowners often do not claim compensation for all costs, especially not for their working 

time. 
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Table 8: Compensation by insurance companies - the costs of flooding (only insurance payments). 
 Lower  

estimate 
Intermediate 

estimate 
Upper estimate Sources 

Indicator: total costs of flooding (CHF ha-1 y-1)  39.80  40.60  121.60 Insurance data for all study sites 
% of total costs ascribed to soil erosio  25.00  50.00  75.00  
Estimated costs (CHF ha-1 y-1)  9.95  20.30  91.20  

 

During the mapping period, damage to communal infrastructure was mostly linked to the 

deposition of eroded material on adjacent roads and the clogging of drainage channel inlets. In these 

cases, communal and cantonal authorities, such as the fire brigade and road maintenance agencies, 

normally took action. These costs were mainly borne by the community itself. Yet, contrary to 

common opinions, most farmers felt responsible for clearing the road, whenever possible, themselves. 

Responses by local authorities to queries suggested yearly cleanup costs of CHF 1,500–8,000 for a 

community. However, damage due to erosion is a day-to-day occurrence and therefore probably 

underestimated. 

Evrard et al. (2007) conclude that erosion damage is more likely to go unnoticed in less 

populated areas. The higher cost in more populated areas will also lead to more frequent recognition. 

Interpretation of our interview data highlights that soil erosion was commonly associated with damage 

to communal and private property, which again was considered the most obvious damage type (Figure 

4). However, interviewees referred not only to monetary costs but also to the annoyance of repeated 

cleaning, the increasing risk of further off-site damage because of blocked drainage inlets, and 

increased psychological stress such as the worry associated with repeated flooding. 

 

  
Figure 4: Off-site damage costs: sediment clogging drainage channel inlets (left). Avoidance cost: Sandbags put 

in place to avoid further off-site impacts (right). (Photos: T. Ledermann) 
 

Water pollution  

One of the council leaders stated that the costs of water pollution are not determinable, nor are 

they perceived as such by the different actor groups (Theler, 2001). The only actor groups who 

mentioned water pollution by soil erosion were cantonal soil protection agencies and erosion experts 

from research institutes. In spite of this, a quantitative and rough monetary assessment was 

undertaken. Damage mapping done for this study suggested that up to 20% of total soil eroded at all 
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sites reaches open water bodies; the greater part of it was carried to the rivers and lakes by road and 

drainage channels (indirect inflow: about 15% of the total). We costed water pollution by transferring 

data gathered by Pretty et al. (2000), Pillet et al. (2000), and Doleschel and Heissenhuber (1991). 

Results are shown in Table 9. 

 
Table 9: Costs of soil deposition in open water bodies. 
 Lower 

estimate 
Intermediate 

estimate 
Upper 

estimate Sources 

Indicator: soil deposition in open water bodies (t y-1)  0.13  0.29  0.55 Damage mapping done for this 
study (direct/indirect inflow) 

Reference values:  
 )a sediment removal in open water bodies (CHF t-1 
 sediment removal in drinking water (CHF ha-1 y-1) 
 chemical precipitation of phosphate  (CHF t-1 P) 

   Doleschel & Heissenhuber, 
1991 
Pretty et al., 2000 
Pillet et al., 2000 

  10.00  
 4.95  11.30  21.70 
  4.00  

Estimated costs (CHF ha-1 y-1)  5.80  13.05  26.35  
a Calculations are based on the assumption, that about 1/3 of total sediments are removed. 

 

Sediment deposition in water bodies can have severe implications for aquatic life and human 

health because of the nutrients and contaminants (pesticides and fertilizers) that are attached to eroded 

soil particles (Görlach et al., 2004a). Besides increased costs for water treatment, water pollution may 

also result in social welfare losses due to reduced recreational benefits and loss of biodiversity and 

ecosystem resilience. 

In the context of soil erosion, the most important agricultural pollutant is phosphorus, leading to 

eutrophication of freshwater. For the Swiss Plateau, it is estimated that 34% of phosphate that 

contaminates water comes from agriculture (nonpoint source, 0.2 kg P ha-1 y-1), mostly attached to soil 

particles from eroded land (Prasuhn & Grünig, 2001). A major source of this contamination is the 

application of mineral fertilizer and manure at levels that exceed crop uptake. In Switzerland, past 

efforts to reduce soil erosion were often linked to water pollution problems such as eutrophication 

(Prasuhn & Grünig, 2001), and that situation became much better. In any case, the amount of soil 

deposited in open water bodies should not be disregarded (Kronvang et al., 2007). Schuler et al. (2006) 

and Evans (1995b) conclude that the greatest impact of runoff and soil erosion is the pollution of water 

bodies (also Görlach et al., 2004b). Thus, these costs need to be addressed. 

 

Social conflicts 

Although conflict is not expressed in monetary terms, it is one of the most relevant impacts of 

soil erosion and holds a very high relative significance in all observed cases. This is particularly the 

case in small communities where everyone knows each other. Above all, conflicts are expected to get 

worse as soon as insurance companies reduce or freeze their payments, as has already been observed 

in various situations. 

In-depth analyses highlight that almost all severe erosion damages have led to conflicts between 

the different actor groups, and only a few interviewees, mostly people with an agricultural 

background, presumed the farmers innocent. In many cases, the farmer was blamed for the damage, by 

reason of mismanagement and intensification of farming out of eagerness for high profits. Arguments 
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often note that the rainfall event that led to soil erosion was not exceptional but within the range of 

events that a farmer might be expected to encounter. 

Conflicts between farmers and individuals were no less intense than those between farmers and 

communal authorities. Villagers not only mentioned monetary costs, but were often incensed at the 

“mess” soil erosion caused and the restrictions it entailed - for example, having to keep windows 

closed because of dusty air. Although insurance companies bore most of the expenses, conflicts 

between the actors still arose. The damage is seen as an annoyance that intensifies when there is 

repeated damage. 

Accusations were also expressed by the farmers. This was also observed by Boardman (1995) in 

England, where the damage to houses was often blamed by farmers on decisions by the local council 

to allow houses to be built downslope of their plots. The Swiss farmers sometimes made the same 

argument. The search for solutions was often also hindered by farmers’ denials of responsibility. They 

often argued that soil erosion on their plots was triggered by upslope causes (such as surface runoff 

from heavily compacted pasture land) and that therefore, the resulting damage was not only their 

responsibility. Damage mapping done for this study often supported this argument, with about one-

third of the damaged plots having an external source such as run-on from roads upslope (Ledermann et 

al., 2010). Recently, the blame has also been directed at climate change. Such strategic arguments 

were especially observed when soil erosion caused off-site effects such as flooding of roads or houses, 

leading to social and/or legal conflicts in which agricultural land use was held responsible for the 

damage.  

On top of that, clashes between farmers and villagers take place between actors who sometimes 

have already lost, to some extent, their understanding and respect for each other. In the view of 

farmers, their work is not appreciated anymore, and other people have already lost their connection to 

agriculture. On the other hand, villagers often refer to farmers as stubborn people who are always 

complaining, even though they receive high subsidies. Hence, the question whether or not the impacts 

of soil erosion may lead to social conflicts also depends on the locality. In rural communities, soil 

erosion is often accepted by communal authorities and private residents as a necessary evil that is 

inevitably linked to agricultural activities. People are accustomed to soil erosion. Newcomers who do 

not share an agricultural background often react totally differently. 

There were also conflicts between other parties, for example between cantonal and communal 

authorities and between householders and insurance officials. Mostly, these conflicts concerned issues 

of who has to pay for the damage and how much will be compensated. As this is a legal matter, the 

conflicts seem less intense than the more personal, social conflicts between farmers and villagers. 

 

Repair and replacement activities 

Besides costs such as the cleanup of road infrastructure and the damage to private property 

described above, several additional repairs to infrastructure may be required, such as unclogging of 

drainage channels, removal of sediments, and replacement of tarmac or pavement. According to 
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Ledermann et al. (2010), about 15% of total soil loss (sheet and rill erosion) is deposited in drainage 

channels, another 20% on roads and in grasslands or pastures, meadows, forests, and other areas of 

ecological significance. 

Dredging clogged drainage channels involves labor and machinery and additional costs for the 

disposal of the extracted material as special waste (Swanson & Heady, 1984). Considering the dense 

network of gullies (inlet shafts, about 0.75 ha-1) and the high amount of soil deposited in drainage 

channels, these costs are high (Table 10).  

 
Table 10: Off-site costs related to repair and replacement. 
 Lower  

estimate 
Intermediate 

estimate 
Upper  

estimate Sources 

Indicator (t ha-1 y-1)     
Damage mapping done for this 
study 

 soil deposition in drainage channels   0.12  0.32  - 
 soil deposition in other areas (e.g. forest)  0.07  0.20  - 
 maximum soil loss rate  -  -  2.30 
Reference values:    
 disposal costs (labor/machinery) (CHF t-1)  25.00 / 6.35 per gully Interview data   
 a sediment removal in other areas (CHF t-1) 6.20 Doleschel & Heissenhuber, 1991 
 costs related to 2.5 t ha-1 y-1 (CHF ha-1) 350.00 Schaub, 1989 
Estimated costs (CHF ha-1 y-1)  10.75  25.30  196.95  
a Calculations are based on the assumption, that about 1/3 of total sediments are removed. 

 

In general, maintenance takes place once a year. In years with high erosion damage, some mud 

drums need to be excavated more often. In the case of damage to other areas, economic estimates are 

challenging because most of these areas are not used in a commercial or private way. Therefore, 

figures from Doleschel and Heissenhuber (1991) are used. 

Another study (Schaub 1989) estimates the annual damage repair costs for a community in the 

Swiss loess belt (with an average soil loss rate of 2.5 t ha-1 y-1) to add up to approximately 

CHF 220,000, equivalent to about CHF 350 ha-1 of arable land. This figure includes repair to roads 

and purification plants and costs of dredging drainage channels. 

 

Mitigation measures 

The flooding of properties by muddy water often triggered an immediate response (Boardman et 

al., 2003b): Private residents often kept water out of houses by placing sandbags at low points and 

around the entrances to driveways and doorways. Farmers diverted water flows by means of 

temporary measures. However, since floods are likely to recur, medium- and long-term solutions may 

be necessary, such as engineering measures by local councils or landowners (including dams, ditches, 

and pipes). These engineering measures, however, cost more than temporary private measures. 

The costs of such measures are difficult to assess. First of all, these measures are very problem-

specific and therefore infrequent and limited to small areas. Engineering measures such as retention 

ponds, which tackle soil erosion on a large scale, are not widespread in Switzerland. Further, some of 

the implemented measures address a wider problem, of which protection from soil erosion is only of 

secondary importance, or the present situation needs improvement anyway (direct run-on from road, 

lack of drainage).  
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At the cantonal level, financial incentives that are linked to sustainable agriculture exist. 

Currently, the state of Berne (Frienisberg and Oberaargau) distributes CHF 600,000 per annum to 

promote soil conservation (about CHF 12 per ha of total arable land), Fribourg (Estavayer) about 

CHF 8 per ha of arable land. 

Based on the above comments and in order to cost these measures, it is assumed that the costs 

for mitigation equal at least the amount spend for repair and replacement. At the cantonal level, the 

expenses for soil and water conservation projects need to be added. 

4.4 SUMMARIZING THE COSTS 

Table 11 gives a summary of costs associated with soil erosion. All costs were projected based 

on total arable land (cropland and temporary leys), including areas that showed no sign of erosion. 
Table 11: Costs related to soil erosion in the three study areas from October 2005 to October 2006.  
Cost category and impact type Qualitative 

assessment 
Quantitative assessment Monetary assessmenta 

(CHF ha-1 y-1) 
Farm 
damage 
costs 

Short-term loss of soil 
fertility/productivity 

Less important Mapped soil losses amount to about 0.7–2.3 tons 
ha-1 y-1. 

Lower: 0.00 
Intermediate: 3.30 
Upper: 6.55 

Long-term loss of soil 
fertility/productivity 

Important Mapped soil losses amount to about 0.7–2.3 tons 
ha-1 y-1. 

Lower: 0.20 
Intermediate: 1.05 
Upper: 32.50 

Damage to crops due 
to incision by rills and 
material deposition 

Least important 0.06% to 0.20% of the plots area was covered by 
rills. 

Lower: 1.80 
Intermediate: 5.85 
Upper: 26.00 

Reduction of incentive 
payments 

Very important Around 3.2% of all plots experienced repeated 
soil losses of >4 tons ha-1 y-1; 5.9% experienced 
>2 tons ha-1 y-1. 

Lower: 0.00 
Intermediate: 31.90 
Upper: 97.95 

Farm 
mitigation 
costs 

Repair and 
replacement activities 

Less important Rill length added up to about 20–40m ha-1, with 
an average off-site deposition of 0.3–1.3 tons ha-1. 

Lower: 9.90 
Intermediate: 15.55 
Upper: 19.85 

Mitigation measures Important Mitigation measures were carried out on 5–10% 
of the eroded plots. 

Lower: 0.60 
Intermediate: 1.30 
Upper: 3.55 

Social 
damage 
costs 

Damage to private 
infrastructure and 
belongings 

Very important Damage to private households added up to CHF 
70,000, triggered by one extreme erosion event. 

Lower: 9.95 
Intermediate: 20.30 
Upper: 91.20 

Damage to communal 
infrastructure 

Important Yearly cleanup costs may add up to CHF 1,500–
8,000 for a community.  

Lower: 5.45 
Intermediate: 30.75 
Upper: 61.50 

Water pollution Least important 20% of lost soil reached open water bodies by 
direct or indirect inflow (overall about 0.4 tons 
ha-1 y-1). 

Lower: 5.80 
Intermediate: 13.05 
Upper: 26.35 

Social conflicts Very important Not assessed. Not assessed 
Social 
damage 
avoidance 
costs 

Repair and 
replacement activities 

Important 15% of lost soil was deposited in drainage 
channels and 20% on grassland/pasture, 
meadows, forests, and similar areas. 

Lower: 10.75 
Intermediate: 25.30 
Upper: 196.95 

Mitigation measures Less important In Berne and Fribourg, financial incentives of 
CHF 800,000 y-1 exist to promote sustainable 
agriculture. 

Lower: 18.75 
Intermediate: 37.30 
Upper: 210.95 

Total on-site costs  Lower: 12.50 
Intermediate: 58.95 
Upper: 186.40 

Total off-site costs  Lower: 50.70 
Intermediate: 126.70 
Upper: 586.95 

Total costs  Lower: 63.20 
Intermediate: 185.65 
Upper: 773.35 

a Numbers represent upper, intermediate, and lower estimates of monetary costs for total arable land in 2006 values. 
 

Evaluating the above figures suggests a best estimate of total annual on- and off-site costs of 

about CHF 186 ha-1 (Figure 5).  
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Figure 5: Costs of soil erosion by category. Monetary costs refer to total arable area and use 2006 values. 

 

At first glance, these costs seem rather low, especially considering only the on-site costs of 

about CHF 59 ha-1 y-1. Nevertheless, when all costs (on- and off-site) are considered, the following 

conclusions may be drawn (on the basis of the intermediate estimate): 

 At the field level, the annual net profit per hectare may be reduced by 7% to 35%, depending on 

the crop (sugar beets, potatoes, or wheat). 

 At the farm level, assuming a mean Swiss Midlands farm size of about 17 ha with about 7 ha of 

arable land, total costs add up to about CHF 1,295 per annum or about 2% of the year’s income 

per farm (mean value). 

 Despite all caveats, a simple extrapolation to the national level is given below. Based on the total 

arable area in Switzerland and the figures given above, we estimate the total costs of Swiss erosion 

damage to be about CHF 53 million per annum. To put this figure into perspective, the total cost is 

the equivalent of about 2.8% of the annual agricultural crop production for Switzerland (exclusive 

of vineyards, orchards, and vegetables). 

Based on an extensive review of literature and case studies, Görlach et al. (2004b) derive values 

for each of the cost categories at the European level; a comparison reveals the following (based on the 

intermediate estimate): 

 On-site: apart from the reduction of incentive payments, which we accounted for, the figures show 

high correspondence. 

 Off-site: the estimations by Görlach et al. (2004b) are about twice as high, which can be related to 

the fact that soil erosion proved to be less serious in Switzerland than in other European countries. 

The Swiss situation described in this study may not be representative of the European situation 

as a whole. However, the orders of magnitude seem comparable. 
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5 CONCLUSIONS 

Cost estimates of the impacts of soil erosion are rarely straightforward, and most impacts turned 

out to be very difficult to assess (detailed work is ongoing). However, the dimension became clear. As 

Evans (1995a) concluded: “I am aware of the problems of making such estimates, and worry about 

their accuracy, but I think they have to be made to give us some idea of the seriousness, or not, of 

erosion and whether we should be trying to curtail erosion and its impacts.” Therefore, the results 

presented within this paper are certainly of interest. Although much still remains to be quantified, 

some key conclusions can be drawn: 

 A rough estimate indicates the range of total annual on- and off-site costs for the study areas to be 

about CHF 63 to 773 ha-1 of arable land, with a best estimate of about CHF 186 ha-1. 

 The cost of soil erosion by water can be substantial in Switzerland (about CHF 53 million per 

annum), certainly in affected regions, considering that annual costs accumulate over the years. 

 Private, on-site costs are within bounds, but the effects are cumulative. 

 Off-site impacts exceed on-site impacts in most cases by a factor of 2 to 3. 

 The figures indicate the seriousness of soil erosion and highlight the need to establish policies to 

curtail erosion and its impacts. 

Overall, on-site costs proved to be fairly small on an individual farm basis. Short-term 

degradation of soil functions facilitating crop growth - such as the supply of water, nutrients, and 

rooting space - were neither experienced by the interviewees nor observed in the field. Nutrient loss is 

often compensated by chemical fertilizers and water shortage by irrigation. However, farmers did 

perceive soil erosion as a potential problem in the long run. Nevertheless, most farmers believed that 

there is nothing they can do about it. Efforts at repair or mitigation were only rarely observed, and 

farmers tend to assign such work to their “normal” farming activities. 

Off-site costs of soil erosion were about double the on-site costs, especially regarding short-

term economic consequences. Besides that, there exists an apparent difference in the perception of soil 

erosion by different actors, creating a basis for social conflicts. As interviews revealed, farmers may 

not consider land to be degraded if the changes have not had an observable effect on productivity or on 

their ability to manage the land, while other actors may view the same conditions as degraded and 

unacceptable (Jayasuriya, 2003). If all the intangibles that cannot be costed - such as increasing social 

conflict, stress and ill health brought on by the expectations of flooding or the loss of items of 

sentimental value (Evans, 1996) - were taken into account, off-site costs would be considerably 

higher. 

It is safe to assume that our estimates are conservative. First, non-use values are not accounted 

for (Non-use values as defined by EFTEC (2005) are associated with benefits derived simply from the 

knowledge that the ecosystem is maintained. By definition, it is not associated with any use of the 

resource or tangible benefit derived from it, although users of a resource might also attribute non-use 

value to it). However, as mentioned by Pearce & Warford (1993), these may be a substantial 

component of total economic value. Further, costs were only estimated at a very local scale, including 
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only impacts that were either observed in the field or mentioned by interviewees. Impacts on regional 

and global scales - such as a role in traffic accidents, effect on climate change and biodiversity loss, 

and effects on regional and international waters, as described for example by Pagiola (1999) - were not 

accounted for.  

However, the evidence given above is verified by results compiled by Darmendrail et al. (2004), 

Bakker et al. (2004), Crosson (2003), Verstraeten et al. (2003), Evans (1995a, 1995b), Ribaudo 

(1986), and Colacicco et al. (1989). Crosson (2003), for example, estimated the current on-farm 

erosion-induced costs of lost productivity to be very low and therefore not a threat to on-farm 

productivity. The same may account for European countries with average annual erosion rates below 

the rates of the United States: Bakker et al. (2004, 2007) and Kuhlman et al. (2010) conclude that crop 

yields in northern Europe are unlikely to be significantly reduced by current levels of soil erosion 

within the coming century. In this respect, Pimentel et al. (1995) estimated expenses to replace the lost 

nutrients and water to be the major on-site costs.  

According to OECD (2003), off-site costs of erosion and sediment redistribution are probably at 

least an order of magnitude greater than on-site costs. However, the ratio between on-site and off-site 

costs depends on the extent, severity, and timing of erosion events and on the vulnerability of the 

affected area: Muddy floods in a densely populated area with a deep layer of topsoil would result in 

rather high off-site and low on-site costs. On the other hand, on-site costs would exceed off-site costs 

in remote arable areas characterized by shallow layers of topsoil and recurrent erosive events. Further, 

costs attributed to soil erosion also depend on the division of soil degradation into reversible and 

irreversible components (for example, nutrient depletion is reversible, while soil profile depth 

depletion is an irreversible facet of soil degradation). Given the fact that in situ soil productivity has 

unique qualities that, once degraded, cannot be replaced with mineral fertilizers or soil organic matter 

alone, in the long run soil erosion has to be considered irreversible (Knowler, 2004), and on-site costs 

may increase considerably. 

For efficient and sustainable resource management, both on-site and off-site effects of soil 

erosion must be taken into consideration (Hediger, 2003). However, in the large majority of observed 

cases, erosion did not affect how the farmer managed the land. Economic on-site impacts of soil 

erosion do exist, but are not high enough to force farmers to adopt soil conservation strategies (Schuler 

et al., 2006). On that account, the consequences of agricultural practices are not sufficiently taken into 

account by farmers (Paterson et al., 1993; Lutz et al., 1994); they normally base their decisions on 

analysis of on-site costs and benefits only, giving less consideration to the off-site costs. As long as 

they are not faced with the social costs of their activity, the cost of soil erosion appears to be 

considered smaller than the cost of preventing soil erosion (Ludi, 2004; Hediger, 2003).  

Although there may be no urgent need to reduce soil loss from a farmer’s perspective, it is 

advantageous, from a social perspective, because of the off-site costs. If the situation does not 

eventually improve, individuals or local authorities will take legal action as a result of continuous soil 

erosion and damage to property, especially if insurance companies are no longer willing to bear the 
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costs. And this will put erosion effects on the agenda (R. Evans, personal communication, 2008). 

Therefore, farmers would be wise to take off-site problems and costs into account, if only to avoid 

social conflicts, increased legislative controls, or, worse still, penalties imposed by cantonal authorities 

(for example, a reduction of incentive payments). Boardman et al. (2003a) raises the question of 

whether pressure from flood victims and their insurers will influence land use decisions and even 

government policy. Further, as farmers do not consider erosion control a priority, greater efforts 

should be spent on awareness raising than on the development of more effective farming practices that 

reduce the risk of runoff and erosion on arable land (Bielders et al., 2003). However, and despite legal 

threshold values for average soil loss on arable land (Swiss Ordinance on Soil Protection, VBBo, 

1998), it will not be easy to determine who is responsible for the damage. 

In this context, care needs to be taken to correctly interpret findings regarding the non-active, 

reactive, and pro-active costs of dealing with soil erosion, especially since economical assessments of 

soil erosion impacts often mislead policy makers by implying that damage is reversible (Dorren et al., 

2004). In the future, endeavors to internalize the costs of soil erosion may be increased, and this would 

suggest that many conservation technologies can provide positive net returns at the farm level. As 

stated by Herweg et al. (2010), the figures can make a considerable change in the entire debate, and 

there is a demand for a round table to avoid putting the entire blame and pressure on a single actor 

group. While soil almost surely originates from crop land, water may be collected from various 

sources: farmland, communal and cantonal roads, settlements, and other places. And this often means 

that many actors share responsibility for on- and off-site problems. 
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Zusammenfassung

Direktsaat ist eine wirksame Erosionsschutzmassnahme, die diverse ökologische und 
ökonomische Vorteile aufweist. Sie gewann in der Schweiz in den letzten Jahren 

zunehmend an Bedeutung: Seit Mitte der 1980er hat die direkt gesäte Fläche von weni-
gen Hektaren auf rund 12’000 ha im Jahre 2006 zugenommen. Gemessen am gesamten 
Ackerland ist diese Fläche aber nach wie vor gering (3 %). Regional kann die Direktsaat 
jedoch beachtliche Anteile aufweisen. Die in diesem Artikel vorgestellten Karten geben 
einen nationalen Überblick über die räumliche Verbreitung der direkt gesäten Fläche im 
Jahr 2006. Als Datengrundlage diente eine im Winter 2006 / 2007 durchgeführte Be fra-
gung von Landwirten und Lohnunternehmern. Die Karten zeigen sehr heterogene Mus-
ter, machen aber auch verschiedene Schwer punkt regionen sichtbar. Die Interpretation 
dieser Muster veranschaulicht, dass die Verbreitung der Direktsaat an eine Vielzahl von 
Faktoren gebunden ist und nicht nur anhand naturräumlicher Gegebenheiten erklärt 
werden kann. Kantonale Förderprogramme spielen dabei eine ebenso wichtige Rolle wie 
das persönliche Engagement der beteiligten Experten und Lohnunternehmer, bestehende 
landwirtschaftliche Netzwerke sowie die Lebenswelten der Landwirte.

Bodenerosion auf Ackerflächen 
zählt zu den bedeutendsten Be-
lastungen der Ressource ‚Bo-
den’ in der Schweiz und hat bis 
gegen Ende des letzten Jahr-
hunderts hinsichtlich Ausmass 
und Ausdehnung stark zugenom-
men (Mosimann et al. 1990). 
Auch wenn sich im letzten Jahr-
zehnt in gewissen Gebieten ein 
leichter Rückgang abzeichnet 
(Prasuhn 2005), stellt Bodenero-
sion weiterhin ein ernst zu neh-
mendes Problem dar. Die Aus-

wirkungen sind vielseitig und 
beeinträchtigen nicht nur die 
Boden fruchtbarkeit der betrof-
fenen Ackerparzellen, sondern 
verursachen auch Schäden an 
Gewässern sowie öffentlicher 
und privater Infrastruktur (Le-
dermann et al. eingereicht). Seit 
1998 ist der physikalische Bo-
denschutz gesetzlich geregelt 
(Umweltschutzgesetz USG (SR 
814.01 1983) beziehungsweise 
Verordnung über Belastungen 
des Bodens VBBo (SR 814.12 

1998) sowie Direkt zahlungs-
verordnung DZV (SR 910.13 
1998)). Die DZV verlangt bei 
wiederholtem Bodenabtrag auf 
Ackerflächen die Umsetzung von 
Massnahmen. Es existieren aber 
keine einheitlichen und verbind-
lichen Vorgaben; der Vollzug ob-
liegt den jeweiligen Kantonen. 
Eine mögliche Massnahme ist die 
Direktsaat, welche durch eine ge-
ringfügige Bodenbewegung, eine 
permanente Pflanzen bedeckung 
und eine angepasste Fruchtfol-
ge der Bodenerosion entgegen 
wirkt (Abb. 1). Da die Direkt-
saat keine Auflage im ökologi-
schen Leistungsnachweis (ÖLN) 
ist und weder in der DZV noch 
in der VBBo explizit erwähnt 
wird, wird sie in einigen Kan-
tonen mit finanziellen Beiträgen 
unterstützt (einen Überblick gibt 
SWISS NO-TILL 2008). 

Im Rahmen des Forschungspro-
jektes COST 634 beschäftigt sich 
das Centre for Development and 
Environment (CDE) der Univer-
sität Bern, zusammen mit Ag-
roscope Reckenholz-Tänikon 
(ART) und der Firma Wissens-
management Umwelt mit den 
Auswirkungen von Bodenerosi-
on und den Strategien von Land-
wirten und Behörden zum Schutz 
der Böden. In diesem Zusammen-
hang wurde im Jahr 2006 eine 
Bodenerosions-Gefährdungskar-
te für die Schweiz erstellt (Fried-
li 2006, vgl. auch Prasuhn et al. 
2007). Zudem sind in den Kanto-
nen Solothurn, Luzern und Genf 
detaillierte Hinweiskarten zu ero-
sionsbedingten Gefährdungen 
vorhanden. Es fehlten jedoch bis 
anhin Informationen zur Verbrei-

Abb. 1. Zuckerrüben 
am 16. Mai: Pflug 
(links) und Direktsaat 
(rechts). (Foto: Volker 
Prasuhn, Agroscope 
ART)
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Kasten 1: Bodenerosion
Bodenerosion ist der durch Wasser oder Wind ausgelös-
te und durch die Tätigkeit des Menschen verstärkte Pro-
zess der Ablösung, des Transportes und der Ablagerung 
von Bodenpartikeln. In einer Naturlandschaft ist die Bo-
denoberfläche durch eine geschlossene Pflanzendecke 
weitgehend vor Erosion geschützt. Durch den Ackerbau 
wird diese Vegetationsdecke zeitweise beseitigt. Dadurch 
kann Erosion verstärkt auftreten. Zu Erosion kommt es 
dort, wo der Boden das Wasser nicht mehr aufnehmen 
kann. Niederschläge, vor allem ergiebige Starkregen 
bei geringer Boden bedeckung wirken erosionsfördernd. 
Aber auch bei rasch einsetzender Schneeschmelze kann 
es zu bedeutendem Bodenabtrag kommen (Arbeitsgrup-
pe Bodenerosion Nordwestschweiz).

Kasten 2: Direktsaat
Direktsaat ist ein Anbausystem, bei dem das Saatgut di-
rekt in den unbearbeiteten, mit Pflanzen oder Mulch be-
deckten Boden abgelegt wird. Mittels speziellen Schei-
ben-, Meissel- oder Kreuzschlitz-Säscharen wird lediglich 
ein Schlitz im Boden geöffnet und nach der Saatgutabla-
ge geschlossen. Beim Sävorgang werden höchstens 50 % 
der Boden oberfläche bewegt. Düngemittel können gleich-
zeitig in den Boden einge bracht werden (Chervet et al. 
2007). Da dazu Spezialmaschinen notwendig sind, wer-
den Direktsaaten in der Schweiz gegenwärtig vorwiegend 
von Lohnunternehmungen durchgeführt.

tung von Anbausystemen, welche 
auf eine Reduktion von Boden-
erosion abzielen. Um diese Lücke 
zu schliessen, wurde die Verbrei-
tung der Direktsaat mit einer Um-
frage erfasst und kartographisch 
dargestellt. Ziel dieser Karten ist 
es, Raummuster sichtbar zu ma-
chen und Anhaltspunkte für för-
derliche und hinderliche Verbrei-
tungsfaktoren zu liefern.

Schriftliche Umfrage bei 
Landwirten
Die folgenden Karten basieren 
auf statistischen Daten, welche 
im Winter 2006 / 2007 in Zu-
sammenarbeit mit der SWISS 
NO-TILL erhoben wurden. Mit 
einer schriftlichen Befragung 
wurden die in der Schweiz direkt 
gesäten Flächen nach Gemeinde, 
Kalenderjahr und Kultur (Unter-
teilung in Haupt- und Zwischen-
kulturen) ermittelt. Angeschrie-
ben wurden alle Landwirte und 
Lohnunternehmer, welche der 
SWISS NO-TILL als Direktsä-
er bekannt sind. Dies entspricht 
nach Schätzungen von Experten 
einer Abdeckung von über 90 %. 
Im Artikel werden nur Daten 
zum Jahr 2006 verwendet. Wei-
tere konservierende Bodenbear-
beitungsverfahren wie Streifen-
frässaat oder Mulchsaat wurden 
nicht erhoben.

Von den 134 verschickten Fra-
gebögen wurden 82 retourniert. 
Dies entspricht einer Rück-
laufquote von guten 61 % (Ro-
mandie 56 %, Deutschschweiz 
64 %). Davon waren 70 Frage-
bögen (52 %) vollständig ausge-
füllt. Bei zwölf Fragebögen (9 %) 
fehlte die Zuordnung der Fläche 
zu einer Gemeinde. Landwir-
te und Lohnunternehmer, wel-
che den Fragebogen nicht oder 
unvollständig zurückgesendet 
hatten, wurden anschliessend 
telefonisch kontaktiert. Damit 
konnte der Rücklauf für das Jahr 
2006 auf 93 % gesteigert wer-
den. 13 Lohnunternehmer ga-
ben an, keine Direktsaat mehr 
auszuführen.

Die gewonnen Daten wurden 
für die Darstellung in einem 
geographischen Informations-
system (GIS) aufgearbeitet. Als 
Bezugsbasis diente das politi-
sche Gemeindenetz der Schweiz 
(kleinste darzustellende Ebene). 
In Fällen, in welchen aufgrund 
unvollständiger Fragebogen kei-
ne detaillierte Zuweisung auf die 
Gemeinde vorlag, wurde die ge-
meldete Direktsaatfläche, unter 
Berücksichtigung des Acker land-
anteils, radial um den Standort 
des Lohnunternehmers verteilt. 
Die Anzahl Gemeinden wurde 
von Referenz lohnunternehmern 
abgeleitet. Unter Ackerland wird 
dabei die offene Ackerfläche 
sowie Kunstwiese verstanden. 
Ent sprechende Flächenangaben 
wurden der land wirt schaftlichen 
Betriebsstrukturerhebung für das 
Jahr 2005 entnommen (BFS). Die 
mit der Extrapolation verbun-
dene Ungenauigkeit der Daten 
wirkt sich vor allem auf Gemein-
deebene aus. Auf Bezirks- und 
Kantonsebene spielt sie nur eine 
untergeordnete Rolle.

Die kartographische Darstel-
lung der Direktsaatfläche (An-
teil der Direktsaat am Acker-
land) auf Ebene Kanton und 
Bezirk erfolgte über themati-
sche Karten (Flächenkartogram-
me). Dabei werden die Relativ-
werte mit Vierecksignaturen 
um eine Aussage mit absoluten 
Werten (Hektaren) ergänzt. Die 
Klassenbildung erfolgte nach 
mathematischen Regeln unter 
Berücksichtigung von Sinngrup-
penkriterien. Zudem wurden auf 
Basis der Ackerlandkarte von 
Friedli (2006) alle Gemeinden 
aus der Darstellung ausgeschie-
den, welche weniger als fünf 
Hektaren Ackerland aufweisen 
und gemäss Erhebung keine Di-
rektsaatflächen besitzen.

Da die Umfrage Haupt- und Zwi-
schenkulturen umfasste, ist der 
erhobene Relativwert (Prozent 
Direktsaatfläche am Ackerland) 
möglicherweise zu hoch, da ge-

wisse Flächen zweimal ange-
sät worden sein könnten (maxi-
mal 12 %).

Auf Gemeindeebene ist die 
Darstellung mit Flächen-
kartogrammen wegen der vor-
gängig beschriebenen Extrapola-
tion unvollständiger Datensätze 
nicht sinnvoll und kann zu Fehl-
interpretationen führen. Alter-
nativ wurde eine Punktstreu-
ungskarte erstellt, welche die 
räumlichen Dichteverhältnisse 
auf Gemeindeebene gut abbildet, 
ohne jedoch eine genaue Zuord-
nung der einzelnen Flächen zu 
den Gemeinden zuzulassen. Je-
der Streupunkt (grün) entspricht 
fünf Hektaren Direktsaat, wo-
bei diese Fläche auf der Karte 
nicht massstabsgetreu abgebildet 
ist. Neben den Direktsaatflächen 
stellt die Karte auch die Standor-
te (rote Vierecke) der jeweiligen 
Lohnunternehmer dar. 
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Verbreitung der Direktsaat 
2006 
Schweizweit wurden im Jahr 
2006 rund 12’000 ha direkt ge-
sät, das entspricht zirka 3 % 
des gesamten Ackerlandes der 
Schweiz. Die Karte der Di-
rektsaatflächen nach Kantonen 
(Abb. 2) zeigt, dass im Kanton 
Bern die proportional gröss-
te Fläche direkt gesät wurde 
(5,1 %). Danach folgen Luzern, 
Neuenburg und Wallis mit je-
weils über 4 %, der Aargau mit 

3,5 % sowie die Kantone Frei-
burg, Waadt und Zürich mit über 
2 % Direktsaat. Die Ost-, Süd- 
und Innerschweiz weisen nur ge-
ringe oder keine Direktsaatflä-
chen auf. Für die Innerschweizer 
Kantone und das Appenzell hat 
die Erhebung keine direkt gesä-
ten Flächen ergeben. 

Betrachtet man die Absolutwerte 
(Hektaren pro Kanton) sticht er-
neut der Kanton Bern mit 4’426 
ha heraus, dahinter folgen je-

doch die Kantone Waadt (1’846 
ha), Aargau (1’265 ha), Luzern 
(1’149 ha) und Freiburg (1’039 
ha). Neuenburg und das Wallis 
weisen nur sehr wenige Direkt-
saatflächen auf (< 400 ha) (vgl. 
Tab. 1). Die hohen Relativwerte 
dieser zwei Kantone lassen sich 
durch die geringe Ackerlandflä-
che erklären.

Die Auswertung auf Bezirks-ebe-
ne ergibt ein differen zierteres Bild 
(Abb. 3): Innerhalb der jeweiligen 
Kantone gibt es grosse regionale 
Unterschiede. Es lassen sich vier 
Regionen mit erhöhtem Direkt-
saatanteil ausscheiden: (1) das 
Berner Mittelland, (2) die Regi-
on der Luzerner Mittellandseen 
(Sempacher-, Baldegger-, Hall-
wilersee) mit Nordausdehnung bis 
Brugg, Baden, Dietlikon und Zü-
rich, (3) der Berner und Teile des 
Neuenburger Jura (Val-de-Ruz) 
und (4) die Region nördlich des 
Genfersees. In absoluten Zahlen 
wurde in den vier Berner Bezir-
ken Aarberg (510 ha, 7,6 % des 
Ackerlandes), Wangen (460 ha, 
9,9 %), Trachselwald (450 ha, 
7,5 %) und Bern (430 ha, 6,2 %) 
sowie in den Luzerner Bezir-
ken Sursee (500 ha, 5,0 %) und 
Hochdorf (430 ha, 8,2 %) und 
im Waadtländer Bezirk Cosso-
nay (390 ha, 4,6 %) am meisten 
Direktsaat praktiziert.

Abb. 2. Direktsaat
fläche 2006 der 
Schweiz nach Kan
tonen.

Tab. 1. Direktsaat (DS) 2006 in der Schweiz (die 10 Kantone mit den höchsten Werten in %)

 Kanton *LN [ha] **Ackerland [ha] DS [ha] DS [% Ackerland]

BE    191’688   86’517   4’426 5,1

LU      78’657   24’088   1’149 4,8

NE      33’764     8’353      383 4,6

VS      38’430     3’721      153 4,1

AG      61’836   36’417   1’265 3,5

FR      76’911   36’193   1’039 2,9

VD    110’715   71’452   1’846 2,6

ZH      74’824   38’326      873 2,3

SH      15’372   10’792      178 1,6

SO      32’929   15’581      232 1,5

CH 1’065’118 405’412 11’968 3,0

* Landwirtschaftliche Nutzfläche 2005 (BFS)

** offene Ackerflächen und Kunstwiesen 2005 (BFS)
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Die Punktstreuungskarte in Ab-
bildung 4 zeigt, dass auch inner-
halb der jeweiligen Bezirke räum-
liche Konzentrationen existieren. 
Diese sind meist an die Stand-
orte der Lohnunternehmer ge-
bunden. Eine Ausnahme bilden 
einzelne Gemeinden in den Be-
zirken Trachselwald (BE), Aigle 
(VD), Delémont (JU) und Visp 
(VS), in welchen viel Direktsaat 
praktiziert wird obwohl sich kei-
ne Lohnunternehmer in ummittel-
barer Nähe befinden. Eine weite-
re Differenzierung ist im Bereich 
der Voralpen und Alpen ersicht-
lich. Dort konzentrieren sich die 
direkt gesäten Flächen meist auf 
Regionen mit schwachem Relief 
und die Talsohlen.

Die Verbreitung der 
Direktsaat erklären
Die Karten machen Raummuster 
der Direktsaat sichtbar. Eine ver-
tiefende Interpretation zu mög-
lichen Verbreitungsfaktoren ist 
jedoch nur im Zusammenhang 
mit weitergehenden Informatio-
nen möglich. Die Interpretation 
der Karten erfolgte daher unter 
Einbezug der Resultate weiterer 
Studien zur Verbreitung der Di-
rektsaat, welche im Rahmen des 
Gesamtprojektes erstellt werden 
(u. a. Schneider et al. eingereicht, 
Steiger in Arbeit).

Die Analyse der dargestellten 
Raummuster zeigt, dass verschie-
dene Faktoren die Verbreitung der 
Direktsaat fördern oder hindern:

Die Verbreitung der Direkt-
saat deckt sich grösstenteils mit 
den Hauptackerbaugebieten des 
Schweizer Mittellandes. Die 
Standortfaktoren Klima, Relief 
und Boden beeinflussen dabei 
das Potential für dieses Anbau-
system. So eignen sich zum Bei-
spiel leichte bis mittelschwere 
Böden besser für die Direktsaat; 
tonige, staunasse Böden sind un-
geeignet. Die Karten zeigen wei-
ter, dass die Direktsaat teilweise 
in ackerbaulichen Randregionen 
praktiziert wird, wie zum Bei-

spiel in den Voralpen oder im 
Jura. Beispiele zeigen, dass die 
Direktsaat in diesen Gebieten 
Vorteile gegenüber dem Pflugan-
bau besitzen kann: einerseits er-
möglicht die ganzjährig gute Bo-
denbedeckung die Kultivierung 
steiler Hanglagen (Minimierung 
der Erosionsgefahr), anderer-
seits erschweren die flachgrün-

digen Böden der Juraregion mit 
den vielen Steinen die Bearbei-
tung durch den Pflug.

Neben den naturräumlichen Fak-
toren wird die Verbreitung der 
Direktsaat auch durch kantona-
le Förderprogramme für boden-
schonende Anbausysteme be-
einflusst. Vier der fünf Kantone 

Abb. 4. Punkt
streuungskarte der 
Direktsaat flächen 
2006 der Schweiz 
nach Gemeinden und 
die Lohnunternehmer
Standorte.

Abb. 3. Direktsaatflä
che 2006 der Schweiz 
nach Bezirken.
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mit entsprechenden Program-
men (Aargau, Bern, Fribourg, 
Luzern) gehören zu den sechs 
Kantonen mit den grössten Di-
rektsaatflächen (absolut und rela-
tiv). Der Kanton Solothurn folgt 
erst an zehnter Stelle. Die unter-
schiedliche Ausgestaltung die-
ser Programme kann zu einem 
gewissen Grad die Unterschiede 
erklären: Im Kanton Bern ist das 
entsprechende Programm schon 
seit 1993 in Kraft (Schwarz et al. 
2007). Zudem spielen nach Aus-
sage von vielen Befragten das 
persönliche Engagement der an 
der Umsetzung des Programms 
beteiligten Personen, die intensi-
ve Zusammenarbeit mit Praxisak-
teuren und die Grundphilosophie, 
die Direktsaat als Gesamtsys-
tem langfristig zu fördern (u. a. 
Fünf jahres verträge) eine wichti-
ge Rolle. Die anderen vier kan-
tonalen Förder programme sind 
räumlich, zeitlich, personell oder 
finanziell weniger umfassend. In 
den Kantonen Luzern und Aargau 
werden beispielsweise nur Flä-
chen in Projektgebieten für Nitrat 
und Phosphor gemäss Gewässer-
schutzgesetz Artikel 62a unter-
stützt. Dies erklärt die starke regi-
onale Differenzierung innerhalb 
dieser beiden Kantone (Luzerner 
Mittellandseen mit Nordausdeh-
nung). In den Kantonen Solothurn 
und Freiburg existieren die Pro-
gramme erst seit 2002 respektive 
2003. Aus diesem Grund könn-
te die Verbreitung verzögert sein.  
Allein durch kantonale Förder-
programme ist die Verbreitung 
der Direktsaat aber nicht zu er-
klären. So wird beispielsweise in 
den Kantonen Waadt und Zürich 
ohne staatliche Förderung relativ 
viel Direktsaat praktiziert. 

Landwirtschaftliche Netzwerke 
wie die SWISS NO-TILL oder 
der Kundenstamm von Lohnun-
ternehmern gehören zu den wei-
teren wichtigen Faktoren, die die 
Verbreitung der Direktsaat be-
günstigen. Das Netzwerk um die 
SWISS NO-TILL kann beispiels-
weise die starke Verbreitung der 

Direktsaat im Kanton Waadt teil-
weise erklären. Der grösste Lohn-
unternehmer, der einen Drittel der 
Direktsaatflächen im Kanton gesät 
hat, kam über einen Berner Lohn-
unternehmer zu diesem Anbau-
system. Die Punktstreuungskarte 
zeigt zudem einen klaren Zusam-
menhang zwischen dem Stand-
ort eines Lohnunternehmers und 
der Menge an Direktsaatflächen 
(97 % der direkt gesäten Fläche 
liegt innerhalb 10 km eines Lohn-
unternehmers). Interviews haben 
jedoch auch gezeigt, dass neben 
der geographischen Nähe insbe-
sondere das persönliche Engage-
ment und die Glaubwürdigkeit der 
Lohnunternehmer entscheidend 
sind. Interessanterweise konnte 
auch festgestellt werden, dass vie-
le erfolgreiche Direktsaat-Lohn-
unternehmer in engem Kontakt zu 
Boden schutz fachstellen, landwirt-
schaftlichen Schulen und / oder 
Forschungs anstalten stehen. 

Beispiele zeigen, dass Gemein-
den, in denen fast alle Bauern Di-
rektsaat betreiben, unmittelbar 
neben Gemeinden liegen kön-
nen, in denen niemand direkt 
sät. Dies macht deutlich, dass 
die einzelnen Landwirte Ent-
scheidungen für oder gegen Di-
rektsaat vor dem Hintergrund ih-
rer gesamten Lebenswelt treffen. 
Hierbei kommen ökonomische 
(z. B. bestehender Maschinen-
park, Markt situation), agrono-
mische (z. B. Fruchtfolge, andere 
konservierende An bau systeme, 
Biolandbau) und politische (z.B. 
Anreizsysteme, Sanktionen) Ele-
mente gleichermassen zum Zuge 
wie soziokulturelle (z.B. Freude 
am Pflügen, persönliche Bezie-
hungen), ästhetische (z.B. sau-
bere Felder) oder ökologische 
(z.B. Erosion, Pestizide) Aspek-
te (Schneider et al. eingereicht). 
Zwei Zitate von Landwirten sol-
len dies veranschaulichen:

«Ja, entweder bist du Bauer und 
hast Freude… Also, das Säen ist 
ja die Arbeit des Bauern … wenn 
du sie auswärts geben musst [wie 

bei der Direktsaat], tut dir das 
wohl am meisten weh…».

«…vor ein paar Jahren, lang-
sam bin ich angestanden. Ich 
habe keine Motivation mehr ge-
habt. Die Direktsaat war ein-
fach das, was ich brauchte. (…). 
Im Ackerbau haben wir immer 
das gemacht, was wir schon im-
mer gemacht haben, ich hatte 
einfach keine Herausforderung 
mehr... (…) …also diese Ebene 
ist für mich viel wichtiger als al-
les andere, nur muss das andere 
[Finanzen, Dieselsparen, Ener-
gie] stimmen… Für mich ist es 
das Menschliche. (…) Ich brau-
che einfach diese Herausforde-
rung (…). Das ist das, um mei-
nen Platz zu machen in meinem 
Leben oder in meiner Umgebung, 
meinem Umfeld, bei den Men-
schen. Das bin ich.»

Während Direktsaat von den Kan-
tonen vor allem aus Boden- und 
Gewässerschutzgründen geför-
dert wird, stehen für Bauern und 
Lohnunternehmer häufig andere 
Elemente im Zentrum (Arbeits-
ersparnis, Herausforderung, Netz-
werke etc.). Bodenschutzstrategi-
en sollten in diesem Sinn nicht nur 
auf die Verminderung von boden-
schädigenden Praktiken fokussie-
ren, sondern auch darauf, wie po-
sitive Praxisentwicklungen wie 
die Direktsaat in Zusammenarbeit 
mit Bauern, Lohnunternehmern, 
Landmaschinenmechanikern, Be-
ratung, Forschung und Vollzug 
gefördert werden können.
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SUMMARy

The spread of no-till farming in Switzerland

No-tillage, which has diverse ecological and economic advan-
tages, is an effective measure for protecting against erosion 
that has become more important in Switzerland in recent years. 
Since the mid-1980s, the amount of land on which this meth-
od is used increased from a few hectares to about 12’000 ha 
by 2006. Although this is still quite a small proportion of the 
country’s total arable land (3 %), on a regional basis the area 
under direct seeding is sometimes considerable. The maps in 
the present article give a national overview of the spatial dis-
tribution of no-tillage in 2006. Data on which these maps are 
based were compiled from a survey of farmers and contrac-
tors carried out in the winter of 2006-2007. Although the maps 
show very heterogeneous patterns, different regions with sub-
stantial amounts of no-tillage are visible. An interpretation of 
these patterns reveals that the distribution of no-tillage can be 
explained by a variety of factors and not only by the natural 
conditions in a particular area. The role of cantonal programs 
to promote no-tillage is just as important as the personal en-
gagement of specialists and direct contractors, existing agri-
cultural networks, and the lifeworlds of farmers.

Key words: No-tillage, distribution, thematic maps, adop-
tion, incentive program

RéSUMé

Le développement du semis direct en Suisse

Le semis direct est une mesure efficace de protection contre 
l’érosion. Elle présente des avantages écologiques et écono-
miques. Son importance s’est accrue au cours de ces dernières 
années. La surface en semis direct a augmenté de peu d’hecta-
res au milieu des années 1980 à 12’000 ha en 2006. Elle res-
te malgré tout encore limitée (3 %) par rapport à l’ensemble 
de la surface cultivée. Cependant, le semis direct peut occu-
per des surfaces importantes au niveau régional. Les cartes 
présentées dans cet article donnent un aperçu national de la 
distribution dans l’espace des surfaces en semis direct pour 
l’année 2006. Cette recherche est basée sur une enquête effec-
tuée auprès de paysans et d’entreprises de travaux agricoles 
au cours de l’hiver 2006/2007. Les cartes montrent une ima-
ge hétérogène, et révèlent des différences entre les régions. 
L’interprétation nous montre que la distribution du semis di-
rect est liée à un grand nombre de facteurs. Les seules condi-
tions de l’espace physique ne suffisent pas pour l’expliquer. 
Les programmes cantonaux d’encouragement jouent un rôle 
aussi important que l’engagement personnel des experts et 
des entrepreneurs impliqués, les réseaux agricoles existants 
ainsi que le «vécu» des paysans.
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Abstract Social learning approaches have become a prom-
inent focus in studies related to sustainable agriculture. In
order to better understand the potential of social learning for
more sustainable development, the present study assessed the
processes, effects and facilitating elements of interaction
related to social learning in the context of Swiss soil protection
and the innovative ‘From Farmer - To Farmer’ project. The
study reveals that social learning contributes to fundamental
transformations of patterns of interactions. However, the
study also demonstrates that a learning-oriented understand-
ing of sustainable development implies including analysis of
the institutional environments in which the organizations of
the individual representatives of face-to-face-based social
learning processes are operating. This has shown to be a
decisive element when face-to-face-based learning processes
of the organisations’ representatives are translated into
organisational learning. Moreover, the study revealed that
this was achieved not directly through formalisation of new
lines of institutionalised cooperation but by establishing links
in a ‘boundary space’ trying out new forms of collaboration,
aiming at social learning and co-production of knowledge. It

is argued that further research on social learning processes
should give greater emphasis to this intermediary level of
‘boundary spaces’.

Keywords Knowledge co-production . Social learning . Soil
conservation . From farmer to farmer . Boundary space

Introduction

Soil degradation is among the major environmental threats
to the sustainability of agriculture in Europe (Helming et al.
2006; Van-Champ et al. 2004). Soil erosion has been
increasing in Switzerland since the 1950s. An estimated
20% of the cultivated land has been affected by soil erosion
since 1990 (Ledermann et al. 2008; Mosimann et al. 1990;
Prasuhn and Grünig 2001). Emerging off-site impacts since
the mid-1970s, for example the eutrophication of various
Swiss lakes, and extensive research activities brought the
issue to the public’s attention (Prasuhn and Weisskopf
2004a; Weisshaidinger and Leser 2006). Subsequently,—in
the context of the general reorientation of Swiss agricultural
policy in 1993—several legal regulations regarding soil
protection and sustainable land resource management have
been introduced. However, soil conservation measures have
only scarcely been applied to date in agricultural practice,
and soil erosion damage can still regularly be observed
(Ledermann and Schneider 2008; Ledermann et al. 2008).
In many other European countries, the problem setting
related to conservation agriculture is very similar to the
situation observed in Switzerland (Auzet 2003; Boardmann
and Poesen 2006).

The research that we present here aims to analyse this
phenomenon and to identify alternative ways of implemen-
tation. For this reason, we first characterise governmental
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soil protection implementation strategies in Switzerland by
linking them to current scientific debates on communication
and rural innovation. In this way, we designate the concepts
of ‘co-production of knowledge’ and ‘social learning’ as a
suitable theoretical framework. After presenting the re-
search methods, we further analyse soil protection strategies
that concern available space for social learning. The paper
then focuses on the process of social learning in the ‘From
Farmer - To Farmer’ project—a project which seeks to
facilitate the spread of soil conservation measures by
bridging the gap between farmers’, experts and scientists’
knowledge. Finally, conclusions will be drawn on the
potential of social learning and co-production of knowledge
for more sustainable soil cultivation.

In analysing the limited success of soil protection in
Switzerland, three obstacles were found:

1. Soil protection has been perceived in past primarily as a
technical task. The major efforts have gone into
understanding the bio-physical dimension of soil
erosion and soil protection as well as the quest for
technological solutions. Technological solutions such
as no-tillage, mulch tillage or strip tillage are essential
in the quest for sustainable agriculture; however, they
are not the answer in themselves. Technological
solutions need to be integrated with broad cultural,
social, political and economic transformations
(Schneider et al. 2009). Against this background the
current emphasis on the technical dimension should be
complemented with a focus on human activity and
social processes (see Woodhill and Röling 2000).

2. As a consequence, soil protection strategies are based
on the concept of knowledge transfer: Implementation
of innovation is regarded as a linear, one-dimensional
process, where technologies are developed by research
and transferred by extension services to the farmers
(Carr and Wilkinson 2005; Roux et al. 2006). Scientists
are thus conceived of as producers of new knowledge
and farmers as adopters. However, in practice the
‘knowledge system of agriculture’ (Blum 1994) is
much more complex. A number of recent publications
propose alternative forms of knowledge production
(Funtowicz and Ravetz 1993, 1994; Gibbons et al.
1995; Kates et al. 2001; Nowotny et al. 2001; Rist et
al. 2007; Steyaert et al. 2007; Warner 2008). From
different starting points, all these authors agree that
knowledge creation in post-modern society should be
conceived of as a process of co-production of knowl-
edge between academic and non-academic actors. For
the case of agriculture in general and soil protection in
particular this means that the quest for sustainable soil
cultivation should be understood as process of knowl-
edge co-production between farmers, experts and

scientists. Thus, this model goes clearly beyond the
paradigm of knowledge transfer underlying classical
systems of agricultural extension. While the transfer
model is underpinned by assumptions of positivist
science such as the existence of an objective and value-
free description of external reality, conceptions of co-
production of knowledge build on constructivist
understandings.

3. Soil protection policies have therefore emphasised
mainly the ecological and agro-economical dimension
of soil degradation and soil conservation. However, as
we have shown in other research (Schneider et al.
2009), farmers perceive soil erosion and soil conserva-
tion measures against the background of their taken-
for-granted life-world at large. Even if farmers
frequently discuss aspects of institutional, economic,
ecological and agronomic relevance, theses aspects
cannot be understood apart from socio-cultural and
aesthetic elements, including social values and norms,
professional ethics, and their philosophy of life.

Hence it is evident that the underlying values, norms and
meanings of the different actors, as well as their explicit and
tacit conceptions of knowledge and human action, play
crucial roles in the current problem of implementing Swiss
soil protection. We deduce from this that in innovating
sustainable agriculture, the central question should move
from how farmers learn a new technique most efficiently to
how farmers, scientists and advisors can collaborate
(Coughenour 2003), re-negotiate existing and co-create
new meanings for soil erosion and soil conservation.

Transformation of the values, norms, rules and power
relationships that govern the use of agricultural soils can be
addressed by the concept of ‘social learning’: In recent
years, social learning approaches have become a prominent
focus in studies related to sustainable agriculture and
natural resource management (Altieri 2004; Davidson-
Hunt 2006; Eshuis and Stuiver 2005; Jiggins et al. 2007;
Röling and Wagemakers 2000; Roux 1997; Tàbara and
Pahl-Wostl 2007; Warner 2007, 2008). The social learning
approach represents a philosophy focusing on participatory
processes of social change. This means integrating the
knowledge of different people, whether they are farmers,
scientists or experts. Changes emerge when actors ‘change
their minds’ through critical thinking, interactions and
dialogue with others. This involves questioning the
assumptions that underlie human actions and concepts
(Woodhill and Röling 2000). As stated by Röling (2002),
it is necessary to move from individual “multiple cogni-
tions” to interrelated “collective and distributed cognition”
and to an understanding of group processes to capture the
essence of social learning. In this sense, Rist et al. (2006)
define social learning processes as the simultaneous
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transformation of cognitive, social and emotional compe-
tences as well as of social capital which includes attitudes
and values related to collective or individual social actors
emerging from the joint search for more sustainable
management of natural resources at the interface between
the world of rural actors, experts and public administration.

Nonaka et al. (2001) combine the learning dimension
with an understanding of knowledge creation which they
describe as continuous, spiralling process of conversions
between tacit and explicit forms of knowledge. The
distinction between tacit and explicit forms of knowledge
is a fundamental basis of their theory. According Nonaka et
al. (2001), explicit knowledge can be expressed in words
and can therefore be transferred in the form of data,
scientific formulae or manuals. By contrast, tacit knowl-
edge (also called embodied knowledge or knowledge by
experience (Reichert et al. 2000) is highly personal and
hard to formalise, making it difficult to communicate.
However, tacit knowledge is deeply rooted in the actions
and experiences of individuals as well as in their ideals,
values or emotions. Against this background, the authors
mentioned conceptualise knowledge creation not as static
management of existing explicit knowledge, but as dynamic
management of the process of creating knowledge out of
knowledge. They argue for understanding knowledge
creation as a continuous self-transcending process which
must be ‘nurtured’ rather than ‘managed’.

Methodology

What kind of research is needed to overcome the above-
mentioned shortcomings regarding implementation of soil
conservation in the context of sustainable development and
long-term sustainability of agricultural resources? There is
growing agreement that transdisciplinary research is an
appropriate form of research when searching for solutions
to ‘real world problems’ with a high degree of complexity,
uncertainty and controversy (Hurni and Wiesmann 2004;
Klein 2001; Pohl 2008; Rist et al. 2007; Woodhill and
Röling 2000). Transdisciplinary research aims at trans-
gressing the boundaries between scientific disciplines and
between science and practice in order to contribute to more
sustainable development.

In this sense, researchers collaborated with the ‘From
Farmer - To Farmer’ project and jointly co-produced new
knowledge. The researchers investigated processes related
to social learning in the project and its accompanying group
by means of participatory observation, document analysis,
group discussion, and qualitative interviews with all regular
participants in the ‘accompanying group’ (for a further
description of this group see Chapter 3.2). At the same time
the researchers actively participated in this accompanying

group. As a result, the social science perspective
continuously enriched the debates and the researchers
themselves learned about the perspectives and knowl-
edge of other participants. Moreover, preliminary re-
search results were regularly brought back to the group.
This facilitated continuous reflection on the ongoing
activities as well as refinement of the project. As a
consequence, the approach of the present study is part
of what Burawoy (1998) calls a ‘reflexive model of
science’ which embraces not detachment but engagement
as the broad road to knowledge.

Soil Protection in Switzerland and the ‘From Farmer -
To Farmer’ Project

Soil Protection in Switzerland

Switzerland is one of the few European countries that has
established a comprehensive legal framework to enhance
implementation of soil conservation measures on a large
scale (Prasuhn and Weisskopf 2004b). Soil protection is
made explicit in several national laws passed by the Swiss
parliament. Some of these laws are enforced by the Federal
Office for Agriculture (FOAG), others by the Federal
Office for the Environment (FOEN). Practical implementa-
tion of soil protection, nevertheless, is within the compe-
tence of cantonal authorities such as the soil protection
agencies and agricultural offices. Soil protection agencies
are responsible for evaluating impacts on the soil in general
and arranging necessary measures. Agricultural entities are
responsible for implementing regulations governing agri-
cultural direct payments, which state that farmers who
intend to receive direct payments must take suitable
protection measures against soil erosion.

However, it is largely unclear how these laws are to be
enforced. They stipulate that erosion should be avoided but
they do not say how this is to be done. In consequence, the
responsible cantonal authorities implement soil protection
with varying intensity and different approaches. The
adopted strategies range from ‘top-down risk-oriented
approaches’ based on soil erosion risk maps to ‘top-down
damage-oriented approaches’ based on reporting of con-
crete soil erosion damage to ‘participatory oriented
approaches’ based on management contracts and counsel-
ling interviews.

Besides the national and cantonal authorities already
mentioned, several other actors play important roles when it
comes to protecting agricultural soils, namely farmers and
their organisations, educational establishments, and re-
search stations (Blum 1994).

By analysing the situation of soil protection in Switzer-
land in regard to spaces for social learning between farmers,
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experts and scientists, we found that social learning is often
impeded primarily for four reasons:

1. Lack of possibilities for interaction (e.g. time, space).
Collaboration between actors involved in soil protection
and agriculture and actors at the local, regional and
national levels is traditionally weak. There are few
spaces where these actors regularly meet and collectively
develop new knowledge and strategies. Most meetings of
this kind take place between actors at the administrative
level (e.g. experts in agriculture and soil protection):
farmers are usually not involved. When farmers are
involved it is generally in the context of knowledge
transfer activities that represent hierarchies and power
relations characteristic of top-down approaches to
innovation.

2. The involved actor groups have different life-worlds,
working methods, interests and priorities. While farmers
are primarily interested in producing food based on a
culturally defined form of life and government agencies are
interested in protecting soils, soil scientists focus on
producing theories about soil functions and processes.
Furthermore, few agricultural organisations are sensitised
to the need for soil protection, while many others do not
consider it a priority (Fry 2001).

3. There is a lack of trust between different actor
groups. Experiences with top-down implementation meth-
ods in agriculture reveal the prejudices of all actors
involved: Farmers fear that institutional actors will impose
something on them which does not correspond to their life-
world. Representatives of soil conservation agencies sus-
pect actors in agriculture of blocking any discussion of
more sustainable agriculture. Representatives of agricultural
agencies worry that soil conservation actors will only make
demands for further restrictions on farming. In other words,
all actors are afraid, that other actors act from their
perspective only and do not take the concerns of others
seriously.

4. Scientific knowledge is seen as superior to other forms
of knowledge. Farmers’ knowledge is mostly characterised
as ‘know-how’ and not appreciated by science, because it
does not comply with traditional scientific criteria (Fry
2001). Co-production of knowledge, however, requires that
scientific knowledge is not privileged over farmers’
knowledge.

While agricultural and environmental policies of
Switzerland have been defined autonomously with regard
to Europe, basic features of the respective European and
Swiss policy frameworks are rather similar (e.g. high
degrees of protectionism, direct payments for ecological
and other services, strong presence of public regulation).
This fact allows suggesting that this Swiss case study
gives insights that are also applicable to the wider
context of EU.

The ‘From Farmer - To Farmer’ Project

Several cantonal agencies and federal offices concerned
with soil protection and agriculture, farmers’ assemblies,
agricultural schools and research institutions have tried to
enhance the spread of soil conservation through an
innovative ‘farmer-to-farmer approach’. The approach is
based on the insight that farmers, experts and scientists
have different perspectives on soil, work with different
methods, and speak another language. Therefore, farmers
are expected to learn more easily from the experiences of
other farmers who have already integrated soil protection
on their farms (Fry 2001). To valorise this knowledge, the
‘From Farmer - To Farmer’ project was established between
2001 and 2007. The project sought to identify farmers’
knowledge about conservation agriculture and to commu-
nicate this knowledge in farmers’ networks by means of
story-telling and film (Fry 2004).1

The project was accompanied and shaped by an
‘accompanying group’ built by participants representing
farmers, experts and scientists. It thus represented a typical
multi-actor and multi-level situation related to sustainable
agriculture (Table 1).

Fundamental transformations within the project and its
accompanying group as well as the involved institutions
led us to conceive of the ‘From Farmer - To Farmer’
project as an interesting case study of initially unintended
processes of social learning and co-production of knowl-
edge. In order to characterise social learning and co-
production of knowledge we will first describe the
project’s development by reconstructing the oral and
recorded debate among the people involved. Then we
will identify the main effects of social learning processes
and subsequently elements that facilitated these processes.
These three aspects are highly interrelated and separated
only for analytical reasons.

Development of the ‘From Farmer - To Farmer’ Project

The project’s development can be divided into four phases:
a conceptual phase, a pilot phase, a film production phase,
and a film dissemination phase. The overview (Table 2)
reveals that these four phases differ regarding content and
activities, formally participating actor groups, and the
predominant aim and underlying knowledge concepts of
the participants. During all these phases, however, farmers’,

0 While ‘farmer to farmer’-approaches are well-known in the South,
especially in Latin America (see Holt-Gime ́nez 2006), in Europe this
approach is relatively unknown. Consequently,—as will be showed
later—the project leader developed the ‘from farmer–to farmer’
project mainly independently of the Latin American experiences.
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experts’ and scientists’ knowledge was relevant and social
learning and co-production continually increased.

Conceptual Phase

The project was initiated by the future project leader who
elaborated the projects design based on her experience working
in a cantonal soil protection agency and her insights from social
science research about the different perspectives of farmers,
experts and scientists related to soil fertility (Fry 2001). In this
early phase, the project aimed to promote soil protection
within agriculture by developing decision-making aids togeth-
er with farmers. This should allow farmers to better assess soil
quality, as with the rarely adopted examination aids developed
by soil experts (e.g. spade test). Several cantonal soil
protection agencies and the Federal Office for the Environ-
ment were interested in the unconventional approach. The
approach, we argue, was coherent for most of these actors, as
it corresponded to their experience that farmers have other
perspectives and languages, to their aims in implementing soil
protection, and to their underlying concepts of unilateral
knowledge transfer. This is reflected in the question ‘How can
farmers’ learning processes related to better soil management
be facilitated more efficiently?’

Two soil protection agencies and the Federal Office for the
Environment financed the project in this initial phase on the
condition that actors in agriculture, especially the Federal
Office for Agriculture, supported the project as well. This was
a quite challenging task, as most agricultural organisations
were not interested in the issue of ‘soil protection’. Eventually,
they were convinced by the project’s focus on the perspectives

of farmers. After personal discussions with representatives of
agricultural organisations, the project’s design was adapted
according to the concerns expressed. In place of the question
of ‘soil protection’, farmers’ views and actions were put at the
centre of the project. This shift in the focus was reflected in the
renaming of the project, from ‘Farmers Decision-Making Aids
for Physical Soil Protection’ to ‘From Farmer - To Farmer’.

During the conceptual phase the idea of building an
accompanying group was proposed by the Agridea exten-
sion service. The accompanying group was meant to ensure
interconnectedness within the knowledge system of agri-
culture and soil protection, to support the project with
different kinds of knowledge, and to help disseminate the
knowledge in related agricultural networks. Furthermore,
the accompanying group was established explicitly to
facilitate learning between representatives of agriculture
and soil protection. However, it was assumed that the
experts involved would verify farmers’ knowledge.

Pilot Phase

In a next step the Federal Office for Agriculture, the Federal
Office for the Environment and ten cantonal soil protection
agencies agreed to finance a pilot project, where the
effectiveness of the ‘from farmer - to farmer approach’
would be proven. All planned working steps were to be
tested, from investigating farmers’ sustainable soil cultiva-
tion strategies to the diffusion of this knowledge in farmers’
networks. Cantonal soil protection agencies and agricultural
schools helped to identify farmers who had broad experi-
ence in soil conservation. Their knowledge, gathered over

Table 1 Participants in the accompanying group of the ‘From Farmer - To Farmer’ project

Actor groups Participants from Thematic focus

Soil
protection

Agriculture Socio-economic
issues

Farmers’ organisation Swiss Farmers’ Union x

Association of Integrated Production (IP-Suisse) x

Association for Organic Agriculture (Bio-Suisse) x

Association for Agritechnology (SVLT) x

Experts of public administration
(regional level)

Bernese soil Protection Agency (SPA BE) x

Agridea extension service x

Two agricultural schools x

Experts of public administration
(national level)

Federal Office for Agriculture (FOAG) x

Federal Office for the Environment (FOEN) x

Science Centre for Development and Environment of the University
of Bern (CDE)

x

Swiss Federal Institute for Forest, Snow and Landscape
Research (WSL)

x
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years of collaboration with soil conservation experts, was
identified and tapped by the project team, which inter-
viewed farmers in their fields and produced a short pilot
film. Subsequently, the film was presented in an agricultural
school and at an assembly of a local machinery ring.
Evaluation of these presentations by means of a question-
naire further encouraged the project approach.

In parallel, the project leader conducted a social science
investigation of farmers’ networks to determine the most
efficient way of subsequently distributing the films. This
way, the strategies and experiences of existing and
successful agricultural networks, such as a cantonal
program promoting conservation agriculture and the cus-
tomers of agricultural contractors, were integrated into the
project.

In this phase, the first reunions of the accompanying
group took place. Many different actors from soil protection
and agriculture participated. Discussions in this group were
about fundamental elements of the project’s approach and
often controversial: How can the effectiveness of the
project be verified? Are all relevant actors involved in the
project? How can the traditional tensions between agricul-
ture and soil conservation been mitigated? Is film a good
means of knowledge transfer?

Film Production Phase

The aim of this phase was to jointly produce profes-
sional films about farmers’ experiences with soil
conservation. While the film was initially seen as one

Table 2 Overview of the development of the ‘From Farmer - To Farmer’ project

Main features Phases

Conceptual phase Pilot phase Film production
phase

Film dissemination
phase

Main content and
activities

Developing decision-
making aids for
farmers

Developing means
for bringing soil
protection to
agriculture

Investigating
sustainable
soil cultivation
strategies used
by farmers and
producing films

Disseminating farmers’
soil cultivation
knowledge in farmers’
networks by means
of film

Developing a sound
project concept

Proving the
effectiveness of
the approach

Integrating actors from
agriculture

Participating actor
groups

Soil protection (public
organisations)

Soil protection (public
organisations)

Soil protection (public
organisations)

Soil protection (public
organisations)

[Agriculture (public
organisations and
professional
associations)]

Agriculture (public
organisations)

Agriculture (public
organisations)

Agriculture (public
organisations)

Social science [Agriculture (professional
associations)]

Agriculture (professional
associations)

Agriculture (professional
associations

Social science Social science Social science

Predominant aims and
underlying knowledge
conceptions

Knowledge transfer by
new methods

Knowledge transfer by
new methods

Knowledge exchange
between farmers

Facilitating farmers’,
experts and scientists
learning

Facilitating farmers’
learning

Facilitating farmers’
learning

Facilitating farmers’
learning

Social learning between
farmers, experts and
scientists

Knowledge exchange
between farmers

Relevant forms of
knowledge

Farmers’, experts’ and
scientists’ knowledge
about agriculture, soil protection and
education/learning

Relative importance of the
social learning processes
and co-production of
knowledge
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means among others for the diffusion of farmers’
experiences, it was now becoming a central focus in
collaboration between the actors involved, mainly
because of positive experience with the pilot film in
the previous phase.

The films were produced by a team consisting of the
project leader and audio-visual professionals in close
collaboration with the farmers involved and the accompa-
nying group. All three actively participated in the creation
of the films’ concept, contents, and form. Drafts of the
films were presented to the farmers and the accompanying
group. Farmers, experts and scientists discussed what issues
might appeal to the target group, what content corre-
sponded with soil protection, and what other issues should
be included. Discussions in the accompanying group turned
more and more from attempts to come to terms with the
project approach to concrete questions about the project’s
realisation.

By end of 2006 production of the films was finished
with an opening event, which took place at the annual
meeting of the agricultural organisation SVLT. The project
initially only carried out by actors from soil protection
turned into a project being part of agriculture.

With the initiation of this phase a close partnership with
a university institute was established. This allowed engage-
ment with social scientists who joined the accompanying
group and began to analyse the social learning processes
related to the project (see section on methodology).
Transdisciplinary research within the project facilitated
continuous reflection on ongoing activities and refinement
of the project.

Film Dissemination Phase

The aim of this phase was the presentation of the films in
farmers’ assemblies. The farmers’ organisations involved
activated their networks in order to create space to present
the films and facilitate discussions and learning processes
among farmers. This process is still ongoing and the subject
of other publication.

Meetings of the accompanying group and transdisci-
plinary research also continued in this phase. Joint
reflection in the accompanying group caused growing
awareness of the effects of the films: participants
realised that the films not only had an impact on
farmers, but that they influenced first of all the
participants in the accompanying group and their
respective home institutions. The participants became
increasingly convinced that learning is needed not only
with farmers but among all participants.

In the following section we shall describe the effects of
the processes of social learning and co-production of
knowledge in greater detail.

Effects of the Social Learning Processes

Mutual Understanding and Trust

All interviewed actors stated that they gained greater
degrees of trust and mutual understanding of the views
and room for manoeuvre of the other participants.

An administrative representative described the process of
confidence building in this way:

“We know each other, all are well minded. At the
beginning we had to find a way to cope. One had to
think more before one said something. A straightfor-
wardness appeared – mutual trust developed. (...) You
do not need to bluff. You realise that everybody
comes out of a different field with different expert
knowledge.”

The related process of growing mutual understanding
was expressed by a farmer as follows:

“You begin to gain understanding of their (experts’)
concerns and points of view. You look at the world
more broadly and begin to see why people do things
differently elsewhere. Why people from the federal
government act as they do. And why they can’t do
otherwise. You believe you understand clearly why
you think as you do. But to consider another opinion
and be able to say, “yes, in principle he’s also right” –
this is a path we need to pursue further.”

Broader Understanding of the Issue

The emergence of mutual understanding and trust came
along with a broader view of the situation and an increased
understanding of the key issues related to soil conservation.
Some participants stated that they gained new insights
about technical issues related to soil, soil erosion or soil
conservation. Others claimed to have complemented their
knowledge about soil conservation by learning more about
social processes, e.g. the importance of integrating farmers
in governmental implementation strategies from the begin-
ning. However, all participants stressed personal discus-
sions with other ‘experts’ that tackled the questions of soil
conservation from different standpoints. An agricultural
expert expressed this as follows:

“It is interesting to see how each individual views
things; people are very important to me. One may
represent a didactic viewpoint, another may be
involved in a global network, and a third may base
his argument on statistics...Much is clear from theory
or practice, but it are the connections ...it isn’t really
that I gain new knowledge but that my own
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knowledge is put in another context or becomes more
deeply ingrained in my own awareness.”

The participants contextualised their existing knowledge,
taking into account a broader range of perspectives. At the
same time, existing and new knowledge was better
embodied in the persons involved. This reveals the
importance of the tacit and explicit dimensions of the
knowledge creation process.

Scrutinising Approaches and Underlying Knowledge
Conceptions

In parallel to the processes described above, some of the
involved administrative representatives started to scrutinise
their approaches. The representative of the Federal office
for Environment, for example, stated that while interacting
with farmers in the field he learned about their reality and
thus critically reflected on their own institutional imple-
mentation strategy as too limited:

“After (the group meetings) I saw much clearer how
direct drilling works. Of course one had read about it
before. But when you are there yourself you see how
the farmers explain the machines. When you are with
the farmers on their fields you also see the difficulties:
The complexity of their decisions, with heavy soils
for instance. Mostly we confront them with a specific
problem and they have to cope with the whole crop
rotation, the weather, that they get it done in time ....”

By-and-by, all participants were sensitised to the ‘From
Farmer - To Farmer’ project’s participatory approach. While
at the beginning the majority saw the project as a means to the
end of transferring soil conservation to farmers, albeit with
unconventional methods, they came more and more to realise
that integration of farmers is not only better for dissemination,
but also brings better solutions. They also started to realise
that social learning and co-production of knowledge are
needed to overcome the contradictions between sectoralised
forms of knowledge.

Although the philosophy of knowledge transfer and its
underlying positivist knowledge conception is deeply
embedded in the thinking and acting of farmers, experts
and scientists, there is clear evidence that participants have
gradually been changing their knowledge conception. This
is especially true for actors who already had partly
constructivist knowledge conceptions on a tacit level: A
cantonal soil protection agency, for example, designed their
implementation strategy while taking account of different
kinds of knowledge, but they could not name the
underlying principles. Collaborating with the ‘From Farmer
- to Farmer’ project, their representative learned to express
the underlying assumptions of their implementation strate-

gy and to argue with it. Some actors with an initially
positivist knowledge conception gradually changed it as
well. For example, an administrative representative who
primarily questioned the project’s approach experienced to
some degree the value of integrating farmers’ knowledge
and working with the unconventional approach.

Improved Collaboration for Better Solutions

All participants stressed the achievement of successful
collaboration between actors representing farmers,
researchers, experts and administrative representatives.
The participants learned that collaboration with “others” is
possible and meaningful. They described collaboration as a
common quest for better solutions to soil degradation. A
farmer put it as follows:

“You feel that everyone knows it won’t be easy. And
we can achieve something together only step-by-step.
You could feel that already in this group. No one said,
“it must be like this.” When scientists have something
to say, it simply becomes a directive. But here you
feel involved in a common search for solutions with
practitioners: “what is possible? And what is not
possible?”

Beyond concrete collaboration in the context of joint
production of the film, the participants used their new
contacts in different intensities: Some had almost no further
contacts, others stated that they contacted key persons more
easily, and still others started to work together in new
projects or programs. The most far-reaching example of a
newly established collaboration positively influenced by the
experiences in the ‘From Farmer - To Farmer’ project is a
novel project where exponents of organic agriculture and
the no-tillage soil conservation system work together in the
context of a national resource protection programme. This
is quite exceptional, as there have been traditional tensions
between the two parties regarding different notions about
the use of chemicals. Both the representative of organic
agriculture and the representative of no-tillage, are con-
vinced that this would not have been possible without the
establishment of personal contacts and the positive experi-
ences in the ‘From Farmer - to Farmer’ project.

Film as an Intermediary Object

The films can be regarded as visible expressions of the
common quest for better solutions and the related social
learning process. Discussions in the accompanying group
and with the involved farmers in the field directly
influenced the design and content of the films. This can
be concluded from analysis of the group meetings, as well
as from how the participants see the process. While in the
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beginning there were controversial discussions about the
elements to be presented in the film (e.g. the use of the
plough) and the possibilities of using the films for
knowledge exchange, in the end all participants developed
a certain feeling of ownership of the project and the films.
The films become the linking element between the
individual participants: They became an ‘intermediary
object’. In speaking of intermediary objects we follow the
definition of Vinck (1999), who introduces the term for
objects which are produced when actors change their
perception of an issue and come to a shared understanding.
Intermediary objects are characterised by their ability to
federate people around a concrete entity and thus to launch
collective action, on the one hand, and the ability to
circulate from one place to another, on the other hand
(Steyaert et al. 2007). Intermediary objects in the form of
films have the advantage of conveying explicit as well as
tacit elements.

Positive Connotation of the Issue ‘Soil’

The ‘From Farmer - To Farmer’ project stimulated
discussion of soil conservation issues in agriculture. Soil
protection was linked to the idea ‘from farmer - to farmer’
to a certain degree. It is no longer just a request coming
from environmental protection advocates; it became a
matter of concern to farmers. Furthermore, the films convey
not only technical facts but also a certain emotional
ambience. Both elements contributed to a more positive
connotation of soil protection in agriculture. For example,
several participants who have been in regular contact with
the Federal Office for Agriculture observed that it is easier
today to debate questions related to soil protection with this
federal office. The representative of the Office himself put
it as follows:

“The project served internally as a door-opener for the
Federal Office of Agriculture. Now when I bring up the
topic of soils, everyone knows, ah, yes, soil: From
Farmer - To Farmer, the films, direct seeding...Goodwill
has been generated. The internal effect in the end is
perhaps as great as the external. Management tools have
been created here: if you stimulate internal awareness
about soil and arouse sympathy for the topic you then
have a chance to implement actual tools that can have an
effect. Film is a very different medium: film appeals to
our senses and reaches people in another way that
somehow inspires confidence.”

Change of Agendas and Approaches of Institutions

The ‘From Farmer - To Farmer’ project not only provided
space for learning by the involved participants, it also had

effects on the agendas and approaches of the involved
organisations and the establishment of new projects and
programs. Impacts concerned further activities with the aim
of improving the project’s efficiency, including the organisa-
tion of film presentations, the establishment of training courses
for extension workers, and the prolongation and expansion of
the project to the French-speaking part of Switzerland and to
new issues such as pasture management. Furthermore, the
participatory design of the project served implicitly or
explicitly as a model for new projects in related fields such
as a project about the re-use of excavatedmaterial in a cantonal
soil protection agency, and the national resource program of
the Federal Office for Agriculture supporting farmers’
initiatives for more sustainable agriculture. The latter program
represents a fundamental change in the governmental imple-
mentation strategy. So far, implementation of measures for
sustainable agriculture has been based on a system of
incentives, control and sanctions. The new program provides
a new and still small space where farmers, experts and
scientists work together.

These new projects and programs can be regarded as
new spaces for social learning where farmers, experts and
scientists collaborate and co-produce knowledge for more
sustainable development (see the chapter on improved
collaboration for better solutions). They link different
organisations and actor groups within a boundary space
between them. In this process, the films proved to play an
important role. As ‘intermediary objects’ they helped the
participants to communicate to their organisations the
individual learning processes in the accompanying group.
Presentations of the films opened space allowing learning
processes to emerge among the other members of the
organisations by positively influencing the institutional
environment, resulting in more positive connotations
associated with soil issues and farmers’ respective knowl-
edge about it (Fig. 1).

Facilitation of Social Learning and Co-Production
of Knowledge

The processes described above occurred by no means
automatically and not in all cases. Analysis revealed that
social learning cannot be imposed upon the actors. Instead,
the conditions for the emergence of social learning can be
positively influenced. Spaces for social learning within the
‘From Farmer - To Farmer’ project proved to have been
shaped by four highly interrelated main characteristics:

Collaboration Beyond Traditional Political Tensions

The opportunity to meet in a context removed from current
political struggles and traditional institutional tensions and
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power relationships turned out to be an essential element
enabling social learning. The ‘From Farmer - To Farmer’
project provided space and time for individual actors to
interact under novel auspices. A representative of the
Federal Office for the Environment described this as
follows:

“We had always had contact with the Federal Office
for Agriculture. Contact and disputes, with the
disputes being more frequent. They usually tried to
cut off everything that grew out of an environmental
perspective and to postpone it, so they would have to
do as little as possible. We did have joint projects, but
usually in the sense of negotiating who would
concede more. Our collaboration in the ‘From Farmer
- To Farmer’ project, by contrast, was very good
because we both pulled in the same direction.”

Against the background of such experiences, the
question arises of how distinct actors could be convinced
to enter into collaboration. This was due to the sound

management of the project leader, which enabled all these
actors to find an ‘entrance’ to the project: for some actors
this entrance was ‘soil conservation’ (mainly actors in soil
protection), for others ‘the from farmer - to farmer
approach’ (mainly actors in agriculture) and for still others
the underlying ‘theoretical foundations’ (actors in social
science). The project leader invested a lot of time and
energy in bilateral meetings to establish personal relations,
to identify the participants’ plans and goals, and to integrate
them into the project. In doing so, the project leader was
supported by several early participants who personally
knew other actors.

Finding common interests and liaisons not only livened
up the project but also created a new basis for collaboration
and social learning. This process was facilitated by the fact
that the subject of producing a film for farmers went
beyond the traditional debates on (ecological) direct pay-
ments. At the same time, intensified social learning was
shown to be impeded if the distance between the actors was
too great due to varying interests, aims or life-worlds. This
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was also true if the participants acted mainly as representa-
tives of their institutions. In these cases, participants were
stuck in negotiating institutional interests.

An Atmosphere of Trust that Led to Acknowledgement
of Farmers’, Experts’ and Scientists’ Views and Knowledge

An atmosphere of trust where farmers’, experts’ and
scientists’ views and knowledge are taken seriously was
one of the most important elements enabling social
learning in the ‘From Farmer - To Farmer’ project. The
development of such an atmosphere took time. It
evolved through specific forms of collaboration, the
engagement of the project leader, and as a result of
the attitudes of the participating actors. For instance, the
project leader organised situations where specific actors
were addressed as ‘experts’: e.g. most meetings of the
accompanying group started in the field, where farmers
naturally have the role of specialists. This helped the
participants to respect the competence and knowledge of
the other (non-scientific) actors and, at the same time, to
experience respect for their own knowledge. Actively
integrating actors with different perspectives and knowl-
edge and allowing them to be part of the process was
an important element. In cases where this did not work
out, group processes were shown to develop a life of
their own with the result that participants were excluded
and social learning was thus impeded.

In addition, intermediary persons proved to play a
crucial role. Several participants, including the project
leader, had experiences in various fields such as
agricultural practice and science or soil protection and
agriculture. They knew different life-worlds, forms of
knowledge and institutions and thus could build bridges
between the distinct actors. Analysis of the accompa-
nying group meetings showed that the mediating inter-
ventions of these persons fundamentally shaped the
dialogue between the distinct participants. Intermediary
persons, therefore, can be regarded as important facili-
tators of social learning processes.

Communication and Interaction Beyond the Knowledge
Systems to which the Actors Belong

The emergence of social learning was facilitated by forms
of collaboration that enabled communication and interac-
tion beyond the knowledge systems to which actors
formally belonged: This basically means forms of collab-
oration that integrate the life-worlds of the actors. Creating
films about farmers practicing soil conservation made the
personal experiences of the farmers the starting point for
many discussions in the accompanying group. This also
encouraged the participants with a scientific background to

discuss soil protection on the level of personal experience
rather than on the level of ‘objectified’ scientific results.
The effect of these personal interactions was described by a
farmer as follows:

“...when some official simply implements a law
without having any relation to its impacts, but here
there was a different feeling. I also felt that a
representative of the Federal Office was trying to
understand farmers’ concerns – thanks to the films,
among other things. The films affected us first. They
were in a language everyone could understand but not
primitive; this initiated a process of mutual under-
standing.”

This kind of interaction did not primarily take place
during the formal meetings, but during the more informal
sessions such as coffee breaks, common lunches, field
trips, and travel. It related to the establishment of
personal relations and the emergence of emotional
qualities. Many participants expressed the importance of
meeting other participants in their own locations and thus
becoming acquainted with their life-world and their
institutional context. A soil protection expert expressed
this as follows:

“You could have really good discussions. At meetings
where the participants were located, I felt that
something was developing and there would be no
turning back. Even that XX could express himself the
way he did – which I hadn’t thought possible – even
critically with regard to certain steps in mechaniza-
tion, and that we experienced each other as human
beings. I think we all benefited from the mutual
respect that developed – even though we all repre-
sented different positions. Everyone felt that we had a
goal and that we were working towards it jointly.”

The willingness to get involved in these kinds of
interactions was shown to have been determined by the
participants’ knowledge conceptions: Actors with underly-
ing constructivist knowledge conceptions believed that
different people could have different life-worlds and
knowledge. Consequently, they were more likely to be
open to learn from other participants and to reflect their
own position. Actors with underlying positivist knowledge
conceptions tended to devalue the project and its approach
as backwards-looking and romanticising traditional farm-
ers’ knowledge. For them, farmers’ knowledge cannot
really be innovative and thus there is no value in social
learning. In the same way, social learning proved to be
difficult if there was strong agreement between actors in the
same field. Under these circumstances, discussions focused
on specialised details and interactions based on personal
experience were not possible.
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Possibilities for Creating and Sharing Tacit and Explicit
Knowledge

The analysis revealed that social learning in the ‘From
Farmer - To Farmer’ project encompassed creating and
sharing of tacit and explicit forms of knowledge. Both
forms of knowledge were equally important and were
shown to be intrinsically linked to each other. Learning on
an explicit level, for example, was interlinked with the
emergence of the partly tacit elements of personal attach-
ment, trust and mutual understanding. Creation and sharing
of the two forms of knowledge was enabled by space and
time for joint ‘experience’ as well as ‘reflection’. Personal
experience during informal meetings in the field, the use of
story-telling methods, active collaboration on a specific
product and interactions on the life-world level facilitated
the involvement of tacit knowledge. Joint reflection, on the
other hand, took place through dialogue within the group
and helped to articulate tacit knowledge, working experi-
ences, ideas, and preliminary feelings. Joint reflection was
facilitated by the continuous transdisciplinary research as
well as by the project leader’s sensitive moderation of

discussions. The meetings were moderated in such a way
that critical subjects could be addressed and solved in the
group.

However, the effect of joint experience and reflection in
biannual meetings depended on the participants’ possibil-
ities for linking novel understanding with experience in
‘normal’ daily or working life: For example, increasing
awareness of integrating farmers in implementation pro-
cesses can be traced back to the social learning process in
the project but must also be seen in the context of ongoing
debates on participatory approaches stimulated by long-
term experience in international development cooperation.

The main characteristics explored proved to be inten-
tionally created by the project leader. However, in many
cases they emerged spontaneously. In both cases—in the
words of Nonaka et al. (2001)—it was important to ‘find’
and ‘energise’ spaces where social learning between
different actors occurred spontaneously in daily life. We
found in this study that creating, finding and energising
spaces for social learning aiming at co-production of
knowledge was positively influenced by the specific
strategies summarised in Table 3. All of these strategies

Table 3 Main characteristics and related strategies shaping spaces for social learning

Main characteristics Most important specific
strategies (compare next
column)

Specific strategies positively
influencing the main characteristics

Collaboration beyond traditional
political tensions

01, 02, 06, 08, 10, 13, 17 01 Allowing actors with different perspectives and interests
to have access to the process

02 Looking for intermediary persons

03 Allowing participants to be part of the process

04 Actively integrating new participants

05 Clarifying roles

An atmosphere of trust that lead to
acknowledgement of farmers’, experts’
and scientists’ views and knowledge

02, 03, 04, 10, 11, 14 06 Establishing personal relations

07 Informal meetings

08 Bilateral meetings

09 Meetings at the participants’ locations

10 Commitment, engagement and sensitivity of a facilitator

Communication and interaction beyond
the knowledge systems to which actors belong

06, 07, 09, 15, 20 11 Long-term process

12 Collaborating on a specific product, goal orientation

13 Seeking common interests and liaisons

14 Organising situations where distinct actors are
addressed as ‘experts’

15 Placing personal experiences at the centre of collaboration
and not scientific results

Possibilities for creating and sharing
tacit and explicit knowledge

07, 10, 12, 16, 20 16 Reflecting on the participants’ distinct perspectives
and knowledge

17 Enabling novel and positive experiences

18 Building on previous learning processes

19 Intermediary objects

20 Using story telling methods
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influenced all four main characteristics described. However,
some of them—as listed in Table 3—proved to be of special
importance.

Conclusion

The limitations of the generally adopted knowledge transfer
approach in promoting soil conservation motivated us to
investigate an alternative way of implementation which is
based on co-production of knowledge and social learning.
The study on the ‘From Farmer - To Farmer’ project
revealed that processes of social learning led to fundamen-
tal transformations in patterns and atmospheres of inter-
actions between the actors involved. They can be related to
three different levels: (1) face-to-face interactions within the
project, (2) interactions within the involved organisations,
and (3) interactions within the boundary spaces existing
between organisations.

Transformations on the level of face-to-face interactions
were mainly associated with joint film production. They
encompassed the emergence of mutual understanding, trust,
improved relations, a broader and more contextualised
understanding of the problem of soil conservation, as well
as transformations in the underlying conceptions of
knowledge. The study thus underpins, for the case of
Switzerland, the results of an investigation of the main
dimensions of social learning processes, carried out in the
context of developing countries. Rist et al. (2006) showed
that social learning processes must be understood as the
simultaneous and actor-specific transformation of cognitive,
social and emotional competences and the social capital
through which actors are bound together.

These transformations occurred by no means automati-
cally, and not in all cases. We identified four highly
interlinked core characteristics that shaped social learning
and co-production of knowledge: Collaboration beyond
traditional political tensions; an atmosphere of trust where
farmers’, experts’ and scientists’ views and knowledge are
taken seriously; communication and interaction beyond the
knowledge systems to which the actors belong; and
possibilities for creating and sharing tacit and explicit
knowledge.

As a consequence of the face-to-face learning processes
emerging from the joint film production, some participants
began to scrutinise other existing implementation schemes
and to search for alternatives based on the newly gained
insights. They reorganised existing and created new
projects within the room for maneuver they had, by
gradually transforming their institutional approaches from
understanding implementation not as unilateral process of
knowledge transfer, but as a pathway to co-production of
knowledge between farmers, experts and scientists. By

translating processes of social learning created in the
context of the ‘From Farmer - To Farmer’ project to their
organisations, the films played an important role as
intermediary objects. Furthermore, presentations of the
films opened spaces for organisational learning by posi-
tively influencing the institutional environment, resulting in
more positive connotations of soil protection and farmers’
respective knowledge about it.

The newly established projects themselves can be
regarded as spaces for social learning where farmers, experts
and scientists collaborate and co-produce knowledge for
more sustainable development. Different organisations and
actor groups become linked through these new learning
spaces located in a boundary space between them. While
these new alliances were first created in a rather informal
way, in a second step they were concretised to specific new
projects as part of a more formalised inter-institutional
process of negotiation and learning. In this way, social
learning processes involving individual participants could be
propagated beyond the face-to-face interactions within the
‘From Farmer - To Farmer’ project to further learning on the
level of the institutions and their boundary spaces.

Summarising the above findings we conclude that social
learning resulting in co-production of knowledge between
farmers, experts and scientists becomes essential for jointly
moving towards more sustainable agriculture.

Policy Implications

In view of the great potential of processes of social learning and
co-production of knowledge, we can highlight three important
implications for governmental soil conservation strategies:

– Soil protection strategies should place more emphasis on
social processes, the emergence of trust, and mutual
understanding, as well as on the tacit dimensions of
knowledge creation. This means, for example, integrating
intermediary persons who can build bridges between
different kinds of actors and taking into account that
certain types of knowledge can be created and commu-
nicated only through sharing time and space together.

– In this regard, implementation strategies should be based
on a dynamic interrelation between finding spaces
where learning processes between farmers, experts and
scientists occur in agricultural practice (e.g. farmers’
networks) and enriching them, thus creating new spaces
to actively enhance social learning.

– Soil protection agencies should see themselves not as
managers but as facilitators in a dynamic process of
knowledge emergence between farmers, experts and
scientists. In this perspective not only the farmers but
also the experts and the scientists are part of the
learning process.
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Scientific Implications

Most articles published over the last decades have focused
on social learning processes on the level of face-to face
interactions, in which individual actors collectively recon-
ceptualise the definition of present situations in order to
create more common ground for collective action (e.g.
Buck 2003; Schusler et al. 2003). Far less attention has
been given to the role of learning in shaping social
institutions or the way institutions and organisations
interact. This is true for social norms and values, public,
private, and civic sector organisations, and political and
economic structures (Woodhill 2002). This study demon-
strates that a learning-oriented understanding of sustainable
development implies including analysis of the institutional
environments in which the organisations of individual
representatives of face-to-face-based social learning pro-
cesses operate. The degree to which organisational struc-
tures are able to respond positively to the social learning
processes in which their individual members are involved
has proven to be a decisive factor in making it possible to
turn the face-to-face-based learning processes of the
organisations’ representatives towards forms of more
organisational learning. Moreover, the study revealed that
this was achieved not directly through formalisation of new
lines of institutionalised cooperation; instead, it was
achieved by establishing links in a boundary space by
trying out new forms and content in collaboration aiming at
social learning and co-production of knowledge.

To better understand the elements and processes that
contribute to propagation of face-to-face social learning
processes, and to changes at the institutional level, we argue
that further research should emphasize elements and
processes related to this boundary space, including inter-
mediary persons and objects.
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Transdisciplinarity – An Option for Applied Landscape Ecology
in Complex and Uncertain Contexts

Karl Herweg, Stephan Rist, Hanspeter Liniger, Volker Prasuhn,
Flurina Schneider, Thomas Ledermann, Patricia Fry,
Anne Zimmermann, Hans Hurni and Urs Wiesmann

Applied landscape ecology is considered to have a limited impact on decision-making. To improve
the effectiveness of research, above all, closer cooperation between researchers and non-
academic actors is needed. We argue that a suitable research approach in this context is
transdisciplinarity (td). We refer to td as interdisciplinary research that takes place in a complex
environment-society context with a strong involvement of non-academic actors during the entire
research process. A brief synthesis of a case study focusing on ‘Off-site Effects of Soil Erosion
on the Swiss Plateau’ illustrates a promising application of a td approach.

With 4 Figures and 1 Photo

1. Applied Landscape Ecology:
Limited Applicability?

Mosimann (1999) defined applied landscape
ecology (LE) as a field of research investigating
natural processes influenced by human activities
from a spatial perspective (the landscape). Since
human activities have effects that can lead towards
either degradation or conservation of natural re-
sources, there is broad agreement that LE research

Transdisziplinarität – eine Option für die angewandte Landschaftsökologie
in einem komplexen und unsicheren Umfeld

is of high societal relevance. But there is no con-
sensus regarding the role of research in such a
‘life-world’ context (Pohl and Hirsch Hadorn
2007), nor do researchers agree on the relation-
ship between scientists and practitioners and their
underlying knowledge systems. The usefulness of
studying LE issues from a biophysical perspec-
tive remains undisputed, as this is crucial for es-
tablishing a sound knowledge base on matter and
energy flows, studying systems and interrelation-
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ships between system elements, and developing
simulation models and reliable measurement
methods. Yet various authors such as Mosimann
(1999), Naveh (2007), Leser (2007), and Nas-
sauer and Opdam (2008) point out that, apart
from fundamental advances in understanding the
relationship between landscape patterns and land-
scape processes, LE is not really effective in
‘transferring’ this knowledge to society. In what
follows, we discuss an approach that we postulate
as capable of leading to greater effectiveness in
‘applied landscape ecology’. We begin by provid-
ing an overview of approaches to moving from
knowledge transfer to knowledge coproduction,
then present a brief synthesis of an application of
a transdisciplinary approach to LE in a case study,
and finally evaluate the approach.

2.  Current Approaches to Making
Science Relevant to Society

Why is there such a gap between the desired and
actual effectiveness of applied LE? Cash et al.
(2003) relate the limited effectiveness of scientif-
ic information in societal decision-making to lack
of credibility (adequacy of evidence and arguments),
salience (relevance to decision-makers) and legiti-
macy (unbiased and fair production of information
and technology). Mosimann (1999) and Nassauer
and Opdam (2008) also present a number of
shortcomings, such as scientists’ fear of losing their
scientific credibility when engaging in applied re-
search, or the fact that academic reference systems
do not value societal relevance. Precise scientific
tools and models are resource- and data-intensive
and often do not provide extrapolations to larger
areas and timespans, which makes generalised find-
ings appear prescriptive. Moreover, inadequate
communication and differences between scien-
tists’ and other actors’ perceptions of the ‘problem’
to be dealt with are cited as a major constraint.

Consequently, many authors demand closer
collaboration between science and society

(Nowotny et al. 2001, Luz 2000, Gallati 2008).
Potschin and Haines-Young (2005) suggest a
shift of paradigm towards considering the land-
scape as a natural resource providing goods and
services to people. Nassauer and Opdam
(2008) advise going beyond landscape patterns
and processes and incorporate design (inten-
tional human action). Naveh (2007) proposes
that LE should not follow the well-paved road
of prevailing conventional and chiefly outdated
mechanistic and positivistic scientific para-
digms. He demands a more transdisciplinary
science striving for sustainability. The sustain-
ability discussion has brought to light that re-
search in this sector must handle fundamentally
different views (Mosimann 2002). Glawion
(1999) and Wiesmann and Messerli (2007)
have shown that a systems perspective – study-
ing flows and interdependencies between eco-
logical, economic and social subsystems – is
important but insufficient to develop practical
solutions. When different stakeholders dis-
cuss their views about what is sustainable and
what is not, research needs to include this nor-
mative perspective. For example, the decision
to protect soils implies a value dimension
based not only on degradation rates, but also
on the underlying ethical assumption that soil
is worth being protected per se.

The involvement of different actors in the sus-
tainability debate implies engaging with differ-
ent types of knowledge. Pohl and Hirsch
Hadorn (2007) and Hirsch Hadorn et al.
(2008) suggest the following distinction:

 (1) Systems knowledge comprises current
understandings of biophysical, econom-
ic and sociocultural elements, process-
es and interactions that lead to the cur-
rent natural resource situation.

 (2) Target knowledge contains the visions of
different actor groups, e.g. regarding more
sustainable resource management.
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 (3) Transformation knowledge includes path-
ways to achieve these visions, e.g. learning
processes, technology development etc.

Target and transformation knowledge are nor-
mative not only because they reflect the agen-
das of different actors; a more comprehensive
analysis of the epistemological foundations of
the natural and social sciences shows that
each perspective is just one of several equally
valid philosophical positions forming a high-
ly diverse universe of worldviews (Ingram et
al. 2010). As a result, no individual actor group
is predestined to be solely responsible for de-
ciding on sustainability and complex environ-
ment-society issues on its own.

This critical evaluation of the effectiveness of
LE does not mean that research findings are
never applied. Various ideas, contents and meth-
ods that have emerged from applied LE are now
being integrated into planning and implementa-
tion procedures. However, Tress et al. (2004)
and the Millennium Ecosystem Assessment
(MEA; 2005) predict that the speed and com-
plexity of global change pose new challenges for
research; rapid changes are likely to affect land-
scapes and natural resources, such as climate
change, populations increasing and altering their
styles and standards of living, and infrastructure
spreading at the cost of areas reserved for pro-
duction and protection. MEA (2005) concludes
that human interference over the past 50 years
has changed ecosystems more rapidly and more
extensively than in any comparable period of
time in human history. In view of these rapid
global change scenarios with potentially detri-
mental consequences for the environment, the
economy and society, LE researchers need to
reflect on whether current research approaches
are still appropriate to meet the challenges of the
future sufficiently in time. Moreover, more re-
cent studies on specific environment-society
interfaces underline the need for developing fun-
damentally new and integrative approaches in

dialogue with practitioners, such as Bohle (2005)
in the context of health and environment, Müller-
Mahn (2005) focusing on natural disaster re-
search, and Müller-Hohenstein and Abate (2009)
investigating forest conservation issues. Common
to all these studies is the search for research ap-
proaches in a complex and uncertain context.

3. Improving the Effectiveness of
Applied Landscape Ecology

From the above debate a number of requirements
for improving the effectiveness of applied LE
can be formulated.

Investigating life-world problems with a
focus on solutions (Pohl and Hirsch
Hadorn 2007) requires that scientists
should not formulate research questions
without involving other societal actors.

The analysis of complex environment-
society contexts calls for interdisciplinary
science involving the natural and technical
sciences as well as the social sciences and
humanities.

Rapid global change and uncertain contexts
involve urgency and flexibility. Sound ba-
sic disciplinary research is still necessary
to understand system dynamics. However,
research of highest quality takes time; si-
multaneously, there is increasing demand
for more rapid solutions to problems relat-
ed to global change issues (e.g. climate
change, growing economic and social dis-
parities). Thus, in addition to basic research
there is a need for a more flexible type of
research that provides information more
quickly. This may include e.g. the applica-
tion of participatory action-research based
approaches, and the development of impact
indicators and cost-effective monitoring
methods (Leser 2007).
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Usually, research results are disseminated af-
ter completion of a study; however, the
context and demand for research may have
changed meanwhile and results can be out-
dated. In addition, not everyone concerned is
in a position to understand the scientific lan-
guage used in journals. Moreover, research
summaries such as flyers, brochures and
guidelines addressing specific target groups
do not solve one basic issue; they still con-
tain what researchers consider relevant for
society, and not necessarily what practition-
ers really need. To address this challenge and
increase the effectiveness of research, there
is a need for participation of both scientists
and non-academic actors – i.e. knowledge co-
production – and improved communication
from the beginning of the research process.

4. Developing a Transdisciplinary Approach

What kind of research approach might be appro-
priate to meet the above-mentioned requirements?
We suggest that it should be a transdisciplinary ap-
proach. Work on the epistemological and meth-
odological foundations of transdisciplinarity (td)
comprises a whole range of different interpreta-
tions of this approach, from purely theoretical
positions (Max-Neef 2005) to more pragmatic
ones (Bergmann et al. 2005). Blümel and Leser
(2002) understand transdisciplinarity as a scien-
tific perspective that is closely related to inter-
disciplinarity, but in addition also addresses as-
pects that take into account what lies between the
disciplines. Although Blümel and Leser’s under-
standing of transdisciplinarity and applied research
(Leser 2007) are strongly oriented towards prac-
tical problems, both remain largely within the sci-
entific domain, producing results for and not with
practitioners. By contrast, there is a growing body
of scientific work addressing the application of
research as part of a broader process of knowl-
edge coproduction involving both scientists and
non-academic actors in contexts of uncertainty,

complexity and conflict (e.g. Hurni et al. 2004,
Rist 2006, Wiesmann et al. 2008, Pohl et al.
2010). The important point here is that research
questions should already be negotiated with non-
academic actors and not be an internal academic
procedure. Thus, following the more pragmatic
position in the td debate, in the case study present-
ed below the term “transdisciplinarity” is under-
stood as follows (Hurni and Wiesmann 2004):

It addresses life-world issues of societal rel-
evance (Pohl and Hirsch Hadorn 2007);

It integrates social and natural sciences in a
common approach (interdisciplinarity); and

It simultaneously includes scientific and
non-academic actors and their knowledge
systems in a participatory and interactive
process of knowledge coproduction.

As used in this paper, td must imply a new form
of learning and problem solving, based on close
cooperation between different parts of socie-
ty and academia. Social learning processes are
an integral part of td research, which means that
knowledge production and knowledge imple-
mentation cannot be looked at independently
(Rist 2006, Schneider et al. 2009). Importantly,
a td approach includes phases of exclusively
academic disciplinary research.

5. Implementing a Transdisciplinary
Approach: Off-Site Effects of Soil Erosion

on the Swiss Plateau – a Case Study

The starting point for the present case study is typ-
ical of many ecological problem settings studied
in applied LE, in which a number of stakeholders
interact in an uncoordinated manner and mainly on
short notice. Before assessing the adequacy of a td
approach applied to make science more relevant to
society in Switzerland, we present the problem, td
approach, methodology and a brief summary of key
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findings from the various disciplinary components
of the study. More detailed research results of the
study can be found in Schneider et al. (2009,
2010) and Ledermann et al. (2008 and 2010).

5.1 Description of the ‘problem’:
off-site effects of soil erosion

The rolling hills of the Swiss Plateau – located
between the Swiss Alps in the southeast and the
Jura mountains in the northwest – are intensively
used for crop and animal production. In the recent
past, representatives of cantonal soil conservation
services have repeatedly noted that communities
and private households were in conflict with farm-

ers due to water and sediment polluting roads and
tributaries and damaging public and private infra-
structure such as roads, houses and furniture.
These damages are referred to as ‘off-site effects
of soil erosion’, implying that they are linked to
on-site soil erosion, i.e. mostly on cropland
(Photo 1). The occurrence of damage indicates
that existing legislation and tested conservation
technologies are not adequately applied. A great
deal of knowledge about the problem and poten-
tial solutions already exists; but it is spread among
several actor groups, with insufficient communi-
cation between the groups. For example:

The legal basis of soil protection (BBod-
SchV. 1999) was developed at the federal

Photo 1 Sediments blocking a road: an off-site effect of soil erosion on cropland (Photo: T. Ledermann March 2006)
Sedimentmaterial überspült eine Straße: eine Nebenwirkung der Bodenerosion auf dem Ackerland
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level and is implemented by cantonal soil
conservation services. However, cantons
use different means of enforcement, from
learning- and motivation-based approaches
to punitive, sanction-based approaches.

Agricultural research has tested various sus-
tainable land management (SLM) practices
(Prasuhn and Weisskopf 2004). Cantonal
soil conservation services are also testing
measures and offer advice, such as guide-
lines for assessing soil erosion at farm level
(Mosimann and Rüttimann 1999).

Contractor farmers offer machines and serv-
ices to implement different practices on
other farmers’ plots, such as mulch seed, ro-
tary band seeding and no-till.

A private company is currently identifying suc-
cessful farmers’ experience with soil protec-
tion. It aims at improving knowledge manage-
ment by enhancing exchanges of experience
from farmer to farmer (Schneider et al. 2008).

Soil erosion research has been carried out in
Switzerland for many decades. To date it has
focused mainly on on-site effects, providing a
wealth of data as well as conceptual and meth-
odological experience on how to measure, mon-
itor and model soil erosion (Leser et al. 2002).
Furthermore, Swiss researchers have played a
key role in the coordination and set-up of a glo-
bal network and a standardised methodology for
documentation, dissemination and evaluation of
SLM practices (Liniger and Critchley 2007 and
2008; Hurni et al. 2008), including case stud-
ies on several land management technologies
and their impacts in Switzerland. Off-site effects
of erosion, however, have rarely been studied.

Insurance companies document cases of
compensation claims under the umbrella of
flooding and hail; these do not (yet) relate
specifically to soil erosion.

This wealth of substantial but decentralised knowl-
edge led a group of researchers to raise a number of
questions: What are the knowledge gaps (that require
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Transdisziplinärer Ansatz und Methode der Fallstudie
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additional research)? Which research methods are
adequate (low-cost, flexible, combinable) for re-
acting to changing demand and upcoming ques-
tions? How could a td approach help in this con-
text? And can such an approach be implemented?

5.2 Transdisciplinary research approach

The td approach designed by the group of
researchers involved several activities at the lev-
els of societal discourse, interdisciplinarity and
disciplinarity (Fig. 1). The key elements of this
approach required a strong emphasis on integra-
tion and communication. Thus, at the level of so-
cietal discourse, integration took place in the

form of negotiating research questions, regular
exchange of knowledge and identifying collec-
tive action twice a year, and organising a conclud-
ing workshop. All integrative elements involved
farmers, contractor farmers, cantonal soil con-
servation offices, federal agencies for the envi-
ronment and agriculture, a private knowledge
management firm and two research institutes. The
basic theme of the study was pre-determined by
the call for research proposals, in this case: off-
site effects of soil erosion. Therefore, negotia-
tion between scientists and practitioners – con-
stituting one of the fundamental aspects of td, as
described above – focussed on developing de-
tailed research questions and took place at a
workshop before the project proposal was submit-

Fig. 2 Research sites of the case study (adapted from Ledermann et al. 2008)
Untersuchungsstandorte der Fallstudie (nach Ledermann et al. 2008)
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ted. Regular meetings ensured that all groups were
informed at all times about the progress of the
other groups, which helped avoid unrealistic ex-
pectations on both sides. A final workshop was
organised after completion of the PhD studies in
2009 in order to assess five elements: the useful-
ness of the research findings, options for im-
proved soil conservation, options for improved
agricultural extension, the appropriateness of the
td approach, and future collaboration.

The basis for interdisciplinary work was laid by
the selection of a natural and a social science PhD
researcher, supervised by representatives of the
natural sciences, social sciences and engineering.
At this interdisciplinary level, integration consist-
ed of, first, ensuring that all researchers involved
took into account the others’ different perspec-
tives in developing a joint conceptual framework
and research methodology, which they continu-
ously adapted. Second, the PhD candidates con-
ducted much of the fieldwork together to assure
better mutual understanding of research issues and
to make synthesis work easier. The fieldwork also
provided an opportunity for regular exchange of
knowledge between researchers, experts and
farmers. Upon demand, additional research top-
ics were defined and covered by a total of 17 Bach-
elor and Masters theses.

The studies were conducted at three different sites
on the Swiss Plateau (Fig. 2). The Frienisberg site
offers a link to long-term erosion mapping (Prasuhn
2010). The sites in Oberaargau and Estavayer reflect
the demand of the federal administration to cover
both the German- and French-speaking regions be-
cause of their different law enforcement systems.

5.3 Selected research issues and methods

As mentioned above, the main research issues
emerged from a constant exchange among the ac-
tors involved and were continuously complement-
ed upon demand. Likewise, the conceptual frame-

work and methodology were continuously adapt-
ed. ‘Ecological/biophysical’ research issues fo-
cused on identifying spatial degradation and con-
servation patterns, such as causes, triggers, accel-
erators and consequences of soil erosion and con-
servation, thus providing the link between on-site
erosion and off-site effects. Soil erosion itself
was monitored as a spatial indicator of sustaina-
ble or unsustainable land management and was not
subject to further process analysis (Fig. 3). Since
conservation practices are often tested experi-
mentally under controlled conditions on relatively
gentle slopes, which was of limited validity for the
steep and inhomogeneous slopes of our sites, the
effectiveness of conservation measures in con-
trolling soil erosion was assessed under on-farm
conditions. ‘No-till’ agriculture (without plough-
ing) was selected among various existing SLM
practices because a good basis of information and
experience was already available. ‘Economic’ re-
search issues related to the establishment of an es-
timation framework to better assess the costs of
on-site soil erosion and its off-site effects, and the
costs of applying no-till. ‘Socio-cultural research’
issues referred to the distribution of no-till in Swit-
zerland, the reasons for adopting or rejecting no-
till, and how learning processes involving farmers,
experts and scientists could be enhanced.

To tackle these research issues a flexible method-
ological package was developed. It integrated quan-
titative and qualitative, and biophysical and socio-
economic methods. Detailed information is pro-
vided by Ledermann et al. (2008), Schneider et al.
(2009) and Hauert and Liniger (2008). Mapping
revealed spatial patterns of land use as well as re-
source degradation and conservation indicators,
particularly of overland flow and soil erosion fea-
tures, relating them to various causes and conse-
quences. A description of visible soil properties
(‘spade diagnosis’) and soil spectrometry were used
to detect potential impacts of conventional farm-
ing and no-till on soil properties such as organic
carbon. A combination of qualitative and quantita-
tive social studies including open, semi-structured
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and structured interviews, participatory observation
and discussion groups helped set up a framework
for the estimation of direct costs and externalities
related to conservation and omission of conserva-
tion, and the dissemination of no-till in time and
space; it also provided very significant insights into
the farmers’ life-world as the basic context in
which decisions about adopting, adapting or reject-
ing soil conservation measures are taken.

5.4. Summary of the main case study results

5.4.1 Ecological issues

Average soil erosion rates on all sites of 0.7 to
2.3 t/ha per year are rather low and affect about

25 % of the total arable farmland. However, high
soil losses of up to 70 t/ha were mapped during se-
vere rainfall events mainly on winter wheat plots and
occasionally on freshly harvested potato and sugar
beet plots. 80 to 90 % of mapped erosion occurred
during the winter, while longer observations on the
Swiss plateau showed that about half of the annual
soil erosion occurs during severe summer storms
(Prasuhn 2010). Concomitant effects of conven-
tional farming such as headlands, wheel tracks and
field border furrows play an important role as ac-
celerators of erosion by increasing compaction, re-
ducing infiltration, causing and streamlining runoff.
Ledermann et al. (2010) report that more than 50 %
of soil eroded from cropland is deposited off-site,
particularly during high rainfall events. Of this
amount, up to 30 % accumulate on agricultural plots,
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up to 20 % on roads, clogging inlets of drainage
channels, and up to 25 % pollute rivers. This would
suggest that farmers should implement conservation
measures. No-till (conservation farming), for exam-
ple, is widely regarded as a practice with a high po-
tential to control erosion and thus contribute to more
sustainable land management (Sturny et al. 2007).
Ledermann et al. (2008) confirm that no-till plots
show visibly less or no erosion features compared
to ploughed cropland, even on slopes with an incli-
nation of over 40 %. Analysis of visible soil prop-
erties and soil spectrometry (Hauert and Liniger
2008) indicate an increase in organic carbon, high-
er earthworm activity, gradual disappearance of
compacted plough layers, absence of sealing and
crusting, and better resistance to vehicle passing on
most no-till plots after a few years. However, the
study by Ledermann et al. (2010) of the spatial pat-
terns of erosion (Fig. 4) also reveals that more than

30 % of eroded farm plots are affected by run-on
from up-slope areas, which means that some caus-
es of overland flow are outside the cropland and thus
outside a farmer’s domain. The increasing propor-
tion of built surfaces in Switzerland (roads, settle-
ments) is expected to aggravate these processes. This
leads to the conclusion that conservation of crop-
land by farmers alone will not solve the problem of
off-site damage. In addition, an expected increase in
more extreme rainfall events as a result of climate
change may lead to different erosion patterns and
require a rethinking of soil conservation approach-
es and technologies (Ledermann et al. 2008).

5.4.2 Economic issues

All on-site costs related to soil erosion and con-
servation are born by farmers. Ledermann (per-

Fig. 4 Spatial patterns of soil erosion (adapted from Ledermann et al. 2008)
Räumliche Muster der Bodenerosion (nach Ledermann et al. 2008)
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sonal communication) distinguishes between
‘non-action costs’ (i.e. costs resulting from omit-
ting SLM, e.g. reduced crop yield, loss of direct
payments), ‘re-action costs’ (substituting fertilis-
er and seeds, refill of rills), and ‘pro-active costs’
(application of soil management practices).
Farmers assess the pro-active costs of no-till dif-
ferently, depending on their individual econom-
ic situation. For example, farmers who apply tra-
ditional ploughing – particularly if they have
bought new machines recently – fear that no-till
will increase costs because they need a contrac-
tor farmer’s services and because they expect re-
duced crop yields (Schneider et al. 2010). No-
till farmers, by contrast, state that overall costs
decrease due to reduced fuel, labour and machin-
ery inputs that clearly compensate occasional yield
losses. Preliminary estimates of on-site non-
action and re-action costs amount to about 45 CHF
per ha of arable land for conventional farms using
ploughs (Ledermann, personal communication).
The amount refers to total arable land, including
both eroded and undamaged areas.

Off-site costs currently paid by the general pub-
lic are not included in the costs born by farmers.
Again, these can be divided into non-action costs
(i.e. not applying SLM but instead cleaning infra-
structure, treating water, compensating/replacing
damaged property, paying insurance fees, manag-
ing conflicts etc.), re-action costs (positioning
sandbags, disposing of sediment as special waste,
limiting damage) and pro-active costs (construct-
ing dams and drains). If existing off-site costs
were added to the farmer’s bill the charge would
be at least 90 CHF/ha, which still excludes intan-
gible issues affecting villagers and the general
public that can hardly be quantified, such as stress
and illness, social conflicts, and losing items of
personal value. Off-site costs are difficult to as-
sess, because they depend on the amount of sedi-
ment and the damage caused to private and public
property, but estimates provide an insight into the
potential order of magnitude. For example, clean-
ing sediment deposits requires special waste dis-

posal, which costs about 25 CHF/m3 plus labour
and machinery. In one reported case repairing
buildings and replacing damaged furniture
amounted to 70,000 CHF. An insurance compa-
ny stated that such figures could even be higher,
since private households do not report all dam-
age to keep annual insurance fees low. Costs may
amount up to 100 CHF per ha and year for com-
prehensive household insurance, and several hun-
dred CHF per ha and year for building insurance.

5.4.3 Socio-cultural issues

The proportion of no-till in Switzerland is
about 3 % of the cropland. In the canton of Bern
with the highest proportion of no-till, the area
covers 5 % of the total cultivated land (Leder-
mann and Schneider 2008) due to the philo-
sophy of cantonal authorities and personal
commitment to enhance no-till systems in the
long run. What makes farmers adopt or reject
such an innovation? Schneider et al. (2010)
report that the public debate about no-till is
dominated by economic, agronomic, technical
and partly ecological arguments. These argu-
ments refer to costs, decreased fuel consump-
tion, decreased compaction and reduced ero-
sion, the use of non-selective herbicides
(glyphosate), the invasion of pests, diseases and
perennial weeds, slow germination and risk of
crop failure. Partly, conventional and no-till
farmers recognise the same problems, but the
latter feel confident that solutions will be found,
while most positive effects of no-till, such as a
better soil structure and increased infiltration
show up only in the mid-term.

Apart from these common and openly expressed
arguments and related indicators such as crop yield,
crop density, time of germination, the colour of
leaves, erosion features, cost efficiency, labour
input etc., bilateral interviews revealed that more
hidden socio-cultural issues play a major role in
farmers’ decision-making. The decision to adopt or
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reject no-till was found to depend on how far it fits
simultaneously into different components of an
individual farmer’s life-world, the so-called ‘prov-
inces of reality’ (Schütz and Luckmann 2003;
Schneider et al. 2010). What is rarely taken into
consideration is that the same features or indica-
tors can have different symbolic meanings in dif-
ferent ‘provinces of reality’, and that different ac-
tors do not share the same provinces, which can
lead to fundamental misunderstandings, as is ex-
plained in the following examples.

No-till is more than a technology; it requires a
complete change in the farming system. Further-
more, it forces farmers to omit a major pillar of
their identity: ploughing. The strong attachment
to ploughing symbolises the traditional image of
farming. Ploughing is intrinsically linked to soil
fertility, seedbed preparation and controlling
weeds, and it is widely regarded as one of the
most satisfactory farm operations (‘recreation-
al ploughing’). In view of this symbolic mean-
ing of ploughing, the economic argument that
no-till saves time is only relevant for farmers
who already know where to reinvest the time
gained by not ploughing. For other farmers,
saving time can have another symbolic mean-
ing, i.e. not fulfilling their traditional role.

Yellow plant leaves after application of herbicides
(‘burned fields’), late germination of crops, plant
residues left on the plot, and inhomogeneous crop
cover are common indicators on no-till plots dur-
ing the early cropping season. Conventional farm-
ers may interpret these indicators as signs of so-
cial decline of a farmer who may be losing his or
her social position in society. Moreover, tourists
and hikers – an important economic factor for jus-
tifying highly subsidised family farming in Swit-
zerland – associate a ‘perfect and beautiful’ green
landscape with ‘good’ or ‘proper’ farming. They
occasionally express their displeasure about the
look of ‘burned’ no-till plots. The appearance of
no-till plots as described above may also be seen
as a symbol of disorganisation and laziness,

questioning the professional and social status of
no-till farmers. Erosion, too, may leave a feel-
ing of not having worked properly – hikers also
complain about erosion rills on farm plots and
muddy and eroded country roads. But soil ero-
sion can be linked with helplessness in the face
of natural events, while uneven crop appearance
is always attributed to a farmer’s capabilities. Al-
though there is general agreement among farm-
ers that erosion is undesirable and should be
avoided, many conventional farmers consider
soil erosion an unavoidable natural side-effect
of farming and severe rainfall, while no-till
farmers connect erosion with inappropriate
farming practices that can be changed.

Since the life-worlds of farmers, advisors and
researchers are different – i.e. they do not share
the same provinces of reality – their interpreta-
tion of indicators and their underlying symbolic
meanings may be completely different. The
above results help understand that innovations
require more than technical and economic argu-
ments to be adopted. They must match with per-
sonal perceptions, preferences, professional eth-
ics and self-conceptions of farmers. This explains
why the rather unexpected notion of the aesthet-
ic value of farming turned out to be of paramount
importance for adoption (Schneider et al. 2010).

5.5 Societal relevance of findings,
methods and approach

5.5.1 Contents

The study underlines the importance of single
rainfall events with high soil losses, even if aver-
age erosion rates are low. A major conclusion is
that effective conservation of cropland – e.g. with
no-till – can reduce off-site damage related to soil
deposits, but this alone will not solve the problem
of excess overland flow. Instead, this requires a
landscape or watershed approach and joint action
of – depending on the situation – farmers, con-
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servation services, foresters, road engineers,
communal workers, researchers etc. In addition,
the fact that costs related to off-site damage can
be extraordinarily high suggests that an involve-
ment of the most important actors is necessary
to manage emerging conflicts between farmers
and villagers. The identification of expressed and
hidden arguments of farmers for either adopting
or rejecting SLM practices reveals that a poten-
tial for disseminating such practices exists only
if they fit into the life-world of farmers and con-
form to farmers’ aims, visions and self-determi-
nation. Insight into farmers’ life-worlds and the
symbolic meanings of commonly used indicators
can help cantonal soil conservation services to
provide farmers with more effective support. Co-
operation between farmers and advisors can thus
be improved by picking out socio-cultural issues
as a central theme. Interpretation of the prelimi-
nary economic findings of the study requires cau-
tion; although these findings would definitely
make the debate more transparent, they could also
be (mis-)used to increase pressure on certain ac-
tor groups and thus lead to more social conflicts.

5.5.2 Methods

The application of so-called rough methods, such
as erosion damage mapping, spade diagnosis and
qualitative social survey, provided relevant sys-
tems knowledge in the form of semi-quantitative
and qualitative data, for example about water and
soil flows, improved soil and soil surface condi-
tions, and different farmers’ perspectives and ar-
guments for decision-making. For a transdiscipli-
nary study with a strong focus on knowledge co-
production such data quality provides sufficient
and relevant indications for decision-making.
Where more detailed or more precise informa-
tion is required, more sophisticated methods and
experiments could supplement the study and
could easily be integrated into the td approach.
In addition, rough methods are highly likely to be
applied by other actors as well. E.g., qualitative

erosion mapping can serve as a tool in this con-
text to develop a solution package at watershed
level through identification of spatial degradation
and conservation patterns. It can also help avoid
conflicts and share responsibilities instead of
putting the blame on individual farmers.
Moreover, plot-specific high-resolution model-
ling of potential soil erosion in the form of maps
meets the demand among cantonal soil conserva-
tion services for greater specificity in setting con-
servation priorities and developing farm plot-spe-
cific management plans together with farmers.

5.5.3 Transdisciplinary approach

Discussions with all actors during regular work-
shops and field visits revealed the need for re-
conceptualising conservation activities. SLM en-
hancement cannot be considered a simple matter
of knowledge transfer and adequate use of incen-
tives and practices. It should rather be seen as a
process where actors participate in knowledge co-
production. Conceptually, this can be understood
as engaging in social learning processes involving
farmers, contractors, advisors, policy makers and
researchers (Schneider et al. 2009), with the com-
mon goal of helping farmers overcome internal
and external constraints related to the adoption
of practices such as no-till. The innovative
project “From Farmer to Farmer” (Fry 2004 and
Schneider et al. 2008) was a main partner for
exploring the potential of such processes; short
video films showing knowledge exchange proc-
esses were produced for farmers, administration,
extension, training and research. As farmers ba-
sically share similar ‘provinces of reality’, ex-
changing among peers is more likely to lead to
successful adoption of SLM practices. An anal-
ysis of this work revealed a high potential to
strengthen learning processes among all actors,
contributing to improving interaction patterns
between the groups and institutions involved. The
analysis also revealed a need to analyse each in-
stitutional environment in view of organisational
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learning. Simply modifying existing institution-
alised cooperation is not enough; more impor-
tant is the creation of informal exchange plat-
forms (‘boundary spaces’) where actors can talk
about issues of common interest (‘boundary
objects’) and try out new forms of collaboration
and learning (Schneider et al. 2009).

6. Conclusions – Brief Evaluation of the td
Approach Applied in the Case Study

Taking up the initial question whether a td ap-
proach leads to a more effective form of applied
landscape ecology, at this stage we can say, on
the one hand, that there are a number of signs that
td is a suitable approach for increasing the ef-
fectiveness of research with regard to its rel-
evance to society. On the other hand, we would
also like to underline that a number of limit-
ing factors need to be taken into account.

6.1 Level of societal discourse

The td approach is considered useful for research
with a strong solution orientation. The evaluation
of the study by the actors involved revealed that
td research enhanced a learning process among
all actors. The research team took up the impor-
tant role of mediator and facilitator in this
emerging process of knowledge coproduction,
by providing opportunities for creating and shar-
ing tacit and explicit knowledge among all
groups. But there are more positive aspects:
First, the negotiation of research questions and
the regular exchange of knowledge and experi-
ence initiated a broad ownership for such stud-
ies and a general collaboration with research
institutes, securing the continued perception of
the relevance of research. Second, a number of
students involved in the study obtained job op-
portunities in SLM-related firms and offices af-
ter they completed their degrees. Third, the study
triggered a number of follow-up activities, such

as the development of a national erosion hazard
map and various cooperations with cantonal serv-
ices. However, the td approach requires a consid-
erable additional amount of working time for co-
ordination and communication. It also requires a
high flexibility among the researchers who need
to accommodate new research developments that
emerge throughout the process. Realistically, the
negotiation of research questions is manageable
only if it is not completely open but already fo-
cuses on a given theme. In this case the focus was
given by the call for proposals, which also had the
advantage of limiting the danger that researchers’
ideas may not be attractive to other stakeholders.

6.2 Interdisciplinary level

The interdisciplinary level is also both promis-
ing and demanding. The major pillars – joint de-
velopment and continuous adaptation of an inte-
grative conceptual framework and methodology
by the researchers, as well as joint fieldwork –
are absolutely necessary to maintain a holistic
view and thus be closer to realistic solutions than
disciplinary research. Yet the study also con-
firmed some limitations of td research that have
been made in other geographical and thematic
contexts (Müller-Mahn 2005). Td requires a
great deal of co-ordination, communication,
patience and other social skills to overcome dis-
ciplinary prejudice and develop a certain under-
standing and tolerance of other epistemologies.
Although most Bachelor and Master programmes
do not sufficiently build the social, communica-
tion and management competencies needed for
inter- and transdisciplinary teamwork, students
usually have less problems with interdisciplinar-
ity than colleagues who have already established
their claims in academia. Although an increas-
ing number of interdisciplinary programmes are
emerging, disciplinary university structures and
corresponding journals do not really support re-
search on crosscutting issues. Although td does
not diminish the opportunity of peer-reviewed



2010/4                  Transdisciplinarity – An Option for Applied Landscape Ecology                   15

publishing per se, it is not easy to find journals
and experts on inter- and transdisciplinary levels.
Peer-reviewed publishing within disciplines is
still the dominant academic reference system;
it is a heavy burden on young researchers in-
volved in inter- and transdisciplinary projects, as
this requires additional investment in social
learning processes and development of commu-
nicative and managerial skills. The reference
system for td research should therefore be re-
built, i.e. adding criteria referring to the required
competences mentioned above. Thus, td re-
search remains a great challenge for research
and academic education (Leser 2007).
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Summary: Transdisciplinarity – an Option for
Applied Landscape Ecology in Complex and
Uncertain Contexts

Applied landscape ecology is considered to have a
limited impact on decision-making. To improve the

effectiveness of research, closer cooperation between
researchers and non-academic actors is needed above
all. We argue that a suitable research approach in a
complex environment-society context is ‘transdisci-
plinarity’ (td), i.e. an interdisciplinary research team
working with non-academic actors. A case study
illustrates the application of td; the point of departure
of this case study is typical of landscape ecology and
its research approach aimed at increasing the effec-
tiveness of research from the beginning. On the
Swiss Plateau soil erosion on cropland (on-site ef-
fect) often causes off-site effects such as sediment
deposits and flooding. Although farmers, experts,
decision-makers and researchers already have part
of the knowledge necessary to make land manage-
ment more sustainable and thus mitigate the problem,
communication and collaboration among these actors
is insufficient. The study reveals that sediment flows
can effectively be controlled by individual agricultu-
ral practices, while the drainage of surface water
requires cooperation among several actors. A cost
estimation framework allows differentiation between
on-site and off-site costs and distinguishing between
the economic implications of both resource conserva-
tion and omission of conservation practices. Finally,
the study shows that the motivation of farmers for
adopting or rejecting conservation practices is guided
less by indicators observable to everyone than by
symbolic meanings that remain mostly hidden to
advisors, decision-makers and researchers. The main
integrative pillars of the td approach are the conti-
nuous exchange of experience and knowledge among
all interested and relevant actors throughout the
project, the integrative development of a common
conceptual framework and methodology, and exten-
ded periods of joint fieldwork. An evaluation of the
study and the approach by all actors involved reveals
that a td approach using mainly rough methods leads
to results relevant to decision-making and enhances
learning processes among all actors. The study also
confirms some limitations of this relatively time-
intensive form of research in an academic environ-
ment with a disciplinary structure and peer-reviewed
scientific publishing as the main reference system. It
is very difficult to combine a scientific career with
additional investment in social learning processes and
development of communicative and managerial skills.
Nevertheless, optimising the td approach seems a
worthwhile goal for applied landscape ecology.
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Zusammenfassung:  Transdisziplinarität – eine
Option für die angewandte Landschaftsökologie
in einem komplexen und unsicheren Umfeld

Die Wirkung der angewandten Landschaftsökologie
auf Entscheidungsprozesse wird als gering erachtet.
Um die Effektivität der Forschung zu verbessern,
bedarf es vor allem einer engeren Zusammenarbeit
zwischen Forschung und Praxis. Es wird argumen-
tiert, dass in einem komplexen Umwelt-Gesellschafts-
Zusammenhang Transdisziplinarität (Td) ein geeig-
neter Forschungsansatz ist, d.h. die Kooperation
eines interdisziplinären Forschungsteam mit nicht-
akademischen Akteuren. Die Anwendung von Td
wird an einem Fallbeispiel erläutert, bei dem der
Ausgangspunkt für die Landschaftsökologie typisch
ist und der Forschungsansatz von Beginn an auf das
Ziel ausgerichtet ist, die Effektivität der Forschung
zu erhöhen. Im schweizerischen Mittelland verur-
sacht Bodenerosion auf Ackerflächen (on-site) häu-
fig Folgeschäden (off-site) wie Bodenablagerungen
und Überflutungen. Obwohl Landwirte, Fachleute,
Entscheidungsträger und Forschende bereits große
Teile des Wissens besitzen, das nötig wäre, um
Landnutzung nachhaltiger zu machen und so die
Probleme zu minimieren, ist die Kommunikation und
Zusammenarbeit unter ihnen unzureichend. Die vor-
gestellte Studie zeigte u.a., dass Sedimentflüsse durch
einzelne landwirtschaftliche Praktiken kontrolliert
werden können, während die Drainage von Oberflä-
chenwasser eine Kooperation verschiedener Akteu-
re benötigt. Ein Kostenschätzrahmen erlaubt eine
Differenzierung von on-site und off-site Kosten und
die Unterscheidung der wirtschaftlichen Auswir-
kungen von Ressourcenschutzmaßnahmen wie auch
von deren Unterlassung. Ferner konnte die Studie
zeigen, dass die Beweggründe von Landwirten, Res-
sourcenschutzmaßnahmen anzunehmen oder abzu-
lehnen nicht nur von für jeden beobachtbaren Indika-
toren beeinflusst wird. Sie werden vielmehr von
symbolischen Bedeutungen gesteuert, die für Bera-
tung, Politik und Forschung meist verborgen bleiben.
Die tragenden integrativen Säulen des Td-Ansatzes
waren u.a. der kontinuierliche Erfahrungs- und Wis-
sensaustausch aller interessierten Akteure während
des gesamten Projekts, die gemeinsame Entwick-
lung eines Forschungskonzeptes und der Methodik
sowie ausgedehnte Perioden gemeinsamer Feldar-
beit. Die Bewertung der Studie und des Ansatzes

durch alle beteiligten Akteure machte deutlich, dass
ein Td-Ansatz mit überwiegend Grobmethoden zu
entscheidungsrelevanten Resultaten führt und Lern-
prozesse unter den Akteuren fördert. Die Studie
hat aber auch Limitationen des relativ aufwändigen
Td-Ansatzes bestätigt, die in einem akademischen
Umfeld mit disziplinärer Struktur liegen, dessen
Hauptreferenzsystem aus rezensierten wissen-
schaftlichen Veröffentlichungen besteht. Es ist
schwierig, eine wissenschaftliche Karriere mit zu-
sätzlichen Investitionen in soziale Lernprozesse und
die Aneignung kommunikativer und Management-
fähigkeiten zu kombinieren. Unter dem Strich scheint
es uns aber lohnend, den Td-Ansatz für die ange-
wandte Landschaftsökologie zu optimieren.

Résumé: Transdisciplinarité – une option pour
l’écologie du paysage appliquée dans un
environnement complexe et incertain

L’écologie du paysage appliquée est estimée n’avoir
qu’un impact limité sur la prise de décision. Pour
améliorer l’efficacité de la recherche, il faut avant
tout une coopération étroite entre chercheurs et
acteurs non-académiques. Une approche qui con-
vient selon nous à un contexte environnement-société
complexe, c’est la ‘transdisciplinarité’ (td) – c’est-
à-dire une approche qui combine la recherche inter-
disciplinaire et la collaboration avec des acteurs non-
académiques. Nous expliquons l’application fruc-
tueuse d’un projet td au travers d’une étude de cas.
Le point de départ de cette étude de cas est typique
de l’écologie du paysage appliquée, et le but de cette
approche a été d’augmenter l’efficacité de la re-
cherche dès le début. Sur le Plateau Suisse, l’érosion
du sol sur les terres cultivées (effets in situ) a
souvent des effets ex situ tels que les dépôts de
sédiments et les inondations. Bien que les fermiers,
les experts, les décideurs et les chercheurs possè-
dent tous une partie des connaissances nécessaires
à une amélioration de la gestion durable des terres et
pourraient ainsi contribuer à diminuer le problème, la
communication et la collaboration entre ces acteurs
restent insuffisantes. L’étude a révélé que les flux de
sédiments peuvent être efficacement contrôlés par
des pratiques agricoles individuelles, alors que le
drainage des eaux de surface requiert une coopéra-
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tion entre acteurs. Un système d’analyse des coûts
a permis de dissocier les coûts ex situ et in situ et de
faire une distinction entre les implications économi-
ques de la conservation des ressources naturelles et
celles de l’omission des pratiques de conservation.
Finalement, l’étude a aussi révélé que la motivation
des fermiers dans l’adoption ou le rejet des pratiques
de conservation n’est pas seulement guidée par des
indicateurs observables pour tout le monde. Cette
motivation est plutôt dominée par des significations
symboliques qui échappent en grande partie aux
conseillers, aux décideurs et aux chercheurs. Une
caractéristique primordiale de l’approche td a été
l’échange des expériences et des savoirs qui a eu
lieu deux fois par an entre tous les acteurs intéressés
et concernés. Une évaluation finale de l’étude par
tous les acteurs impliqués a montré que l’approche
td, basée essentiellement sur des méthodes grossiè-
res, a conduit à des résultats pertinents pour la prise
de décision et a renforcé un processus d’apprentis-
sage social parmi tous les acteurs. Cependant, l’étu-
de a aussi confirmé certaines limites de l’approche
td dans un environnement académique, essentielle-
ment disciplinaire et dépendant d’un système de
référence axé principalement sur les publications
scientifiques avec évaluation par des pairs. Il est très
difficile de combiner une carrière scientifique avec
un investissement supplémentaire dans des proces-
sus d’apprentissage social et le développement de

compétences communicatives et de gestion. Il sem-
ble néanmoins utile d’optimiser l’approche de recher-
che td pour l’écologie du paysage appliquée.
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6 CONCLUSIONS AND OUTLOOK 

The present thesis has investigated the effects of soil erosion, both on-site (farms) and off-site 

(communities, watersheds) in a comprehensive manner, basically dealing with farmers’ actions and the 

consequences regarding soil erosion at different scales: the plot, the farm, the catchment and the 

regional / national level. Special emphasis was placed on the costs of the impacts of soil erosion for 

the different actors (e.g. farmers, insurance companies, communities, cantons, village dwellers, etc.) 

and the potential social conflicts arising within and between these different actors in the context of soil 

erosion damage. In the scope of SWC, the thesis explored the potentials and limitations of different 

SWC practices and their implementation, i.e. taking into account ecological soundness, economic 

viability, practicability and social acceptance. 

In summarizing the thesis, the following important findings need to be highlighted: 

 

A. Ecolocigal dimension: Extent, frequency and severity of soil erosion in Switzerland 

As the main results of this thesis, the extent, frequency and severity of soil erosion in Switzerland can 

be described as follows:  

 Erosion damage by linear erosion more than doubled the damage caused by sheet erosion (% of 

total soil loss): Splash and sheet erosion were of minor importance (at least in a one-year time 

horizon) in redistributing soil other than over a distance of a few meters. Rills and gullies 

redistributed large masses of soil over a larger distance within a plot, a slope or a landscape.  

 Soil loss rates ranged between 0.7 – 2.3 t ha-1 y-1: Average soil erosion rates on arable land in 

Switzerland are generally less serious than in other countries. However, maximum soil losses of 

about 70 t ha-1 occurred on individual farm plots. Further, it is essential to bear in mind that any 

soil loss > 1 t ha-1 yr-1 can be considered irreversible and is thus not tolerable within a span of 50-

100 years (Van-Camp et al., 2004). While mean annual soil losses differed considerably among the 

study areas (due to differences in plot size, land use and management systems), similar patterns 

were observed in terms of the off-site effects. 

 Around 25% of the total arable farmland was affected by erosion damage: However, soil erosion 

was not mapped as an area-wide phenomenon on the Swiss Plateau. Depending on the region, land 

management, precipitation, etc. soil erosion may affect 10 to 40% of the arable farmland. 

 Vegetation cover (as a product of crop type and soil management) was distinguished as the most 

important factor controlling soil erosion rates: The data indicated that soil erosion is not equally 

distributed over the year, and that high erosion damage occurred shortly after cultivation and 

during periods of low vegetation cover (spring and autumn). 
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 Linear features on-site and run-on from upslope areas often triggered soil erosion damage: 

Headlands, furrows, tractor tracks and slope depressions marked important on-site accelerators of 

soil erosion. These linear features were often observed to interfere with run-on processes from 

upslope areas (run-on sources such as arable land, grassland / pasture, roads, etc.). 

 The amount of soil deposited off-site, adjacent to the damaged plot, was estimated to be > 50 % 

throughout, with 20% estimated to reach open water bodies directly or indirectly through roads and 

drainage channels. 

 Muddy floods were frequently observed in Switzerland: The case studies of extreme erosion 

damage showed that muddy floods do occur in Switzerland. However, muddy floods are highly 

dependent on the occurrence of heavy storms.  

 

The data discussed are for a 1-year period only, and are hence highly dependent on the (non) 

occurrence of heavy storms. The period was characterised by extreme events and severe erosion 

damage. Compared to long-term mapping exercises by Mosimann et al. (1991), Weisshaidinger and 

Leser (2006), Prasuhn and Grünig (2000), and Prasuhn (2012), the period was characterised by the 

second highest erosion rates mapped since 1997 (Ledermann et al., 2008). Therefore, the data may not 

be representative. Nevertheless, this was an excellent opportunity to study the decisive aspects of 

erosion and draw relevant conclusions for better land management. 

 

B. Socio-cultural dimension: Perception of the soil erosion problem 

It is often mentioned by soil conservation experts and advisors that farmers do not perceive soil 

erosion as a problem. Consequently, only little improvement in soil management may be achieved 

(Valentin et al., 2005; Knowler, 2004; Verstraeten et al., 2003; Evans, 2002) since the willingness to 

adopt improved SWC measures is often related to perception and awareness of damage (see also 

Verspecht et al., 2011). However, Schneider et al. (2010b) identified more diverse types of 

argumentation by Swiss farmers: soil erosion (i) is mainly the result of natural events, (ii) is the result 

of a combination of influenceable (soil cultivation) / non-influenceable (weather conditions) aspects, 

or (iii) is the result of their farming practices, and thus the farmers’ activities. Accordingly, the 

impacts of soil erosion also led to a range of different feelings among the affected farmers, from 

helplessness regarding natural events to a sense of personal responsibility and personal failure. Most 

farmers maintain that soil protection is an integral part of their farming activities. However, farmers 

may not consider land to be degraded until it has an observable effect on productivity or on their 

ability to manage the land. Nevertheless, some other actor groups may view the same level of land 

degradation as unacceptable (cf. also Jayasuriya, 2003). 
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Interviews carried out in the framework of this thesis (cf. Schneider, 2008; Ledermann, 2012) 

illustrated that non-agricultural actor groups (e.g. municipal authorities, private householders, etc.) 

perceived increased soil erosion as a result of greater specialization, and, as a consequence, a change 

in farm management away from mixed farming with livestock and grass into predominantly arable 

systems (similar results were reported by Evrard et al., 2007; Bielders et al., 2003; Evans, 1995b). The 

removal of field boundaries in order to obtain larger, more easily manageable plots, the cultivation of 

specific crops (e.g. maize), and tillage of wet soils with heavy machinery were also believed to 

increase the risk of soil erosion. All interviewees (farmers, non-agricultural actors) linked soil erosion 

to severe rainfall events - however, they disagreed on the level of responsibility of the farmer: 

‘Intensive rains only trigger soil erosion, uncovering mismanagement and the resulting susceptible 

condition of the soil’.  

This apparent difference in the perception of soil erosion by all actors involved was often observed, 

building the base for social conflicts. 

 

 

C. Economic dimension: Costs of soil erosion 

Total costs of erosion damage in Switzerland were categorized and estimated based on the damage 

mapping results, complemented by field observations and interview data. In summary: 

 Cost estimates of the impacts of soil erosion are rarely straightforward and most impacts turned out 

to be very difficult to assess.  

 A rough estimate indicated the range of total annual on- and off-site costs for the study areas to be 

about CHF 63 to 773 per hectare of arable land, with a best estimate of about CHF 186 ha-1. 

 The cost of soil erosion by water can be substantial in Switzerland (about CHF 53 million per 

annum), especially in affected regions. 

 Private, on-site costs are within bounds – but effects are cumulative eg. soil depth. 

 Off-site impacts exceed on-site impacts in most cases by a factor of 2 to 3. 

 The figures indicate the seriousness of soil erosion and highlight the need to curtail erosion and its 

impacts, calling for policy responses. 

 

Overall, on-site costs proved to be fairly small on an individual farm basis. Off-site costs of soil 

erosion approximately doubled the on-site costs, especially with respect to short-term economic 

consequences. These results were also confimed by Darmendrail et al. (2004), Bakker et al. (2004), 

Crosson (2003), Verstraeten et al. (2003), Evans (1995a, b), Ribaudo (1986), Colacicco et al. (1989) 
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and OECD (2003). However, according to Veihe et al. (2003) and Hediger (2003), there is a need to 

price both the on-site and off-site effects of soil erosion. This is because the ratio between on-site and 

off-site costs depends on the extent, severity and timing of erosion events and on the vulnerability of 

the affected area: e. g. on-site costs would exceed off-site costs in remote arable areas, characterized 

by shallow layers of topsoil and recurrent erosive events. Further, costs attributed to soil erosion also 

depend on the division of soil degradation into reversible and irreversible components (e.g. nutrient 

depletion as a reversible, soil profile depth depletion as an irreversible facet of soil degradation). 

Given the fact that in situ soil productivity has unique qualities that once degraded cannot be replaced 

with mineral fertilizers or soil organic matter alone, in the long run, soil erosion has to be considered 

irreversible (cf. also Knowler, 2004) and on-site costs may increase considerably. 

 

 

D. Soil and water conservation measures 

Evaluating the impacts of soil erosion in Switzerland revealed that high costs may be involved, 

especially in cases of severe off-site erosion damage. Therefore, and assuming that soil conservation 

measures help in controlling soil erosion and its impacts, it seems puzzling why farmers would employ 

practices that contribute to soil erosion. 

According to Ervin and Ervin (1982), Boardman et al. (2003a, b), Görlach et al. (2004), Soane et al. 

(2012) there are several obstacles that may prevent adoption of SWC techniques, such as the 

reluctance of farm operators to change familiar methods of farming, lack of financing, reluctance to 

forego short-term income for long-term benefits, and many more. All these reasons were confirmed in 

the present study. Yet another explanation may be the lack of recognition of the costs of soil erosion 

and the benefits of SWC: as summarized above, the costs of soil erosion may still turn out too low for 

the farmers - at the farm level erosion rarely has much impact on the farmer, and it is not in the 

farmers’ economic interest to do anything about erosion (cf. Hein, 2007; Schuler et al., 2006; Goetz 

and Keusch, 2005; Evans, 1995b, etc.). 

Similarly, Boardman (1995) remarks that in the short term, rates of erosion on plots do not threaten the 

ability of farmers to grow crops and, therefore, the arguments for controlling erosion must be based 

largely on the off-site impacts. Farmers would be wise to take these problems into account, if only to 

avoid increased legislative controls or, worse still, fines imposed by statutory authorities. In this 

regard, some cantonal soil protection agencies of Switzerland have already put legal pressure on 

farmers, threatening them with possible reduction of subsidies if soil erosion continues to occur. 

However, not in one single case in the cantons of Berne and Fribourg has the recurrence of soil 

erosion so far led to a reduction in subsidies. On the one hand, cantons are still inexperienced and 

doubtful about how to enforce the laws. On the other hand, the few farmers addressed have often 
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implemented the proposed soil protection measures. In the future, endeavours to internalize the above- 

mentioned costs of soil erosion may be increased and would therefore suggest that many conservation 

technologies can provide positive net returns at the farm level. 

Against this background, Knowler (2004) notes that economic analysis of soil degradation has been an 

important tool in addressing the problem, beginning with assessments of the financial attractiveness of 

investing in soil conservation works. As revealed by Jayasuriya (2003) and proposed by Van den Putte 

et al. (2010), farmers generally only apply soil-conservation techniques if the benefits appear to 

exceed the costs. Nevertheless, analyzing the local benefits and costs of soil erosion may be crucial for 

understanding farmers’ responses to land degradation, but this may be not the only considerations of 

importance. Despite of the general assumption that farmers’ decisions are mostly driven be economic 

rationality, Schneider (2008) and Ledermann (2012) did not identify costs as the most important factor 

(in opposition to many other studies, e.g. Van den Putte et al., 2010): E.g. tillage systems that reduce 

the number of cultivation steps such as no-till may save soil moisture, fuel, labour, and machinery 

costs, as well as reduce soil erosion (Soane et al., 2012; Ribera et al., 2004). However, many farmers 

are reluctant to adopt these practices. As mentioned before, adoption is dependent highly on factors 

such as associated risks (eg. crop failure, cf. van den Putte et al., 2010), effectiveness, time and effort 

necessary to implement a certain measure, and the personal perception and attitude of the individual 

farmer (e.g. concerning the increase in herbicide, aesthetic and traditional reasoning, etc.). The 

findings show that farmers regarded the costs as important but not the most important factor 

(Schneider et al., 2010b; Sattler and Nagel, 2010). 

 

In the case of no-till farming, a more detailed survey was undertaken in the framework of the present 

thesis: No-tillage, which has diverse ecological and economic advantages, is an effective measure for 

protecting against erosion that has become more important in Switzerland in recent years. Since the 

mid-1980s, the amount of land on which this method is used increased from a few hectares to about 

12,000 ha by 2006. Although this is still quite a small proportion of the country’s total arable land 

(3%), on a regional basis the area under direct seeding is sometimes considerable. The maps presented 

in the article give a national overview of the spatial distribution of no-tillage in 2006 (Ledermann & 

Schneider, 2008). Data on which these maps are based were compiled from a survey of farmers and 

contractors carried out in the winter of 2006-2007. Although the maps show very heterogeneous 

patterns, different regions with substantial amounts of no-tillage are visible (including the study sites 

‘Frienisberg’ and ‘Oberaargau’). An interpretation of these patterns reveals that the distribution of no-

tillage can be explained by a variety of factors and not only by the natural conditions in a particular 

area. The role of cantonal programs to promote no-tillage is just as important as the personal 

engagement of specialists and direct contractors, existing agricultural networks, and the lifeworlds of 
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farmers. As stated by Schuler & Sattler (2010): ‘Policy makers should focus both on more targeted 

policies and on measures that have a high potential of soil erosion risk reduction. However, this shows 

how much the implementation of certain practices is dependent on whether or not subsidies are 

involved.  

 

 

E. Methods 

Damage mapping of visible erosion features 

In soil erosion science, test plot measurements and modelling are regarded as reliable methods to 

describe soil erosion at different scales, although many models, especially the USLE-based ones, are 

often restricted to rill and sheet erosion, and on-site processes only (Prasuhn, 2004; Cerdan et al., 

2006). Upslope sources of erosion (run-on), special cases of linear erosion (linear features 

concentrating runoff on-site) and off-site impacts are often considered insufficiently, or not at all.  

 

For this reason, damage mapping was applied to collect the baseline information of this thesis, 

precisely because the on- and off-site cases mentioned above are of major importance (for similar 

results see also Vandekerckhove et al., 2004). Mapping took place at the smallest spatial units, the plot 

and farm level. In assessing the damage mapping tool in more detail, the following remarks are 

appropriate:  

 Application of the methodology is quick, easy and inexpensive. 

 Questions about the extent, frequency and severity of soil erosion can be answered covering 

relatively large areas. 

 Assessment of soil erosion better reflects reality compared to on-station plot measurements under 

artificial borders or models – e.g. damage mapping includes linear erosion and addresses different 

land management conditions as well as sources and causes of soil erosion, etc. 

 The data allow the validation of existing empirical models. 

 As illustrated by Prasuhn (2004, 2011, 2012), the tool is well suited for long-term monitoring. 

 Additional data on sources, causes, off-site effects, land use, tillage, etc. leads to a more 

comprehensive understanding of soil erosion, particularly in view of developing better management 

options. 

 

Our experience with the mapping tool also indicated several limitations (cf. Van Dijk et al., 2005; 

Herweg and Stillhardt, 1999): 
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 The mapping generally fails to address sheet erosion. However, work within the framework of the 

present thesis included sheet erosion in a semi-quantitative manner. 

 The spatial variation in rainfall at small scale may cause the spatial variations in observed erosion 

intensity. 

 Initial conditions (e.g. microrelief, crusting, and soil moisture) are often unknown. 

 Consecutive rainfall events lead to difficulties in the interpretation of the observations; the effect of 

individual storms after the first one is much more difficult to assess, and complex rill systems as 

well as high vegetation cover increase the chance of error. 

 

Modelling – a short discussion of the potentials of high-resolution maps of soil erosion risk 

In 2006, a national soil erosion risk map was created with the aim of obtaining an overview of soil 

erosion risk in Switzerland (Friedli, 2006; Prasuhn et al., 2007). Furthermore, the availability of high-

resolution digital data and a user-friendly model (AVErosion) opened up new possibilities to create 

much more detailed erosion risk maps, e.g. for use by agricultural extension services. 

AVErosion is a GIS-Tool (extension for ArcView 3.x) for assessing soil erosion (free download). It 

offers two different versions: the traditional Universal Soil Loss Equation (USLE) formula, designed 

to predict long-term soil loss on a single slope, as well as the modified MUSLE87, which is designed 

to make predictions for catchments. Both models require the same input data.  

 

As already mentioned by Van Dijk et al. (2005), erosion damage mapping can provide a 

comprehensive overview of soil erosion in specific catchment areas. Based on this knowledge 

(permitting verifications in the field), more realistic models may be developed. In this context, the 

AVErosion tool was applied to the three field study areas, where erosion damage mapping was carried 

out in the framework of this thesis (MSc thesis by Chisholm). 

The use of high resolution DTMs (digital terrain models) and the MUSLE model led to a very realistic 

picture of the effect of the local landform: The modelling results using a 2x2m resolution DTM were 

verified on the spot during field visits by comparing the maps with the state of the respective area. 

This visual assessment resulted in very good congruence of the model and reality. Comparisons with 

the results from erosion damage mapping (over 800 agricultural plots) confirmed that several areas 

with a high soil erosion risk were, in fact, showing signs of severe erosion.  

In conclusion, AVErosion was evaluated as a well-structured and practical tool for efficiently 

predicting long-term soil loss rates. High resolution maps (2x2m DHM) enabled excellent spatial 

identification of areas with a high risk of soil erosion. Slope depressions were easily identified, and 

these areas are also prone to high soil loss. The maps created with AVErosion were therefore assessed 
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as an ideal aid for agricultural planning and negotiation of interventions and / or for enforcement by 

authorities. Following up on these first results, further studies explored how the tool may be used to 

evaluate the effects of different land use and tillage conditions (Gisler et al., 2011). 

 

Transdisciplinarity 

Applied landscape ecology is considered to have a limited impact on decision-making. To improve the 

effectiveness of research, closer cooperation between researchers and non-academic actors is needed 

above all. Schneider (2008) and Ledermann (2012) argued that ‘transdisciplinarity’ (td) is a suitable 

research approach in a complex environment-society context , i.e. an interdisciplinary research team 

working with non-academic actors (cf. also Herweg et al., 2010). Therefore, td was chosen as a 

suitable research approach to our project. 

 

In our case, the main integrative pillars of the td approach were the continuous exchange of experience 

and knowledge among the two PhDs, as well as all interested and relevant actors throughout the 

project (group meetings, field trips, presentations at farmer assemblies, etc.), the integrative 

development of a common conceptual framework and methodology, and extended periods of joint 

fieldwork (Herweg et al., 2010).  

Evaluating the project itself and the approach by all actors involved revealed that our td approach 

using mainly rough methods led to results relevant to decision-making and enhanced learning 

processes among all actors (Herweg et al., 2010). As an important space for collective learning, the 

consultation group that accompanied the research project from the beginning was identified. All actors 

regularly (twice a year) discussed research findings, as well as the practical experiences of farmers and 

experts. The meetings permitted identification and discussion of the main dimensions and indicators to 

be considered in a comprehensive appraisal of sustainable land use, reflecting and integrating the 

perceptions and concerns of different actor groups – allowing all actors to collectively steer the 

process of knowledge co-production. This continuous exchange of knowledge was beneficial for 

researchers as well as for practitioners.  

Furthermore, these highly innovative results were discussed at international conferences within COST 

Action 634 and consequently influenced the scientific debate on soil conservation in Europe. 

 

Our experience also confirmed some limitations of this relatively time-consuming form of research in 

an academic environment with a disciplinary structure and peer-reviewed scientific publishing as the 

main reference system. It was very difficult to combine a scientific career with additional investment 

in social learning processes and development of communicative and managerial skills. Nevertheless, 

optimising the td approach seems a worthwhile goal for applied landscape ecology. 
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F. Overall conclusion 

The present project played an important role in the process of problem perception and erosion control. 

Whereas the magnitude and severity of soil erosion in Switzerland has already been investigated in the 

past by many other research projects, successful interaction between farmers, administration, experts 

and researchers as described in this project certainly helped to increase perception of the problem, 

highlighting that soil erosion is a source of a variety of environmental problems, not just a natural 

process occurring on fields, and thus a problem for the farmer alone (cf. Verstraeten et al., 2003). 

Awareness and awareness raising with regard to the erosion problem where therefore identified as 

major triggers for policy and farming responses (Verspecht et al., 2011).  

 

The project has achieved a high degree of transdisciplinarity. Indeed, from the very beginning, i.e. 

from the stage of defining the problems to be analysed, researchers from various social and natural 

sciences, experts, farmers, cantonal soil conservation offices and federal agencies for the environment 

and agriculture worked together. This made it possible to collectively steer the process of co-

production of knowledge. All these actors were equally grateful for the opportunity offered by the 

platform for exchange and debate about very concrete soil erosion and soil conservation issues. 

 

The results described by the thesis allow the following general argumentation: 

(1) The importance of temporal and spatial singularities; i.e. the occurrence of a few severe 

rainstorms shortly after cultivation and during periods of low vegetation cover causing the bulk of 

annual soil losses, and the multitude of combined factors that accelerate rill erosion (linear 

features on-site, run-on from upslope areas). 

(2) Land degradation, and especially soil erosion is directly linked to land use and land conservation 

processes and vice-versa. Furthermore, complex interrelations were observed between farmland 

(cropland, grassland) and other land use types (e.g. communal and cantonal roads, settlements).  

(3) Off-site effects (positive and negative) are clearly related to cultivation / agricultural practises on 

arable land. Applied SWC technologies undoubtedly result in a decreasing level of off-site 

impacts. However, even densely vegetated areas, such as grassland and forest, are rather well 

protected themselves but produce considerable amounts of overland flow with a high potential to 

lead to or accelerate erosion damage on cropland downslope. 

(4) SWC technologies allow farmers in Switzerland to cultivate their soil in a more ecological 

manner. However, adoption of SWC is highly dependent on factors such as associated risks (eg. 

crop failure), effectiveness, time and effort necessary to implement a certain measure, and the 
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personal perception and attitude of the individual farmer (e.g. concerning the increase in 

herbicide, aesthetic and traditional reasoning, etc.). Farmers regard costs as important but not as 

the most important factor. 

(5) Off-site damage downslope of the affected plot caused high costs for the whole community and 

led to social conflicts between all actors involved. If the situation does not ultimately improve, 

individuals or local authorities will take legal advice and action as a result of continuous soil 

erosion and property damage, especially if insurance companies are no longer willing to bear the 

costs. However, the findings show that often many actors are more or less involved in causing on- 

and off-site problems. In this context, and despite legally existing threshold values for average 

soil loss on arable land, it will not be easy to determine who is responsible for the damage. 

(6) Different systems and incentives for promoting soil conservation in Switzerland are concurrently 

being developed and implemented by experts from public administration. However, the role of 

such cantonal programs to promote SWC is just as important as the personal engagement of 

specialists and direct contractors, existing agricultural networks, and the lifeworlds of farmers. It 

still remains to be shown how much the implementation of certain practices is dependent on 

whether or not subsidies are involved. 

 

Over all, the occurrence of unexpected high off-site damage in winter 2005 / 06 (the second highest 

erosion rates measured since 1997) along with the existence of different soil protection strategies 

shows the diversity and complexity of the soil erosion problem in Switzerland and poses a great 

challenge to the future of Swiss agriculture. The findings indicate that technical solutions must, first, 

be plot-specific and thus can best be developed by or together with the respective land user. Second, 

effective soil and water conservation goes beyond farmland. Soil erosion is a drainage problem at the 

watershed level (while soil almost certainly originates on cropland, water may be collected from 

various sources: farmland, communal and cantonal roads, settlements, etc.,) and its mitigation must 

involve farmers as well as communities, civil engineers, architects, etc. Therefore, soil and water 

conservation is not the responsibility of a single actor or actor group. The complex interlinks between 

arable land as a source of soil loss and all land use types as a potential source of overland flow require 

solutions that must involve all mentioned actors (cf. Prager et al., 2011) - here there is demand for a 

roundtable to avoid putting the entire blame and pressure on a single actor group.  

 

‘A successful soil conservation policy can only work out if all involved parties are co-operating, not 

only in its implementation when measures are taken in the field, but right from the first phase of 

recognition through policy decision making and planning.’ (Verstraeten et al., 2003). 
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G. Outlook 

The experience gained in the ongoing Swiss COST 634 project clearly shows that the transdisciplinary 

approach made it possible to address the expectations of researchers, farmers, policy-makers, public 

administration workers and agricultural advisors in relation to soil erosion in Switzerland. All actors 

explicitly appreciated continuously exchanging knowledge at all stages of the project. This 

collaboration positively influenced ongoing debates and projects for implementing soil conservation.  

However, systematization of the actor-specific implications of this joint experience has not yet been 

concluded. While researchers still have to work out specific innovations for further conceptual and 

methodological development of transdisciplinarity, farmers, policy-makers and public administrators 

are interested in the identification, systematization and documentation of those aspects of joint 

experience that are required for innovation in their own ways of dealing with soil conservation with 

respect to practice, policy-making or expert advice. 

Therefore, a follow-up project should aim at systematizing, discussing and documenting the actor-

specific lessons learnt and innovations emerging from joint experience. Systematization of actor-

specific implications cannot be carried out by scientists alone. Consequently, existing collaboration 

between research institutions (CDE and ART) and the private firm Knowledge Management 

Environment, as well as with other participants in soil protection and agriculture, needs to continue. 
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A Swiss research team is investigating the effects of soil protection with regard to on-site and off-site
erosion, taking into account ecological soundness, economic viability, practicability and social
acceptance. The team is analysing social processes emerging form the interface of policy and farmers'
rationales for implementing, adapting, innovating or rejecting Soil and Water conservation (SWC). The

Erosion Damage Mapping on arable
farm land in the Swiss Midlands

The main focus of this thesis is a comprehensive
assessment of the current situation of soil protection in
Switzerland. The costs of off-site damages caused by
soil erosion and costs/benefits of soil conservation are
evaluated. Assuming that soil erosion phenomena
varie strongly in a spatial and quantitative manner, the
starting point of the work needs to be the mapping of
different forms of soil erosion, its causes, its
dimensions as well as the occurring damages on
arable farm land in the Swiss midlands.

Runoff and Erosion in Switzerland
(Photos: Thomas Ledermann)

Off-site Impacts of Soil Erosion
(Photos: Thomas Ledermann)

T. Ledermann,
CDE Centre for Development and Environment, University of Berne, Switzerland

V. Prasuhn
FAL Reckenholz Swiss Federal Research Station for Agroecology and Agriculture, Zurich,

F. Schneider, K. Herweg, HP. Liniger

project is based on a transdisciplinary approach, appreciating that
optimal implementation of SWC requires interrelating different forms
and systems of knowledge as part of a social learning process where
farmers, researchers, public
administration, and other relevant
actors of civil society are involved.

Fig. 1: Erosion Damage Mapping within the
methodolgical frame of the thesis

(Thomas Ledermann)

It is assumed that by combining methods and information
from the biophysical, economic, and socio-cultural
spheres, questions related to sustainability, profitability,
acceptability and feasibility of soil conservation can best
be addressed. For that reason, the mapping-tool has
been adopted to fit into the proposed methodological
frame of the thesis (Fig. 1).

Combining methods - eg. Erosion Damage Mapping

On-site vs. Off-site Effects:

Many erosion events from autumn
2005 to spring 2006 show unexpected
high on- and off-site damage and pose
a great challenge to cope with the
damage assessment.

First results of the erosion damage
mapping exercise (winter 05 - 06)
assisted in identifying a variety of different
possible on- and off-site situations (Fig 2).
However, additional observations as well
as interviews with all actors involved
(farmers, experts, extension services,
etc.) are needed for a comprehensive
understanding of soil erosion problems.

Fig. 2: Impacts of Soil Erosion (Thomas Ledermann)



Einflussfaktoren der Bodenerosion

Oberflächenabfluss und Rillen/Rinnenerosion
(Photos: Thomas Ledermann)

Flächenerosion
(Photos: Thomas Ledermann)

T. Ledermann,
CDE Centre for Development and Environment, Universität Bern, Schweiz

F. Schneider

Potenzielle Erosionsgefährdung
(Karte Simon Friedli 2006)

Aktuelle Erosionsgefährdung
(Karte Simon Friedli 2006)

Prozess der Bodenerosion
(Flurina Schneider, Thomas Ledermann)

Bodenstruktur: intensive (l.) vs.
extensive (r.) Bodenbearbeitung
(Photos Thomas Ledermann)

Bodenbedeckung: konventioneller Anbau (l.)
vs. Direktsaat (r.)
(Photos Thomas Ledermann)



Ist Bodenerosion ein Problem in der
Schweiz?

Erosionsschadenskartierung
(Thomas Ledermann)

Erosionsschäden auf und neben der Parzelle
(Flurina Schneider, Thomas Ledermann)

T. Ledermann,
CDE Centre for Development and Environment, Universität Bern, Schweiz

F. Schneider



The spread of no-till farming in Switzerland
Thomas Ledermann1, Flurina Schneider1, Hanspeter Liniger1, Volker Prasuhn2

1Centre for Development and Environment (CDE), University of Berne, Switzerland
2Agroscope Reckenholz-Tänikon Research Station (ART), Zurich, Switzerland

Current and past research activities show that soil erosion by water is among the major environmental threats on arable 
farmland in Switzerland. In response to this, various maps of soil erosion risk have been generated at national or regional 
level. Yet maps on the extent of sustainable land management are lacking.

Results
In 2006, about 12,000 ha were under no-till – about 3 % of the 

total arable land in Switzerland. By evaluating the maps at 
different administrative units, four specific high-adoption regions 
can be identified. Analyses suggest various factors influencing the 
spread of no-till: 

(1) The technology is limited to arable areas, dependent on 
natural conditions (climate, relief, soil)

(2) Differences in the cantonal system of incentives for the 
adoption of conservation tillage techniques (e.g. program duration, 
financial scope, area of focus, contract period, philosophy, 
commitment by involved actors)

(3) Existing agricultural networks and the availability of no-till 
machinery (contractors) may also heavily determine the spread of 
the technology

(4) Farmers take decision pro or contra no-till against the 
background of their entire life-world (e.g. farm type, social 
relations, aesthetic of the plot).

Methodology
To compile the necessary surface data, a written survey was 

undertaken in collaboration with the Swiss Soil Conservation 
Association, involving all 121 farmers and contractors who own 
no-till machinery in Switzerland. The questionnaire surveyed the 
total area cultivated with no-till in 2006 and their location by 
municipality. Information was received from 108 farmers (90%).

Conclusion
In the case of no-till in Switzerland, a good spatial overview of 

ongoing activities has been obtained. The present work shows 
that the maps generated – combined with associated research – 
provide added value for ongoing discussions on policy 
formulation and implementation at regional and national level.
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 Figure 3: No-tillage at district level.

 Figure 4: No-tillage at municipality level.

Figure 1: No-tillage (left) and conventional tillage (right) of sugar beets. 
(Photo W. G. Sturny 2007)

 Figure 2: No-tillage at cantonal level.



High-Resolution Maps of Soil Erosion Risk
Michael Chisholm1, Thomas Ledermann1, Hanspeter Liniger1, Volker Prasuhn2

1Centre for Development and Environment (CDE), University of Berne, Switzerland
2Agroscope Reckenholz-Tänikon Research Station (ART), Zurich, Switzerland

In Switzerland, the availability of high-resolution digital data sets makes it possible to compile detailed, large-scale 
soil erosion risk maps. These maps can be used for agricultural extension and for planning measures to protect 
against soil erosion.

Results
Spatial distribution of areas threatened by erosion is 

significantly differentiated as spatial resolution becomes 
higher. Whereas with DEM100 only one area at high risk is 
displayed, numerous areas can be designated with DEM25 
and DEM2 (Fig.1).

The calculated risk increases markedly as relief resolution 
becomes higher (Tab.1) – by a factor of 1.5 (for a gently 
sloping area in Frienisberg) to 2.7 (for a steep area in 
Oberaargau).

Visual assessment in the field and comparison with results 
from erosion damage mapping resulted in very good 
correlation (Fig. 2).

Methodology
AVErosion is a GIS tool (ArcView) that can be 

downloaded free of charge from the Internet 
(http://www.terracs.com/html/averosion1.html). It is based on 
the Universal Soil Loss Equation (USLE). Its modified 
Version MUSLE87 offers the possibility to determine relief 
parameters (LS factor) by means of Multi-Flow Algorithms. 
Three available digital elevation models (DEM; 100m, 25m, 
2m) were compared in three study areas. The R- (erosivity), 
K- (erodibility) and C- (cover) factors remained constant.

Conclusion
AVErosion is a practical tool for efficiently predicting long-term soil loss rates. The different resolutions of DEM show 

the major impact of topography on erosion. The highest resolution maps enable excellent spatial identification of areas with
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The authors wish to thank the Swiss State Secretariat for Education and Research (SER) for financing the study, 

and the Federal Office for the Environment (FOEN), the Federal Office for Agriculture (FOAG), and the Swiss National 
Centre of Competence in Research (NCCR) North-South for financial contributions.

Fig. 1: Raster-level modeling of erosion risk using 
AVErosion with the digital elevation model DEM100 
(above),  DEM25 (centre) and DHM2 (below) for the 
study area in Estavayer.

Fig. 2: AVErosion modeling using DEM2 and mapped erosion damage
on a plot in the Oberaargau region. (Photos T. Ledermann, 2007)

a high risk of soil erosion (e.g. slope depressions). The maps 
therefore provide an ideal aid for agricultural planning and 
negotiation of interventions and/or enforcement by 
authorities.

Amean [t*ha-1*a-1] Estavayer Oberaargau Frienisberg

DEM100 3.48 2.30 2.24

DEM25 5.88 5.14 3.44

DEM02 7.11 6.95 4.51

Amedian [t*ha-1*a-1] Estavayer Oberaargau Frienisberg

DEM100 2.57 1.83 1.65

DEM25 3.99 3.53 2.56

DEM02 4.90 5.00 2.57

Tab. 1: Calculated soil loss values (median) for three study areas 
using DEM100,

DEM25, DEM02.



Off-Site Erosion Damage and the Search for Solutions
Martin Affentranger, Flurina Schneider, Thomas Ledermann, Karl Herweg, Stephan Rist
Centre for Development and Environment (CDE), University of Berne, Switzerland

Off-site erosion damage affecting private and communal infrastructure, open water bodies and other ecosystems 
causes problems in arable areas of Switzerland. Despite existing knowledge about soil conservation measures, past 
efforts by responsible authorities to solve the problem of soil erosion have had only limited success.

Results

(1) Interviews revealed that different valuations of 
sustainability cause conflicts among actors. While 
representatives of soil protection agencies gave the highest 
priority to the ecological dimension, other actors, including 
farmers, emphasised the socio-cultural dimension (Fig. 3). 

(2) Sketches made by the interviewees showed that the 
actors involved have different spatial focuses. While farmers 
and officials in cantonal soil protection agencies emphasised 
the situation on damaged plots (on-site), community 
representatives and civil society actors highlighted the 
situation in the village (off-site) (Fig. 4). 

(3) Conflicts can be explained by the lack of social 
learning processes involving the actors, who often simply 
accused other actors without critically reflecting on their own 
actions, values and norms. 

Research objective

This study aimed to reconstruct and analyse processes for 
finding solutions to complex soil erosion damage. Special 
attention was given to actors’ perceptions of erosion events 
and social learning processes between actors.

Acknowledgements
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Figure 4: Sketches by interviewees showing their percep-
tion of the spatial characteristics of the erosion event.

Conclusion

The analysis shows that the case studies were marked by 
various tensions due to different perspectives and valuations 
of erosion damage. Finding sound solutions to complex 
situations requires continuous dialogue between all actors 
involved.

Figure 3: Perception and valuation of soil erosion events 
of  four actor-groups related to the three dimensions of 
sustainability.

Figure 1: Soil erosion and its off-site impacts. 
(Photo Bürki, 2007)

Figure 2: Conflicts among actors and the search for 
solutions. (Photo F. Schneider, 2007)



Kosten der Bodenerosion in der Schweiz
Thomas Ledermann1, Flurina Schneider1, Karl Herweg1, Hanspeter Liniger1, Hans Hurni1, Volker Prasuhn2

1Centre for Development and Environment (CDE), Universität Bern
2Forschungsanstalt Agroscope Reckenholz-Tänikon ART, Zürich

Im schweizerischen Ackerbau betragen die 
durchschnittlichen Abtragsraten der Bodenerosion 
durch Wasser rund 0.7 bis 2.3 Tonnen pro Hektar 
und Jahr. Neben den Kosten durch Ertragsverluste 
entstehen,  ausserhalb der geschädigten Parzellen, 
erhebliche Folgekosten für die Allgemeinheit: 
Strassenreinigung, Auspumpen von Kellern, 
Seesanierungen, etc.

Eine Berechnung dieser Kosten soll kantonalen 
Bodenschutzfachstellen dienen, geeignete Massnah-
men umzusetzen, welche Bodenerosion nachhaltig 
vermindern.  

Ergebnisse
-

-

-

-

Schlussfolgerung
Die bisher von der Allgemeinheit getragenen so-
zialen Kosten (vgl. Tabelle, C & D) werden in 
Zukunft wohl vermehrt dem Verursacher 
(Landwirten) in Rechnung gestellt. Bodenscho-
nende Anbausysteme werden sich lohnen. 
Schuldig sind dabei aber häufig nicht nur 
einzelne Akteure - auch wenn der abgetragene 
Boden meist einzelnen landwirtschaftlichen Par-
zellen zugewiesen werden kann: Das Ober-
flächenwasser sammelt sich oft auf grösseren 
darüber liegenden landwirtschaftlich genutzten 
Flächen, auf Strassen und in Siedlungen. Neben 
den Landwirten beeinflussen somit auch weitere 
Akteure die Erosions- und Wasserschäden und 
müssen daher in den Lösungsfindungsdialog mit 
einbezogen werden.
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Zitat einer durch Bodenerosion geschädigten Privatperson
(Kanton Bern).

Nach dem Erosionsereignis: 
‘Die Geduld ist am Ende. Jetzt gibt es zwei Fronten: Der Land-
wirt fühlt sich da ganz alleine gelassen und ist nur noch in der 
Verteidigungsstellung. Und nachher hat es die Dorfbevölker-
ung, Landwirte und Nicht-Landwirte; Betroffene, welche 
langsam genug haben. Wir probieren schon das Möglichste. Ich 
denke so lange es uns gut geht, spielt es auch nicht so eine 
Rolle. Ich denke aber, wenn nachher die Gebäudeversicherung 
wirklich einfach sagt, jetzt haben wir vier- bis fünfmal bezahlt, 
jetzt ist fertig. Ich denke, dann werden sich bei uns die Fronten 
auch verhärten.’

Kostenkategorie Indikator SFr. pro ha & Jahr
(A1) kurzfristige/langfristige 
Verminderung der Boden-
fruchtbarkeit

Abtragsraten:  0.7 - 2.3t pro ha & Jahr.  SFr. 0.00 - 40.00 

(A2) Verletzung, Entwurzelung, 
Überdeckung der Saat/Pflanzen

geschädigte Fläche:  bis 0.2% der Parzellen 
durch Rillen betroffen

 SFr. 2.00 - 26.00 

(A3) Kürzungen der Direkt-
zahlungen (nach DZV & VBBo)

Abtrag pro Parzelle:  3% aller Parzellen mit 
Abtragsraten >4t pro ha & Jahr; 6% mit >2t 
pro ha & Jahr.

SFr. 0.00 - 98.00

(B1)  Wiederherstellungskosten 
Landwirt

Länge des Rillensystems: 20-40m pro ha. SFr. 10.00 - 20.00

(B2)  Vermeidungskosten 
Landwirt

Parzellen mit Massnahmen: 5-10% der 
geschädigten Parzellen weisen Massnahmen 
auf.

SFr. 1.00 - 4.00

(C1a) Schäden an privater 
Infrastruktur und Eigentum 

Angaben Versicherungen:  Schadenskosten 
von SFr. 70'000 infolge eines 
Erosionsereignisses.

SFr. 10.00 - 90.00

(C1b) Schäden an kommunaler 
Infrastruktur

Angaben Gemeinden: jährliche Reparatur- 
und Sanierungskosten von SFr. 1'500-8'000 
pro Gemeinde. 

SFr. 5.00 - 62.00

(C2) Gewässerbelastung, insb. 
mit Phosphor

Ablagerung im Gewässer:  20% des Bodens 
wird im Wasser abgelagert; gesamthaft rund 
0.4t pro ha & Jahr.

SFr. 6.00 - 26.00

(C3) soziale Konflikte Interviewdaten: die meisten der schweren 
Erosionsereignisse haben zu Konflikten zw. 
den Akteuren geführt.

nicht 
quantifizierbar

(D1) Wiederherstellungskosten  
Allgemeinheit

Ablagerungen ausserhalb Parzelle:  15% in 
Kanalisation; 20% auf benachbarten landw. 
Flächen, Wald, etc.

SFr. 11.00 - 197.00

(D2) Vermeidungskosten 
Allgemeinheit

Angaben Gemeinden & Aufwand kant. 
Bodenschutz: Bern & Fribourg mit 
Unterstützung von SFr.  800’000 pro Jahr.

SFr. 19.00 - 211.00

SFr. 13.00 - 188.00

SFr. 51.00 - 586.00

SFr. 64.00 - 774.00

Totale Kosten auf der Parzelle

Total Folgekosten ausserhalb der Parzelle

Total Kosten Bodenerosion
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Tabelle 1 
Zusammenstellung der Kosten durch Bodenerosion in der Schweiz (Angaben in SFr. pro Hektar und Jahr über die gesamte Ackerfläche)

Abbildung 1 
Vermeidungskosten Landwirt (B2): Mulchen 
von Erosionsrillen zur Verhinderung weiterer 
Schäden auf und neben der Parzelle.

Abbildung. 2 
Schäden an kommunaler Infra-
struktur (C1b): Verschmutzung 
von Wegen, Gräben und  Abläufen.

Abbildung 3 
Vermeidungskosten Allgemeinheit (D2): 
Sandsäcke zur Minderung weiterer Folge-
schäden an privater Liegenschaft.

Jährliche Kosten der Bodenerosion pro 
Hektar Ackerland: SFr. 64.- bis 774.-; ge-
schätzter Durchschnittswert: SFr. 186.-.

Erste Hochrechnung für die gesamte Schweiz 
ergibt Gesamtkosten von rund SFr. 50 Mio. 
jährlich.

Für die Landwirte halten sich die Kosten in 
Grenzen - jedoch summiert sich langfristig 
die Verminderung der Bodenfruchtbarkeit.

Folgekosten für die Allgemeinheit sind rund 
2- bis 4-mal grösser als die Auswirkungen 
auf der geschädigten Parzelle.
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