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Summary 
High quality soils, defined as soils rich in organic matter, with good structure and high biodiversity, 

provide a series of important ecosystem services. The most basic is as a production factor for farmers: 

high-quality soils give higher and more stable yields. This also implies that in the long run, 

sustainable soil management will secure food and fibre production. Soils with good structure also 

provide ecosystem services, such as water purification and carbon storage. Together these services 

imply that soil quality is an important issue; however, it is an issue with low political attention.  

The overall objective of this thesis is to study how to create incentives for sustainable soil 

management. The analyses are based on a large questionnaire, using choice experiments to elicit 

farmers’ preferences. The thesis consists of four papers, all within the theme of sustainable soil 

management. For farmers, soil quality will be even more important in the future, since changes in 

climate will increase the frequency and intensity of extreme weather events, and thereby increase the 

need for stable soils capable of handling these events. Sustainable soil management also imply an 

increase in soil organic carbon pools, and are therefore an important factor in attaining carbon 

reduction targets. 

Paper 1 analyses a payment for ecosystem services (PES) scheme for sustainable soil management. 

The analysis is based on a choice experiment among Danish farmers, and considers farmers’ contract 

attribute preferences. The analysis takes into account that sustainable soil is not only a public good but 

that farmers will also gain from an increase in soil quality by more stable and higher yields. The 

choice experiment data is analysed in a conditional logit model, a latent class model and a mixed logit 

model. While the conditional logit model assumes independent and identically distributed error terms, 

the latent class and mixed logit models loosen this and take heterogeneity into account. The analysis 

of the choice experiments shows that the farmers prefer contracts with high flexibility. The results 

also indicate that the farmers are aware of the positive effects of sustainable soils. 

Paper 2 analyses the possibilities of using a combination of traditional market insurance and natural 

insurance as a tool to increase soil sustainability. Mulching and reduced ploughing are used as natural 

insurance measures; these measures increase soil quality and reduce the risk of flooding in the event 

of heavy rain. The analysis is based on a choice experiment, and analysed in a conditional logit model 

and latent class model. As with the PES scheme, farmers are found to prefer high flexibility in the 

contract attributes. The analysis also indicates that, even though there is a trade-off between the 

market insurance and natural insurance attributes, there is a demand for this type of combined 

insurance among Danish farmers. And if the natural insurance measure is mulching, the farmers have 

no objection to the condition of natural insurance in the insurance contract.  
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Paper 3 analyses the effects of reduced soil quality that farmers have already experienced and their 

expectations of how future climate changes will affect them. The paper analyses what farmers are 

already doing to adapt to more extreme weather and their mitigation efforts. The analysis is based on 

the questionnaire among Danish farmers and data is analysed statistically and with a probit analysis. 

The results indicate that Danish farmers are well informed about climate change and future increases 

in risk. The majority of farmers are already performing some sort of adaptation and preparing for the 

future. However, there seems to be paradox since the farmers do not combine their own experience 

with, e.g., storms with climate change.  

Paper 4 analyses the cost-effectiveness of using a PES scheme as a carbon abatement measure. The 

paper calculates and maps possible carbon sequestration in Denmark using Intergovernmental Panel 

on Climate Change (IPCC) guidelines in a spatial analysis. The results from paper 1 are used to 

calculate the cost of marginal abatement of carbon from reduced tillage. Reduced tillage was found to 

be the cost-effective choice to abate carbon; however, if recent research is taken into account, 

contradicting previous hypotheses and indicating that reduced tillage has no or limited effect on 

carbon pools, reduced tillage will not be a cost-effective way of mitigating carbon. 

The overall results suggest that Danish farmers are very aware of the challenges of the future from 

extreme weather and climate change. They are also aware of the importance of high-quality soil; 

however, they prefer as much freedom in management as possible or flexibility in management 

contracts. To achieve soil sustainability objectives it is important to take this into account.      

 

Keywords: choice experiments, farmers’ preferences, sustainable soils, soil organic carbon, reduced 

tillage, natural insurance 
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Sammenfatning 
Jord med høj kvalitet eller bærerdygtig jord, defineret som jord med en god struktur, høj biodiversitet 

og rig på organisk materiale, yder en serie vigtige økosystem tjenester. Mest tydeligt som 

produktionsfaktor i landmænds produktionsfunktion, hvor en god jord kvalitet giver højere og mere 

stabil produktion. Det betyder også at, på langsigt vil bærerdygtig dyrkning af jord sikre fødevarer og 

fiber produktionen. Jord med en god jordstruktur yder også en serie økosystem tjenester så som 

rensning af vand og som karbon binding. Samlet set betyder dette at jord kvalitet er meget vigtigt.  

Det er dog samtidig et emne med lav politisk opmærksomhed sammenlignet med f.eks. vand kvalitet.  

Det overordnede formål med denne afhandling er hvordan man kan skabe incitament for bærerdygtig 

dyrkning af jorden. Analyserne er baseret på en stor spørgeskemaundersøgelse, hvor valg 

eksperimenter bruges til at kortlægge landmændenes præferencer. Afhandlingen består af 4 artikler, 

alle med det overordnede tema bærerdygtig dyrkning af jord.  For landmænd vil jordkvaliteten være 

endnu mere vigtig i fremtiden da ændringer i klimaet vil øge antallet af ekstreme vejr begivenheder. 

Bærerdygtig jord vil også øge bindingen af organisk karbon i jorden, og er dermed et vigtigt værktøj 

til at nå målsætningerne for karbon reduktion. 

Artikel 1 analyserer muligheden for at betale landmanden for at dyrke jorden bærerdygtigt. Dvs. man 

skaber et marked for bærerdygtig dyrket jord. Analysen er baseret på et valgeksperiment blandt 

danske landmænd, og analysere landmændenes præferencer ved en kontrakt. Der tages desuden højde 

for at udover at være et offentlig gode, vil bærerdygtig jord også øge værdien af jorden i produktions 

øjemed, da det både vil øge og give mere stabil produktion. Valgeksperiment data er analyseret i en 

conditional logit model, en latent class model og en mixed logit model. Hvor conditional logit antager 

uafhængige og identisk fordelte fejlled, løsner latent class og mixed logit denne betingelse og tager 

højde for heterogenitet. Analysen viser at landmænd foretrækker kontrakter med høj fleksibilitet. 

Resultaterne angiver også at landmændene anerkender den positive effekt ved bærerdygtig dyrkning. 

Artikel 2 analyserer mulighederne for at benytte en kombination a traditionel markeds forsikring og 

naturlig forsikring til at øge jordens bærerdygtighed. Reduceret jordbearbejdning og nedmuldning af 

halm bruges som naturlig forsikrings redskaber. Begge metoder vil øge jordens kvalitet og reducere 

risikoen for oversvømmelse ved skybrud. Analysen er baseret på et valgeksperiment og analyseret i en 

conditional logit og latent class model. Som i artikel 1 foretrækker landmænd kontrakt attributter med 

høj fleksibilitet. Analysen indikerer også at selvom der er en afvejning mellem markeds og naturlig 

forsikring, er der stadig en efterspørgelse på en sådan forsikring blandt danske landmænd.  Og hvis 

man bruger et naturlig forsikrings redskab som f.eks. nedmuldning, der kræver mindre af landmanden 

og samtidig har mindre usikkerhed, så har landmanden intet imod naturlig forsikring betingelsen i 

forsikringskontrakten. 

v 
 



Artikel 3 analyserer hvilke implikationer ved tab af jordkvalitet danske landmænd allerede har 

oplevet, samt deres forventninger til hvorledes fremtidige klima ændringer vil påvirke dem og deres 

produktion. Artiklen analyserer hvad landmændene allrede gør for at tilpasse sig det mere ekstreme 

vejr og hvad de gør for at mindske deres effekt på klimaet. Analysen er baseret på svar fra 

spørgeskema undersøgelsen og data analyseres dels i statistiske analyser dels i en probit model. 

Resultaterne indikerer at danske landmænd er velinformeret om klima ændringer og fremtidige 

usikkerhed. Flertallet har allerede tilpasset sig ændringerne og forbereder sig på mere ekstremt vejr. 

Det ser dog ud til at der er et paradoks i det landmændene ikke kombinerer deres egne oplevelser med 

f.eks. skybrud med klima ændringer. 

Artikel 4 analyserer omkostningseffektiviteten ved at bruge en PES aftale som redskab til at minimere 

karbon. Artiklen beregner mulighed for karbon ophobning i jorden i Danmark ved at bruge IPCCs 

retningslinjer i en rummelig analyse. Resultaterne fra artikel 1 bruges til at beregne den marginale 

omkostning for at reducerer karbon ved reduceret jordbearbejdning. Afhængigt af hvilken effekt man 

antager at reduceret jordbearbejdning har på karbon bindingen i jord, vil reduceret jordbearbejdning 

enten være yderst omkostningseffektivt eller, hvis man tager højde for nye forskningsresultater der 

indikerer at reduceret jordbearbejdning har lille eller ingen effekt på karbon binding, vil det på ingen 

både være omkostningseffektivt. 

Danske landmænd er overordnet set velinformeret omkring de fremtidige udfordringer grundet 

ekstremt vejr og klima ændringer. De ved også at en god jordkvalitet er vigtig, de foretrækker dog så 

stor frihed som mulig i deres forvaltning af jorden og høj fleksibilitet i kontrakter. Det er vigtigt at 

tage højde for disse faktorer for at opnå målsætningen om bærerdygtigt jordbrug.  

 

Nøgleord: valgeksperimenter, bærerdygtig jord, reduceret jordbearbejdning, landmænds præferencer, 

naturlig forsikring, karbon binding i jord 

  

vi 
 



Acknowledgments 
Reaching the PhD submission stage has been a journey, and I am grateful to numerous people who 

have supported, encouraged and pushed me along the way. The journey started when I was finishing 

my master’s thesis and I applied for a job as a research assistant at the National Environmental 

Research Institute (NERI). My main motivation for applying was my interest in environmental 

economics. Well, I got the job and I soon realised that I had found the right field for me and that a 

PhD would be an essential next step. Luckily, my boss, Berit, agreed that this was the way forward 

and supported my plans.  

At the time, NERI was a faculty in the University of Aarhus and a PhD programme had been initiated 

– EcoGlobe. With the funding from Research and innovation, the Danish Ministry of Higher 

Education and Science, a handful of cross-faculty PhD projects were initiated, one of them in 

environmental economics on soil ecosystem services. Again, Berit encouraged me to apply. Happily, I 

was selected for the project and enrolled as a PhD student in the Economics Department at Aarhus 

University. However, not long after I started my studies, reorganisation at Aarhus University meant 

that the environmental economics group at NERI was included in the Faculty of Science and 

Technology and my project was enrolled in the graduate school in the Faculty of Business and Social 

Sciences. This implied quite a bit of administrative work to figure out which rules to follow, who to 

contact in different situations, etc. 

My project has therefore depended on funding from the EcoGlobe programme, but has also benefitted 

from the EU Framework 7 project “Ecological Function and Biodiversity Indicators in European 

Soils ” (EcoFinders grant no. 264465), giving me the opportunity to interact with natural scientists 

working on ecosystem services from soils. Furthermore, I have also benefitted from the kind support 

of the survey company Aspecto. They converted the questionnaire to an Internet format and allowed 

me to use their panel of farmers, free of charge. Finally, Aspecto provided key socio-demographic 

data from their panel to strengthen the analysis, and they helped with the questionnaire development 

by providing useful feedback.  

The research in this thesis has been presented at a number of national and international conferences 

and workshops. Early versions of the paper “Farmland insurance – as a climate change adaptation 

mechanism” have been presented at the EAAE PhD workshop, 2013, the annual Danish 

Environmental Economics Conference (DØRS), 2014 and at the ENVECON, 2015 conference in 

London. The research in the paper “Potential and economic efficiency of using reduced tillage to 

mitigate climate effects in Danish agriculture“ formed part of a presentation on geographical mapping 

and valuation of ecosystem services in Denmark at the annual Danish Environmental Economics 

Conference (DØRS), 2014. The paper “Evaluation of payment schemes for sustainable soils” will be 

presented at the EAERE 2015 conference this summer.  

vii 
 



In addition to the papers included in this thesis, the joint research with Ecofinders has resulted in the 

paper “On the value of soil biodiversity and ecosystem services” (by Unai Pascual, Mette Termansen, 

Katarina Hedlund, Lijbert Brussaard, Jack Faber, Sébastien Foudi, Philippe Lemanceau and Sisse Liv 

Jørgensen).  The paper has been accepted, subject to revision, by the journal Ecosystem Services. 

During my PhD, I have been surrounded by amazing people, who have helped me to get through 

personal and academic crises. My wonderful colleagues in the “PhD office”: Louise, Line and, not 

least, Maria, have all been there from the very beginning and have been the best office mates anyone 

could wish for. With all of you in the office, there is not a problem in the world that cannot be solved! 

Thank you, Anne Holst, for facilitating the focus group meetings, as well as writing up their results. 

Thank you, Anne Winding, for helping me get the soil science correct. Mette, without your 

knowledge, your sharp analytical mind and endless questions, I do not think the process would have 

been as productive and (hopefully…) successful. 

I would also like to thank my wonderful kids, even though you have complicated the process a bit and 

tested my need for sleep to the limit; you will always be the sunshine of my life! The largest 

acknowledgement should go to my dear husband – thank you for staying with me, challenging me, 

and loving me – even when I am least loveable.  

 

 

 

viii 
 



Contents 

1 Introduction .................................................................................................................................................... 3 
1.1. Aims and objectives ........................................................................................................................... 5 

2 Stated preferences ......................................................................................................................................... 7 

3 Soil quality in Denmark ................................................................................................................................. 10 
3.1. Threats to soil quality in Denmark ....................................................................................................... 10 
3.2. Evaluation of measures to improve soil quality in Denmark................................................................ 11 

4 Literature review .......................................................................................................................................... 13 
4.1. Farmers’ preferences for contract attributes ....................................................................................... 13 
4.2. Farmers’ insurance preferences ........................................................................................................... 14 

5. Data collection design ................................................................................................................................. 15 
5.1. Contract attributes ............................................................................................................................... 16 
5.2. Measures to improve soil quality ......................................................................................................... 16 
5.3. Generating a design .............................................................................................................................. 17 

6. The survey.................................................................................................................................................... 18 

7. Contributions ............................................................................................................................................... 19 
Paper 1 ......................................................................................................................................................... 19 
Paper 2 ......................................................................................................................................................... 21 
Paper 3 ......................................................................................................................................................... 22 
Paper 4 ......................................................................................................................................................... 24 

8. Conclusion ................................................................................................................................................... 26 
8.1. Policy implications ................................................................................................................................ 27 

References ....................................................................................................................................................... 29 
 
  



List of appendices 

Appendix 1: Paper 1 - Evaluation of payment schemes for sustainable soils 

Appendix 2: Paper 2 - Farmland insurance as a climate change adaptation mechanism 

Appendix 3: Paper 3 - Climate perceptions and adaptation among Danish farmers 

Appendix 4: Paper 4 - Potential and economic efficiency of using reduced tillage to mitigate climate effects 

in Danish agriculture 

Appendix A: Ngene design code  

Appendix B: Methodology note 

Appendix C: Representative analysis of data 

Appendix D: Quesionary regarding PES for sustainable soil management 

Appendix E: Questionary regarding market and natural insurance 

  

2 
 



1 Introduction 
This thesis undertakes an environmental economic evaluation of how to promote sustainable use of 

soil in agriculture. Both locally in Denmark and globally, soil quality has been degraded since the 

end of the 18th century due to, among other things, drainage of wetlands, industrial development 

and farm management intensification (Freibauer et al, 2004; Lal, 2004; Haygarth and Ritz, 2009; 

Schjønning et al, 2009;European Commision, 2012; Camarsa et al, 2014). The degradation of soils 

has both short-term and long-term consequences for farmers, society and the environment. For 

farmers it implies greater risk of loss of production. Degraded soils are less capable of handling 

heavy rain or drought, resulting in soil erosion and flooded or arid fields. In the worst cases, the end 

result may even be areas of land unsuitable for arable production. This could have major 

consequences for society, as degraded soils imply a risk to future food provision. From an 

environmental point of view, degraded soil quality will reduce soil biodiversity and soil organic 

carbon, and a range of ecosystem services will be lost. Loss of soil organic carbon increases the 

quantity of carbon released into the atmosphere, contributing to climate change. It is, however, 

possible to improve the sustainable use of soil, so improving soil quality and thereby restoring 

biodiversity, carbon pools and associated ecosystem services. Afforestation, extensification of 

forest management and a reduction in soil disturbance from agriculture have been suggested as 

effective measures to improve soil quality (Freibauer et al. 2004).  

Soil has both private and public characteristics. Society relies on the many ecosystem services 

provided by soil of high quality, while farmers rely on soil as a production factor, an economic 

good that is also dependent on quality. The degradation of soil quality can be analysed as a case of 

missing markets. Farmers do not take the ecosystem services that rely on soil quality into account 

when managing their soils. According to economic theory, this happens because there are no 

markets for these goods or services (Ribaudo et al. 2010). 

The straightforward economic solution to the problem of missing markets is to create a market. This 

can be done, for instance, by a payment for ecosystem service (PES) scheme. In this, an ecosystem 

service provider can sell the provision of an ecosystem service to an ecosystem service buyer 

(Engel, Pagiola and Wunder 2008). The buyer could either be users of the service or the 

government, depending on the service. In the case of sustainable soil management in agriculture, 

the government would pay farmers to provide sustainable soil management. The cost-effectiveness 
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of such a scheme can be analysed by comparing the effects of the scheme relative to alternative 

measures.  

A more indirect way to maintain soils is by encouraging farmers to practice natural insurance 

(Baumgärtner and Strunz 2009). Natural insurance enhances soil quality and reduces the soil’s 

vulnerability to environmental change and variability, securing stable long-term productivity.  

Policy initiatives to support sustainable soil management are currently non-existent, both in 

Denmark and the EU. That is, both the PES and the insurance schemes studies are implemented in a 

non-existent market, and therefore the optimal price, premium and other market attributes related to 

the schemes are unknown. In order to increase the effectiveness of a PES and insurance schemes, 

the scheme attributes can be analysed through a survey of the relevant population. A widely used 

method both in transport and environmental economics to place a value on a non-market good is 

stated preferences (Adamowicz, Louviere and Swait 1998; Alpizar 2001). This tool surveys a 

population, who are asked to state their preferences either by placing a value on a good represented 

as a series of attributes (contingent valuation) or choosing between two or more goods represented 

by a series of attributes with different levels in a choice card (choice experiment). Often the 

respondents are presented with several choice cards, making it possible to analyse their preferences 

for different attributes and their willingness to accept the PES scheme, as well as to analyse the 

trade-off between the attributes. 

The results from a choice experiment can be used, for example, to analyse the cost-effectiveness of 

implementing a PES scheme by estimating the environmental gains and the costs (the willingness to 

accept) of its implementation, and comparing the results to other abatement measures. This thesis 

uses the results from the Intergovernmental Panel on Climate Change (IPCC) (IPCC 2006) on the 

effect of reduced tillage on soil organic carbon to estimate the marginal abatement cost for carbon 

using reduced tillage. This is compared with a marginal carbon abatement cost curve for other 

abatement measures in Denmark (Kebmin 2013). 

PES and other market-based schemes attempt to change behaviour by providing financial incentives 

to do so; however, human behaviour is not just determined by economic gains and losses. Beliefs 

and perceptions may also shape decision-making (Howden et al, 2007; Arbuckle et al, 2013). 

Therefore, in order to initiate certain behaviours, it is also essential to know how the relevant 

population perceives the problems and possible solutions.  
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A large survey among Danish farmers was carried out. The survey used a choice experiment to 

reveal the farmers’ preferences for and willingness to engage in a PES scheme or buy insurance to 

mitigate loss of productivity. Furthermore the survey asked the farmers a series of questions 

regarding their thoughts on weather changes, climate change, productivity losses, and adaptation 

and mitigation of risks associated with climate change. 

1.1. Aims and objectives 

The overall objective of this thesis is to provide an economic analysis of alternative policy 

instruments to obtain sustainable soil management in Denmark. A close relationship exists between 

sustainable soil management and climate change impacts and mitigation in agriculture: i) an 

increase in soil organic carbon will, all other things being equal, imply an increase in soil quality, ii) 

an increase in soil organic carbon will reduce greenhouse gas (GHG) emissions, and iii) current 

changes in the climate call for more robust soils capable of handling both heavy rain and drought. 

By increasing soil quality, agricultural yield will be stabilized, and the risk of productivity loss due 

to severe weather events will decrease, i.e. there is both a private and a public aspect of sustainable 

soil management. This gives rise to the question of responsibility for its provision. If the public 

demand for sustainable soil management is considerable, a market can be created in which the 

government pays farmers to manage the soil in a certain way. Incentives for changing management 

practices can also be implemented more indirectly, e.g. by insurance schemes in which farmers are 

compensated if they experiences a loss, with the condition that the soil is managed in a certain way. 

The first paper in this thesis takes the classic economic view and analyses the possibility of paying 

farmers to manage soil in a certain way, i.e. through a PES scheme for sustainable soil management. 

The second paper analyses the possibility of using a combination of market and natural insurance to 

mitigate the risk of losing agricultural production and to adapt to climate change. The first two 

papers analyse farmer decision-making using an economic utility optimisation framework. The third 

paper takes a broader view and considers farmers’ responsiveness in soil management to climate 

change threats in agriculture. This includes an analysis of how climate change is perceived and 

whether the perception is linked to particular adaptation and mitigation behaviours. The fourth 

paper evaluates the scope and cost-effectiveness of a hypothetical PES scheme in terms of climate 

regulation services in Denmark. 
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This introduction will give the overall rationale for the thesis, provide a review of the literature on 

which the thesis is developed and give an overview of the survey design and data collection 

processes followed to acquire the data. Furthermore, it will synthesise the main findings and draw 

out policy implications. The following section presents a brief review of the theory of stated 

preferences and choice experiment methods. Section 3 gives an overview of the concerns related to 

declining soil quality in Denmark: the major threats to soil quality and measures that can be applied 

in order to improve it. This information provides the basis for selecting measures for the 

hypothetical PES scheme. Section 4 is a literature review of studies on farmers’ preferences for 

contract specifications (attributes), so providing a reference for the contract attributes tested in the 

empirical experiments. Section 5 goes through the process of setting up a choice experiment, and 

defines the measures and levels used, as well as the design. Section 6 provides an overview of the 

results from the survey. Section 7 synthesises the findings of each of the four papers. Finally, 

section 8 discusses the overall results of the thesis and implications for policymakers. 
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2 Stated preferences 
Three of the papers in this thesis are based on a choice experiment analysis. Choice experiment 

analysis belongs to the family of stated preferences methods and is a method now commonly 

applied in environmental-economic research (Alpizar 2001; Adamowicz et al. 1998). 

Stated preference theory is a method to place a value, most often monetary, on a non-market good. 

Unlike revealed preferences, stated preferences are based on surveys and carefully worded 

questions, in which the respondents are asked to place a value on a certain good in a hypothetical 

world. The results therefore rely on the quality of the questions and the respondents’ ability to state 

true values. Using stated preference gives full control of the experiment, and makes it possible to set 

up a design that improves statistical efficiency, eliminates collinearity and allows the attribute range 

to be set to obtain robust models. Furthermore, products, services and attributes can be introduced 

without problems, as opposed to data from real markets (Adamowicz et al. 1998).  

Choice experiments build on consumer theory (Lancaster 2008), i.e. that the consumer does not 

value the good per se, but uses a combination of the attributes that characterises the good. In a 

choice experiment, a hypothetical setting is used, where the respondents are asked to choose the 

preferred option among several alternatives in a choice set. Usually the respondents are asked to 

make a sequence of such choices to allow the researcher to map each respondent’s behaviour. The 

alternatives are described by a number of pertinent attributes, one of which is often a monetary 

value. Each time the respondent makes a choice, he implicitly makes a trade-off between the 

different levels of the different attributes presented in the choice set. Thereby, it is possible to see 

how the respondents value the different attributes in terms of each other. In the current study the 

choice experiment is applied to map an incentive scheme for farmers. By using choice experiment it 

is possible to assign the weight farmers place on the monetary compensation or on contract 

attributes when making a decision about soil management. 

To evaluate the results of choice experiments, random utility maximization is widely used. In the 

random utility maximization model, the true, yet unobservable utility (𝑈𝑈𝑗𝑗) is the sum of systematic 

(𝑉𝑉𝑗𝑗) and random components (𝜀𝜀𝑗𝑗) (Adamowicz et al. 1998): 

𝑈𝑈𝑗𝑗 = 𝑉𝑉𝑗𝑗 + 𝜀𝜀𝑗𝑗   
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The systematic component of utility captures the utility associated with the attributes. It is assumed 

that the respondents behave in a utility-maximizing way; hence respondent (𝑛𝑛) chooses the 

alternative that provides the highest utility, i.e. alternative 𝑖𝑖 is choosen, if and only if: 

𝑈𝑈𝑖𝑖 > 𝑈𝑈𝑗𝑗, ∀𝑗𝑗 ≠ 𝑖𝑖 

The probability that the respondent will choose alternative 𝑖𝑖 out of a set of alternatives (𝐶𝐶 ) can be 

formulated as: 

𝑃𝑃(𝑖𝑖|𝐶𝐶) = 𝑃𝑃𝑃𝑃�𝑈𝑈𝑖𝑖 > 𝑈𝑈𝑗𝑗� = Pr�(𝑉𝑉𝑖𝑖 + 𝜀𝜀𝑖𝑖) > �𝑉𝑉𝑗𝑗 + 𝜀𝜀𝑗𝑗��, ∀𝑖𝑖, 𝑗𝑗 ∈ 𝐶𝐶 

The systematic component of utility (𝑉𝑉𝑗𝑗) captures the utility associated with the attributes. 

Therefore, it is essential to ensure the right use of attributes and to capture which factors influence 

choices. The basis of the empirical specification of the utility function is given in sections 3 and 4. 

Section 3 provides a thorough analysis of current threats to soil sustainability and identifies some of 

the mitigation options that could be included in soil conservation schemes. Section 4 includes a 

literature review of the importance of the more administrative aspects of PES schemes, which could 

potentially affect their utility to farmers. Soil management options, administrative conditions and 

payments are included as explanatory variables and are captured in a vector (𝑥𝑥); the utility 

associated with these is defined by the vector 𝛽𝛽. The systematic component of utility (𝑉𝑉𝑗𝑗) can then 

be specified by: 

𝑉𝑉𝑖𝑖 = 𝛽𝛽′𝑥𝑥𝑖𝑖 

Most commonly used choice models are analysed with the conditional logit model. This 

specification assumes that the error term is independent and individually distributed across 

alternatives and individuals. Other model specifications such as nested logit, latent class and mixed 

logit specify the error term in a more complex way to take potential heterogeneity into account. In 

the nested logit model, one creates nests among the alternatives, that is, the independent and 

individual distribution does not hold between alternatives but does between individuals. In the latent 

class model, any underlying segmentation is taken into account by creating classes or types of 

farmers: the independent and individual distribution holds across classes and across alternatives 

(Swait 1994; Greene and Hensher 2003). In the mixed logit model, parameters are specified as 

random parameters: most commonly the normal distribution is used, which will specify the 

heterogeneity across individuals (Hensher, Rose and Greene 2005). The error term is divided into 
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two additive terms, one which is independent and individually distributed, and one which is 

correlated over alternatives and is heteroskedastic. This will take correlation between alternatives in 

each choice situation and across choice situations into account. The error, if identical for two 

alternatives, will take care of any correlation between them.  

Section 3 and 4 provides the empirical background information for the choice experiment setup. 

First of all, the threats to long-term sustainability of soil productivity are introduced, and then an 

overview of effective measures to reduce the threats is outlined. Finally, a literature review of the 

evaluations of farmers’ preferences for contract attributes is given. 
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3 Soil quality in Denmark 

3.1. Threats to soil quality in Denmark 
There are several threats to the soil quality in Denmark, the most severe being soil compaction, loss 

of soil organic matter and soil erosion. In order to deal with these threats, it is essential to know 

how they arise. In this chapter, the cause of each of the three threats and the potential mitigating 

options are outlined, based on Schjønning et al (2009). 

Soil compaction is caused by heavy machinery and can be divided into compaction of subsoil, 

defined as soil more than 40 cm below the surface, and compaction of the upper soil. Compaction 

of the upper soil can easily be loosened either through natural biological and physical processes or 

through manmade intervention; therefore, upper soil compaction is not a threat to soil quality. 

Subsoil compaction is, however, more permanent, and is therefore considered a serious threat to soil 

quality (mechanical loosening of the subsoil is usually impossible and has also shown to have a 

negative effect on root growth and crop yields). Since subsoil compaction is largely irreversible, 

higher emphasis needs to be on prevention. The obvious conclusion is to avoid the use of heavy 

machinery, but as this is impossible for farmers and forest managers in practice, other options have 

to be identified (Pedersen and Green 2005). The long-term consequences of subsoil compaction are 

permanent damage to soil functions resulting in productivity loss, leaching of nutrients and 

pollutants, and emission of GHGs (Schjønning et al. 2009; Camarsa et al. 2014). 

Soil organic matter comprising decomposing plants, animals and microbial residues, is nature’s 

fertiliser, and was therefore very important in agricultural production before synthetic fertilisers 

were developed (Schjønning et al. 2009; Camarsa et al. 2014). In addition, it is also a sink for 

atmospheric carbon. Overall, a loss of soil organic matter gives rise to a loss of biodiversity, greater 

need for synthetic fertilisers, a loss of carbon into the atmosphere and loss of ecosystem services, 

such as water purification. The most tangible effects are seen on the soils’ ability to crumble and to 

form a good seedbed. There has been a general loss of soil organic matter in Denmark, with the 

exception of areas with perennial grass, which are often found on more sandy soils in areas with a 

high intensity of grazing dairy cattle (Schjønning et al. 2009). Soil organic matter loss can be 

prevented in a number of ways: by using catch crops, fertilising with sphagnum, mulching with 

straw, or using organic manure.  
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Soil erosion is the final significant threat to Danish soil quality, occurring when soil is pushed 

downslope during tillage. Soil erosion arises solely from bad soil management practices, and is 

therefore controllable by changing management, mainly of tillage. This could entail changing to a 

no-tillage practice, reducing tillage extent, frequency, speed and depth, changing tillage direction to 

follow contours, and by avoiding loosening the soil before ploughing.  

3.2. Evaluation of measures to improve soil quality in Denmark. 
In Denmark, the law states that a company that has at least 10 hectares in agricultural production 

and has a turnover of more than 50,000 DKKR (approximately €6,700) is obliged to grow catch 

crops on 10% or 14% of the catch crop base area. The actual percentage depends on the amount of 

manure used: less or more than 0.8 animal units per hectare. This law can be circumvented by using 

“excess” catch crops from earlier periods in the required timeframe. Furthermore farmers can i) 

reduce the company’s nitrogen quota, ii) plant intermediate crops, iii) plant catch crops on another 

farmer’s land, iv) use perennial energy crops, v) separate and burn the fibre fraction of livestock 

manure or processed livestock manure (Ministry for Food, Agriculture and Fisheries, 2011). 

According to Schou et al (2007), there are approximately 250,000 hectares in Denmark that have 

the possibility of incorporating catch crops into the current management.  

There are no statistics on prevalence of reduced or no tillage in Denmark; however, the Danish 

Association of Reduced Tillage (FRDK) estimates that around 13% of arable land is managed 

without ploughing (350,000 hectares) (personal communication with Søren Ilsøe, FRDK). There is 

a risk of revenue loss within the first couple of years when converting to reduced tillage because it 

usually takes a couple of years before the soil structure changes and contains more earthworms and 

root canals (Pedersen 2001). In order to avoid large revenue loss in the long run, controlling for 

weeds and avoiding topsoil compaction are essential, which calls for an experienced manager 

(Pedersen 2001). However, with this caveat, Pedersen finds no significant difference in revenue 

when comparing reduced tillage with conventional tillage. Reduced tillage will enhance soil 

structure and increase biodiversity, thereby minimizing the risk of soil erosion and the negative 

effects of drought (Olesen et al. 2002; Munkholm et al. 2000).  

Mulching with straw or plant residue, potentially combined with catch crops, will enhance the 

amount of organic matter in the soil, and thereby increase carbon pools (Vinther 2011). This 

measure is easily implemented as part of harvesting by attaching a straw cutter on a combine 
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harvester. Its cost, after investing in a straw cutter, is the opportunity cost that the straw would have 

as biofuel. 

Using animal manure instead of synthetic fertiliser will increase organic matter in soils and so 

increase the carbon pool. However, since all animal manure in Denmark is already distributed on 

the land, including this measure in a scheme will not generate an additional benefit at a landscape 

scale.  

Wastewater treatment plants in Denmark are working on how to clean sludge. In this form of sludge 

(Biosludge) the amount of heavy metals will be reduced by 79% to 96% (according to data from the 

project BioNorden (Thomsen, Johansen and Sanchez 2012)). Furthermore, almost no phosphorus 

will be lost in the process. This makes the cleaned sludge a very good alternative to conventional 

fertilisers.  

Applying clean sludge will enhancing the amount of organic matter in soils. Clean sludge is a fairly 

new product on the Danish market so there is little empirical evidence on its uptake. It has been 

suggested that Danish farmers have an aversion towards the use of sludge on agricultural land 

(focus group discussions). This is thought mainly to be due to lack of documentation of its content 

and uncertainty on whether it includes compounds that will turn out to have adverse environmental 

or human health impacts. This uncertainty is supported in the current market, where both the 

government and buyers have strict regulations on its use (Ministry for Food, Agriculture and 

Fisheries, 2004; Arla, 2015; Ministry for Food Agriculture and Fisheries, 2015). Moreover, farmers 

fear that future governments may make new restrictions on land that has been fertilised with sludge. 

At the same time, there exists a large demand for organic matter, e.g. from organic farmers, which 

is unmet because of an insufficiency in supply (Christensen, 2012a and 2012b). Guaranteed clean 

sludge could meet this demand.  

  

12 
 



4 Literature review 
The following section presents a literature review on farmers’ preferences for attributes in voluntary 

contracts related to improving soil management. 

4.1. Farmers’ preferences for contract attributes 
In order to choose the contract attributes and their levels for this study, a literature review was 

conducted. To the authors’ knowledge, farmers’ willingness to change tillage practice, grow catch 

crops or other measures aimed at improving soil quality and biodiversity have only recently been 

studied (see Gramig and Widmar (2014) for a US-based farmer study and Aslam et al (2014) for a 

UK study), none of which relate to Danish farmers.  

Aslam et al (2014) address the potential of a PES scheme for climate regulation in the UK, and 

analyse the behaviour of UK farmland owners. They analyse both mitigation and a sequestration 

scheme, and find that, unsurprisingly, farmers prefer schemes with a high degree of flexibility and 

few restrictions. They find that younger farmers and those with large farms are more willing to 

participate; they also find that farmers want to retain management control. Gramig and Widmar 

(2014) analyse willingness to adopt reduced tillage under different payment methods and contract 

requirements. They find that the farmers are willing to pay to be free of implementing no-tillage 

practice, and that they prefer no contract requirements rather than a multi-year contract.  

In addition to the above studies, a number of choice experiments regarding farmers’ willingness to 

engage in agro-environmental schemes in general have been analysed ( Ruto and Garrod 2009; 

Espinosa-Goded et al 2010; Christensen et al. 2011;Broch and Vedel 2012). The overall conclusion 

is that farmers can be bought with flexibility, such as less paperwork, flexible or shorter contracts, 

etc. Christensen et al (2011) find that the amount of paper work, uncertainty about being locked into 

long-term agreements, and whether the subsidy will cover direct costs are the most important issues 

for farmers in deciding whether to participate in a subsidy scheme. Less important although still 

relevant are the environmental effects of the schemes and whether they will restrict field 

management planning. They also find that farmers are willing to trade off the size of the subsidy 

with scheme requirements such as getting the opportunity to break the contract once a year, a 

shorter contract period, and getting free assistance from the extension service with the application 

forms. The results show that the features related to the flexibility in the contract tend to be more 

important to the farmer than features related to the practical management.  
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Likewise, Ruto and Garrod (2009) analyse participation in agro-environmental schemes in 10 

different European countries and find that short contract lengths are preferred, as well as flexibility 

in which land areas can be entered into the scheme and flexibility of the measure used to improve 

soil quality. They find that, on average, farmers will demand an increase in payments if the duration 

of the contract is increased or if paperwork increases, but that they are willing to trade off current 

payments for more flexibility in choice of land and measure used to improve soil quality.  

Espinosa-Goded et al (2010) analyse farmers’ preferences for different designs of the agro-

environmental scheme in a choice experiment in Spain. They also find that more flexibility will 

encourage farmers to participate in agro-environmental schemes. 

Broch and Vedel (2012) analyse landowners’ contract preferences in relation to a Danish 

afforestation scheme. Like Christensen et al (2011) they find that landowners are willing to accept a 

lower subsidy if the contract includes a release option or if the aim of the scheme is to protect 

biodiversity and groundwater.  

4.2. Farmers’ insurance preferences  
Farmers’ preferences for insurance of their production are not well explored. There exist only a few 

empirical studies on market insurances, and natural insurance has only been analysed theoretically.  

Sherrick et al (2003) analyse 442 randomly sampled livestock and arable farmers in Illinois, Indiana 

and Iowa. Using a conjoint model to analyse farmers’ preferences for insurance attributes, their 

main finding is a strong preference for acreage flexibility. The flexibility allows farmers to optimise 

the utility of the insurance with the risk characteristics of geographically dispersed land tracts, and 

thereby integrate insurance with other risk management practices.  

Nganje et al (2004) analyse farmers’ preferences for crop and health insurance in Minnesota and 

North Dakota. Their main focus is on the imbalance between purchasing crop insurance, which is 

straightforward, and purchasing health insurance, which is almost impossible for farmers. However, 

they also analyse farmers’ preferences for crop insurance alone. They find that farmers have a 

general preference for flexibility in insurance type and for multi-peril crop insurance, and for 

flexibility in coverage levels in particular.  
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5. Data collection design 
The current study consists of two different choice experiments, where the respondents are randomly 

presented with one of them. The first design is a standard choice experiment, where the respondents 

were presented with a contract offer from the government. The respondents were asked to employ 

specific soil management practices, for which they would be paid an annual amount per hectare 

enrolled. In the second setup the respondents were presented with a hypothetical insurance scheme, 

in which they were offered an insurance contract where a commitment to manage the soil 

sustainably would result in an insurance payment in the event of production loss.  

Firstly, the soil management practices and other contractual attributes, as well as the attribute levels, 

were defined, mostly based on previous studies. Specialists in the field, as well as others with 

relevant knowledge (e.g. in soil structure, agricultural productivity and related ecosystem services), 

were consulted on the development of the attributes and their levels, ensuring that they were 

credible and relevant and could be combined to generate feasible schemes. Furthermore, advisors 

from SEGES (the Danish Knowledge Centre) were consulted to help formulate the questions 

appropriately. Farmers were also consulted on the initial questionnaire to test that they found it 

realistic and understandable. After the initial attribute levels and survey were established, three 

focus group meetings were conducted to reveal any mistakes, misunderstandings, etc. A 

methodological note on the group discussion is given in appendix B, written by Dr. Anne Holst 

Andersen, who facilitated the meeting. 

To mitigate any ordering effect, the choice sets in the choice experiments were randomised 

(Carlsson et al 2012), as was the ordering of the answer options in the attitude questions. To 

minimise hypothetical bias, a “cheap-talk” strategy was used (Lusk 2002). That is, we informed the 

respondents about the potential bias before they were presented with the choices: 

“It is important that you consider every choice by itself, and that you try to take all aspects of 

the contract into account. 

Try to be as realistic as possible. Studies have shown that many choose differently in a survey 

than in the real world. Therefore, think carefully about your choices.” 
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5.1. Contract attributes 
In the standard choice experiment study, the contracts had three attributes: i) length of contract – 

either short term (five-year) or long term (10-year), ii) termination of contract at no cost – injecting 

greater flexibility, and iii) level of compensation the farmer would receive – determined by an 

analysis of actual compensation in Denmark for organic farming, set-aside land, permanent grass, 

etc.  

The two contract attributes in the insurance choice experiment were i) insurance type (yield or 

index), and ii) premium (3%, 5%, 7% or 9% of the expected value of the crops on the insured area). 

The premiums were based on existing premiums for farmland insurance in the EU (Bielza et al. 

2008). The yield insurance was given a 10% excess to avoid moral hazard. The index insurance was 

specified as precipitation insurance, i.e. the compensation depends on the amount of rain that causes 

damage. Precipitation insurance was chosen since one of the effects of climate change is an increase 

in the number of days with heavy rain and an increase in the average annual precipitation (Olesen et 

al. 2014). Furthermore, farmers rely heavily on precipitation and because there have been periods of 

heavy rain in the last couple of summers in Denmark; it is assumed that farmers will already have 

some knowledge of how they will be affected. 

5.2. Measures to improve soil quality  
Several measures can improve soil quality; these include reduced tillage, using farmyard manure or 

sludge as fertilisers, incorporating straw into the soil, and growing catch crops. However, it was not 

possible to include all of these into the choice experiment, as there is a limit to what respondents 

can evaluate in a systematic manner. In order to ensure clarity in the choice experiments, two 

measures for each choice experiment were chosen. The selection was based on potential to give a 

high increase in soil quality and applicability in the real world. The measures used in the standard 

choice experiment were applying clean sludge and reducing the tilled area; and in the insurance 

choice experiment, mulching with straw and plant residue and reducing the tilled area were chosen.  

In an attempt to keep the questionnaire as simple as possible, the level of sludge and the mulching 

attribute were included as dummy variables, capturing whether or not sludge application and 

mulching were compulsory under the contract. The attribute of reduced tillage had four levels. In 

the standard choice experiment the levels were a 0%, 25%, 50% and 75% reduction in tilled area. In 

the insurance choice experiment, the levels were a 10%, 25%, 50% and 75% reduction in tilled area.  
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5.3. Generating a design 
When setting up an experimental design it is almost never possible to use the full factorial design, 

i.e. a design where all possible combinations of attribute levels are enumerated. Therefore, a subset 

is often needed. These subsets can be chosen more or less randomly. In order to avoid biased 

outcomes one has to ensure attribute level balance. This can be done by using orthogonal or 

efficient designs. The design has been generated in Ngene (Ngene 2012, by ChoiceMetrics) 

Orthogonal design requires that all alternatives are independent of one another. This means that 

there needs to be zero correlation between attributes, and thereby, that the inner product of any two 

columns is zero. The number of rows, i.e. the number of alternative combinations of attribute levels, 

is critical for orthogonality. As it not possible just to remove the rows that are meaningless without 

affecting the orthogonality. Therefore in this study, efficient design was used.  

Efficient design does not only try to minimise the correlation in the data, but also tries to generate 

estimates with standard errors as small as possible. Efficient design uses any prior information 

regarding parameter estimates (from previous studies, literature review, or pilot studies) to 

determine the asymptotic variance covariance matrix. 

To avoid situations were the two attribute measures both equal zero, conditions were applied to the 

Ngene coding in this study. The prior parameter estimates were unknown at this step and therefore 

set to zero. 

Since the real preferences of the respondent are unknown, e.g. whether s/he will refuse to use 

sludge or plough less, there were no problems with dominating alternatives. Furthermore, the 

efficient design opened up the possibility of using effects coding. This is highly relevant in this 

context because of the nature of the plough parameter. The Ngene code is given in appendix A. 

A pilot study was undertaken using the design described above, and was returned by 56 respondents 

(30 on the insurance and 26 on the standard choice experiment). There were no major revisions to 

the questionnaire based on the answers from the pilot study. The results from the pilot choice 

experiment were used to create an efficient design for the final questionnaires. Parameter estimates 

from a simple conditional logit regression (with effect coding) were used to create the final design 

(see appendix A). The procedure for setting up the design for the insurance choice experiment was 

similar to this.  
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6. The survey 
The final survey was carried out in March and April, 2013, conducted by the market research 

agency Aspecto. To improve the response rate, an incentive gift in the form of a lottery ticket was 

included, giving the respondents a chance to win one of five Ipads. The survey was sent out to 

2,293 farmers from Aspecto’s panel by email, giving them a link to the survey. Some 1174 

responded to the email and entered the survey, giving a response rate of 51%. This response rate is 

high compared to other similar studies on farmers: Christensen et al (2011) report a response rate of 

45% and Broch et al (2012) report a response rate of 29%; both were studies of voluntary 

environmental schemes with Danish farmers.  

Of the completed surveys, 91 were discarded as unsuitable as the respondents either only had 

permanent grass or were not the decision maker in terms of soil management. Thus 1084 surveys 

were used. Of the 647 respondents who were given the insurance choice experiment survey, 593 

(92%) completed it. For the standard choice experiment, 527 respondents were given the survey, 

and 490 (93%) completed it. The high completion rate suggests that the questionnaires were 

relevant and understandable to the farmers. A representative analysis and information regarding 

data cleaning can be found in appendix C. 

The survey was internet based. This method has been used in other surveys and it has been argued 

that it does not reduce the representativeness of farmers. Danish farmers are used to reporting farm 

management data in a digital form and are therefore very familiar with using the internet (Pedersen 

and Christensen 2011). Furthermore, research suggests that internet surveys are as reliable as mail 

surveys (Olsen 2009). The two questionnaires for the choice experiments are given in appendixes D 

and E. 
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7. Contributions 
This thesis consists of four papers, with the main theme being how to obtain sustainable soil 

management in Denmark. The papers contribute to the very sparse literature on the economics of 

sustainable soil management in general, and in Denmark in particular. The papers show the 

importance of taking farmers’ preferences and perceptions into account when trying to improve soil 

quality.  

All four papers are based on the analysis of a survey among Danish farmers executed in spring, 

2013. A split in the survey gave two different choice experiments. The first is a standard choice 

experiment, analysing the farmers’ preferences for a PES scheme for sustainable soils, which is 

used in papers 1 and 4. The second choice experiment analyses the possibility of using an insurance 

scheme combining market and natural insurance to obtain sustainable soil; it is used in paper 2. The 

questionnaire also collected information regarding the farmers’ attitudes towards climate change. 

This included analysis of whether they have experienced any effect of climate change, degraded 

soils, or related problems, and if and how they have adapted to or mitigated against changes in the 

weather. These data are used for the analysis in paper 3. All four papers were written in 

collaboration with my supervisor Mette Termansen. The fourth paper was also written in 

collaboration with colleagues at Aarhus University, comprising both economists and natural 

scientists. 

The research objectives, methods, results and conclusions of the thesis are presented in the four 

separate papers. Each of the four papers is briefly discussed below; the full versions are found in 

appendixes 1 to 4. 

Paper 1 
Title: Evaluation of payment schemes for sustainable soils 

Authors: Sisse Liv Jørgensen, Mette Termansen 

Being prepared for submission – accepted at EAERE 2015 conference for oral presentation 

Paper 1 analyses the private and public aspects of a PES scheme for sustainably managed 

soils using a choice experiments among Danish farmers.  

Protecting soil ecosystem services is an important theme since soil provides a range of services 

fundamental for human life: food and fibre production, carbon storage, water protection, etc., and is 

a non-renewable resource (Schjønning et al. 2009). However, research shows that soil quality has 
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been degrading since the industrial revolution, due to industrial development, farm management 

intensification, drainage of wetlands, etc. (Freibauer et al. 2004; Lal 2004; Haygarth and Ritz 2009; 

European Commision 2012).  

The paper contributes to the very limited literature on farmers’ preferences and attitudes towards 

sustainable soil management. Only recently, two studies regarding soil management have emerged 

(Gramig and Widmar 2014; Aslam et al. 2014); however, they mainly focus on the use of soil as a 

carbon store, whereas this paper focuses on sustainable soils in a broader sense. That is, by 

managing soil sustainably the farmer does not only provide society with an ecosystem service, but 

also benefits from achieving higher soil quality. The results, therefore, reflect both the private and 

the public aspects of managing soil sustainably. 

In addition, this paper is, to the authors’ knowledge, the first to conduct a national-scale study using 

a representative sample to evaluate Danish farmers’ attitudes towards sustainable soil practices. Just 

as this is one of the first papers to analyse the provision of sustainable soil management in a choice 

experiment, the subject also gets surprisingly little political attention, even though soil is degraded 

both nationally, in Denmark, and globally (Camarsa et al. 2014; Lal 2004). 

The analysis is based on a choice experiment among Danish farmers. The farmers are offered a 

contract that demands sustainable soil management in return for compensation. The two measures 

used to increase soil quality, reduction in ploughed area (by 0%, 25%, 50% and 75%) and using 

clean sludge as a fertiliser, are analysed using a range of choice models: a conditional logit model, a 

latent class model and a mixed logit model. Using different model specifications allowed us to 

analyse different kinds of heterogeneity. The models were used to estimate the farmers’ willingness 

to accept implementation of management practices that would enhance soil quality, and their 

preferences for the attributes that comprise the relevant contracts. 

We find that farmers are willing to give up payment to avoid restrictions on tillage practice, and that 

they prefer high flexibility in the contract attributes. This is in line with other studies on farmers’ 

preferences for soil management contracts (Aslam et al. 2014; Gramig and Widmar 2014). 

Compared with American farmers (Gramig and Widmar 2014), the Danish farmers are found to be 

more reluctant to change tillage practice, which is highly plausible since reduced and no tillage 

practices are much more widespread in the US than in Denmark and the rest of Europe ( Derpsch et 

al 2009; Soane et al 2012). 
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The fact that soil quality is both a private and a public good is expressed by the fact that the 

coefficient to a 25% reduction in tilled area is positive and significant, while 50% and 75% 

reductions are negative, and that the parameter estimates for sludge indicate that the farmers prefer 

contracts with the requirement of using sludge. This can be explained by the fact that research has 

shown that soil with improved soil structure and increases in soil organic carbon have higher yields 

(Johnston et al 2009; Diacono and Montemurro 2011). 

Paper 2 
Title: Farmland insurance as a climate change adaptation mechanism 

Authors: Sisse Liv Jørgensen, Mette Termansen 

Being prepared for submission 

Paper 2 analyses the possibility of using a combination of market and natural insurance in 

order to obtain sustainable soil. 

Within the recent years, there has been an increase in extreme weather events as a consequence of 

changes to the climate, and more are forecast in the future. The change in weather will increase the 

risk of losing production and income for farmers due to, e.g., heavy rain (Bielza et al. 2008). This 

risk can be mitigated by insurance; for example, the US has a tradition of providing market 

insurance for farmers. However, the farmer can also self-insure with natural insurance, defined by 

an investment in robust agro-ecosystems to avoid an undesirable event (Baumgärtner and Strunz 

2009). When farmers purchase traditional (market) insurance they will be compensated in the event 

of loss. That is, market insurance will reduce the severity if an event happens; whereas natural 

insurance will reduce severity of the event, and thereby the possibility of losing production and 

income. 

This paper is also about how to give farmers an inducement to manage the soil in a sustainable way. 

The paper studies the potential use of insurance as a climate change adaptation mechanism in 

Danish agriculture. We analyse the attractiveness of a climate risk insurance scheme, defined as a 

combination of market insurance and natural insurance. In order to analyse the uptake of a climate 

risk insurance scheme in practice, a survey using a choice experiment was carried out in spring, 

2013. The analysis of the survey results contributes to the understanding of farmers’ preferences for 

market versus natural insurance of their crops. It also contributes to the limited literature on 

insurance in agricultural systems in general, and in Denmark in particular, and is the first to take 

natural insurance into account in an empirical study. The data from the choice experiment is first 
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analysed in a conditional logit model and then in a latent class model with two classes to take 

potential heterogeneity into account. 

We find that the farmers place great importance on having flexibility in the area which will be 

affected by the contract; however, they seem to be indifferent to the type of insurance. Only a few 

papers exist on the subject of farmer’ preferences for insurance (Sherrick et al. 2003; Nganje et al. 

2004) and their results are in line with the results of this paper.  

The insurance analysis reveals that market-based insurance is a product with a demand, especially 

by arable farmers and those who think their soil is of poor quality. Pig farmers are more reluctant to 

buy insurance. This is in line with expectations a priori, since arable farmers are more vulnerable to 

heavy rains compared to pig farmers. Furthermore, farmers with poor soil quality have a higher risk 

of losing production through adverse weather. 

The trade-off between market insurance and natural insurance is also analysed in the paper. While it 

is clear that there is a demand for market insurance, it occurs with a trade-off with the natural 

insurance measure of reducing tilled area. However, with less intrusive natural insurance measures, 

such as mulching, there is no trade-off. This could be explained by the fact that i) reduced tillage is 

not a widespread management practice in Denmark, meaning that most farmers do not really know 

of its benefits and costs; ii) the cost of mulching is the forgone income from selling the straw to 

energy production, while the cost of reduced tillage is unknown to the farmers and iii) the farmer 

sees reduced tillage as a hard constraint on his management practices, while mulching is easier to fit 

in. 

Paper 3 
Title: Climate perceptions and adaptation among Danish farmers 

Authors: Sisse Liv Jørgensen, Mette Termansen 

Submitted to Climatic Change 

Paper 3 analyses farmers’ perceptions and experience with climate change, and their 

adaptation to and mitigation against climate change. 

The third largest contributor to human-induced climate change stems from land management: 

agriculture contributes 9% and 15% of total GHG emissions in the EU and Denmark, respectively 

(European Commission 2008; Kebmin 2013). Management intensification is one of the main 

reasons that soil organic carbon pools have been declining since the industrial revolution (Lal 
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2004). Increasing soil organic carbon can therefore be mitigated GHG emissions from agriculture. 

This will not only have an effect on climate change, but will also enhance soil quality, reducing the 

risk of erosion, increasing crop yields, and helping to maintain consistent yields (Barrios 2007).  

Instead of analysing how to induce farmers to manage soil sustainable, this paper analyses the 

problems from the farmers’ point of view. Agricultural production is not only contributing to 

climate change, it is also very vulnerable to changes in the climate. Farmers should therefore take 

changes in the climate into account in their management plans. This paper analyses the extent to 

which farmers mitigate against and/or adapt to the effects of climate change, as well as their 

perceptions of climate change. Furthermore, the relationship between action and perception is 

analysed. The analysis is based on a national survey of Danish farmers, and analysed in probit 

models. 

We find that, in general, Danish farmers realise that they will be affected by extreme weather in the 

future. Many have already been affected by, e.g., heavy rain and are taking action to prevent future 

losses, either by mitigation or adaptation. Compared with the analysis in Gramig et al (2013) and 

Liu et al (2013), the results suggest that Danish farmers know more about climate change and its 

consequences than their American colleagues. Furthermore, there is broader acceptance among 

Danish farmers that climate change is anthropogenic, than among their American and Australian 

colleagues (Arbuckle et al 2013; Gramig et al 2013; Liu et al 2013; Widcorp 2009). 

The analysis also reveals the paradox that farmers do not connect the weather changes they have 

experienced with climate change. Similar studies in Denmark and the UK find that respondents see 

climate change as a global phenomenon, not affecting them (Baron and Petersen 2014; Whitmarsh 

2008). Storms and heavy rain are simply part of their everyday life, and just an event that happens. 

This paper contributes to the very limited knowledge of farmers’ climate change perceptions and 

response efforts. A number of other papers analyse the general view of climate change, both 

nationally and internationally (e.g. Eurobarameter 2007; Saad 2009; WWF Verdensnaturfonden 

2013). However, very few large-scale studies have farmers at the focus, even though farmers hold 

one of the major keys to mitigating GHG emissions.  
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Paper 4 
Title: Potential and economic efficiency of using reduced tillage to mitigate climate effects in 

Danish agriculture 

Authors: by Unai Pascual, Mette Termansen, Katarina Hedlund, Lijbert Brussaard, Jack Faber, 

Sébastien Foudi, Philippe Lemanceau and Sisse Liv Jørgensen 

Submitted to Ecological Economics 

Paper 4 analyses the cost-effectiveness of a PES scheme for soil organic carbon in a spatial 

model in Denmark. 

The fourth and final paper uses the results from paper 1 in a spatial analysis of the costs of 

increasing soil organic carbon pools in Denmark by reducing tillage.  

Intensive agricultural land use practices are responsible for a significant share of carbon emissions. 

This is partly due to a reduced capacity of the agricultural soils to provide climate-regulating 

services, both globally and in Denmark. This paper uses the results from the choice experiment in 

paper 1 to evaluate the potential to sequester soil organic carbon in Danish mineral agricultural soils 

in terms of farmers’ willingness to accept a voluntary change of tillage practices from mouldboard 

ploughing to reduced tillage. The paper calculates and maps soil organic carbon sequestration 

potential across soil types using IPCC guidelines (IPCC 2006) for estimating carbon stock changes 

using reduced tillage. Integrating the information on the soil organic carbon sequestration and the 

compensation requirements leads to estimates of the cost of climate regulation, which is comparable 

to alternative policy options. 

The potential for carbon sequestration in soils across the country was found to vary significantly, 

but the results do not provide evidence of a spatial variation in payment requirements. Clay soils 

have, by nature, a higher potential for soil organic carbon sequestration than sandy soils (IPCC 

2006). The majority of high activity clay soils in Denmark are found in the east of the country, 

therefore these areas have the highest potential as soil organic carbon pools. 

In this study, the estimated marginal abatement costs for sequestration and energy savings were 

compared with other mitigation and sequestration initiatives from Kebmin (2013) to fill the 

emission reduction gap. Following IPCC guidelines for carbon sequestration via reduced tillage, the 
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marginal costs of reduced tillage were found to be much lower than the alternative abatement costs. 

If, however the analysis takes recent debates on the effectiveness of reduced tillage into account, 

which state that reduced tillage has no or limited effect on soil organic carbon (Schjønning and 

Thomsen 2013), the abatement cost on purely energy savings is far too high compared to the 

marginal abatement cost curve.  

It should be noted that any spill-over effects of the initiatives are not included in the marginal 

abatement cost curves. Therefore, it may be advantageous for society to promote or regulate 

reduced tillage in order to enhance other regulating services in crop production and soil quality 

maintenance in addition to those of climate regulation.  
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8. Conclusion 
The overall objective of this thesis has been to examine how to create incentives for farmers to 

manage their soils in a sustainable way. This was done by evaluating both a PES scheme and an 

insurance scheme defined as a combination of natural and market insurance. The results from the 

PES scheme were used to analyse the cost efficiency of increasing soil sustainability and thereby 

increasing soil organic carbon: since high quality soils and soil organic carbon pools are highly 

connected, increasing the level of organic matter in the soil will also increase its quality and 

resilience. The results were also used in a spatial analysis of the cost-effectiveness of increasing soil 

organic carbon in Denmark using IPCC guidelines for carbon stock changes. The results from the 

insurance scheme were used to analyse the possibilities of introducing insurance into Danish 

agriculture and the trade-off between market and natural insurance. Furthermore, farmers’ 

experiences with the consequences of low-quality soils, their perception of climate change and their 

expectations for the future were analysed.  

The PES and insurance schemes were analysed in conditional logit models and a latent class model 

using information from a choice experiment among Danish farmers. The latent class model enabled 

analysis of heterogeneity between farmers to be made. Furthermore, the PES data was also analysed 

in a mixed logit model – random parameters take any heterogeneity between individuals into 

account, and specifying a common identical error term takes care of any correlation between the 

two alternatives. Significant indications of heterogeneity were found in both datasets. This implies 

that a uniform contract design for all farmers is suboptimal. The results suggest that soil type or 

type of farmer (livestock or arable) could differentiate between farmers in terms of contract 

requirements. Both latent class analyses indicate that farmers can be divided into two groups. 

The overall conclusion from the two choice experiments is that to participate in a voluntary scheme, 

farmers prefer contracts to be as flexible as possible, in particular in the extent of the land affected 

by the contract and in terms of the number of years for which the contract is binding. The option to 

be released from the contract free of charge has, in other studies, shown to be merely a “nice to 

have” option. That is, the attribute can be included in the contract almost free of charge by the 

government and is likely to increase the uptake of the scheme without reducing the environmental 

effectiveness.  

Even though farmers were a little reluctant to reduce their tillage, it seems as if they acknowledge 

the need for improving soil sustainability: there is no hesitation to mulch with straw or plant 
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residue, and they are also open to applying clean sludge. The application of sludge in particular is a 

future possibility as organic manure; only 6% of farmers use sludge today. This acknowledgement 

indicates that, counter to expectations and preliminary suggestions from the focus groups, farmers 

are aware of the positive effects on yield implied by higher soil organic carbon. 

In the cost-effectiveness analysis, the results from the PES survey were compared with a Danish 

marginal abatement cost curve for carbon mitigation, and the marginal abatement costs for 

sequestration and energy savings were found to be considerable lower than the marginal abatement 

cost estimates. However, since recent research has shown that reduced tillage may have little or no 

effect on soil organic carbon, the marginal abatement cost for energy savings alone was also 

calculated. The results suggest that the energy effect alone cannot compete with other abatement 

technologies represented by the marginal abatement cost curve. That is, the cost-effectiveness of 

reduced tillage on soil organic carbon depends largely on the actual effect that reduced tillage has 

on soil organic carbon. 

In general, the level of knowledge of climate change of Danish farmers is high; however, they do 

not connect events in their everyday life, such as heavy rain, with climate change. Climate change is 

seen as a global problem, while heavy rain is something that just happens.  

At the beginning of this project, the general opinion among the scientists consulted was that reduced 

tillage would improve soil organic carbon. However, within recent years new evidence has emerged 

which indicates that reduced tillage may have no or little effect on soil organic carbon (Schjønning 

and Thomsen 2013). This has large implications for the results of this study and needs further 

clarification. As economists, we can only accept the results presented by natural scientists and 

analyse the economic and policy implications from that perspective. Reduced tillage still has 

suggested positive effects on soil quality and biodiversity.  

8.1. Policy implications 
Overall the analysis in this thesis gives input to policymakers interested in creating incentives for 

increasing sustainable soil management, and increasing farmers’ awareness of farm management 

that will decrease GHG emissions, etc.  

The heterogeneity found in the analysis indicates a need for more individualised contracts. The 

contracts could be targeted by, e.g., soil type or farm ownership status. These identification 

measures can easily be stated prior to the implementation of any scheme. The importance of 
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targeting policy implementation in the case of heterogeneity in data has also been highlighted by 

Broch and Vedel (2012). 

The analysis also indicates that measures to enhance soil quality, such as mulching or applying 

sludge, can quite easily be applied without major costs. These measures have the advantage that 

they do not restrict farmers’ management practices and they do not impose large insecurities in 

costs or yield losses. In contrast, a measure such as reduced tillage is still only sparsely used in 

Denmark, and farmers are not familiar with the risks and benefits of this management method. 

In general, Danish farmers are aware of the future risks from changes in the climate, and they are 

aware of the benefits that an increase in soil quality will have on yield and as a measure to mitigate 

risk. The majority have already taken action to minimise the risk of loss due to, e.g., heavy rain by 

restoring, maintaining or expanding drainage. This will, however, not benefit soil structure. By 

either setting up a PES or insurance scheme, as proposed in this thesis, inducement for more 

sustainable soil management could potentially be created. 
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EVALUATION OF PAYMENT SCHEMES FOR SUSTAINABLE SOILS 

Abstract 

Soil is fundamental to human life; it is a main provider of a long list of ecosystem services 

(such as food production and water purification). However, soil quality is degrading locally 

and globally, which will have consequences both privately, for farmers, and publicly for 

society. Through a national choice experiment survey with Danish farmers, this paper 

analyses a potential market for provision of sustainable soils. The choice experiment data is 

analyzed using a range of choice models; a conditional logit model, a latent class model and a 

mixed logit model. Using different model specifications allow us to analyze different kinds of 

heterogeneity. Furthermore, the willingness to accept implementation of different soil quality 

enhancing management practices is estimated. The analysis shows that farmers have strong 

preferences for freedom in the choice of management practice. Also the private vs. public 

role of soil is analyzed. Degradation of soils has received limited attention in the 

environmental valuation literature; this is the first study at national scale. Furthermore, this is 

the first valuation paper to focus on soil sustainability and taking both the private and the 

public aspect of the soil conservation into consideration.  

 

Key Words: sustainable soils, farmers preferences, choice experiment, willingness to accept, 

mixed logit, latent class 
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1. Introduction 

Soils are fundamental to many aspects of human activities, as we rely on soils for food and 

fiber production, protection of water quality etc.. Soils are a non-renewable resource; once 

soil functions are lost, they are largely irrecoverable (Schjønning et al. 2009). This implies 

that higher priority should be given to safeguard the functions provided by soil to capture the 

quasi option values associated with irreversible choices (Arrow and Fisher 1974). However, 

soil quality is currently being degraded by drainage of wetlands, over intensification, shifting 

cultivation, industrial development etc. (Freibauer et al. 2004; Lal 2004; Haygarth and Ritz 

2009; European Commision 2012).  

Protection of soil ecosystems gets surprisingly low political attention, compared to e.g. fresh 

water ecosystems (European Commision 2012; Schjønning et al. 2009). Since 2006 EU have 

been working on a proposal for a Soil Framework Directive, however, it has not been 

possible for the European Counsel to reach a qualified majority to support such a directive
1
. 

Policy initiatives related to soils have mainly focused on polluted industrial soils rather than 

the continuous degradation of agricultural soils (“Soil - Environment - European Commission.”; 

“The Danish Environmental Protection Agency (EPA).”)  

Agricultural land and soils are intrinsically connected assets. Agricultural land is the space 

owned and used by farmers; and agricultural soils are the provider of essential ecosystem 

services. That is, sustainable soil is both a private and a public good. The two-sided 

perspective reflects the question of who is responsible of providing a sustainable soil: (i) the 

farmers, who are using the land in production, for whom soil quality is an important factor for 

optimizing yields, (ii) society, interested in a broader set of ecosystem services that land 

provides.  

                                                           
1
 http://ec.europa.eu/environment/soil/process_en.htm 
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According to economic theory the ecosystem services relying on sustainable soils are not 

taken into account by the individual farmers in their decision-making, as there are no markets 

for these goods and services. An economic approach to solving this is to suggest that a 

market has to be created, as suggested in the Payment for Ecosystem Services (PES) debate. 

Following the definition in Engel et al. (2008), PES schemes are based on voluntary 

transactions where a well-defined environmental service is purchased by a service buyer from 

a service provider, if and only if the provider secures service provision. That is, an Ecosystem 

Service (ES) buyer offers a payment to an ES seller, if the seller undertakes an activity that 

benefits the buyer. The seller of an ES is an agent who is in the position to safeguard the 

service. The buyer could be either users or governments, depending on the service in 

question. In the case of sustainable soil the most likely option would be, that the government 

encourages farmers to take better care of the soil by substituting the loss in production caused 

by the required land use change, or in another way create an incentive for sustainable land 

use.  

The soil degradation is a fact whether you look at a global scale or national scale (Camarsa et 

al. 2014; Lal 2004). In Denmark the largest threats to soil quality is compaction, loss in 

organic matter, and erosion (Schjønning et al. 2009). These threats can be minimized or 

solved by different management practices such as using catch crops, fertilizing with 

sphagnum, cattle manure, incorporating straw into the soil and reduced tillage (Schjønning et 

al. 2009). Like the rest of EU, Denmark has no directives, policy schemes or laws to prevent 

the degradation. By analyzing the potential and characteristics of how a Payment for 

Ecosystem Services (PES) scheme for sustainable soil could work in Denmark, this paper 

analyses a potential market for sustainable soil. 

Implementing a PES scheme for sustainable soils requires knowledge about different aspects. 

First, measures to improve the sustainability of soil management should be identified. This 
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should be done both with respect to feasibility as part of agricultural practices, and with 

respect to the effectiveness on soil quality. Secondly, potential policy instruments should be 

analyzed. The main focus of this article is on the second part. By conducting a Choice 

Experiment (CE) with farmers a potential economic incentive scheme is evaluated. The CE 

evaluates different attributes that a contract could cover; flexibility, payment and of course 

the changes in management practices the contract requires. The results give information on 

which parts of the contract the farmers, or groups of farmers, finds most attractive or 

prohibitive.  

The literature on farmers’ attitude towards and preferences for sustainable soil management is 

very limited. Only recently, a couple of studies of farmers willingness to change tillage 

practice, grow catch crops and other practices that will improve soil quality and biodiversity 

have emerged (see Gramig and Widmar (2014) on US farmers and Aslam et al. (2014) a UK 

study). However, the focus for these studies is the use of soils as carbon storage, whereas this 

paper focuses on soil sustainability in a broader sense. In this context the farmer not only 

provides society with an ecosystem service, but also benefits from achieving a higher soil 

quality. That is, the results will reflect both the private and the public aspects of providing 

sustainable soil. Furthermore, this paper is the first to conduct a national scale study, using a 

representative sample of farmers. The study is also the first to evaluate Danish farmers’ 

attitudes towards sustainable farm practice.  

In the following section the methods will be described. First, the process of setting up the CE 

is described. That is, the analysis of which attributes to use and the design of the experiment. 

Secondly, the different model estimation methods are specified and lastly the methodology 

used for deriving willingness to accept (WTA) estimates. Section 3 presents the results of the 

survey, the model estimations and the WTA estimates. Finally, section 4 provides a 
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discussion of the results and the implications for the design of a PES for sustainable soils. 

Section 5 concludes.  

2. Methods for revealing farmers preferences 

Using stated preferences for valuation of a non-marked good is by now a standard method to 

gain information on respondents’ demand (Alpizar 2001). By using stated preferences the 

value of a non-marked good is obtained by setting up a hypothetical marked and using 

individuals’ stated behavior. However, stated preference methods can also be used to analyze 

the provision of a non-market good such as sustainable soils under hypothetical scenarios. 

A stated preference method getting more and more attention is CE e.g. (Vedel et al. 2010; 

Broch and Vedel 2012; Nganje et al. 2004; Ruto and Garrod 2009; Hensher 2004; Ladenburg 

and Olsen 2014). CE uses a hypothetical setting, in which the respondents are asked to 

choose the preferred alternative in a choice set (Alpizar 2001). Usually, the respondents are 

asked to make a sequence of such choices in order to map the preferences of the respondent. 

The alternatives are characterized by a number of attributes important for the alternatives. 

Often one of these attributes is a monetary value, while the rest of the attributes describes the 

choice in other terms. The idea behind the use of CE is that each time the respondent makes a 

choice – the respondent implicitly makes a trade-off between the different levels of the 

different attributes presented in the choice set. Thereby, it is possible to reveal how the 

respondents value the different attributes in terms of each other. In the current study, the CE 

is applied in order to map sustainable soils incentive scheme in terms of farmers’ preferences. 

By using a CE it is possible to analyze the compensation required to adopt a voluntary 

scheme and reveal the relative importance of alternative management measures from the 

farmers’ perspective.  
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2.1 Scheme Attributes 

As suggested by Alpizar (2001) the attributes and their levels have been defined based in part 

on the literature on factors influencing farmers decision making. Furthermore, the attributes 

and levels have been discussed with researchers with expertise in different aspects of soil 

functioning. For the survey to be relevant to the current farming practices, advisors from the 

Danish Knowledge Centre for Agriculture have been consulted. Finally, the survey has been 

tested on a couple of farmers to ensure that it is understandable and credible, before it was 

discussed in three focus groups and then sent out in a small pilot study. We include both 

attributes that define the contractual conditions of the scheme, and attributes that define the 

agricultural measures influencing soil sustainability.   

2.1.1 Contract attributes 

Contract attributes represent the formal side of the contracts. However, they have shown to be 

of great importance for the farmers’ willingness to participate and to accept a lower 

compensation. The attributes are usually contract length, payments, paper work etc. A 

number of CE regarding farmers’ willingness to engage in Agri-Environmental Schemes 

(AES) (Ruto and Garrod 2009; Espinosa-Goded et al. 2010; Christensen et al. 2011; Broch 

and Vedel 2012) and farmers’ willingness to provide carbon emission offsets (Aslam et al. 

2014; Gramig and Widmar 2014) have been analyzed. The overall conclusion is that farmers 

can be bought with flexibility in the contract attributes. This can be less paperwork, 

flexible/shorter contracts etc. Studies have also shown that e.g. an opt-out option is very 

influential for farmers’ WTA the contract, even if the option is rarely used. Such opt-out 

option is therefore of limited effect on the service provision, but for the farmer it is a “nice-

to-have” attribute, that farmers associate with great value (Christensen et al. 2011).  

The contract attributes in the current study will involve a short (5 years) and a long term (10 

years) contract. To make it more flexible the contract will also hold the possibility of 
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terminating the contract without costs. The last contract attribute is the compensation, the 

farmer will receive, if he accepts the contract. The compensation levels are determined based 

on an analysis of actual compensations in Denmark for organic farming, set aside land, 

permanent grass etc.    

2.1.2 Measure attributes 

Several measures can be applied in order to improve soil sustainability. These include 

reduced tillage, using farmyard manure or sludge as fertilizers, incorporating straw and 

growing catch crops. However, it is not possible to include all these into a CE since it would 

make the choice set too large, and the choices impossible to comprehend for the respondent. 

In order to ensure a clear layout of the CE two measures are chosen. The selection is based on 

the scope for increasing soil sustainability, the possibility of application in the real world, and 

current policy interest.  

The first measure attribute is using cleaned sludge which has recently been introduced to the 

market. Danish farmers have been reluctant to use sludge, because of the uncertainty of “what 

is in it” and concerns over whether future governments will introduce restrictions on land that 

has been fertilized with sludge. However, there is also emphasis on the need to return organic 

material and nutrients to the soil to avoid degradation. Biosludge, a cleaned sludge, has been 

developed to improve recycling of organic waste, where heavy metals have been reduced by 

between 79-96% (according to data from the project BioNorden, Thomsen et al. 2012). 

Furthermore, almost no phosphorus will be lost in the process. Biosludge is therefore seen as 

a very good fertilizer alternative. In an attempt to keep the questionnaire as simple as 

possible, the level of the sludge attribute is just that the contract includes a requirement or no 

requirement to use sludge, that is, neither quantity nor location is specified – this is for the 

farmer to decide. 
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The second measure attribute is reduced tillage (no ploughing, but harrowing is allowed). 

Reduced tillage will enhance the soil structure, increase biodiversity, increase soil cover and 

thereby minimize the risk of soil erosion and water stressed soils (Olesen et al. 2002; 

Munkholm et al. 2000). There is a risk of revenue loss during the first couple of years after 

conversion to reduced tillage (Pedersen 2001). This is due to the fact that it will take a couple 

of years before the soil structure has changed through increase of earthworm- and root canals. 

In order to avoid large revenue loss it is essential that it is possible to control weed and avoid 

topsoil compaction in the long run. However, this should not be a problem for an experienced 

farmer. This attribute consists of 4 levels, 0%, 25%, 50% and 75% reduction in ploughed 

area.  

In summary, the attributes of this study for contracts between government and farmers are 

compensation, number of years the contract is binding, whether or not it is possible to break 

the contract without having to pay a fine and then two sustainable practice methods – 

reduced-tillage and applying Biosludge to the fields (Table 1).  

Table 1 around here 

2.2 Design 

When setting up an experimental design it is almost never possible to use the full factorial 

design i.e. the design were all possible combinations of attribute levels are included. 

Therefore, a subset of the full factorial design is often needed and can be chosen more or less 

randomly. In order to avoid biased outcomes one has to ensure attribute level balance. This 

can be done by using orthogonal or efficient design (Choice Metrics 2012). Here efficient 

design is used, since it is possible to add conditions to the design and, thereby, avoid 

undesirable combinations of attributes. Furthermore, the efficient design opens up for the 

possibility of using effects coding. This is highly relevant in this context because it makes it 
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possible to isolate the status quo effect in the alternative specific constant, contrary to e.g. 

dummy coding. The efficient design does not only reduce the correlation in the data, but also 

generates estimates with as small standard errors as possible. The efficient design uses any 

prior information regarding parameter estimates (from previous studies, literature review, or 

pilot studies) to determine the asymptotic variance covariance matrix (AVC) (Choice Metrics 

2012).  

The software Ngene (NGene 2012, by ChoiceMetrics) is used to generate the design. There 

are no prior parameter estimates and, therefore, they are set equal to zero at first to generate a 

preliminary design. This design is then used in a pilot study. Parameter estimates from a 

simple conditional logit (CL) regression (with effect coding) is used to create the final design 

for the CE. The obtained design has 8 choice cards for each respondent (Figure 1). 

Figure 1 around here 

2.3 Survey 

The final survey has been carried out in March and April 2013, and has been administered by 

the market research agency ASPECTO, an agency specialized in farmer surveys. The survey 

has been sent to their panel of farmers by email, giving farmers access to a link to the online 

survey. 

Internet surveys have been used in other studies and it has been argued (Pedersen and 

Christensen 2011) that this method does not reduce the representativeness of farmers, since 

Danish farmers are used to reporting farm management data in a digital form and are 

therefore very familiar with using the internet. Furthermore, research suggests that internet 

surveys have been as reliable as mail surveys (Olsen 2009). 
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2.4 Model estimations 

As recommended by Hensher et al. (2005) this paper start by analyzing the standard CL 

model. In order to capture potential (and expected) status quo effect an alternative specific 

constant is included (CL-asc). By now there exist a number of more advanced choice models, 

such as latent class models (LC), nested models (NM) and mixed logit (MXL) (or random 

parameters model). However, there is no clear conclusion on which approach is preferred 

(Greene and Hensher 2003; Scarpa et al. 2005); they all have their own advances and less 

desirable merits. In this analysis we have chosen to look into the LC and the MXL model
2
. 

After the CL model a LC model is specified, this specification will make it possible to 

analyze underlying segmentation in the model, and it will take heterogeneity into account. 

Then a MXL model with error components and alternative specific constant (MXL-ε) is 

estimated. The MXL-ε captures the status quo-effects in both the systematic component of 

preference via the alternative specific constant and the unobserved heterogeneity associated 

with hypothetical changes. MXL-ε is the most flexible of the three models; the disadvantage 

with MXL is that it requires specific assumption about the distributions of the parameters. 

The experiment has five attributes. Compensation offered in Danish kroner per hectare (c) 

takes the value (DKK 50, 100, 200 or 500
3
). Reduction of ploughed area in percent, redefined 

as an effect coded parameter (𝑝1, 𝑝2 and 𝑝3), use of sludge (s), length of contract (y), and the 

option to terminate the contract without further payments (t) enters the model as effect coded 

variables. Effect coding is used in order to avoid misinterpretation of the alternative specific 

constant (ASC) (Bech and Gyrd-Hansen 2005). The effect coding structures can be seen in 

appendix A.  

                                                           
2
 A NM was analysed as well. However, the results were very similar to the results from the LC and MXL 

models and were for simplicity not included in the final paper. 
3
 Exchange rate for EUROS is 745.60 and for USD 561.28 (21-08-2014) 
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In each choice set the respondent have three alternatives contract A or B or no contract 

(Figure 1). A respondent (i) receives utility Uj when choosing one of the proposed 

alternatives. The probability that respondent i will choose alternative j (j= A or B or no 

contract) is equal to the probability that utility gained from choosing alternative j is larger 

than or equal to the utility gained from choosing any of the other alternatives.  

2.4.1. The Conditional Logit model with alternative specific constant 

The utility model in a CL model with an alternative specific constant is specified as; 

𝑈𝐴,𝐵 = 𝛽𝑝1𝑝1+ 𝛽𝑝2𝑝2+ 𝛽𝑝3𝑝3 + 𝛽𝑠𝑠 + 𝛽𝑐𝑐+𝛽𝑦𝑦 + 𝛽𝑡𝑡 + 𝑢𝐴,𝐵                   (1) 

𝑈𝑠𝑞 = 𝛽𝑠𝑞 + 𝛽𝑝1𝑝1+ 𝛽𝑝2𝑝2+ 𝛽𝑝3𝑝3 + 𝑢𝑠𝑞                    (2) 

where 𝑢𝑖 are error-terms that are independently, identically distributed extreme values 

(Gumbel-distributed) with variance 𝜋2/6 with means different from zero (Train 2009). A 

potential status quo-effect is captured by specifying an individual alternative specific constant 

(𝛽𝑠𝑞) for the status quo utility. 

To take account of socio-economic characteristics that could influence the decision making, a 

model with interactions is also analyzed. Socio-economic characteristics considered here, as 

interactions with contract attributes, are age (age), soil-type as defined in appendix B (soil), 

experience with reduced tillage (exper), whether the farmer is purely an arable farmer or not 

(ara), and whether the farmers have pigs or not (pig).  

2.4.2 Latent Class model 

Unobserved effects can be accounted for in a LC model. The LC model accounts for 

unobserved segmentation, with identical preferences within segments and different 

preferences across segments (Swait 1994; Greene and Hensher 2003). That is, the probability 

of a certain choice depends on an underlying segmentation. Respondents with similar 
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underlying segmentation belong to the same class. Thereby this model specification takes 

heterogeneity of farmer preferences into account. 

The utility function of the model with farmers belonging to latent class s = (1,2..,S) is: 

𝑈𝐴,𝐵|𝑠 = 𝛽𝑝1𝑠
𝑝1+ 𝛽𝑝2𝑠

𝑝2+ 𝛽𝑝3𝑠
𝑝3 + 𝛽𝑠𝑠

𝑠 + 𝛽𝑐𝑠
𝑐+𝛽𝑦𝑠

𝑦 + 𝛽𝑡𝑠
𝑡 + 𝑢𝐴,𝐵|𝑠                (3) 

𝑈𝑠𝑞|𝑠 = 𝛽𝑠𝑞𝑠
+ 𝛽𝑝1𝑠

𝑝1+ 𝛽𝑝2𝑠
𝑝2+ 𝛽𝑝3𝑠

𝑝3 + 𝑢𝑠𝑞|𝑠                   (4) 

The subscript s indicates individual preference coefficients in each class. The error terms 

(𝑢𝑗|𝑠) is Gumbel-distributed with variance 𝜋2/6 for each class.  

In a LC model it is possible to control for certain segmentations (such as age, gender, location 

etc.). However, often the segmentation consists of underlying and unknown factors. If this is 

the case, the analysts can try to “guess” the number of classes, the underlying segmentation 

divides data into during the estimation process. Following Swait (1994) and Boxall and 

Adamowicz (2002) the number of classes is decided using AIC, BIC and ρ
2
 as guidelines, 

and then the model results are taken into account before deciding the number of segments. 

2.4.3 Mixed Logit error component model with ASC  

At last a MXL-ε  model with an alternative specific constant (Asc) assigned for the status quo 

alternative (MXL-ε) is analyzed. The alternative specific constant in the status quo alternative 

captures the systematic component of potential status quo effect.   

𝑈𝐴,𝐵 = 𝛽𝑝1𝑝1+ 𝛽𝑝2𝑝2+ 𝛽𝑝3𝑝3 + 𝛽𝑠𝑠 + 𝛽𝑐𝑐+𝛽𝑦𝑦 + 𝛽𝑡𝑡 + 𝑢𝐴,𝐵 + 𝜀𝐴,𝐵 
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         =𝛽𝑝1𝑝1+ 𝛽𝑝2𝑝2+ 𝛽𝑝3𝑝3 + 𝛽𝑠𝑠 + 𝛽𝑐𝑐+𝛽𝑦𝑦 + 𝛽𝑡𝑡 + 𝑢𝐴,𝐵 + 𝜀                 (5) 

𝑈𝑠𝑞 = 𝛽𝑠𝑞 + 𝛽𝑝1𝑝1+ 𝛽𝑝2𝑝2 +  𝛽𝑝3𝑝3 + 𝑢𝑠𝑞                    (6) 

Where 𝜀𝐴 = 𝜀𝐵~𝑁(0, 𝜎2) are additional error components to 𝑢𝐴 and 𝑢𝐵(Gumbel-distributed 

with variance 𝜋2/6). Specifying an identical error term for utility function A and B indicates 

correlation between the two alternatives, and captures the remaining status quo effect in the 

stochastic part. The error component does not account for heterogeneity across individuals; 

this is taken into account by the random effects (Greene and Hensher 2007).  

𝐶𝑜𝑣(𝑢𝐴+𝜀𝐴, 𝑢𝐵 + 𝜀𝐵) =  𝜎2, 𝑉𝑎𝑟(𝑢𝐴+𝜀𝐴, 𝑢𝐵 + 𝜀𝐵) = 𝜎2 + 𝜋2/6                       (7) 

 𝐶𝑜𝑣(𝑢𝐴,𝐵+𝜀𝐴,𝐵, 𝑢𝑠𝑞) =  0, 𝑉𝑎𝑟(𝑢𝐴,𝐵+𝜀𝐴,𝐵, 𝑢𝑠𝑞) = 𝜋2/6                 (8) 

Notice that, specifying a common error term is similar to specifying a nest between A and B, 

in a nested logit model. However, there is no IIA restriction on the MXL model, which 

allows for more flexibility in the model compared to the nested or logit models, in which the 

IIA still holds in nests or segments (Hensher et al. 2005; Greene and Hensher 2007).  

The true distributions of the random parameters are unknown; in principle any distribution 

can be used. The normal distribution is the most common and can easily be applied (Hensher 

and Greene 2003; Hensher et al. 2005). Since this model setup will have no problems with 

neither negative nor positive response parameters the normal distribution can be used here 

without constrains. This is also the formulation used in Gramig and Widmar (2014) in a 

similar setting. 

The non-random parameters of the model can be interpreted as in a standard CL, as seen 

above. The random parameters is estimated as the average of the parameters drawn over 
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R(=100) replications (see Hensher and Greene (2003) for detail regarding numbers of draws) 

from the normal distribution. 

2.5 Willingness to accept 

The WTA is defined as the ratio between coefficient of an attribute in the contract and the 

payment coefficient. This ratio is also known as the marginal rate of substitution (MRS). 

However, the effect coded variables have to be taken into account in this application. For the 

effect coded dummy variables (SL, Y and T) the MRS has to be multiplied by 2 in order to 

calculate the WTA, as the coefficient reflect the value change from level -1 to +1. The 

reduced tillage variable has to take account of the current land use. Therefore the WTA ratios 

are defined as the change in WTA from the status quo. When defining the parameter estimate 

for status quo as 𝛽𝑆𝑄 ≡ −𝛽𝑃1 − 𝛽𝑃2 − 𝛽𝑃3, the WTA ratios will look like: 

𝑊𝑇𝐴(25%) =
𝛽𝑃1−𝛽𝑆𝑄

𝛽𝐶𝑂𝑀𝑃
=

𝛽25%

𝛽𝐶𝑂𝑀𝑃
, where 𝛽25% ≡ 𝛽𝑃1 − 𝛽𝑆𝑄                 (9) 

𝑊𝑇𝐴(50%) =
𝛽𝑃2−𝛽𝑆𝑄

𝛽𝐶𝑂𝑀𝑃
=

𝛽50%

𝛽𝐶𝑂𝑀𝑃
, where 𝛽50% ≡ 𝛽𝑃2 − 𝛽𝑆𝑄               (10) 

𝑊𝑇𝐴(75%) =
𝛽𝑃3−𝛽𝑆𝑄

𝛽𝐶𝑂𝑀𝑃
=

𝛽75%

𝛽𝐶𝑂𝑀𝑃
, where 𝛽75% ≡ 𝛽𝑃3 − 𝛽𝑆𝑄               (11) 

The above formulation is used for CL and LC calculation of WTA.  The WTA for the MXL 

is estimated in a slightly different way, using all information in the distributions of the 

random parameters. Following Hensher et al. (2005) the population is simulated and used to 

take random draws of the random parameters  (𝛽𝑃1, 𝛽𝑃2, 𝛽𝑃3 and 𝑆𝐿) and to calculate the 

standard deviation. Taking the normal distribution into account the WTA will then take the 

form  
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𝑊𝑇𝐴(𝑖) = 𝑚𝑒𝑎𝑛 [
(𝛽𝑖+𝜎𝑖𝑢𝑖)

𝛽𝐶𝑂𝑀𝑃
]                  (12) 

That is, with effect coded using sludge variable the WTA will take the form; 

𝑊𝑇𝐴(𝑆𝐿) = 𝑚𝑒𝑎𝑛 [2 ∗
(𝛽𝑆𝐿+𝜎𝑆𝐿𝑢𝑆𝐿𝑖

)

𝛽𝐶𝑂𝑀𝑃
]                 (13) 

Where 𝜎𝑆𝐿 are standard deviations for the normal distribution of 𝛽𝑆𝐿. And 𝑢𝑆𝐿𝑖
 are numbers 

generated from a random draw from a normal distribution. For the reduced tillage variables it 

is a bit more complicated because of the effect coded structure with more than two levels. 

This results in the following formula: 

𝑊𝑇𝐴(25%, 50%, 75%) = 𝑚𝑒𝑎𝑛 [
(𝛽𝑝𝑗+𝜎𝑝𝑗𝑢𝑝𝑗𝑖

)−𝛽0%̃

𝛽𝐶𝑂𝑀𝑃
] , 𝑓𝑜𝑟 𝑝𝑗 = 𝑝1, 𝑝2, 𝑝3               (14) 

Where 𝜎𝑝𝑗 are standard deviations for the normal distribution of 𝑝1, 𝑝2 𝑎𝑛𝑑 𝑝3. And 𝑢𝑝𝑗𝑖
 are 

numbers generated from a random draw from a normal distribution.  

The WTA is interpreted as the amount, a respondent requires in compensation in order to go 

from what they do today (status quo) to reduce the ploughed area by 25, 50 or 75% 

respectively or use Biosludge as fertilizer.  

3. Survey results 

This survey has 527 responses, however only 490 are valid responses. A comparison of the 

farmers in the survey with farmers in general in Denmark shows that the age group between 

45 and 70 is slightly overrepresented in the sample, while young farmers and farmers older 

than 70 are underrepresented. This is often the case in farmer surveys as the panel represents 

established and most active part of the farmer population. Another factor that can cause bias 

is the location of the farm. Farms in Southern Denmark are slightly overrepresented, while 
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farms in the rest of Jutland are underrepresented. Farms on Zealand are represented in 

accordance with the national proportion. A chi squared test for equality of the distribution 

shows that the geographical distribution is not very different from the real distribution (Q= 

10.22 compared with a 𝜒0.01
2 (5 − 1)= 13.28/ 𝜒0.05

2 (5 − 1)=9.49). Small farms are strongly 

underrepresented, while large farms are overrepresented. This could be due to the fact that 

small farms are mostly hobby or part-time farms and they are not interested in being a part of 

the farmer panel. In this context, we conclude that this is not problematic as our main interest 

is the intensively managed farms. 

So called protest bidders can cause bias in the results (Boyle 2003). Protest bidders are 

respondents that do not follow the rules of the game. In order to account for the bias and 

noise caused by these protest bidders, they are often eliminated from the data set (Morrison et 

al. 2000). To locate the protest bidders the respondents that choose the status quo in every 

choice set is asked a debriefing questions as proposed by Meyerhoff & Liebe (2006). Protest 

bidders are defined as respondents who choose the status quo in every choice situation and 

state that the scenarios are unrealistic. This is seen as an indication that they are unwilling to 

evaluate the options, and follow the rules of the “game”. Therefore, these are eliminated from 

the dataset. After cleaning the dataset the number of respondents is 448. 

All results in the following paragraphs are obtained using Nlogit 5. 

3.1. Results from the Conditional Logit model  

Table 2 displays the results of the CL model. In the first model (the base model) all parameter 

estimates except the one for using sludge are significant. The sign for years the contract is 

binding is as expected – the farmers prefer the short run (5 years) contract to the long (10 

years) run contract. The estimation result also indicates that the farmers prefer contracts with 

the option to terminate without costs, as expected. Compensation is as expected positive; the 
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higher the offered compensation the higher utility. The effect coding of the reduced tillage 

variable makes it slightly more complicated to interpret. However, using the set-up here the 

utility related to no restriction on ploughing will look like: 

𝛽𝑃1 ∗ (−1) + 𝛽𝑃2 ∗ (−1) + 𝛽𝑃3 ∗ (−1) + (… ) = −𝛽𝑃1 − 𝛽𝑃2 − 𝛽𝑃3 + (… . )= -0.224 – (-

0.352) - (-0.617) + (….) = 0.745 + (…..)                 (15) 

The utility related to a contract requiring a 25% decrease in ploughed area will be 

𝛽𝑃1 ∗ (1) + 𝛽𝑃2 ∗ (0) + 𝛽𝑃3 ∗ (0) + (… ) = 𝛽𝑃1 + (… ) = 0.224 + (… )               (16) 

The utility related to a contract requiring a 50% decrease in ploughed area will be 

𝛽𝑃1 ∗ (0) + 𝛽𝑃2 ∗ (1) + 𝛽𝑃3 ∗ (0) + (… ) = 𝛽𝑃2 + (… ) = −0.352 + (… )               (17) 

And the utility for a contract requiring a 75% decrease in ploughed area will be 

𝛽𝑃1 ∗ (0) + 𝛽𝑃2 ∗ (0) + 𝛽𝑃3 ∗ (1) + (… ) = 𝛽𝑃3 + (… ) = −0.617 + (… )               (18) 

As expected farmers prefer that there are no restrictions on their management, that is, their 

utility is highest with no restrictions on ploughing (this is equal to the level in status quo). 

Contrary to expectations, requiring a reduction of 25 % in ploughed area also increases utility 

compared to the status quo – however, not as much as no restrictions. This indicates a small 

willingness to reduce the ploughed area. As expected the utility decrease with a contract with 

requirements for a 50% reduction in ploughed area, and even more with a 75% restriction. 

The alternative specific constant for the status quo is significant, thus there is a significant 

status quo effect. This is also positive which indicates that the respondents prefer the status 

quo, that is, they prefer no contracts. 

Table 2 around here 
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In order to take different socioeconomic details into account different model combinations 

are analyzed, and the most optimal model, when comparing log likelihoods, AIC and 

likelihood ratio tests, is found to be: 

𝑈𝐴,𝐵 = 𝛽𝑝1𝑝1+ 𝛽𝑝2𝑝2+ 𝛽𝑝3𝑝3 + 𝛽𝑠𝑠 + 𝛽𝑐𝑐+𝛽𝑦𝑦 + 𝛽𝑡𝑡 +  𝛽𝑒𝑥𝑝𝑒𝑟𝑐 ∗ 𝑒𝑥𝑝𝑒𝑟 + 𝛽𝑠𝑜𝑖𝑙𝑠 ∗ 𝑠𝑜𝑖𝑙 +

𝛽𝑎𝑔𝑒𝑠 ∗ 𝑎𝑔𝑒 + 𝑢𝐴,𝐵                   (19) 

𝑈𝑠𝑞 = 𝛽𝑠𝑞 + 𝛽𝑝1𝑝1+ 𝛽𝑝2𝑝2 +  𝛽𝑝3𝑝3 + 𝑢𝑠𝑞                 (20) 

 

There are some model improvements from the base model to the second model. Not only 

does the AIC improve and a likelihood ratio test shows model improvements (-2*(-2439.32-(-

2434.01)) = 10.6 compared with 𝜒0.01
2 (2)= 9.21 – the null that the extended model is no 

better than the base model is rejected). The parameter estimate to using sludge also gets 

significant, indicating that the farmers prefer the contracts with the requirement of using 

sludge. In addition to the base model a couple of interactions are added; an interaction 

between compensation and experience with reduced tillage, an interaction between soil type 

and using sludge, and an interaction between sludge and age. The parameters of the first part 

of the model are as in the base model. 

Experience is a dummy variable equal to 1 if the farmer has any experience with reduced 

tillage and zero otherwise. The positive and significant interaction with compensation thus 

indicates that farmers with experience in reduced tillage are more likely to accept the 

contract. The soil-type indicators can be seen in the table in appendix B. The estimate 

indicates that if the contract tells the farmer to use sludge the utility will be highest for 

farmers with soil with a high level of clay.  
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3.2. Results from the Latent Class model 

For the LC model, we determine the number of classes by comparing the statistics of the 

models with different number of classes. The AIC, BIC and 𝜌2 are improving as more classes 

are added (models with 2, 3, 4 and 5 classes are tested). However, with more than two classes 

insignificant parameter estimates dominates the models, hence two classes were selected as 

the best fit, and the results are seen in table 3. 

Table 3 around here 

The model predicts that 73% of the sample is in class 1 and the other 27% is in class 2. It is 

also seen that the model for Class 1 is more significant than the model for Class 2. This 

indicates that Class 1 collects all the well behaved and similar results while the rest goes into 

class 2. For both models the status quo parameter is insignificant in the second class. The 

extra variables in the extended model (model 2) are insignificant in both classes. A likelihood 

ratio test also reveals that there are no model improvements from the base model to the 

extended model (-2*(-2040.47-(-2037.01)) = 6.92 compared with 𝜒0.01
2 (2)= 9.21 the null that 

the extended model is no better than the base model is accepted). That is, the base model is 

preferred.  

Table 4 around here 

The underlying explanation for the segmentation can be found by a regression of the class 1 

membership with selected explanatory variables. The dependent variable, membership of 

class 1, is either 1 (if the probability of belonging to class 1≥ 0.50) or zero (otherwise). In 

Table 4 a model that explains the segmentation is presented. Soil is the soil type indicator 

used above. Own is whether the respondent own the land or not. Full is whether the 

respondent is fulltime employed by farming. Region indicates which region the respondent 

lives in (appendix B). Loss indicates if the respondent has experienced loss in production due 
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to heavy rain. It is seen that age, soil and loss have negative parameter estimates while the 

others are positive. That is there is a larger possibility for the farmers to belong to class 1 if 

he is young, have sandy soil, owns the land and is full time employed by agriculture lives, in 

Jutland and have not experienced any loss due to heavy rain. 

3.3. Results from the Mixed Logit model 

In the MXL model the three reduced tillage parameters and the sludge parameter are defined 

to be random and follow a normal distribution. The parameter estimates in the first and third 

column are the mean parameter estimates; they can be interpreted in the same way as 

estimates from a non-random parameter model as the CL or LC. They show the same general 

results as the CL model. The three reduced tillage parameters are significant, and applying 

clean sludge only gets significant in the expanded model. Signs of the parameters are also the 

same as in the CL model. Also the non-random parameters years, termination and 

compensation have the same significance and sign as in the CL model. However, the two 

interactions with experience and soil type are insignificant in the MXL model.  

This means that the MXL model also suggests that respondents have preferences for less 

restrictions on ploughing, short contracts, the possibility to terminate and high compensation. 

 Table 5 around here 

The second and fourth column in Table 5 shows the standard deviations (st.dev.) for the 

random parameters. This is the spread existing around the mean of the parameters. In the base 

model all parameters are significant suggesting heterogeneity in the mean parameter 

estimates (first section). That is, the parameters have a normal distribution around the means 

given above. In the extended model, the standard deviation on 𝑝1 is insignificant indicating 

that the spread around the mean is equal to zero. In other words 𝑝1 is non-random in the 
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extended model, while 𝑝2, 𝑝3 and applying Biosludge are random parameters with normal 

distributions. 

The common error component specified for the two alternatives is not significant. This 

indicates that when taking care of the heterogeneity with the random parameterization, there 

is no unobserved effects left between the two choices. 

Both the AIC and the LL indicate that the extended model is preferred to the base model. 

However, the socio-economic parameters are all insignificant, indicating that they do not 

contribute to the explaining the utility.  

3.4 Comparing the models 

When deciding which model is the best fit for the data, we start by looking at the log 

likelihood values. It is clear that the CL specification is outperformed by the other 

specifications.  

Table 7 around here 

Since LC and MXL are special cases of the CL-asc it is possible to use log likelihood ratio 

test to compare the models. Looking at the log likelihood values in Table 7 there is no doubt 

of the model improvements when considering more specified models. However, it is not 

possible to use the log likelihoods to compare the LC model results with the results from the 

MXL. To compare non-nested models that explains the same endogenous variable the AIC 

can be used (Verbeek 2004). Since the AIC is much lower for the MXL models it is clear that 

this is the preferred specification.  

3.5 Willingness to Accept estimates 

Using the formulation in section (2.5) the WTA for a contract can be estimated. These 

estimations can be analyzed as the farmers’ willingness to provide sustainable soil. 
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Table 6 around here 

Looking at the WTA in Table 6 the trend is quite clear. The WTA for 25%, 50% and 75% are 

negative and becomes larger and larger. That is, the farmer demands more compensation the 

more restrictions the contract implies. This is as expected.  

The coefficients for WTA using Biosludge (only significant for latent class model 1) and 

length of the contract are negative. That is, the respondents prefer contract without the 

requirements of using sludge and short contracts. The WTA the possibility of being able to 

terminate the contract is positive, saying that the respondents prefer contracts with the option 

of being able to terminate the contract. Again the estimates reflect the respondent preference 

for flexibility in the contracts. The estimates for the two contract attributes are very similar 

across model specifications, however in the LC and MXL models the WTA estimates for the 

possibility to terminate is largest, indicating that this attributes is most important. The price of 

a short termed contract is 92.55 DKK/ha and the price of the possibility of terminating the 

contract is 100.89 DKK/ha. That is, by using these attributes to make the contract more 

flexible the government can save 193.44 DKK/ha in compensation per farmer.  

Comparing the results for reduced tillage across models it can be seen that the two latent 

classes represent a class with low aversion and a class with high aversion to reduced tillage, 

with the CL and MXL estimates in the mid-range. For contract length and possibility of 

termination class one has higher WTA estimates than class 2. 

4. Discussion 

4.1 Model specification: latent class vs mixed logit  

Scarpa et al, 2005 test alternative specifications with Monte Carlo simulations in two 

experiments and finds that the MXL-specification outperforms both the CL-asc and a NL 
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model, when misspecification could be a problem. They also find that status quo effects can 

cause strongly biased estimates when using standard CL (without asc). Greene and Hensher 

(2003) compare a LC model with a MXL model and find that it is not possible to make a 

straightforward conclusion on which approach is superior. Each has its own advantages: The 

LC model is semi parametric, avoiding ad-hoc assumption about the distribution of 

parameters across respondents. The MXL allows for individual unobserved heterogeneity. 

This study compares the LC model with the MXL model, both specifications take the 

heterogeneity in the data into account. The LC model defines segments in the data to handle 

the heterogeneity, while the MXL is specified with random parameters. Both specifications 

seem to handle the heterogeneity, and there are not large variations in the estimates and 

statistical significance.  The advantage of the LC model is that it is possible to investigate the 

cause of the heterogeneity, and to explain the differences in the segments. For this study it 

seems that the LC model concentrates the well-behaved observations in the first class, and 

then the leftovers are collated in class two. Therefore, the first class model is more significant 

than the second class model, but also the MXL and CL models. The MXL allows for 

individual heterogeneity in specifying random parameters. Here the four management 

parameters are defined to follow a normal distribution. This specification also seems to 

account sufficiently for the heterogeneity in the data. There seems to be no unobserved 

heterogeneity between the alternatives, i.e. no indication for nests after the random 

parameters have been taking into account. When comparing the AIC there are indications that 

the MXL specification fits the data best. 

4.2. Comparison of WTA estimates with previous studies 

Even though this is the first paper to address farmers’ attitude towards providing sustainable 

soil, there has recently been a few similar studies on farmers’ attitude towards providing 
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climate offsets (Aslam et al. 2014; Gramig and Widmar 2014). Furthermore, there has been a 

series of studies on farmers’ willingness to engage in Agri-Enviromental Schemes (AES) 

(Ruto and Garrod 2009; Espinosa-Goded et al. 2010; Christensen et al. 2011; Broch and 

Vedel 2012).  

 The current study finds that the farmers are willing to pay in order to avoid restrictions on 

tillage practice. This is in line with both Aslam et al. (2014), who finds that farmers in the 

UK prefer less restrictions and Gramig and Widmar (2014), who finds that Indiana-farmers 

are willing to pay to be free of implementing no-tillage practice. 

We also find that farmers prefer short-term contract and to have the opportunity to terminate 

the contract without costs. Both of these contract attribute indicate the farmers preferences for 

high flexibility, again this is in line with the previous studies by Aslam et al. (2014) and 

Gramig and Widmar (2014).  

Gramig and Widmar (2014) find that the Indiana-farmers WTP for implementing 

conservation tillage instead of no-till is $3.21/acre, and for conventional tillage instead of no-

till is $4.79/acre. The results are not directly comparable with the current study, since no-till 

is almost impossible to practice in Denmark.  However, recalculated the WTA for 25 % 

reduction in ploughed area is 45.93 $/acre. This indicates that Danish farmers are more 

reluctant to change their farming practices than their American colleagues. This is a plausible 

conclusion, since reduced- and no-tillage is much more widespread in e.g. America than in 

Denmark and the rest of Europe (Soane et al. 2012; Derpsch, Friedrich and Sol 2009). 

A Danish study on farmers’ attitude towards AES (Christensen et al., 2011) finds that farmers 

are willing to trade off the size of the subsidy with scheme requirements such as getting the 

opportunity to break the contract once a year (137 EURO /ha/year), a shorter contract period 

– 1 compared with 5 years (128 EURO /ha/year). The first attribute is directly comparable 



25 
 

with the estimate in the present analysis – which is 18 EURO/ha/year. The second is not 

directly comparable since our study analyses a 5 versus a 10 year scheme. However, even 

though our timeframe is longer, the years between the two alternatives are the same. In our 

study the time preference only costs 5 EURO /ha/year.  That is, the estimates, on the contract 

attributes in this study, is much smaller than the earlier estimate on a similar study in 

Denmark. This could indicate that the farmers have a more negative attitude towards the AES 

than towards restrictions on tillage practice, or it could simply be a result of the farmers 

taking the private aspect of soil into account, see the following section.  

4.3. Soil as a private and a public good 

Sustainable soil is both a private and a public good. In the results, this is expressed in the fact 

that the coefficient to a 25% reduction in ploughed area is positive and significant (𝛽𝑃1). That 

is, farmers’ utility will increase if they reduce their ploughed area, but not if the area is too 

large (for 50 and 75% the coefficients becomes negative). This somewhat contradictory 

conclusion can potentially be explained by the fact that research have shown that soil with 

improved soil structure, have higher yields (Munkholm et al. 2013; Johnston et al. 2009; 

Munkholm et al. 2000). Also more and more farmers are becoming increasingly aware of 

issues related to soil degradation and the benefits of reduced tillage farming in Denmark (A. 

Høyer, Kebmin, personal communication, 2014).  

Another surprising result is that even though there is a large skepticism among farmers 

regarding applying sludge on the fields (evidence from focus groups and from the Danish 

Knowledge Centre for Agriculture), the parameter estimates for sludge (in CL and LC 

expanded models) indicate that the farmers prefer contracts with the requirement of using 

sludge.  This could also be explained by the positive effects on yield from an increase in soil 

organic matter (SOM) (Johnston et al. 2009; Diacono and Montemurro 2011), but could also 
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be explained by the fact that organic fertilizers are limited, and that there is a high demand for 

clean organic fertilizers. Especially organic farmers have a problem with achieving their 

production targets using only organic fertilizers on their soil (Christensen 2012b; Christensen 

2012a). 

The estimates for soil-types in the expanded model indicates that farmers, whose soils have a 

high clay content, have higher utility for using sludge than farmers with more sandy soils. 

This is an intuitive result as soils with a high content of clay, will have high benefit of 

applying organic fertilizer, either from livestock, or as here, sludge (Gislum 2013). 

 

4.4. Implementation 

The positive conclusion is that it seems realistic and possible to implement a PES for 

sustainable soils. Even though the farmers are somewhat skeptical about the implementation 

of reduced tillage and the use of sludge, they are not inconvincible.  Furthermore, the WTA 

values are not particularly high. That is, it could be an affordable PES for the Danish 

government. However, whether it would be a social cost or benefit to implement this scheme 

it is another story that requires an analysis on all the benefits to society and the farmer from 

improving soil quality and the associated services. 

The results indicate that besides flexible contracts, experience with the management practice 

also increases the probability of accepting a contract. That is, implementation would benefit 

from education programmes or other initiatives to inform farmers about the management 

practice. 
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5. Concluding remarks 

This paper has analyzed the willingness to provide sustainable soils among Danish farmers. 

The measures of sustainable soils in this study is applying Biosludge, which is a clean form 

of sludge, and reducing the conventionally ploughed area. Sustainable soil will not only 

benefit society via enhanced biodiversity, soil carbon pools etc., but may also benefit the 

farmers in the long run.  

The analyses compare the result from a CL, a LC and a MXL. The results clearly show that 

the CL is outperformed by the more specified models. The comparison of LC and MXL, is 

trickier, however there are indications shows that MXL performs better than LC. 

In accordance with earlier studies on farmers’ preferences for management contracts with the 

government, this study also finds that the farmer prefers contracts with high flexibility. 

The results of the analysis indicate that Danish farmers have some appreciation of the 

benefits of some of the sustainable soils land use measures. Analyzed independently utility is 

higher for contracts requiring reducing the ploughed area by 25 %. With higher area 

requirements the utility falls again. This reflects the private vs. public aspect of sustainable 

soil. The farmer is aware of the benefits from an increase in the sustainability of soils.   
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Appendix A 

The effect coded structure  

 
𝑝1 𝑝2 𝑝3 

0 % -1 -1 -1 

25 % 1 0 0 

50 % 0 1 0 

75 % 0 0 1 

% of ploughed area that should not be ploughed if the contract is accepted 

 

 

Years of binding contract 

 

 

Is it possible to terminate the contract without costs? 

 

 

Committing to the contract you are obliged to use clean sludge on the fields. 

  

 

Y 

5 years -1 

10 years 1 

 

T 

No -1 

Yes 1 

 

SL 

No -1 

Yes 1 
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Appendix B 

Soil type Description IPCC Cultivated in DK (%)* 

1 Coarsely sanded sandy 24 

2 Finely sanded sandy 10 

3 Coarse clay-mixed sand  sandy 7 

4 Fine clay-mixed sand LAC 21 

5 Coarse sand-mixed clay LAC 4 

6 Fine sand-mixed clay LAC 20 

7 Clay HAC 6 

8 Heavy Clay HAC 1 

9 Very heavy clay HAC 0 

10 Silt HAC 0 

11 Humus   7 

12 Special   0 

* The Danish Agricultural Advisory Service (2005) 

Source of table: Danish EPA, 2007, Framework for the environmental assessment of plant 

protection products 
 

Definition of region 

1 Capital 

2 Zealand 

3 Southern Denmark 

4 Middle of Jutland 

5 North Jutland 
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Appendix C 

WTA for the extended model 

 

MNL LC 1 LC2 MXL 95% confidence interval 

WTA(25%) -187.94 -140.16 -309.01 -171.96 -238.80 -99.47 

WTA(50%) -395.88 -321.93 -641.97 -325.59 -396.48 -249.37 

WTA(75%) -491.23 -388.01 -823.93 -532.09 -655.45 -396.61 

WTA(SL) -358.45 -343.24 -133.21 - 

  WTA(Y) -107.96 -149.38 -146.31 -96.68 -152.72 -40.65 

WTA(T) 103.75 160.25 150.24 106.48 65.99 146.97 

Notice: WTA is only calculated for significant parameters. 

95% confidence interval estimated using Krinsky Robb method 
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Table 1 Attributes and levels 

Attribute Levels 

Reduced tillage (% of ploughed area) 0 25 50 75 

Application of sludge Yes No   

Contract length 5 years 10 years   

Possible to end the contract without penalty Yes No   

Monetary compensation (DKK/ha/yr) 50 100 200 500 

 *Note: Exchange rate for EUROS is 745.60 and for USD 561.28 (21-08-2014) 
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Figure 1 Example of a choice card 

 Contract A Contract B No contract 

Reduction in ploughed 

area 
0 %    50 %     

 

I do not wish to 

engage in any of 

the proposed 

contracts 

Requirement of using 

clean sludge 
Yes Yes     

Compensation 

(DKK/ha/year )    
200  200  

Contract length 5 year     5 year     

Possible to terminate 

without costs 
Yes Yes 

Choice (one X)    
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Table 2 The MNL models 

  MNL-asc base MNL-asc ext. 

P1 
0.224*** 0.224*** 

(0.067) (0.067) 

P2 
-0.352*** -0.352*** 

(0.078) (0.078) 

P3 
-0.617*** -0.617*** 

(0.082) (0.082) 

Apply clean sludge      (1= yes, -1=no) 
-0.066 -0.169** 

(0.047) (0.069) 

5 or 10 years contract   (1= 10, -1=5) 
-0.149*** -0.149*** 

(0.049) (0.049) 

Possible to terminate    (1= yes, -1=no) 
0.143*** 0.144*** 

(0.042) (0.042) 

Compensation 
0.003*** 0.003*** 

(0.0003) (0.0003) 

Compensation*experience   
0.001** 

(0.0003) 

Using sludge*soil type   
0.0276** 

(0.014) 

ASC-sq 
1.778*** 1.781*** 

(0.092) (0.092) 

AIC 4894.6 4890.6 

Log Likelihood -2439.32 -2435.31 

Note: standard errors in brackets under the parameter estimates and ***,**,* indicates significance at 

1%, 5% and 10% levels. 
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Table 3 Latent Class Models 

  
Latent Class base Latent Class ext 

Class 1 Class 2 Class 1 Class 2 

P1 
0.452*** 0.230** 0.448*** 0.232** 

(0.168) (0.09) (0.164) (0.091) 

P2 
-0.682*** -0.341*** -0.681*** -0.341*** 

(0.172) (0.105) (0.171) (0.105) 

P3 
-1.100*** -0.651*** -1.093*** -0.656*** 

(0.223) (0.111) (0.221) (0.112) 

Apply clean sludge 
-0.448*** -0.032 -0.546*** -0.107 

(0.133) (0.07) (0.166) (0.106) 

5 or 10 years contract 
-0.463*** -0.127 -0.459*** -0.125 

(0.127) (0.078) (0.125) (0.078) 

Possible to terminate 
0.498*** 0.128** 0.492*** 0.130** 

(0.122) (0.061) (0.117) (0.061) 

Compensation 
0.006*** 0.002*** 0.006*** 0.002*** 

(0.001) (0.0005) (0.001) (0.001) 

Compensation*experience     
0.0004 0.001* 

(0.0004) (0.001) 

Using sludge*soil type     
0.028 0.019 

(0.027) (0.021) 

ASC-sq 
3.501*** -0.282 3.489*** -0.283 

(0.278) (0.175) (0.269) (0.174) 

Class prob 0.737*** 0.266*** 0.738*** 0.262*** 

AIC 4114.9 4116 

Log Likelihood -2040.47 -2037.01 

Note: standard errors in brackets under the parameter estimates and ***,**,* indicates significance at 

1%, 5% and 10% levels. 
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Table 4 Logit model for segmentation explanation 

 

Coefficients 

Constant 0.429** 

 

(0.200) 

AGE -0.013*** 

 

(0.002) 

SOIL -0.034*** 

 

(0.008) 

OWN 1.006*** 

 

(0.102) 

FULL 0.473*** 

 

(0.048) 

Region 0.141*** 

 

(0.021) 

LOSS -0.313*** 

 

(0.051) 

Log 

likelihood -5728.43 

AIC 11470.9 

Note: standard errors in brackets under the parameter estimates and ***,**,* indicates significance at 

1%, 5% and 10% levels. 
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Table 5 Mixed Logit model with error component 

  MXL-ε base model MXL-ε model ext. 

Random part par st. dev.  par. st. dev.  

P1 0.444*** 0.453*** 0.489*** 0.299 

(0.086) (0.082) (0.096) (0.203) 

P2 -0.380*** 0.275*** -0.392*** 0.310* 

(0.108) (0.075) (0.129) (0.173) 

P3 -1.462*** 1.242*** -1.555*** 1.279*** 

(0.132) (0.084) (0.19) (0.144) 

Apply clean sludge -0.102 1.040*** -0.251* 1.019*** 

(0.085) (0.095) (0.151) (0.106) 

Non-random part         

5 or 10 years contract -0.264*** 
 

-0.277*** 

 (0.079) 
 

(0.083) 

 Possible to terminate 0.288*** 
 

0.305*** 

 (0.047) 
 

(0.048) 

 Compensation 0.006*** 
 

0.006*** 

 (0.0004) 
 

(0.0005) 

 Compensation*experience 
  

0.0008 

 
  

(0.0005) 

 Using sludge*soil type 
  

0.0283 

 
  

(0.029) 

 ASC-sq 2.932*** 
 

3.453*** 

 (0.192)   (0.249)   

Error comp. 1.178 
 

0.87 

 (6.633)   (6.127)   

AIC 3862.3 
 

3812 

 Log Likelihood -1918.15 
 

-1890.99 

 Note: standard errors in brackets under the parameter estimates and ***,**,* indicates significance at 

1%, 5% and 10% levels. The random parameters are defined as having normal distributions 
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Table 6 Willingness to accept (in DKK) 

 

MNL LC 1 LC2 MXL 95% confidence interval 

WTA(25%) -174.80 -138.40 -241.43 -162.30 (-229.87 -104.33) 

WTA(50%) -367.90 -317.40 -499.83 -305.91 (-372.86 -250.39) 

WTA(75%) -456.76 -383.27 -640.03 -492.50 (-599.11 -403.44) 

WTA(SL) - -7.38 - - 

  WTA(Y) -99.84 -145.95 -115.21 -92.55 (-145.49 -39.61) 

WTA(T) 96.15 157.16 116.18 100.89 (64.83 136.94) 

Notice: WTA is only calculated for significant parameters.  

The above is calculated for the base model, similar results are achieved in the extended model, see 

appendix C. 

95% confidence interval estimated using Krinsky Robb method 
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Table 7 Log likelihood and AIC values base model 

 Log likelihood AIC 

MNL-asc -2439.32 4894.6 

LC -2040.47 4114.9 

MXL -1918.15 3862.3 
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Farmland insurance as a climate change adaptation mechanism 

Sisse Liv Jørgensen and Mette Termansen, Aarhus University, Department of Environmental Science 

 

Abstract 

The more extreme weather events seen in recent years, and potential increases in the 

frequency of future weather extremes, pose great risks to farmers’ incomes. Heavy rain or 

drought can cause large production losses if they occur when crops are vulnerable. This 

uncertainty in crop production can be mitigated by insurance. This paper studies the potential 

use of insurance as a climate change adaptation mechanism in Danish agriculture. We analyse 

the attractiveness of a climate risk insurance scheme and the choices farmers face between 

adaptation of farm management practices, self-insurance, and investing in off-farm insurance. 

The study is conducted as a choice experiment, revealing farmers’ preferences regarding an 

insurance contract in which natural insurance is captured through two soil management 

practices that will decrease the risk of waterlogging in soils. The analysis reveals that there is 

a demand for market-based insurance. In particular, arable farmers and farmers with low soil 

quality are likely to invest in market insurance, while pig farmers in general are more 

reluctant. The analysis also shows that farmers would prefer to enrol only a part of their land 

into a contract, and that they are indifferent to different types of market insurance. The paper 

introduces empirical analyses of farmers’ preferences for market versus natural insurance into 

the literature, and contributes to the limited knowledge on preferences for weather insurance 

in agricultural systems in general, and in Europe in particular.  

 

Key words: natural insurance, market insurance, choice experiments, latent class, risk 

mitigation, sustainable soil, yield insurance, index insurance 
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1. Introduction 

The more extreme weather events seen in recent years and potential increases in the 

frequency and intensity of future weather extremes pose great risks to farmers’ agricultural 

production and incomes (Bielza et al., 2008). Heavy rain or drought can cause large 

production losses if they occur when crops are vulnerable. To avoid such losses, farmers may 

have to adapt to changes in climate by introducing less sensitive crops, investing in more 

robust agro-ecological management or taking land out of production.  

However, the farmer can also choose to mitigate the risk with insurance (Baumgärtner & 

Quaas, 2010; Baumgärtner & Strunz, 2014; Strunz & Baumgärtner, 2010; Strunz, 2011), i.e. 

purchase market insurance (MI) and redistribute income towards an event where a loss 

occurs. Agricultural insurance markets have a long tradition in the US of offering yield 

insurance to farmers, and this is becoming widespread in Europe (e.g. in the UK, Austria and 

Spain) (Bielza et al., 2008). There has also been an attempt to introduce insurance against 

adverse weather events into the Danish market. In the US it is possible to insure against yield 

(or revenue) losses from natural disasters (drought, hail, insects, frost, etc.) and against falling 

prices (Miranda and Vedenov 2001; Department of Agriculture 2014). The rationale for MI 

schemes has been to reduce income risk, but they have also been promoted as a tool to lower 

the use of pesticides. However, studies have shown that agricultural insurance tends to 

negatively affect the environment. Baumgärtner and Quaas (2007) and Quaas and 

Baumgärtner (2008) show this theoretically, while Horowitz and Lichtenberg (1993) and Wu 

(1999) test the hypothesis empirically and find that farmers tend to undertake riskier and 

more intensive production if they are insured (e.g. they use more nitrogen, pesticides, etc.).  

Insurance mitigates the influence of uncertainty on a person’s well-being (Baumgärtner & 

Strunz, 2014). For a farmer this can be achieved in ways other than in a financial market. 

Natural insurance (NI) is market based: the land manager redistributes income towards 

hazardous states (Becker, Isaac, & Ehrlich, 1972). NI is therefore an investment to enhance 

ecosystem resilience and reduce the risk of undesirable outcomes, i.e. it will keep the 

ecosystem in a desired and productive domain (Baumgärtner & Strunz, 2014). In other words, 

a well-functioning ecosystem will act as NI by reducing uncertainty (Crocker, Kask, & 

Shogren, 1998). The cost of NI is the loss resulting from employing land management 

restrictions and forgoing short-term economic opportunities.  
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According to Quaas and Baumgärtner (2008) and Baumgärtner and Quaas (2010) NI and MI 

are substitutes; if, for example, yield insurance is being offered, the farmer will buy that 

insurance instead of practising NI. Therefore, availability of MI reduces demand of NI, and 

thereby lowers ecosystem quality, especially for low-cost MI (Becker et al., 1972). 

This paper studies the potential use of insurance as a climate change adaptation mechanism in 

Danish agriculture. We analyse the attractiveness of a climate risk insurance scheme and the 

choices farmers face between adaptation of farm management practices and investing in off-

farm insurance.  

A choice experiment survey was conducted to reveal how farmers perceive the risk of crop 

damage from future climate change and the effectiveness of changing agricultural practices to 

reduce the risk. The experiment thus analyses the choice between using MI and adapting 

agricultural management practices (NI) in the face of climate change, i.e. self-insurance. It is 

the first study to test the trade-offs between NI and MI in a farmer survey and contributes to 

the limited literature on insurance in agricultural systems in general, and in Europe in 

particular. 

Section 2 gives an overview of some of the challenges related to introducing MI in the 

agricultural sector. Section 3 presents a hypothetical insurance scheme for Danish farmers 

along with the survey in which the scheme is analysed and the modelling methods. The 

results of the survey are presented in section four, and section five discusses and concludes 

the analysis. 

2. Market insurance of agricultural production 

Several obstacles exist to achieving an efficient insurance market. A main complication is the 

problems associated with asymmetrical information such as adverse selection and moral 

hazard. These arise because farmers have an incentive to withhold information from the 

insurer. Firstly, farmers facing high risk of loss are more likely to seek insurance (adverse 

selection). Secondly, farmers might be tempted to behave in more risky ways when insured 

(moral hazard).  

The challenges can be addressed in several ways, for example through type-specific 

insurance, area yield insurance and weather insurance (Glauber 2004; Rasmussen 2008). For 

type-specific insurance, the insurer identifies different types of farmers and then designs 
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individual contracts for each type. Each farmer will then have the most optimal contract. The 

administrative costs are relatively high since this insurance requires detailed information 

about the farmer in order to design the pertinent contract.  

Compensation under an area yield insurance, as proposed by Miranda (1991), does not 

depend on the individual land manager’s yield, but on the average yield in the area. Thereby, 

the farmer will only be compensated if there is a general loss in the area. Since there is 

nothing to gain from undertaking more risky behaviour, the risk of moral hazard disappears. 

The farmer will, additionally, have no motivation to withhold information, since the 

insurance contract attributes and compensation is general.  

Weather insurance works in a similar way: the farmer will only be compensated if a bad 

weather event is documented. This implies that the incentive to behave in a more risky 

manner is minimised, since compensation is not based on own yield; hence the farmer cannot 

significantly increase compensation by changing management practice. Furthermore, adverse 

selection is minimised, since information on average yield in an area is generally more 

reliable than individual farm yield. Both area yield and weather insurance are index based. 

They rely on simple insurance mechanisms: everybody pays the same premium, there is no 

need for the farmer to prove the loss, and everybody gets the same compensation. This makes 

the administrative costs smaller and the contracts easier to manage (Miranda 1991; Mahul 

2001; Glauber 2004; Hazell and Skees 2005; Rasmussen 2008). The effectiveness of index-

based insurance in reducing risk depends on how well the actual yield correlates with the 

index (Miranda 1991; Glauber 2004). For weather insurance to be effective, a high density of 

weather stations is required. Otherwise, the variations in the index will not reflect the 

variation between farms. 

While index-based insurance will resolve moral hazard, adverse selection and high costs, it 

also creates new problems. Because compensation is made independently of individual farm 

management, the incentive to invest in good quality soil will be reduced under certain 

conditions. If risks are low, the farmer will be further encouraged to maintain a sustainable 

and healthy soil: the farmer will be compensated if bad weather occurs, and if the soil is well 

managed and no loss occurs, an “extra income” is earned. On the other hand, if the 

compensation payments do not cover the effort and costs of managing soils sustainably, the 

farmer has no incentive to do so. This means that the capacity of index-based insurance to 

initiate sustainable soil management depends on the size of the gain and loss. Moral hazard 
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and adverse selection are therefore problems the insurance company needs to consider when 

setting up an insurance scheme. However, the way an insurance scheme influences soil 

sustainability will depend on the costs of insurance, individual farm productivity, potential 

for different management practices, etc.  

Sustainable soil management can be ensured through index insurance if the compensation is 

contingent on sustainable management, i.e. to receive compensation, the farmer must fulfil 

certain soil management requirements, for example ensuring green fields in winter, growing 

catch crops, practicing no-tillage or undertaking other measures that enhance the 

sustainability of the soil.  

As stated earlier, weather insurance was introduced to the Danish market for a brief period of 

time by CelsiusPro in collaboration with SEGES (former Danish Knowledge Centre for 

Agriculture) around 2012. CelsiusPro sells weather certificates for weather-dependent 

industries, such as the construction and agricultural sector, on a worldwide basis. Their 

business is therefore based on risk pooling.
1
 In the following section, a hypothetical insurance 

scheme is designed and analysed on a sample of Danish farmers. 

3. Methods – developing an insurance scheme for Danish farmers 

In order to analyse the uptake of a climate risk insurance scheme in practice, a survey with a 

choice experiment was sent out via a market research agency (ASPECTO) specializing in 

farmer surveys, in spring 2013. 

The survey analysed how the individual farmer is and expects to be affected by adverse 

climatic events. Furthermore, a choice experiment was used to analyse the farmers’ 

preferences for an insurance scheme with NI requirements.  

3.1. An insurance scheme for Danish farmers 

In the survey, farmers who indicated that they could be interested in insuring crops against 

adverse climatic events were given more information about a hypothetical insurance scheme. 

They were presented with different versions of insurance in a choice experiment. Choice 

experiments belong to the family of stated preferences methods and use a hypothetical 

setting. In this study, the respondents were asked to choose the preferred of three alternatives 

in a choice set, one of the alternatives being the status quo (see Alpizar (2001) and Hensher 

                                                           
1
 The authors have been in contact with SEGES; however they had no data or information regarding the sales of 

the certificates. It was not possible for the authors to obtain information from CelsiusPro. 
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(2004) among others for more information regarding choice experiments). The other 

alternatives, (Insurance A and Insurance B) were a mixture of different levels of the 

insurance attributes. Setting up different versions of an insurance scheme enables analysis of 

farmers’ preferences for insurance and of the trade-off between buying MI and applying NI 

measures in their soil management. 

Variance in insurance type is based on the different attributes, i.e. forms of cover they offer, 

as well as on the extent, or level, of cover offered. Attributes and levels are often defined 

based on previous studies (Alpizar, 2001). However, this is the first to study farmers’ 

preferences for NI, so the attributes and levels were established through close collaboration 

with researchers with expertise in soil functions, advisors from SEGES, and four farmers. 

The entire questionnaire was then discussed in two focus groups before it was sent out in a 

pilot study. The final questionnaire was sent out in March 2013. 

The respondents were told that the insurance is to prevent them for potential crop loss due to 

heavy rain. In accepting the insurance, the farmer is obliged to implement soil sustainability 

measures: reduced tillage and/or mulching with straw or plant residue. These measures were 

chosen because they are proven to be effective and feasible in Danish agriculture. Mulching 

is widespread, and broadly acknowledged as a method to increase soil organic carbon. 

However, it bears the opportunity cost of selling the mulch for, e.g. bioenergy or livestock 

production. Reduced tillage is widely used e.g. USA, but the effectiveness has not yet been 

extensively acknowledged by farmers in Denmark. If the farmer already practiced reduced 

tillage or mulching, those areas were also eligible for the insurance scheme.  

The insurance carried an annual premium of 3%, 5%, 7% or 9% of expected crop yield of the 

insured area, based on a review of crop insurance in Europe made by the European 

Commission (Bielza et al., 2008). In the event of a loss, the insured will receive 

compensation. 

Two kinds of insurance were offered: a yield insurance, in which loss and compensation was 

based on actual yield loss (to avoid moral hazard this insurance has a 10% excess); and a 

rainfall insurance, in which loss and compensation was based on local rainfall and there was 

no excess. Both types of insurance were governed by the Danish state, and payment of the 

compensation was conditional upon implementation of soil sustainability measures, as 

defined in the contract. The respondents were informed that the compliance with the contract 

would be controlled in a random selection of farms. Thus, level of insurance premium, 
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obligation to mulch, type of insurance, and reduced area tilled were the four attributes used in 

the choice experiment. They are listed in Table 1 along with their level. 

Table 1 Attributes and levels in the choice experiment 

Attribute Level 

Reduction of ploughed 

area 

10%, 25%, 50% or 75% – that is, for every 10 ha ploughed today 

the farmer manages 1, 2.5, 5 or 7.5 ha without ploughing. 

Demand of mulching of 

straw or plant residue 

Areas are/not mulched with straw or residue.  

Insurance type Yield insurance (with a 10% excess) or rainfall insurance (with 

no excess).  

Premium (% of the 

insured value) 

3%, 5%, 7% or 9 % of the expected yield of crops on the insured 

area. 

 

For each choice the respondent could select one of two insurance contracts or no contract. An 

efficient design, with conditions that avoid undesirable outcomes, was generated in NGENE 

(Choice Metrics, 2012). Each respondent was presented with eight different choice cards (see 

example in Figure 1).  

 

 Insurance A Insurance B No insurance 

Reduction in ploughed area 75% 10% I do not wish 

any of the 

proposed 

insurances 

Mulching required No     Yes     

Insurance type Yield insurance Rainfall insurance 

Premium (% of insured value) 3% 9% 

Choice (place an X in the 

relevant box) 

   

Figure 1 Example of a choice card 

 

The farmers were also asked a series of questions regarding, attitudes towards climate 

change, agricultural management practices and experience. Socio-economic data were 

available from ASPECTO’s farmer database and included in the data set. Establishing the 

type of farming enterprise (arable or livestock) is particularly important as, for example, pig 

farmers are thought to be less vulnerable to climatic events than purely arable farmers. 

Furthermore, stated soil quality of the land was collected as well-managed soils are 

potentially less vulnerable to adverse climatic conditions. 
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3.2. Model estimation 

We used a conditional logit model as a starting point for the analysis. The experiment had 

four attributes. Percent reduction of ploughed area (p) and premium as a percentage of the 

insured value (prem) enter the model as linear variables. Demand of mulching (m) and type 

of contract (t) enter the model as effect-coded dummy variables.  

A respondent (i) receives utility Uj when choosing one of the proposed alternatives. The 

probability that respondent i will choose alternative j (j = A, B or no contract) is equal to the 

probability that utility gained from choosing alternative j is larger than or equal to the utility 

gained from choosing any of the other alternatives.  

The utility model in a conditional logit model with an alternative specific constant specified 

as: 

𝑈𝐴,𝐵 = 𝛽𝑝𝑝 + 𝛽𝑚𝑚 + 𝛽𝑡𝑡+𝛽𝑝𝑟𝑒𝑚𝑝𝑟𝑒𝑚 + 𝑢𝐴,𝐵                                 (1) 

𝑈𝑠𝑞 = 𝛽𝑠𝑞 + 𝑢𝑠𝑞                                     (2) 

where 𝑢𝑖 are error terms that are independently and identically distributed extreme values 

(Gumbel-distributed) with variance 𝜋2/6 and a mean different from zero (Train, 2009). A 

potential status quo effect is captured by specifying an individual alternative specific constant 

(𝛽𝑠𝑞) for the status quo utility. 

Unobserved segmentation can be accounted for in a latent class model (Greene & Hensher, 

2003; Swait, 1994). This specification takes heterogeneity into account by specifying 

underlying segmentation in the data set. 

The utility function of the model with farmers belonging to latent class s = (1,2..,S) is: 

𝑈𝐴,𝐵|𝑠 = 𝛽𝑝𝑠
𝑝 + 𝛽𝑚𝑠

𝑚 + 𝛽𝑡𝑠
𝑡+𝛽𝑝𝑟𝑒𝑚𝑠

𝑝𝑟𝑒𝑚 + 𝑢𝐴,𝐵|𝑠                                 (3) 

𝑈𝑠𝑞|𝑠 = 𝛽𝑠𝑞𝑠
+ 𝑢𝑠𝑞|𝑠                                    (4) 

The subscript s indicates individual preference coefficients in each class. The error term 

(𝑢𝑗|𝑠) is Gumbel distributed with variance 𝜋2/6 for each class. The number of classes that 

exist in the data is decided using AIC, BIC and ρ
2
 as guidelines, and then the model results 
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are taken into account before deciding on the final number of classes (Boxall & Adamowicz, 

2002; Swait, 1994). 

The results from the conditional logit and the latent class models are used to estimate the 

farmers’ expected willingness to pay (WTP) for the attributes in the insurance scheme. The 

WTP is defined by the marginal rate of substitution between the attribute and a payment – in 

this case the premium.  

𝑊𝑇𝑃𝑖 =
𝛽𝑖

𝛽𝑝𝑟𝑒𝑚
                    (5) 

4. Results 

With a respond rate of 51% the survey resulted in 593 valid responses. A descriptive analysis 

shows that the sample is slightly skewed compared to the total population of farmers in 

Denmark. We find a typical bias: younger farmers are overrepresented, while older farmers 

are underrepresented. However, the geographically representation is fairly close to that of the 

total population of Danish farmers. 

A standard conditional logit regression, with an alternative specific constant to account for 

possible status quo effect (Hensher, Rose, & Greene, 2005) and the attributes given in Table 

1 as explanatory variables, reveals that the respondents are indifferent to the mulching and 

insurance type (yield or rainfall) attributes of the insurance. The farmers in the survey mulch 

35% of their land on average, i.e. it is a well-known attribute. However, the insurance type 

attribute becomes significant only if premium and insurance type are the sole attributes 

included in the model. The negative insurance type parameter estimate indicates that the 

farmers prefer yield insurance. This is as expected, since yield insurance involves less 

insecurity and is the insurance type most commonly known. However, since insurance type is 

insignificant in the second column (the all attribute model) and only becomes significant 

when removing the reduction-in-ploughed area attribute, we conclude that the respondents do 

not place importance on insurance type. Inspecting the AIC and log likelihoods reveals that 

the “no ploughing” model is preferred. The utility model for insurance therefore looks like: 

𝑈𝐴,𝐵 = 𝛽𝑝𝑝 + 𝛽𝑝𝑟𝑒𝑚𝑃𝑟𝑒𝑚 + 𝑢𝐴,𝐵                    (6) 
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𝑈𝑠𝑞 = 𝛽𝑠𝑞 + 𝑢𝑠𝑞                    (7) 

The farmers prefer as few restrictions as possible for the reduction-in-ploughed-area attribute, 

and as low a premium as possible. However, the status quo is negative, indicating that they 

actually get utility from having the insurance. 

Table 2 Conditional logit models’ results 

Attribute Model type 

  All attributes Insurance 

type 

No ploughing  

Reduction in ploughed 

area 

-0.427***   -0.432*** 

  (0.034)   (0.033) 

Level of premium -0.155*** -0.107*** -0.156*** 

  (0.017) (0.016) (0.017) 

Mulching -0.021     

  (0.035)     

Insurance type -0.047 -0.077**   

  (0.036) (0.034)   

Status quo -0.696*** 0.641*** -0.716*** 

  (0.143) (0.097) (0.143) 

AIC 4154.4 4320.3 4152.5 

Log likelihood -2072.21 -2157.16 -2073.26 

Note: ***, ** and * are significant at 1%, 5% and 10% levels, respectively. Numbers in parenthesis, 

under the parameter estimates are the standard errors. 

Reduction in ploughed area and premium are linear parameters. Mulching and insurance type are 

effect-coded parameters. Mulching = 1 if the contract includes demand of mulching, if not mulching = 

-1. Rainfall insurance (index) = 1; yield insurance = -1.  

Other factors, such as socio-economic characteristics and opinions could also influence the 

respondents’ choices. Therefore, the model is expanded to; 

𝑈𝐴,𝐵 = 𝛽𝑝𝑛𝑜𝑝𝑙𝑜𝑢𝑔ℎ + 𝛽𝑝𝑟𝑒𝑚𝑃𝑟𝑒𝑚𝑖𝑢𝑚 + 𝛽𝑝𝑖𝑔𝑠𝑃𝑖𝑔𝑠 ∗ 𝑛𝑜𝑝𝑙𝑜𝑢𝑔ℎ + 𝛽𝑠𝑜𝑖𝑙𝑆𝑜𝑖𝑙𝑞𝑢𝑎𝑙𝑖 ∗

𝑛𝑜𝑝𝑙𝑜𝑢𝑔ℎ + 𝛽𝑎𝑟𝑎𝑏𝑙𝑒𝐴𝑟𝑎𝑏𝑙𝑒 ∗ 𝑛𝑜𝑝𝑙𝑜𝑢𝑔ℎ +  𝑢𝐴,𝐵                                       (8) 

𝑈𝑠𝑞 = 𝛽𝑠𝑞 + 𝑢𝑠𝑞                    (9) 

Pigs is a dummy indicating whether the farmer has pigs, soil quality is the farmers’ own 

perception of the soil quality on a scale from 1 to 5, where 1 refers to good soil quality and 5 

refers to poor quality. Arable indicates whether the respondent grows arable crops in rotation 
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on all (= 3), part (= 2) or none (= 1) of his fields.
2
 The results of the conditional logit model 

(Table 3, second column) are the same as in Table 2. The conditional logit with interaction 

effects (Table 3 third column) is expanded from the basic conditional logit model by 

including the socio-economic variables multiplied by the no-ploughing variable. Scaling 

implies that care should be taken in analysing the estimation results directly. However, it is 

possible to interpret the sign of the results, and their significance. As expected, the coefficient 

for reduction in ploughed area is negative, meaning that the larger an area the respondent 

needs to practice reduced tillage, the lower the utility. Likewise, the coefficient for the level 

of insurance premium is negative. The coefficient on pigs is negative, that is, pig farmers are 

less willing to accept an insurance contract than other farmers, everything else being equal. 

That is expected, as pig farmers are less vulnerable to heavy rain than arable farmers. The 

coefficient for soil quality is positive, indicating that the worse quality the respondent thinks 

his/her soil is, the more utility s/he gets from an insurance contract. The arable coefficient is 

also positive, meaning that arable farmers are more willing to accept an insurance contract 

than livestock farmers. Again, this is an expected result as arable farmers are particularly 

vulnerable to heavy rain. The status quo indicator is significant, large and negative, indicating 

that the respondents do actually want to buy the insurance. 

 

 

 

 

 

 

 

 

                                                           
2
 Other factors, such as size of the farm, crop loss due to heavy rain, farmers’ disbelief in future crop losses, 

farmers belief in the role of the soil (production or investment), and the respondents’ opinions regarding climate 

change and carbon in soils, were included but found insignificant. 
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Table 3 Estimation results 

  
Base 

model 

Expanded 

model 

Latent class 

1 2 

Reduction in ploughed area -0.432*** -0.731*** -0.940*** -0.833*** 

  (0.033) (0.092) (0.306) (0.171) 

Premium -0.156*** -0.156*** -0.366*** -0.123*** 

  (0.017) (0.017) (0.052) (0.020) 

Pigs (= 1 if have pigs)   -0.167*** -0.168 -0.133* 

    (0.041) (0.126) (0.075) 

Soil quality (scale 1-5, 5 = worst)   0.060*** 0.096** 0.058* 

    (0.018) (0.049) (0.034) 

Arable (= 1 if arable farmer)   0.084** -0.068 0.147** 

    (0.033) (0.117) (0.066) 

Status quo -0.716*** -0.738*** -1.152*** -2.636*** 

  (0.143) (0.143) (0.369) (0.197) 

Probability     0.640*** 0.360*** 

      (0.029) (0.029) 

AIC 4152.5 4121.5 3066.6 

Log likelihood -2073.26 -2054.73 -1520.29 
Note: ***, ** and * are significant at 1%, 5% and 10% levels, respectively. Numbers in parenthesis, 

under the parameter estimates are the standard errors. 

Reduction in ploughed area and insurance premium are linear parameters. Mulching and insurance 

type are effect-coded parameters. Mulching = 1 if the contract includes demand of mulching, if not 

mulching = -1. Rainfall insurance (index) = 1, yield insurance = -1. Pig and arable are dummies that 

= 1 if the farmer has pigs or grows crops. Soil quality is on a scale from 1 to 5, 1 being the best 

quality and 5 being the worst.  

In order to analyse if there is any relationship between interest in insurance and expectations 

about the effect of future extreme weather a dummy variable was included, however this was 

insignificant. Those who believe they will be affected by future weather events do not behave 

in a significantly different way than the rest of the respondents. 

Besides the conditional logit model, a latent class model was analysed. In a latent class 

model, underlying segmentation is taken into account. Following Swait (1994) and Boxall 

and Adamowicz (2002) the number of classes was again decided using AIC, BIC and ρ
2
 as 

guidelines. Even though these information criteria indicated that more classes would generate 

a statistical improvement of the model, a two-class model was chosen, as models with more 

classes produce classes with only one significant parameter.  

Since the latent class model is a specification of the conditional logit model, one can compare 

log likelihood values and AIC directly; it is seen that the latent class specification is strongly 

preferred. Sixty-four percent of the respondents belong to class 1 and 36% to class 2. Both 
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models have significant parameter estimates for reduction in ploughed area, premium, soil 

quality and status quo – and there is no shift in signs between the two segments. Class 1 

farmers place relatively large importance on the level of the insurance premium, and their 

decisions depend more on soil quality than for class 2 farmers. This indicates that insurance 

purchase depends on a relatively low premium and poor soil quality. Class 2 is characterised 

by a large negative status quo estimate, indicating that farmers are interested in buying the 

insurance, and a significant effect for the type of farmer (pig or arable).  

Table 4 Explanatory binary model (for class 1) 

No effect of extreme weather (= 1) -0.552*** 

 

(0.095) 

Extreme weather will increase risk of loss (= 1) -0.645*** 

 

(0.081) 

Farmer is taking action to prevent future loss (= 1) 0.001*** 

 

(0.000) 

Soil type -0.238*** 

 

(0.042) 

Zealand 0.291*** 

 

(0.103) 

Owns the farm (= 1) 2.635*** 

 

(0.195) 

Farmer has experienced loss (= 1) -1.055*** 

 

(0.202) 

Soil quality (scale 1-5) -0.129*** 

 

(0.028) 

Log likelihood -4571.52 
Note: ***, ** and * are significant at 1%, 5% and 10% levels, respectively. Numbers in parenthesis, 

under the parameter estimates are the standard errors. 

Soil type; Sandy = 1, low and high activity clay (LAC and HAC) = 2 and hummus =3 (see Appendix 

A), Zealand = 1 (includes the region Capital and Zealand), rest of Denmark = 0. Soil quality is on a 

scale from 1 to 5, 1 being the best quality and 5 being the worst. 

Table 4 shows the results of an explanatory model that attempts to analyse what characterises 

the farmers in class 1, where most belong. They tend to believe that more extreme weather 

will have an effect on their practice; however, they do not think the risk of productivity loss 

will increase as a result. Nor have they experienced productivity loss due to heavy rain in the 

past. They have taken action to prevent future losses and tend to own their farms, live on 

Zealand, have sandy soils and assess their soils as being of good quality.  

The WTP to avoid the reduction in ploughed area can be calculated as the marginal rate of 

substitution between no ploughing and the premium. The premium is a percentage of the 
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expected yield of the insured area. The WTP is therefore also a percentage of the expected 

value of the insured area (Table 5). Taking socio-economic variables into account seems to 

increase the WTP from 2.77% to 4.69% of the insured value. It is also seen that there are two 

types of farmers; the farmers belonging to class one have a low WTP, while the farmers 

belonging to class two have a high WTP. 

Table 5 Willingness to pay (marginal rate of substitution) for not ploughing  

 
Marginal rate of substitution 

Base model 2.77 

Extended 

model 4.69 

Latent class 1 2.57 

Latent class 2 6.77 

 

5. Insurance as a climate change adaptation mechanism 

The above results analyse farmers’ preferences for insurance schemes and the characteristics 

of the farmers who have a higher demand for insurance. This section will analyse and discuss 

the use of an insurance scheme as an adaptation mechanism to climate change.  

More extreme weather has increased the risks to farmers’ production. A heavy shower can 

destroy large areas of crops; currently the farmer will have to adapt to these changes by either 

taking areas out of rotation or changing crop rotation. In this study, farmers are given another 

option: to buy insurance that mitigates the risk of loss. On its own, such insurance could be 

seen as government support to farmers to keep farming. Farmers would have less incentive to 

take climate change into account, following the theoretically results by Quaas and 

Baumgärtner (2008) and Baumgärtner and Quaas (2008)  and empirical result by Horowitz 

and Lichtenberg (1993) and Wu (1999). These papers all find that when farmers are insured 

they tend to undertake a more risky and more intensive production. However, the scheme 

tested in this paper has incorporated a sustainability clause: if farmers sign up to the 

insurance, they need to comply with soil management restrictions that enhance soil structure 

and make it less vulnerable to extreme weather events.  

To analyse the farmers’ preferences for insurance, a fictitious insurance scheme was 

constructed. The farmers could choose between yield-based or precipitation-based (index) 

insurance. In order to minimise moral hazard, yield insurance had an excess, while the 
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precipitation insurance already minimised the moral hazard and adverse selection problems. 

Yield insurance is the most common type of insurance, and to the authors’ knowledge, index 

insurance has yet to be introduced to the Danish market. Hence, it was expected that the 

farmers would prefer the well-known yield insurance. The results, however, suggest that the 

farmers were indifferent to the two types of insurances, and only placed more weight on the 

variable restricting ploughable area. 

The analysis can also tell us something about how farmers see the trade-off between MI and 

NI. It is clear that the farmers were interested in the MI; however, a trade-off exists between 

being insured and having to perform NI, i.e. having to reduce ploughed area. However, other 

NI measures, such as mulching, can be used without the trade-off. Most farmers already 

perform mulching: only 25 % answered that they do not. The cost of mulching is the loss of 

the alternative income from selling the mulch for energy production, minus the benefit of 

adding nutrients to the soil. The cost of having restrictions on ploughing has, for most 

farmers, more unknown effects; relative to their experience with reduced tillage, they may 

have to learn how to manage the soil without ploughing. Furthermore, the cost of weed 

control will probably go up, at least in the short-term. 

The survey revealed that a majority of the farmers are already adapting to more extreme 

weather to minimise the risks of loss. Only 5% of those who have experienced loss due to 

extreme weather do nothing to prevent future losses. This indicates that an insurance scheme 

could compliment how farmers choose to mitigate or adapt to climate change. 

A real world insurance scheme could be more individual and cover more sustainable practice. 

An individual plan for how to best minimise the risk could be made with cooperation 

between the farmer and the government (insurer).  

Who should be the insurance provider is, as yet, unclear. Because of correlated risk, index 

insurance (and others) create a need for risk pooling. If the insurer does not cover a 

geographical large enough area the company will be hit hard, in case of, for example, 

flooding; where a large portion of the clients may need compensation. By covering only one 

specific geographic or production area the risk will be quite high for the insurer and, 

especially in the early years of establishment, there may not be enough capital to cover the 

loss. This risk could be minimized by covering larger geographic or production areas. 

However, this could be impossible for a single government to undertake. Instead, as proposed 

by Rasmussen (2008) (and Skees et al. (2007)), an international institution, like the EU, could 
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be better placed to act as an insurer. Pooling the risk will spread it out over a larger area. In 

practice this would mean that the insuring country could buy some kind of reinsurance from 

the EU – which would provide cover in the case of a catastrophe. However, this could also 

generate high costs because of a limited marked, limited price transparency, contract fees and 

the possibility of moral hazard. The price of reinsurance is also known to be very volatile, 

because it tends to rise dramatically after major losses and then fall again until the next event 

(Skees et al., 2007). 

Another way to solve the reinsurance challenge is with catastrophe (CAT) bonds (Skees et 

al., 2007). CAT bonds transfer the risk of catastrophes from the holder to the investor. The 

investor buys a bond, and, if a pre-specified event happens, the investor will lose some (or 

all) of the principal. Since CAT bonds run for three years this kind of “reinsurance” is less 

volatile. The trigger of the CAT bond could, like insurance, be index based, e.g. on the 

average loss of an industry or a special event. The market for CAT bonds has been growing 

since the late 1990s and reinsurance companies are also using them to spread their risk.  

6. Discussion and conclusion 

Only a few papers have been published on farmers’ preferences for insurance. Sherrick et al. 

(2003) used a mail survey to rank farmers’ preferences for eight insurance products. They 

find that flexibility in the contract attributes is the most important attribute to farmers, i.e. that 

farmers would like greater freedom in selecting areas to insure. Flexible units revenue 

insurance was preferred over yield insurance, and the coverage/cost/frequency attribute was 

not considered. For the inflexible units, low coverage/cost/frequency was preferred over the 

high, while the type of insurance was not taken into account when ordering the insurance 

schemes.  

 Nganje et al. (2004) also looked at farmers’ preferences for insurance in terms of crop and 

health insurance. They found that coverage level, insurance type, and premium size affect 

choice of crop insurance.  

Both results are in line with the results of this paper. The farmers are first of all worried about 

how much land will be affected by the contract. And like Sherrick et al. (2003) the farmers in 

our study are indifferent to insurance type. 
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The insurance analysis reveals that market-based insurance has a demand. The farmer will 

experience an increase in utility when s/he buys insurance, especially in the case of arable 

farmers and those who think they have poor soil quality. Pig farmers are more reluctant to 

buy insurance. This was as expected, a priori, since arable farmers are more vulnerable to 

heavy rains than pig farmers, and farmers with poor soil quality run a greater risk of losing 

production because of weather events. 

The trade-off between MI and NI is revealed by the demand for MI, indicated by the negative 

status quo parameter in our model, and the resistance to NI, indicated by the negative 

parameter for a restriction on ploughing. However, the results of the analysis also imply that 

if other NI measures, such as mulching, that impose fewer restrictions on farm management 

and less insecurity regarding costs, are used, the farmer sees no trade-off.  
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Linking climate change perceptions to adaptation and mitigation 

action  

Abstract 

One of the main contributors to anthropogenic climate change is agriculture, although, 

paradoxically, the sector is also very vulnerable to climate change effects, in particular 

extreme weather events. The agricultural sector can make a significant contribution to climate 

change mitigation, however, through increasing or sustaining soil carbon levels. The 

perception and action of farmers to anticipated climate change may be a significant 

determinant of both climate change impacts and mitigation efforts in agriculture. This is the 

first national-scale study of the perception of climate change by farmers and their associated 

farming practices regarding mitigation and adaptation. We find that Danish farmers realise 

that climate change will affect them in the future, and that many are already affected and are 

taking action to prevent future losses. Almost one fourth of the farmers surveyed stated that 

they include climate change mitigation in soil management planning. Only 7% did not 

believe that carbon can be sequestered in soils. The majority of Danish farmers are already 

adapting to the effects of climate change, especially through maintaining or expanding 

drainage areas to reduce the impact of heavy rain, but also by changing soil management 

practices to increase water infiltration capacity. The study reveals the paradoxical finding that 

farmers, although believing that climate change is real, and having experienced losses due to 

adverse climatic events, do not tend to connect the two phenomena. Knowledge gained from 

this study can be useful for future policymaking on the effect of farm management practices 

in relation to climate change. Acknowledging farmers’ attitudes and beliefs may be an 

important component in understanding the responsiveness of the agricultural sector to 

initiatives to reduce emissions from farming and to improve the robustness of agricultural 

systems to climate change.  

 

 

Key words: climate change, carbon sequestration, soil organic carbon, farmers’ perceptions, 

adaptation, mitigation, risk  
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1. Introduction 

Human-induced climate change is irrefutable (Field et al, 2014). A significant contributor is 

agriculture (the third largest contributing sector in the EU, comprising 9% of total greenhouse 

gas (GHG) emissions (European Commission, 2008)). Paradoxically, the agricultural sector 

is also very vulnerable to changes in climate, particularly to extreme weather events, which 

are expected to become more frequent in the future (Stocker et al, 2013; Olesen et al, 2014). 

However, the sector can make a significant contribution to climate change mitigation through 

carbon sequestration by maintaining and restoring carbon pools in soils. How farmers 

perceive, act on and adapt to expected climate change is, potentially, a significant 

determinant of both climate change impacts and mitigation efforts. 

Carbon pools in soils have been in decline since the industrial revolution, mainly due to 

intensification of agricultural production (Lal, 2004a). Soil organic carbon (SOC) pools are a 

determining factor for soil quality. Soils with high levels of stored carbon and biodiversity 

tend to have better soil structure and improved nutrient and water availability, securing plant 

productivity (Lal, 2004b; Lal, 2006). Furthermore, higher levels of SOC reduce the risk of 

erosion, increase crop productivity, and help maintain consistent yields (Barrios, 2007). Soil 

carbon sequestration can be implemented through changes in land-use and management 

practices, such as changing from conventional tillage to no-till (West and Post, 1997; Lal, 

2004b). 

 Currently soil is being degraded by, e.g., deforestation, biomass burning and drainage of 

wetlands (Haygarth and Ritz, 2009; Lal, 2013). However, it is possible to increase carbon 

pools by, e.g., afforestation, decreasing the intensity of timber management and reducing soil 

disturbance in agriculture (Olesen et al, 2002; Freibauer et al, 2004; Lal, 2013). Also, 

estimates shows, that the total anthropogenic GHG emissions over 30 years is  equivalent to 

an increase of 10% in global SOC (Kirschbaum, 2000). That is, increasing the organic matter 

in soils potentially provides a key solution to reducing GHG emissions. 

In Denmark, the agricultural sector is relatively large and intensive compared to the rest of 

the EU, and 15% of the total GHG emissions in Denmark stem from agriculture (Kebmin, 

2013). The Danish GHG reduction target is 40% by 2020 compared to the 1990 level, and it 

is government policy that all sectors contribute to this reduction, not only the sectors included 

in the carbon emissions trading system (Kebmin, 2013). Estimates indicate that this goal is 
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equivalent to a 2.1% annual relative increase in the carbon soil pool in Denmark (Termansen 

et al, 2015). 

Mitigation in the environmental sector is a private or public investment made to reduce the 

odds that a bad state of nature is realized, that is, it is a form of self-protection. Adaptation in 

the environmental sector is an investment, private or public, to reduce the severity of a 

realised bad state of nature – also defined as self-insurance (Kane and Shogren, 2000). In the 

case of agriculture, however, the concepts overlap to a certain extent. The mitigation of 

climate change by, e.g., enhancing soil organic matter, will not only reduce net GHG 

emissions, but will also reduce the severity of the event’s impact, e.g. of heavy rain, since soil 

rich in organic matter will have a greater ability to infiltrate large amounts of water and 

reduce the damage to crops (adaptation). Therefore, we adopt the Intergovernmental Panel on 

Climate Changes (IPCC) definitions of adaptation and mitigation in relation to climate 

change (as seen in Arbuckle et al (2013)). Adaptation is defined as an action to adjust to 

changes in the climate, while mitigation is a policy implemented with the aim of reducing 

GHG emissions.  

Traditionally, adaptation and mitigation have been portrayed as conflicting strategies: 

financing of future adaptation is suggested to be made through wealth accumulated over time 

by not investing in mitigation. However, if the adaptation needed is more expensive, or the 

risk higher than expected, the accumulated wealth might be insufficient. Mitigation strategies, 

while reducing the need for adaptation, can have high opportunity costs and reduce economic 

growth (Kane and Shogren, 2000).  

Mitigation and adaptation can be both compliments and substitutes, as they are two 

independent strategies used to deal with risk (Kane and Shogren, 2000). Therefore, societies 

can choose the optimal combination of adaptation and mitigation. The result will depend on 

how societies value risk and uncertainty. We can chose to “wait and see”, and then adapt to 

the changes, or we can chose to put a large effort into reducing the risk of a negative event. 

The former could be risky as the cost of the adaptation is unknown. Relying on mitigation is 

also risky due to the prevalence of free riding. 

For the agricultural sector, adaptation and mitigation are different strategies used to deal with 

risks, but which can have synergistic effects on soil management strategies. This suggests 

that farmers’ perceptions of the risks associated with future climate change and of the 

effectiveness of adaptation and mitigation strategies may be an important factor for climate 



4 
 

change adaptation action (Howden et al, 2007; Arbuckle et al, 2013). Therefore, 

understanding farmers’ beliefs may be an important component in understanding the 

responsiveness of agriculture to initiatives to reduce emissions from the agricultural sector 

and improve the robustness of agricultural systems to climate change.  

A number of papers have studied the perceptions of climate change by the general public 

(e.g. Eurobarameter, 2007; Saad, 2009; WWF Verdensnaturfonden, 2013). A limited number 

of these have focused on farmers. Large-scale studies in this field are mainly from the US: on 

farmers in Nevada (Liu et al, 2013), on maize farmers in Indiana (Gramig et al, 2013), and a 

large-scale survey on soya and bean farmers in Iowa (Arbuckle et al, 2013). Earlier studies on 

European agriculture have focused on winegrowers (Battaglini et al, 2008), Scottish dairy 

farmers (Barnes and Toma, 2011) and grassland farmers in northern Germany (Eggers et al, 

2014).  

The present study is the first national-scale study utilising a representative sample of the 

farmer population and linking farmers’ perceptions of climate change to actual mitigation and 

adaptation efforts. We seek to improve understanding of several questions related to climate 

change action: i) do farmers consider mitigation when managing the soil? ii) what is the 

prevalence of adaptation action?, and iii) what is the connection, if any, between the 

perception of climate change risk and mitigation and adaptation actions, respectively? We 

collected representative national-scale data. Using probit regressions we characterised the 

climate-sceptic farmers and analysed the interconnections between climate scepticism and 

mitigation and adaptation actions. Section 2 presents the data collected and methods used in 

the analysis. The results are presented in section 3. Finally, section 4 discusses the results and 

offers a conclusion of the main findings. 

2. Methods 

A large questionnaire was developed to analyse different aspects of farmers’ adaptation and 

mitigation actions to climate change.                                                                                      

Survey data is first analysed using simple statistics and frequency analysis to identify 

farmers’ perceptions of different climate-related issues, such as the effect of soil carbon on 

climate change, the notion that climate change is man-made, and the farmers’ own current 

adaptation and mitigation strategies. Secondly, the data is analysed using probit models to 

test the drivers of adaptation and mitigation action. 
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2.1. Questionnaire 

A national-scale survey was conducted among Danish farmers in the spring of 2013. The 

survey was distributed to a representative group of farmers by email, giving them a link to the 

survey. This form of data collection was chosen since it is cost efficient and has been shown 

to be as reliable as mail surveys (Olsen, 2009). Since Danish farmers are used to reporting 

farm management data on the internet, an internet-based study was not expected to reduce the 

representativeness of the sampled farmers (Pedersen and Christensen, 2011).  

The questionnaire was discussed by researchers with expertise in different aspects of soil 

functioning and soil management, by advisors from SEGES (the Danish Knowledge Centre 

for Agriculture) and by four farmers. Furthermore, the questionnaire was discussed by three 

focus groups, and finally it was tested in a small pilot study. This process was conducted to 

ensure that the final questionnaire was understandable, credible and relevant.  

In the questionnaire the respondents were asked a series of questions regarding their 

perception of climate change and adaptation to problems related to more extreme weather. 

Furthermore, socio-economic and farm information, such as number of livestock, acres of 

farmland, educational status etc. stems from the farmer panel database. Farm and livestock 

type were expected to have some influence on the farmers’ focus of management. Pig farmers 

are, for instance, less dependent on high-quality arable crops than wheat farmers. While all 

farm owners are expected to invest in the long-term profitability of their farms, young and 

well-educated farmers would perhaps be expected to be more open to new ideas and to have 

greater knowledge about recent scientific results. 

A series of explanatory variables were taken into account in analysing what characterises 

farmers’ perceptions. The socio-economic variables are given in table 1. 

Table 1 Socio-economic variables 

Variable name Interval Definition 

Famer’s age Continuous  

Arable farmer Dummy = 1 if farmers are arable 

Pig farmer Dummy = 1 if have pigs for livestock 

Owns the farmland Dummy = 1 if owns the land 

Educational level 1–4  (4 represents the highest 

educational status) 
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A series of variables indicate the farmers’ previous experiences, which were also expected to 

influence their management practices and climate perception. These are water logging (WL) 

(equals one when farmers have observed water-logged soils, otherwise zero); water 

percolation (WP) (equals one when farmers have observed soils where water cannot penetrate 

the crust, otherwise zero); erosion (E) (equals one for farmers who have observed soil 

erosion, otherwise zero); and loss (L) (equals one for farmers who have experienced crop loss 

due to heavy rain within the recent years, otherwise zero).  

2.2. The probit model 

A probit model is used to identify what characterises farmers’ perceptions of climate change. 

We test three competing models of the driving factors: socio-economic characteristics, the 

respondents’ experiences with climate change, and the respondents’ perceptions of the 

evidence for climate change. 

A probit model is binary, where the probability of 𝑦𝐼 = 1 depends on function (G) of a vector 

of individual characteristics (𝑥𝑖) and parameters (𝛽) (Verbeek, 2004). The two discrete 

outcomes define the probability of the respondent being either a climate change sceptic or a 

believer. 

𝑃{𝑦𝑖 = 1|𝑥𝑖} = 𝐺(𝑥𝑖, 𝛽)     (1) 

That is, the probability for 𝑦𝑖 = 1 (the respondent being a climate sceptic) depends on a 

vector (𝑥𝑖) containing characteristics that have an effect on that probability. The model is 

estimated with maximum likelihood. 

3. Results 

Out of 2293 some 1174 respondents completed the questionnaire (51% response rate); 

however, 91 responses were eliminated during the screening process, either because the 

respondent only grows permanent grass or because he/she is not in a position to make 

decisions about the management practices. The analysis therefore used data from 1083 

responses. 

To evaluate any potential bias in the results, the general socio-economic information of the 

surveyed farmers is compared with that of the farmer population in Denmark in general. We 
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find, as is often the case in surveys, that young farmers and farmers older than 70 are 

underrepresented, while the middle-aged (45–70 years old) are slightly overrepresented. 

Small farms are strongly underrepresented; this could be because small farms are mostly 

hobby or part-time farms and this group of farmers are less interested in being a part of a 

farmer panel. However, in terms of agricultural area, hobby farms in Denmark only represent 

a small proportion of the total, so their absence here is assumed to be insignificant. 

Geographical distribution can also cause bias. However, here the distribution is fairly similar 

to the real population of farmers (Q = 10.77 compared with a 𝜒0.01
2 (5 − 1) = 13.28/ 𝜒0.05

2 (5 −

1) = 9.49). We conclude that the survey is a reasonable representation of farmers in Danish 

agriculture. 

3.1. Farmers’ perceptions of climate change 

Most of the farmers surveyed believe that it is their responsibility to minimise the effect of 

farming on the climate, and 40% are already doing something about it. Some 18% do not 

think they can do anything to minimise the effect, while 15% feel that they could do more but 

the costs are too high. Only 11% do not believe that human actions have an effect on the 

climate. 

More than half of the respondents are aware of the fact that carbon can be stored in the soil. 

However, only 22% actually think about this when making plans for their soil management. 

Some 14% of the respondents have heard about carbon storage in soil, but think the effect is 

limited, and 7% do not believe that carbon can be stored in the soil. Only 4% have not heard 

about carbon storage, and 18% do not know how to answer the question. At the same time, 

67% of the respondents reply that they think of their land as a production factor, while 23% 

think of the land as both an investment and a production factor. Only 3% think of their land 

purely as an investment, and 7% do not know what to answer. These results may indicate that 

for many farmers, soil management is seen as an on-going farm activity rather than a long-

term investment.  

One hundred and twenty-eight farmers do not believe in anthropogenic climate change, even 

so 20% of these farmers consider mitigation while planning, while 36% either think that the 

mitigation effect of soil carbon pools is limited or do not believe in it. For farmers who 

indicate that they believe that human actions do have an effect on climate change, 25% 

mitigate GHG emissions, while 21% believe that the effect is limited or do not believe that 
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carbon can be stored in the soil. A 𝜒2 test reveals that there is no significant difference in the 

mitigation behaviour of farmers who do and do not believe in anthropogenic climate change.  

3.2. Farmers’ experiences with and adaptation to climate change 

Issues that are expected to worsen under climate change and limited soil carbon storage, i.e. 

degraded soil quality, affected a large proportion of the farmers surveyed. Some 80% of 

farmers have observed areas of land with water-logged soils, 69% have observed restricted 

water percolation due to soil crust formation, and 46% have observed erosion. These 

problems are related to poor soil structure and will possibly increase the farmers’ chances of 

experiencing a loss of productivity (Schjønning et al, 2009). The majority of surveyed 

farmers had already experienced loss from summer storms within the recent years (66%), and 

57% expect an increase in the likelihood of future losses. Some 18% expect that they will 

have to adapt to the change in climate by either taking large areas of land out of rotation (5%) 

or changing crops (13%). Almost a third (30%) of farmers do not believe that the forecasted 

more extreme weather will affect them. 

The survey also revealed that many farmers are already performing some form of self-

protection, i.e. adaptation. Out of the 30% who have not experienced any loss in production, 

only 10% claim that they have not taken any precautions. Likewise, only 5% of those who 

have experienced loss due to weather events have not done anything to avoid future losses. 

Maintaining or restoring drainage systems is the most popular activity undertaken to avoid 

future losses. Some 15% of farmers state that this is one reason they have not experienced 

loss, and 60% say they will maintain or repair drainage areas in order to avoid future losses. 

Other popular adaptation tools include having green winter fields, increasing the application 

of organic manure to the land or expanding the drainage area. Both green winter fields and 

increased application of organic matter will increase the soil structure and thereby minimise 

the risk of drought or flooding. 

For those farmers who do nothing to prevent future losses, there is no correlation between 

this behaviour and their belief that they will be exposed to greater risks in terms of 

productivity (43% believe that their risk of loss will increase in the future, while 37% do not 

believe they will be affected). The deduction from this is that either the 43% of farmers are 

not behaving in an economically rational manner, or they have concluded that for them the 

cost of taking action now is larger than future adaptation costs.  
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Furthermore, believing in anthropogenic climate change appears not to affect farmers’ 

propensity to take action against it. Seventeen percent of non-believers and 16% of believers 

have done or are doing nothing to prevent future productivity losses. 

The results reflect that Danish farmers are or expect to be affected by climate change. Many 

are already performing some kind of mitigation and adaptation to avoid future loss. 

3.3. Characterisation of farmers’ climate perceptions 

We specify three regression models to analyse what characterises farmers’ perceptions 

related to climate change. We analyse three different aspects of perceptions and beliefs: 

beliefs about future losses in productivity, perceptions of anthropogenic climate change, and 

perceptions about the effectiveness of soil carbon storage as a mitigation measure. 

Table 2 displays a probit estimation for the farmers who do not think they will be affected by 

future weather extremes (= 1, otherwise = 0). It is seen that the likelihood that a farmer 

expects to be affected by climate change increases with age, and is higher for arable farmers 

and farmers who own the land they farm. Farmer educational level and whether they keep 

pigs are insignificant factors. Contrary to expectation, the probability of believing they will 

be affected by climate change is lower for farmers who have experienced water logging, soil 

crust formation and problems with erosion, and for farmers who have already lost some 

production due to heavy rain. This was analysed further by including dummies in the 

regression (third column) for those who do or have done nothing to prevent losses. However, 

both dummies are significantly negative indicating that those who do nothing apparently do 

still think that they will be affected by extreme weather in the future. 

Table 2 Probit analysis on whether surveyed farmers think they will be affected by 

future extreme weather events  

 

Model 1 Model 2 

Constant 1.052*** 1.355*** 

 

0.389 0.412 

Farmer’s age -0.016*** -0.016*** 

 

0.004 0.004 

Farm ownership -0.511** -0.604** 

 

0.244 0.261 

Education level -0.023 -0.030 

 

0.024 0.024 

Arable -0.216** -0.232** 

 

0.097 0.098 

Pigs -0.047 -0.073 
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0.112 0.113 

Water logging 0.288** 0.224 

 

0.134 0.137 

Water penetrate 0.235** 0.223** 

 

0.107 0.108 

Erosion 0.194** 0.183** 

 

0.089 0.090 

Loss 0.901*** 0.834*** 

 

0.093 0.105 

Do not act to prevent future loss  -0.671*** 

 

 0.183 

Did not act to prevent loss in the past  -0.525*** 

 

 0.147 

LL -576.45 -563.38 
 

Note: ***, **, * indicates significance at 1%, 5% and 10% levels. 

No effect = 1. 

The probability that farmers do not believe in anthropogenic climate change, as seen in table 

3, second column, decreases with age and farm ownership. Furthermore, pig farmers or  

purely arable farmers are more likely to believe in anthropogenic climate changes.. Again 

farmer educational level is insignificant, and past experience of loss has no effect on whether 

the farmer believes in anthropogenic climate change or not.  

Only the experience of water not getting through the soil crust seems to have an effect on the 

probability that the farmer believes that carbon can be stored in the soil (third column, table 

2). 

Table 3 Probit analysis for the surveyed farmers not believing in anthropogenic climate 

change and that carbon can be stored in the soil 

 

Non-human 

climate change No carbon storage in soil  

ASC 3.360*** 0.743** 

 

0.506 0.359 

Age -0.025*** 0.004 

 

0.005 0.004 

Own -0.618* -0.194 

 

0.329 0.205 

Education 0.016 -0.001 

 

0.028 0.024 

Arable -0.255** 0.005 

 

0.116 0.096 
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Pigs -0.337*** -0.066 

 

0.129 0.108 

Water logging 0.149 -0.180 

 

0.17 0.148 

Water percolation -0.086 0.193* 

 

0.135 0.109 

Erosion 0.145 0.078 

 

0.106 0.088 

Loss -0.150 0.033 

 

0.120 0.098 

LL -382.81 -596.18 
 

Note: ***, **, * indicates significance at 1%, 5% and 10% levels. 

No effect = 1. 

4. Discussion and conclusion 

Farmers realize that climate change will affect them in the future. Many are already affected 

and are taking action to prevent future loss. It is also clear that there is a need for education 

and information to increase awareness among farmers of what they can do to help minimise 

their impact on the climate and how they can do it with minimum cost. This is in line with 

results from, among others countries, Australia and Scotland (Widcorp, 2009; Barnes and 

Toma, 2011). 

Counter to expectations, older farmers seem to be more realistic in their perceptions of 

climate change. They are more likely to think that they will be affected and to believe in 

anthropogenic climate change. This is in line with the results in Gordon et al (2010), who find 

that older farmers are more likely to agree that farmers should take protective action and that 

the government should do more to reduce the nation’s GHG emissions. As in Eggers et al 

(2014), Liu et al (2013) and Gordon et al (2010), educational level is not found to have any 

effect on the farmers’ climate perceptions. This is surprising since it is normally assumed that 

a higher level of education is likely to be associated with awareness of climate change issues 

(Eggers et al, 2014).   

Apparently, past experience with adverse climate events increases the probability that the 

farmer expects to be unaffected by climate change in the future. Other literature has 

suggested that farmers who have experienced problems arising from climate change are more 

likely to see the need to act to prevent future risks (Juliusson et al, 2005). Our result could be 
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explained if most farmers who have experienced loss have already taken action to prevent 

future loss, and therefore do not expect to be affected further.  

Arbuckle et al (2013) analysed the relationship between climate change perceptions and 

mitigation and adaptation among US farmers. They found that respondents who believe in 

anthropogenic climate change support mitigation plans, contrary to respondents who do not 

believe in climate change or its anthropogenic origins. However, farmers’ adaptations were 

not found to depend on their beliefs about climate change. In our analysis there is a small 

tendency for people believing in anthropogenic climate change to be more likely to perform 

mitigation than non-believers. As in Arbuckle et al (2013), believing in anthropogenic 

climate change is not found to have an effect on adaptation behaviour.  

Compared with the analysis in Gramig et al (2013) and Liu et al (2013), it seems that Danish 

farmers are more likely to be aware of climate change facts and likely consequences than 

their American colleagues. In line with this, only 11% of the farmers in our survey do not 

believe that human activity has any effect on the climate, compared to 23% of respondents in 

two studies from the US (Arbuckle et al, 2013; Gramig et al, 2013) and the 29% found by Liu 

et al (2013) in Nevada, also in the US. In Australia only 31% of surveyed farmers agreed 

with the statement that human activity is responsible for global warming (Widcorp, 2009). 

These results suggest that there is a broader acceptance among Danish farmers that climate 

change is anthropogenic in origin than among their American and Australian counterparts. 

The analysis also reveals a paradox: most Danish farmers are well informed about climate 

change and human responsibility for it, and they have also experienced the consequences of 

more extreme weather. However, it seems they do not connect their own experiences with the 

changing climate. This finding is in line with other studies on climate change perception. In a 

British case study, Whitmarsh (2008) had to discard a hypothesis that experience with 

flooding, as a proxy for climate change, would have an effect on understanding and responses 

to climate change. He found that flood victims think of flooding and climate change as two 

separate issues. Likewise, Baron and Petersen (2014) in a Danish case study found that 

respondents do not connect everyday weather experiences with climate change. They argue 

that respondents are used to floods and see them as normal weather variability unconnected 

with climate change. 

Almost one fourth of the Danish farmers surveyed consider GHG mitigation when planning 

their soil management. Only 7% do not believe that GHG can by sequestered in soils. The 
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majority of Danish farmers are already adapting to the effects of climate change, especially 

by maintaining or expanding drainage areas in preparation for extreme rain, and also by 

increasing the infiltration capacity of soils. 

The results of this analysis indicate a need for education of and knowledge dissemination to 

farmers with respect to their potential role in the mitigation of climate change. However, in 

comparison with farmers in comparable countries, Danish farmers are very aware of the 

future risk of climate change. And they are already adapting their practice to the challenges of 

future risks. 
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1. Introduction  

Soil organic carbon (SOC) plays a crucial role in the regulation of the global carbon cycle and its feedbacks 

within the Earth system. As one of five global C pools, soils represent some 1550 Pg of SOC and 950 Pg of 

Soil Inorganic Carbon down to 1 meter depth. This is the third largest C pool and contains more than three 

times the C in the atmosphere (Lal, 2010). Given the sheer size of the C pool of world soils, even small 

changes in global SOC would represent a significant feedback on the climate system: Kirschbaum (2000), for 

instance, estimates that a change of just 10 % in global SOC would be equivalent to the total anthropogenic 

emissions over 30 years. Likewise, the Danish commitment to reduce 40 % of greenhouse gasses by 2020 

compared to 1990 levels would be equivalent to a yearly relative increase in the carbon pool of Danish 

agricultural soils of 2.0 % (8.1 million tC)1. 

However, compelling evidence exits that soil carbon stocks have significantly reduced in most regions of the 

world with an estimated total depletion of more than 320 Pg C (Ruddiman, 2003; Lal, 2010), caused by 

deforestation, biomass burning, soil cultivation and drainage of peatlands since the start of settled 

agriculture some 10,000 years ago.  Since 1945, at least 17 % of vegetated land has undergone soil 

degradation and loss of productivity as a direct effect of human land use practices, causing soil organic 

matter levels to decline, often to half or less of original levels (Tilman et al, 2002). In a Danish context, 

research also strongly suggests that carbon stocks are declining. Mineral agricultural soils, which represent 

98 % of all agricultural land, are estimated to loose annually approximately 367,000tC per year
2
 (0.15 tC/ha) 

(Nielsen et al., 2013a) compared to estimated 564,000 tC/year (8.7 tC/ha) from organic soils, which 

represent the remaining 2 % (Nielsen et al., 2013b). Although Denmark has lost some estimated 7.5 MtC 

from agricultural mineral soils since 1990, changes in cropland and grassland management have led to a 

reduced decrease of SOC representing approximately 436,000 tC per year through the ban of straw 

burning, requirement of more catch crops and reduced application of lime. This reduced level of emissions 

of SOC contributes to Denmark’s emission reduction commitments. Despite the reductions in SOC 

emissions from agricultural soils in Denmark, current intensive agricultural land use practices are 

responsible for significant emissions leading to a reduced flow of climate regulating services. 

One of the causes of degrading soil quality, i.a. caused by declining soil carbon stocks, is soil tillage, which 

“speeds decomposition of soil organic matter and the release of mineral nutrients” (Tilman et al., 2002). 

                                                             
1
 Agricultural soil contains on average 142 tC/ha (Taghizadeh-Toosi et al. 2014); Danish agricultural soil covers 2,7 

million ha (Nielsen et al., 2013a). Total carbon stock in agricultural soil = 383.4 MtC (142tC/ha*2.7 Mha). Emission 

reduction target by 2020 compared to 1990: 8.09 MtC. Emission reduction share of total SOC in agricultural soil= 2 % 

(8.09/383.4 MtC).  
2
 Average emissions 2006-2010 
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Another very important factor is the crop rotation. If crop rotation includes grassland, for instance, SOC will 

increase (Taghizadeh-Toosi et al. 2014). Changes in the soil tillage system can have quantitative effects on 

the vertical distribution and quantity of organic matter (Schjønning, 2009b). Out of 11 national field trials 

across Denmark, which compared mouldboard ploughing to shallow tillage, six sites showed a statistically 

significant increase in SOC in the upper 0-20 cm, independent of the age of the field trials, which were 

between 3 and 36 years old (Schjønning and Thomsen, 2006). This indicates a scope for applying reduced 

soil tillage as one among several measures for countering declining SOC levels. 

Payments for ecosystem services (PES) schemes are increasingly promoted as potentially effective tools for 

providing increased levels of ecosystem services through compensation of farmers for changing land 

management practices (Engel et al., 2008; Pagiola, 2008; Wunder et al., 2008). Policies can be made more 

effective by taking preferences of farmers into consideration. Successful implementation of schemes can be 

determined by the rate of participation, compensation requirement and characteristics of participant farms 

(Crabtree et al., 1998) in terms of the effect achieved. Hence, much of the research evaluating the 

effectiveness of potential payment schemes have explored the influence of farm/farmer characteristics and 

scheme attributes on willingness to participate (Brotherton, 1989; Espinosa-Goded et al., 2010; Pagiola et 

al., 2005; Ruto and Garrod, 2009). Furthermore, researchers have emphasized the spatial characteristics 

and variations (Broch et al., 2013; Campbell et al., 2009) of participation behaviour. 

 

Several methods have been used to evaluate farmer responses to new policy implementation. Choice 

experiments (CE) are particularly suited for situations where the policy is hypothetical and no real market 

data exits to evaluate farmer responses. CE was originally developed for application in marketing and 

transport studies (Louviere and Hensher, 1982) but is increasingly being used in environmental valuation 

studies. Various studies have used CE for estimating the economic value of environmental goods e.g. 

recreation (Adamowicz et al., 1994; Bateman, 1996; Scarpa and Thiene, 2005), evaluation of water 

management (Birol and Cox, 2007; Birol et al.,2006), and alternative land management (Colombo et al., 

2005; Espinosa-Goded et al., 2009). Various studies have also used CE specifically in agro-ecosystem 

management and the associated provision of ecosystem services (such as Beharry-Borg et al., 2013; Broch 

and Vedel, 2012; Espinosa-Goded et al., 2010; Ruto and Garrod, 2009; Tesfaye and Brouwer, 2012). In this 

context, CE is typically used to elicit respondents’ preferences for specific scheme attributes. The 

respondents have to choose one scheme out of a given number of alternative schemes. The inclusion of a 

payment attribute makes it possible to obtain, indirectly, respondents willingness to accept compensation 

in return for changing their land management activities.  
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In this study we conducted a CE among farmers across Denmark. The CE was designed to elicit the 

willingness among Danish farmers to accept a voluntary performance contract to change land management 

practices towards reduced tillage. The paper evaluates the potential to sequester SOC in Danish mineral 

agricultural soils in terms of farmers’ willingness to accept a voluntary change of tillage practices from 

mouldboard ploughing to reduced tillage. We estimate the cost of convincing farmers to change practices 

voluntarily and investigate the underlying explanatory factors for farmers’ preferences. We subsequently 

calculate and map SOC sequestration potential across soil types using IPCC guidelines for estimating C stock 

changes using reduced tillage (IPCC, 2006). Integrating the information on the SOC sequestration and the 

compensation requirements leads to estimates of the cost of climate regulation which is comparable to 

alternative policy options. 

2. Methods 

2.1. Choice Modelling 

We compare a standard conditional logit model (CL) with a latent class model (LCM).  CL assumes a single 

segment where all respondents hold perfect homogenous preferences. Although CL allows for preference 

variation by interacting design attributes with socio-demographic characteristics of the respondents, it is 

likely that some of the preference heterogeneity is unrelated to observable personal characteristics. 

Ignoring this fact may reduce the behavioural realism of the model, bias mean estimates of willingness to 

accept and hence lead to incorrect predictions (Hole, 2008). LCM assumes the population can be divided 

into segments with a mix of preferences across segments, but with identical preferences within each 

segment. LCM allows for individual heterogeneity just as in the mixed logit model, but differs by 

approximating the underlying continuous distribution with a discrete one. Furthermore, it does not require 

the analyst to make specific assumptions about the distributions of parameters across individuals as in 

mixed logit models (Greene and Hensher, 2003). LCM is a joint estimation of i) a choice model dependent 

upon segment membership, and ii) a logit model that determines segment membership probabilities for 

individual respondents.  

In addition, CL assumes independent observations across choice occasions. Moreover, in LCM, 

independence from irrelevant alternatives need not be assumed (Shonkwiler and Shaw, 1997, cited by 

Boxall and Adamowicz, 2002) as in CL. 

Following McFadden (1974), the utility function of farmer n regarding reduced tillage contracts and 

assuming no individual heterogeneity can be expressed as: ��� � ��� � ���, where ��� � �	
��� is the 
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deterministic component and ���  a random component of the utility function. If the random component is 

assumed to be independently distributed Type I extreme value variates and we assume an additive 

functional form of the deterministic part of the utility function, the probability of farmer � choosing 

alternative i is estimated as follows: 

P�	�� � ���		�����
∑ ���	��������

      [1] 

where � is a scale parameter assumed to equal 1, and � is a vector of attribute preference parameters, 

common to all respondents in the sample.   

In the LCM, we assume the existence of discrete preference segments where farmer n belongs to segment s 

(s=1,…,S), following the approach of Boxall and Adamovicz (2002). The segmented utility function is now : 

���|� � �� �� � ���|�. With the segmented utility parameters, the segment specific choice probabilities that 

farmer n belonging to segment s will choose alternative ! becomes: 

P�|"	!� � ���		�#$#%��
∑ ���	�#�#������

,      [2] 

where �� and �� are segment-specific scale and utility parameters respectively. Segment membership is 

latent, i.e. unknown and related to general attitudes and perceptions. Following the work of Swait (1994) 

and Boxall and Adamovicz (2002), we model the segment membership probability as a multinomial logit 

with error terms assumed to be independently distributed across individuals and segments with Type I 

extreme value distribution: 

&�� � ���		'()*+�
∑ ���		'()*+�,
#-.

, s=1,…,S,      [3] 

where ∝ is the scale factor, 0� is a vector of psychometric constructs and 1� is a vector of parameters.  

The resulting likelihood for the sample is the expectation (over segments) of the segment-specific 

contributions: 

&�	!� � ∑ &��&�|�	!�.3
�45       [4] 
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2.2. Carbon Assimilation Capacity 

Cropland management modifies SOC stocks to varying degrees. Tillage is among the main management 

practices that affect soil C in croplands along with the type of residue management, fertiliser management, 

choice of crops, intensity of cropping and irrigation (Armentano and Menges, 1986). In this study we apply 

the IPCC Guidelines for National Greenhouse Gas Inventory in relation to soil carbon (IPCC, 2006). We apply 

Tier 1 for simplicity3. 

Net soil C stock change per ha on mineral soils is estimated first by establishing the aggregate baseline 

under current tillage management (6789� and then the SOC stock under reduced tillage 	678	:��, keeping 

all other parameters constant.  

6789 � ;< ∗ >678?@A ∗ BCD	9� ∗ BEF	9� ∗ BG	9�H ,    [8] 

where ;< is the aggregate area of cropland; 678?@A the national  reference carbon stock per ha; BCD	9� 
the baseline land use factor; BEF	9� the baseline management factor; and BG	9� the baseline C input levels 

per ha.  

The SOC stock level under a reduced tillage policy is estimated holding all other factors constant than 

management (BEF�: 

678	:� � ;< ∗ >678?@A ∗ BCD	9� ∗ BEF	:� ∗ BG	9�H.    [9] 

The difference between the reference and the final SOC stock gives the total change in SOC stocks over 20 

years per ha 	678∆�. Dividing by 20 yields the average annual change in SOC stocks: 

678∆J5 �
3KL	M�J3KLN

O9       [10] 

IPCC guidelines provide default reference stocks of SOC in the upper 30 cm soil layer by different soil types: 

HAC (high activity clay), LOC (low activity clay) and Sandy soils, all belonging to the group of mineral soils. 

Table 1 shows the default reference and stock change emission factors following IPCC Guidelines (IPCC, 

2006).  

 

  

                                                             
3
 Tier 1 includes simple methods with regional specific default values. This compares to Tier 2 which are similar but 

contains country specific emission factors and other data and Tier 3 which are more complex approaches, possibly 

models. Tier 3 would need to be compatible with lower tiers (Revised 1996 IPCC Guidelines for National Greenhouse 

Gas Inventories). 
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Table 1   IPCC Guidelines on Carbon Stock Effects of Tillage Practices.  

Default Reference Stock change factors 

  FI FLU FMG 

 T C ha
-1

 Medium 

input 
>20 years Full tillage 

Reduced 

tillage 

HAC soils 95 

1 
0.69  

(+/-12%) 
1 

1.08  

(+/-5 %) 

LAC soils 85 

Sandy 

soils 
71 

Source: IPCC (2006); Brackets indicate errors 

In addition to the increased carbon assimilation capacity when applying reduced tillage, the changes in 

tillage practices also entail less use of tractors on the fields. The reduction in fossil fuel emissions from 

refraining from mouldboard ploughing and applying reduced tillage is estimated at 40kgCO2e/yr/ha in 

Denmark (Olesen et al., 2013) 

3. Agricultural Data 

Agricultural area in Denmark represents some 2.6 million ha of which the dominant soil category is mineral 

soils (representing 98%) and the remainder is organic soils (Greve et al., 2014). We limit the estimation of 

SOC sequestration potential from reduced tillage practices to arable land on mineral soils that are not 

under permanent or rotational grassland management. We exclude areas with permanent and rotational 

grass as these areas sequester SOC compared to cropland under annual rotation. These areas are 

subsequently referred to as arable land ‘eligible’ for reduced tillage performance contracts. We identify the 

crop types on arable land using the Basemap database described in Levin et al. (2012) and overlay this 

spatial information on a national map of soil types (Department of Agro-Ecology, Aarhus University). In 

order to estimate carbon effects of reduced tillage using the IPCC guidelines, we converted the Danish soil 

classification to the IPCC soil classes
4
. This results in 2,013,751 ha of ‘eligible’ arable land, representing 

about 77 % of the total arable land in Denmark (Table 2) and 47 % of total land area. 

 

  

                                                             
4 Conversion from Danish soil classes to IPCC classes: Soil class 1, 2, 3= Sandy; Soil class 4, 5, 6: Low Activity 

Clay; and Soil class 7, 8=High Activity Clay. 
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Table 2   Area by Soil Category in Denmark 

Agricultural Soil 

Categories 

Total Area 

(ha) 

Eligible area 

(ha) 

High Activity Clay (HAC) 156,002 133,653  

Low Activity Clay (LAC) 1,322,619 1,107,013  

Sandy 1,067,098 773,085  

Organic 44,236  n/a 

Total  2,589,954 2,013,751 

Note: n/a: not applicable in our analysis 

Sources: Levin et al., 2012; Department of Agro-Ecology, Aarhus University. 

4. Survey 

A choice experiment among farmers was carried out during spring 2013 through the Aspecto national 

farmer panel. The full sample consisted of 527 completed surveys representing a response rate of 51 %.  Of 

the 527, 22 were excluded because they have only permanent grass and another 42 excluded because their 

farm land is hummus, both not applicable for our chosen sequestration potential analysis. Finally, 22 

respondents were excluded on the grounds of protest answers, indicating they found the scenarios 

unrealistic. A total of 421 respondent answers were retained for analysis. 

 

In the experimental design, we utilised an efficient design (Ferrini et al., 2007; Sándor and Wedel, 2001). 

We applied priors obtained from a simple CL model (with effect coding) estimated on the results of a pilot 

survey conducted on 26 farmers.  See Jørgensen et al. (2015) for more details regarding the choice 

experiment survey and design.  

 

The choice experiment looked at farmers’ preferences towards enhancing soil quality by applying reduced 

tillage and clean sludge to the fields. Reduced tillage referred to either 0 %, 25 %, 50 % or 75 % reduced 

tillage on their land. Application of sludge referred to whether the contract involves applying clean sludge 

from waste water treatment plants or not. The present paper does not analyse results regarding clean 

sludge as the methodology applied to estimate SOC changes does not account for the climate effects of 

applying sludge. In addition to reduced tillage and the application of clean sludge, alternatives were 

described by contractual length, which was effects coded (10 years or 5 years); possibility to end the 

contract without penalty, also effects coded (possibility or no possibility); and a monetary compensation for 
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the area where reduced tillage was applied to (DKK/ha/yr) ranging from 50 to 500 DKK (EUR 6.7 to EUR 

67.1). The attributes and their levels are given in Table 3. 

Table 3 Attributes of the CE and their levels 

Attribute Levels 

Reduced tillage (% of tilled area) 0 25 50 75 

Application of clean sludge Yes No   

Contract length 5 years 10 years   

Possible to end the contract without penalty Yes No   

Monetary compensation (DKK/ha/yr) 50 100 200 500 

 

The attributes regarding flexibility in contract terms are inspired by earlier studies among Danish farmers 

(Broch and Vedel, 2012; Christensen et al., 2011) and European farmers (Ruto and Garrod, 2009; Espinosa-

Goded et al., 2010; and Beharry-Borg et al., 2013). These have shown, based on the Marginal Rates of 

Substitution, that farmers value flexibility in the contract. In order to attain improved SOC levels in 

agricultural soil, continuity in the soil good management is a requisite and contracts ideally need to be 

binding over several years. In order to investigate farmers’ preferences towards contract inflexibility, we 

included the attribute on the possibility to end the contract without penalty and contract length. An 

example of a choice card can be seen in Table 4. 

Table 4  Example of a choice card 

 
Contract A Contract B No contract 

Reduction of tilled area 25 % 50% 

I want none of the 

proposed contracts 

Requirements of using clean sludge Yes Yes 

Compensation 200 DKK/ha/yr 200 DKK/ha/yr 

Length of contract 10 years 5 years 

Possible to terminate the contract Yes No 

My choice (Tick only once)    
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5. Results 

5.1. Description of the survey sample 
The mean age of the farmers in the sample is 55 years. The age group between 45 and 70 are slightly 

overrepresented in the sample, while young farmers and farmers older than 70 are underrepresented. This 

is in line with many previous surveys.  Small farms are strongly underrepresented, while large farms are 

overrepresented. This could be due to the fact that small farms are mostly hobby or part-time farms and 

they are not interested in being part of the farmer panel. 

The location of farms could also be a source of biased results if this is not well represented. Farms in 

southern Denmark are somewhat overrepresented, while farms in the rest of Jutland are slightly 

underrepresented.  A chi squared test for equality of the distribution of farms across the different regions 

in Denmark confirms there is a significant difference between the expected distribution of farms and the 

observed distribution across all regions at 5 % level of significance (Q= 10.77 compared with Chi2(5-1)0.05 

=9.49). 

5.1. Choice modelling results 

Table 5 summarises the results of the regressions of a standard conditional logit model (CL) and a latent 

class model (LCM)5.  The two segment LCM is chosen as the best fit for the latent class model with 73.6 

percent of the sample belonging in class 1 and 26.6 percent in class 2. The attribute levels, with the 

exception of the compensation variable, are all effects-coded. Results are presented in Table 5.  

Table 5 Choice model estimates for CL and LCM models (standard errors in parentheses) 

                                                             
5
 Estimations are conducted in NLOGIT Version 5 

Model CL 
Latent Class 

Class 1 Class 2 

LogLikelihood -2205.38  -1847.96 

AIC 4426.8  3729.9 

BIC 2237.654  1912.513 

Attributes Estimates  Estimates Estimates 
 

Application of reduced tillage    

     0% 0,714  1,321  0,719  

    25% 
0.218 *** 0.375 ** 0.236 ** 

(0.071)  (0.185)  (0.094)   

    50% 
-0.369 ***  -0.674 *** -0.368 *** 

(0.082)  (0.182)  (0.115)   

    75% 
-0.563 ***  -1.022 *** -0.587 *** 

(0.085)  (0.234)  (0.115)   
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Notes: A population of 421 farmers. All variables are effects coded except for ASC which is dummy coded 

and compensation, which is a continuous variable. For coefficients related to effects coded variables, the 

reference level is omitted in the estimation to avoid linear dependency and is afterwards calculated as 

negative the sum of the other part-worth utilities within the attribute.  ***z significant at 0.1% level or 

better; ** z significant at 1% level or better; * z significant at 5% level or better 

The reduced tillage variables are effect coded to evaluate a 0 %, 25 %, 50 % and 75 % reduction in tilled 

area, where 0 % reduced tillage is the reference level. Both the CL and the LCM models indicate significant 

effects of the reduced tillage variables on willingness to accept and show the same direction of 

preferences. The average contribution of the different levels of reduced tillage to the overall utility of 

entering a PES contract clearly shows a top preference for no reduced tillage (+0.714 utility points), 

followed by reduced tillage at 25 % (+0.218 utility points). Reduced tillage at 50 % and 75 % contribute 

negatively to overall utility (-0.369 and -0.563 utility points respectively). In relative terms, results are as 

expected: farmers prefer on average conventional mouldboard ploughing and they express a decreasing 

utility for increasing coverage of reduced tillage. In absolute terms, results also indicate that reduced tillage 

at 25 % coverage would contribute positively to overall utility. Reasons for this may be found from the 

leading-up questions to the choice experiment:  a non-negligible share of farmers already have experience 

with reduced tillage (42 %) while ca. 26 % already apply reduced tillage on a part of their land and another 

9 % consider starting. Asked whether they would consider altering their tillage practice and what the 

reason for not starting could be, the vast majority stated they would need additional information before 

changing tillage practices (71 %) compared to only ca. 17 % who would need economic compensation. 

Application of clean sludge       

     1= Yes; -1= No 
-0.071  -0.409 *** -0.041  

(0.050)  (0.145)   (0.073)  

Contract length       

    1= 10 years; -1 = 5 years 
-0.171 *** -0.481 *** -0.162 ** 

(0.052)   (0.136)  (0.081)  

Possibility for contract termination       

    1= Yes; -1= No 
0.149 *** 0.467 *** 0.148 ** 

(0.044)   (0.129)   (0.063)   

Compensation (DKK/ha/yr) 
0.003 *** 0.007 *** 0.002 *** 

(0.0003)   (0.001)  (0.001)   

ASC-SQ 
1.831 *** 3.638 *** -0.226   

(0.098)   (0.297)   (0.183)   

Latent Class Probability 0.736 *** 0.264 *** 

Significant class probability traits 

Younger farmers; 

sandy soils; 

location in Jutland; 

Fulltime employed  
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Despite the positive contribution to overall utility of applying 25 % reduced tillage, no tillage is still on 

average the preferred option and on the margin, farmers would require payment to agree to 25 % reduced 

tillage. 

The sludge variable takes the value 1 if farmers are willing to apply sludge on arable land and -1 otherwise. 

Only the LCM model, class one, indicates a significant and negative preference towards applying sludge on 

their land (-0.409 utility points) while the CL model and the 2nd segment of the LCM model show 

insignificant effects on overall utility. The variable length of contract, taking the value 1 for 10 year 

contracts and -1 for 5 year contracts, indicates as we would expect that the average farmer prefer the more 

flexible 5-year contract in both the CL model and the LCM model. Contract termination takes the value 1 if 

it is possible for the farmer to terminate the contract before it ends without costs, and -1 if this is not an 

option. As expected the farmers prefer the possibility of terminating the contract without costs across both 

models. Compensation, which is coded as a linear variable, is the contribution to overall utility of accepting 

compensation under a voluntary PES contract. The payment is made annually, based on the area under 

reduced tillage practice. This coefficient is positive and significant across both models, indicating that 

farmers are more willing to accept a contract with higher payment than with a lower payment, which is as 

we would expect. The alternative specific constant (ASC), which captures the effects on utility of any 

attributes not included in the choice specific PES attributes, is negative and significant at the 0.1 % level or 

better in both models. The levels of the ASC are relatively high in the CL and in class 1 of the LCM model, 

indicating that a fair amount of determinants of choice are not captured by the model and the sign of the 

coefficients clearly suggests that respondents prefer their current situation to changing land use practices, 

as can be expected. Overall, the two models only differ on sludge application and contract length with 

regard to statistical significance. 

A Post-hoc analysis of the underlying determinants of membership shows a clear probability of belonging to 

segment 1 when the farmer is younger, owns his/hers land, is employed full time, and is located in the 

region of Jutland on sandy soils (See Appendix). 

5.2. Carbon Assimilation Capacity, Costs and Cost Effectiveness 
 

Total GHG emission reductions from reduced-tillage per year vary between 0.72 tCO2/ha on sandy soils, 

0.86 tCO2/ha on LAC soils and 0.96 tCO2/ha on HAC soils. This is based on the IPCC guidelines assuming 

medium nutrient input to cropland (See Table 1). Depending on the scale of reduced tillage practice on 

mineral cropland and given the distribution of soil types, the potential sequestration range from close to 

8.2 M tCO2 to nearly 25 M tCO2 over 20 years. Adding energy savings to the total sequestration potential, 
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greenhouse gas emissions are increased by some 20,000 tCO2eq to 60,000 tCO2eq depending on the scale of 

reduced tillage (See Table 6). Energy savings are shown separately in Table 6 as well. Assuming that a new 

equilibrium state will be reached after 20 years, the sequestered amounts will be maintained if reduced 

tillage is continued. If however, the farmer returns to conventional tillage after the 20 years, sequestered 

SOC will be emitted again.   

Table 6    Sequestration Potential by Scheme 

  

 
Area eligible 

Total 

sequestration & 

energy savings 

potential  

Total energy 

savings  potential  

Scheme (ha) tCO2 over 20yrs tCO2eq over 20 yrs 

25% reduced tillage  503,438 8,201,255 20,138 

50% reduced tillage  1,006,875 16,402,510 40,275 

75% reduced tillage  1,510,313 24,603,766 60,413 

 

Spatially, there are significant differences in the sequestration potential following the distribution of 

different soil characteristics across the country. Figure 2 illustrates a higher potential for sequestration on 

especially Zealand, but also the Island of Funen and the East Coast of Jutland. Mid Jutland and the west 

coast of Jutland show a lower potential (See Figure 2). 

 

Figure 2. Soil types and total sequestration potential of reduced tillage over 20 years  
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Source: Department of Agro-Ecology, Aarhus University, own analysis. 

Based on the results of the choice experiment, we calculate the farmer willingness to accept payment for 

undertaking a particular change in tillage practice by taking the utility change between no reduced tillage 

and a particular level of reduced tillage (e.g. 50 %) and divide it by the compensation coefficient. 

 PQ<� � R��J�N' S      [11] 

Where PQ<� 	represents the willingness to accept a compensation for a particular level of reduced tillage ! 
relative to a specified baseline (which in this case is 0% reduced tillage), ��  is the utility coefficient value 

associated with attribute !,  �9	the utility coefficient value of the specified baseline, and T represents the 

utility coefficient value for a unit of subsidy. The coefficient T is positive as people normally gain utility as 

the price of an attribute decreases.  

Marginal utility of reduced tillage are shown in Table 7 below. These marginal utilities represent the 

payments needed under a PES scheme to opt for a certain level of reduced tillage compared to no tillage 

and are directly comparable to marginal costs of alternative climate mitigation measures. The level of 

payment per hectare would need to increase as the coverage of reduced tillage increases. Results indicate 

that farmers would on average per year and per hectare require 22 EUR for 25 % reduced tillage, 48 EUR 

for 50 % reduced tillage and up to 57 EUR if the contract requires 75 % of cropland under reduced tillage. 

The Latent Class Model (which represents close to 74 % of surveyed farmers) shows marginal PES costs 

slightly below the results of the CL model whereas the class 2 (representing close to 27 % of farmers in the 

survey) would demand significantly more than results from the CL model indicate.  

 

Table 7 Marginal carbon costs using Conditional and Latent Class Logit Models 

Model 

Reduced 

Tillage 

Scheme 

PES costs 

Marginal Abatement 

Costs – Sequestration & 

energy savings  

Marginal Abatement 

Costs – energy savings 

 

(EUR/tCO2eq yr
-1

) 

(EUR ha
-1 

yr
-1

) (EUR/tCO2eq yr
-1

)  

CL 

25 % 
                                      

22                13             555  

50 %  
                                      

48                38          1.211  

75 %  
                                      

57                67          1.428  

LCM 1 

25 %              18                11             453  

50 %              38                30             956  

75 %              45                53          1.123  

LCM2 
25 %             32                19             810  

50 %             73                58          1.824  
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75 %             88             103          2.191  

 

These marginal PES costs are based on part worth utilities and do not reflect the full costs of a policy 

measure. Farmers in the survey appear reluctant about entering into a voluntary contract (captured in the 

Alternative Specific Constant). This means that their willingness to accept contracts will be more costly than 

if they had fewer reservations. Also, farmers have preferences for how the contract is set up, including, but 

not limited to, contract length, cancellation policy and compensation level. When we include these aspects 

based on the choice experiment results, costs of implementing a PES scheme will necessarily be higher (and 

yet this cost would still exclude public and private transaction costs of managing the scheme).  

Assuming a 10-year PES contract with the possibility to terminate the contract before it expires without 

penalty, the annual average cost to society of introducing a PES scheme on reduced tillage would range 

from 73 EUR/ha for 25 % reduced tillage up to 108 EUR/ha for 75 % reduced tillage based on the 

conditional logit model, which assumes no heterogeneous preferences among farmers. Looking at results 

for the LCM model that assumes segmented preferences, farmers belonging to segment 1 would demand a 

similar level of payment  of between 63 EUR/ha to 90 EUR/ha for 25 % and 75 % respectively.  A smaller 

group of farmers (segment 2 representing some 24 % of the sample) would be willing to accept PES 

contracts at a lower level than the majority of farmers with costs ranging from 15 EUR/ha to 29 EUR/ha for 

50 % and 75 % reduced tillage respectively. This segment of farmers would according to our results not 

need compensation to undertake 25 % reduced tillage. The different levels of preferences among farmers 

that have been found in the Latent Class Model clearly suggest the need to differentiate payments levels, 

e.g. through auctioning, in order to avoid overpaying about one third of farmers and risking not to enrol the 

large majority of farmers, who would not enter into the voluntary contract if payments are far below their 

willingness to accept. 

 

Changing tillage practices have a number of ecosystem services benefits. When looking isolated at carbon 

sequestration benefits, we can investigate the extent to which a voluntary PES scheme on reduced tillage is 

cost efficient compared to the costs of other emission reduction measures in the economy (which also 

omits ancillary benefits). The comparison of unit costs of emission reductions or sequestration across 

measures can be made using the marginal abatement costs curve (MACC) developed by the Danish Ministry 

of Climate, Energy and Buildings (Danish Government, 2013). The MAC curve was developed as part of the 

work to assess the potential and cost efficiency in abating national greenhouse gas emissions in sectors not 

included in the EU Emission Trading Scheme (ETS) and that can contribute to meeting the national emission 

reduction targets by 2020. Marginal costs in the MAC curve correspond to the marginal willingness to 



 

accept reduced tillage, as the costs of the measures omits the full costs of

to implement the measure. Non-compliance sectors would need to a

by 2020 out of the 26.8 million tonnes of CO2

the MAC curve and a red line representing the level of emission reduction

non-EU ETS sectors. The most expensive marginal measure

Marginal abatement costs based on the marginal costs

far below this level (from 21 EUR/tCO2eq to 

reduced tillage and associated energy savings

of greenhouse gas emission reductions, marginal abatements costs would be in the ran

ERU/tCO2eq and 2,191 EUR/tCO2eq for reduced tillage applied on 25

above the 4 Million t CO2eq gap (See Table 7)

Figure 3 Marginal Abatement Costs, Denmark. 

Source: KEBMIN (2013) 

6. Discussion & Conclusion
 

This paper has exemplified an approach to cost and compare the provision of a climate regulating service in 

agriculture via a voluntary payment scheme for ecosystem services

costing is based on a stated preference sur

farmers, based on which we estimated the average willingness to accept compensation for changing tillage 
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compliance sectors would need to abate some 4 Million tonnes of CO2

tonnes of CO2eq that Denmark has signed up for to reduce.  Figure 3 shows 

and a red line representing the level of emission reductions that would be needed from 
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to 103EUR/tCO2eq), when accounting for the climate gas

savings. If only associated energy savings are accounted for in terms 

of greenhouse gas emission reductions, marginal abatements costs would be in the ran

reduced tillage applied on 25 % to 75 % of previously tilled area

(See Table 7). 
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practices. Potential provision of climate regulation is based on IPCC Guidelines on soil carbon (2006) and 

estimations of the associated greenhouse gas emission reductions from reduced fossil fuel use are based 

on Olesen et al. (2013). Finally, the cost-effectiveness of reduced tillage at different levels is compared to 

other measures in sectors outside the EU ETS based on marginal abatement cost curve on climate 

abatement potentials in different sectors in Denmark  (Danish Government, 2013). 

There are a number of issues that need to be taken into account when considering improving SOC for 

climate reasons: heterogeneity among farmers; co-benefits; carbon sequestration potential; cost 

effectiveness; and permanence.  These issues will be discussed in turn. 

Heterogeneity among farmers and spatial pattern in carbon potential 

Farmers have on average objections towards initiatives to increase reduced tillage farming under a PES 

scheme. Such a scheme is therefore likely to meet at least some opposition in the farming community. Our 

predictions of the average payments needed to persuade farmers to accept a reduced-tillage contract vary 

somewhat according to whether we assume farmers act as a homogeneous group or whether there are 

heterogeneous preferences. When segmenting the sample, we find a large group (ca. 74 %) willing to 

accept reduced tillage at a price significantly lower than a minority group (ca. 26 %), for instance 18 

EUR/yr/ha for 25 % reduced tillage in segment 1 compared to 32 EUR/yr/ha in segment 2. Assuming no 

segmentation, PES costs are at a level in between the levels in the two segments. Results also clearly 

indicate a non-linear relationship between the different coverages of reduced tillage and the overall 

contribution to farmer utility. Post-hoc analysis indicates a higher probability of belonging to segment 1 if 

farmers are younger, own their land, work full time on their farm and are located on sandy soils in Jutland. 

Systematic heterogeneity among farmers has also been found in other research in relation to agri-

environmental schemes. In Denmark, for instance, Christensen et al. (2011) in their study on willingness to 

participate in afforestation programmes find significant descriptors of segments to be farms where main 

income is from agriculture, large properties (>200 ha) and a presence of forest of their land. Ruto and 

Garrod (2009) find in their European study on farmers’ preferences for the design of agri-environmental 

schemes that age, education, level of environmental concern, large properties (>200 ha), main income from 

agriculture and share of rented property can explain group membership and Beharry-Borg et al. (2013) find 

the type and intensity of animal husbandry to be among the driving factors of probability of membership in 

their study on preferences for PES schemes related to water quality in the UK. 

The heterogeneity among farmers appears to have a spatial dimension, with farms in Jutland on sandy soils 

having a higher probability of belonging to segment 1. This segment is also requiring significantly lower 
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payments than farmers belonging to segment 2. This indicates that there would be efficiency gains by 

targeting particular types of farms or farmers based on region and/or soil type. The carbon assimilation 

potentials based on the IPCC Guidelines show significant differences across the country with a higher 

sequestration potential on soils that have a higher clay content.  The different levels of WTA between the 

two segments and the different carbon sequestration potential implies that potential payment schemes 

should be targeted towards soils with the higher potential for sequestration and payment levels would 

need to be differentiated in order to avoid overpaying one group of farmers and risking not to enrol the 

other group of farmers with higher willingness to accept. One way to attempt this could be settled through 

reverse auction approaches as seen in the Australian Bush Tender Programme (Pirard, 2012).  

Co-benefits of Reduced Tillage 

Enhancing SOC is one of the central climate regulating services in the global carbon cycle, but SOC also 

provides a number of other important regulating ecosystem services in crop production and soil quality 

maintenance. The importance of a sufficient level of SOC in arable soils for ensuring a number of regulating 

ecosystem services can be illustrated through the effects of high Dexter ratio levels (Dexter et al., 2008). A 

Dexter ratio compares the level of clay to the level of SOC. A Dexter ratio above 10 is considered to be 

critical. Soils with a high Dexter ratio are characterised by free clay particles that are not bound to organic 

matter, leading to lower creation of humus, poorer soil structure (preventing farmers to access the fields in 

the early spring months and necessitating additional harrowing treatments to prepare a proper seed bed 

which subsequently contributes to additional soil compaction), increased risks of nutrient leakage, 

decreased ability to retain water, decreased exchange rate of oxygen, and poorer germination and plant 

growth (Schjønning et al., 2009a; and René Gislum, Aarhus University, personal communication). A more 

lumpy soil is also prone to higher occurrence of slugs necessitating additional use of pesticides.  

Despite the evidence of the negative effects on cultivation characteristics due to a high clay/SOC ratio, 

Danish research has not yet been able to prove positive effects on land productivity from increasing SOC 

(Bruun, 2012). Nevertheless, land use practices over the last decades in Eastern Denmark make researchers 

caution that a critical level of SOC exhaustion is reached for agricultural soil in East Denmark with a 

predominance of clayey soils (Gislum, 2013; Bruun, 2012). The majority of high activity clay areas in 

Denmark are found on soils in the eastern part of Denmark. On the Island of Zealand alone, 77 % of eligible 

arable land is LAC, 21 % HAC and only 2 % sandy soil. Close to two thirds of all HAC soils and close to one 

quarter of LAC soils in our analysis are found on Zealand. At a national level, latest available soil test data 

show an average Dexter index of 6.9 with 18% of soil tests above 10, while the Dexter index in East 
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Denmark is on average 9.9 with as many as 38% of soils test above 10 (Madsen et al, 1992). The trend since 

then is towards a declining SOC content (Taghizadeh-Toosi et al., 2014).  

Contributing factors to the critical low levels of SOC in Zealand in East Denmark comprise: i) decades of 

monotonous cereal-crop rotation systems that lead to a net extraction of SOC, ii) absence of animal 

husbandry in the region that could otherwise deliver manure instead of the predominant use of mineral 

fertilisers and iii) removal of approximately half of straw for biomass energy from fields in Zealand 

(Schjønning et al., 2009a; Statistics Denmark, 2013). Research shows, that in this part of Denmark, even if 

all straw were to be left on the fields and not used for energy purposes, this would not stop the decline in 

SOC levels. More action would be needed. Reintroducing animal husbandry at a large scale in Zealand 

would be one effective option, but would necessitate a substantial and long term shift in the agricultural 

sector. Reduced tillage practices represent a feasible policy measure that could be applied to improve on 

SOC levels immediately. 

Carbon Sequestration Potential 

In this paper, effects of reduced tillage on SOC levels compared to conventional mouldboard tillage are 

based on IPCC global average guidelines adapted to Northern European conditions. The default stock 

change factors represent the effect of management practice at 20 years for the top 30 cm of SOC and are 

computed using a global dataset of experimental results for tillage, input, set-aside and land use (IPCC, 

2006). Danish field trials and modelling results for the top soil layer over a 30-year period find a carbon 

sequestration effect on loamy sand soils using reduced tillage of 0.56 tCO2/ha/yr compared with 

conventional tillage (Chatskikh et al., 2008). This compares to IPCC values of 0.72 tCO2/ha/yr on sandy soils, 

which is a category containing different types of sandy soils such as loamy sand. Loamy sand soils are 

almost exclusively found in mainland Jutland. As this soil category only represents some 7 % of total 

agricultural soils included in this analysis, we did not carry out the cost effectiveness analysis based on the 

Danish research data.  Due to the lack of sufficient national research data and models, we opted for the 

application of the Tier 1 IPCC methodology of stock change and emission factors, which allows for a 

rigorous simple application that takes into account the different sequestration potentials of main soil 

categories using specific regional default values. Results can therefore only be a gross approximation of 

actual national stock change effects. We chose IPCC because of its international recognition, system of peer 

review, transparency and application in national emission reporting. 

In the soil tillage literature two main issues are currently under debate: one is the net effects on carbon 

mitigation potentials of changing tillage practices when including trace gas fluxes compared to conventional 
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tillage (methane and nitrous oxide (N2O)); the other issue is the net effect of reduced tillage on carbon 

content. The Danish field trial study (Chatskikh et al., 2008) found a net carbon sequestration effect of 

reduced tillage taking both CO2 and N2O into account while Six et al. (2004) find a risk of increased N2O 

emissions under no-tillage in dry and humid temperate regions and a need to practice no-tillage in the long 

term (>10 years) to reduce global warming in humid climates (newly converted no tillage systems appear to 

increase global warming relative to conventional tillage). Smith et al. (2000) also find a significant reduction 

in the carbon mitigation potential of no-tillage when including the fluxes of N2O in UK agriculture. Based on 

11 field trials across Denmark, Schjønning and Thomsen (2013) find that shallow tillage increased SOC 

concentration in the upper soil layer compared to mouldboard ploughing whereas there was no difference 

in the deeper soil layer. However, when based on equivalent soil masses, the quantity of SOC did not differ 

significantly between shallow tillage and mouldboard ploughing. This result supports the findings of Hermle 

et al. (2008) and Powlson et al. (2014) that reduced or no tillage mainly affects the distribution of C at 

depth and has no or limited influence on SOC sequestration. 

Cost effectiveness 

If we follow from the premises of the IPCC guidelines and apply the carbon sequestration potentials from 

reduced tillage on different types of soils in addition to the savings in fossil fuel emissions, we find marginal 

abatement costs in the order of EUR21-38 per ton CO2eq per year for reduced tillage applied at 25 %; 

between EUR45-86 per ton CO2eq for reduced tillage at 50 % and EUR53-103 if reduced tillage is applied on 

75 % of crop land. If we only consider the energy savings, however, marginal abatement costs are two 

orders of magnitude higher. Compared with the Danish field trials on loamy sand, our analysis for sandy 

soils overestimates sequestration effects by 29 % and thereby underestimates the costs of the scheme on 

sandy soils. If this picture holds for the remaining types of Danish soils, our cost estimates of a voluntary 

PES scheme incentivising farmers to apply reduced tillage would be underestimated and subsequently the 

marginal abatement costs would also be underestimated. 

Denmark has set a target to reduce GHG by 40 % compared to 1990 levels by 2020, with increasing 

emission reduction rates to 80-95 % by 2050 (Danish Government, 2013). Approximately 34 % of the 

emission reductions by 2020 should be found within existing sector agreements and the remainder 6 % 

from additional actions (some 4 million tCO2eq). Although main sector targets exist for the energy and 

transport sector with a 100 % reduction in fossil energy use by 2050, other sectors, including the 

agricultural sector will also need to contribute substantially towards the reduction target in order to reach 

the long term ambition of 95 % reductions by 2050. For the missing 6 % reductions under the national 2020 

target, this study indicates that, following the IPCC Tier 1 methodology, reduced tillage may to offer a cost 



 [Title] 

21 

 

efficient alternative as marginal abatement costs appear well within the scope for abating up to 4 MtCO2eq 

cost efficiently.  

Permanence 

Permanence is a critical issue in managing climate regulating ecosystem services which has been debated 

for years in the literature on UNFCCC Land Use, Land-Use Change and Forestry (LULUCF) in relation to 

climate projects obtaining credits such as CDM Afforestation/Reforestation and REDD+. Permanence is 

defined in the UNFCCC Special Report on LULUCF as “the longevity of a carbon pool and the stability of its 

stocks, given the management and disturbance environment in which it occurs” (IPCC, 2000). 

The IPCC Guidelines on sequestration potentials applied in this chapter are based on estimated effects over 

20 years. If, however, reduced tillage is replaced by conventional tillage after e.g. ten years, carbon 

sequestration is reverted and the stored carbon will be emitted again while farmers have been paid to 

reduce CO2 levels in the atmosphere. In other words, there is no guaranteed permanence and the State 

would have paid for a service that is later reversed and lost. In order to ensure permanence, a continued 

application of reduced tillage is needed as even an occasional pass with a full tillage implementation will 

significantly reduce the SOC storage expected under the reduced tillage regime (Pierce et al., 1994; Smith 

et al., 1998, Parker et al., 2009). In practice, a PES scheme would need to provide a guarantee of continued 

sequestering over time and across contracts for it to represent a real alternative to traditional carbon 

mitigation initiatives. If permanence is difficult to ensure, there may be ways in which to insure permanence 

to make sure that any carbon lost is not credited or that the carbon lost is replaced by other measures or 

projects. In the area of LULUCF climate projects, instruments such as risk pooling, credit buffers, a ton-year 

approach and temporary carbon credits have been proposed (Dutschke and Angelsen, 2008).  

Final remarks 

This paper has shown that in terms of cost efficiency, there may be considerable scope for using reduced 

tillage in Denmark as a carbon mitigation measure, if the premises of the IPCC methodology hold. However, 

recent research suggests that reduced or no tillage farming has no or limited net effects when taking 

equivalent soils masses into account as opposed to limiting the sequestration effects to the top soil layer.  

Despite the controversies on the carbon sequestration effects of reduced tillage, it may well still be 

advantageous for society to promote or regulate reduced tillage in order to enhance other regulating 

services in crop production and soil quality maintenance. The survey clearly indicates that farmers can be 
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brought to implement reduced tillage on significant shares of their land. The question remains, however, 

whether the payment for these ecosystem services would be efficient. 
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Appendix 
 

Multinomial logit model with respondent-specific membership of class1 as dependent variable 

  Coefficients  

Constant 
0.564 *** 

(-0.183)  

Age 
-0.018 *** 

(-0.003)  

Sandy soils 
0.352 *** 

(-0.053)  

HAC soil 
1.075 *** 

(-0.219)  

Ownership of land 
1.176 *** 

(-0.108)  

Fulltime employed 
0.469 *** 

(-0.05)  

Log likelihood -5213.83 

 

AIC 10439.7  

***z significant at 0.1% level or better; ** z significant at 1% level or better; * z significant at 5% level or 

better 
 



 

 

 

Appendix A – Ngene design code 

 
  



 

  



? Orthogonal Design 

Design 

;alts = alt1, alt2, sq 

;rows = 8 

;orth = sim 

;model: 

U(alt1) = b0 + b1*Plough[0,25,50,75] + b2*Sludge[0,1] + b3*Comp[50,100,200,500] + 

b4*Years[5,10] + b5*Term[0,1]/ 

U(alt2) = b1* Plough + b2*Sludge + b3*Comp + b4*Years + b5*Term $ 

 

?effecient design with conditions 

Design 

;alts = alt1, alt2, sq 

;rows = 8 

;eff = (mnl,d) 

;cond: 

if(alt1.Plough = 0, alt1.Sludge =1) , 

if(alt1.Sludge = 0, alt1.Plough <> 0), 

if(alt2.Plough = 0, alt2.Sludge =1) , 

if(alt2.Sludge = 0, alt2.Plough <> 0) 

 

;model: 

U(alt1) = b0[0]+ b1[0]*Plough[25,50,75,0] 

+ b2[0]*Sludge[0,1] 

+ b3[0]*Years[0,1] 

+ b4[0]*Term[0,1]  

+ b5[0]*Comp[50,100,200,500] / 

 

U(alt2) =  b1[0]*Plough[25,50,75,0] 

+ b2[0]*Sludge[0,1] 

+ b3[0]*Years[0,1] 

+ b4[0]*Term[0,1]  

+ b5[0]*Comp[50,100,200,500] $ 



 

?effecient design with conditions, effect coding 

Design 

;alts = alt1, alt2, sq 

;rows = 8 

;eff = (mnl,d) 

;cond: 

if(alt1.Plough = 0, alt1.Sludge =1) , 

if(alt1.Sludge = 0, alt1.Plough <> 0), 

if(alt2.Plough = 0, alt2.Sludge =1) , 

if(alt2.Sludge = 0, alt2.Plough <> 0) 

 

;model: 

U(alt1) = b0[0]+ b1.effects[0|0|0]*Plough[25,50,75,0] 

+ b2[0]*Sludge[0,1] 

+ b3[0]*Years[0,1] 

+ b4[0]*Term[0,1]  

+ b5[0]*Comp[50,100,200,500] / 

 

U(alt2) =   b1.effects[0|0|0]*Plough[25,50,75,0] 

+ b2[0]*Sludge[0,1] 

+ b3[0]*Years[0,1] 

+ b4[0]*Term[0,1]  

+ b5[0]*Comp[50,100,200,500] $ 

 

?effecient design with conditions and prior information - not used 

Design 

;alts = alt1, alt2, sq 

;rows = 8 

;eff = (mnl,d) 

;cond: 

if(alt1.Plough = 0, alt1.Sludge =1) , 

if(alt1.Sludge = 0, alt1.Plough <> 0), 



if(alt2.Plough = 0, alt2.Sludge =1) , 

if(alt2.Sludge = 0, alt2.Plough <> 0) 

 

;model: 

U(alt1) = b0[1.408] 

+ b1[-0.441]*Plough[0,25,50,75] 

+ b2[-0.164]*Sludge[0,1] 

+ b3[-0.429]*Years[0,1] 

+ b4[0.882]*Term[0,1]  

+ b5[0.196]*Comp[50,100,200,500] / 

 

U(alt2) =  b1[-0.441]*Plough[0,25,50,75] 

+ b2[-0.164]*Sludge[0,1] 

+ b3[-0.429]*Years[0,1] 

+ b4[0.882]*Term[0,1]  

+ b5[0.196]*Comp[50,100,200,500] $ 

 

?effecient design with conditions and prior information  

Design 

;alts = alt1, alt2, sq 

;rows = 8 

;eff = (mnl,d) 

;cond: 

if(alt1.Plough = 0, alt1.Sludge =1) , 

if(alt1.Sludge = 0, alt1.Plough <> 0), 

if(alt2.Plough = 0, alt2.Sludge =1) , 

if(alt2.Sludge = 0, alt2.Plough <> 0) 

 

;model: 

U(alt1) = b0[1.444] 

+ b1.effects[0.294|-0.396|-0.533]*Plough[25,50,75,0] 

+ b2[-0.155]*Sludge[0,1] 

+ b3[-0.42]*Years[0,1] 



+ b4[0.882]*Term[0,1]  

+ b5[0.196]*Comp[50,100,200,500] / 

 

U(alt2) =  b1.effects[0.294|-0.396|-0.533]*Plough[25,50,75,0] 

+ b2[-0.155]*Sludge[0,1] 

+ b3[-0.42]*Years[0,1] 

+ b4[0.882]*Term[0,1]  

+ b5[0.196]*Comp[50,100,200,500] $ 
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Methodology note By Anne Holst 

Three focus groups were conducted in order to test the questionnaire and gain input for final 
editing before launch. The first two groups tested each of the two versions of the 
questionnaire. The third group tested the insurance version again as significant changes were 
made after the first test, especially to this version.  

The focus groups were held at the Institute of Environmental Science, Aarhus University, 
which is conveniently located in a rural area dominated by farmland near Roskilde, Denmark. 
Potential participants were identified through online phone book searches for farmers/farm 
owners in the Roskilde area. In addition, initial contacts in some cases provided references to 
further potential participants. About 45 farmers were contacted by phone. Some never 
answered; others were not actively engaged in the cultivation of soil and thus deemed 
irrelevant; a few were not interested and some were unable to attend at the scheduled time 
and place. A total of 13 farmers participated, five in the first focus group and four in each of 
the other two.  

Apart from all being actively engaged in the cultivation of soil – with full or shared 
responsibility for making soil cultivation decisions – the participants were a diverse group. 
Ranging from a recent graduate still in his twenties to a few approaching retirement, most of 
the participants were self-employed farmers, but several had other primary/supplementary 
occupations alongside. Only one was a farm employee, although with managerial 
responsibilities. Most used conventional farming techniques, but one was an organic farmer 
and another was engaged in experimental farming, including a test of new sludge products. 
Several had current or previous experience with sludge use and/or conservation tillage – the 
farming techniques in focus in the questionnaire. Moreover, attitudes towards these 
techniques differed a great deal, with both staunch advocates and pronounced sceptics 
represented. This diversity was clearly reflected in the comments for the questionnaire 
elicited in the focus groups, as well as the more general discussions these triggered. 

Each focus group lasted about one and a half hours. After a short introduction to the research 
project, the questionnaire and the purpose and course of the focus group, the participants 
were asked to each complete the questionnaire individually using laptops set up for the 
occasion. They were provided with pen and paper for any short notes they would want to 
make to assist their memory for the joint discussion afterwards. After completion, each 
participant was handed a sheet of overall questions to consider while waiting for the others to 
finish: Were the questions readable, were explanations understandable, did any questions or 
explanations appear illogical or incorrect, were any questions irrelevant, etc. When all had 
completed the questionnaire, it was examined and discussed jointly. In order to refresh the 
participants’ memory, the questionnaire was projected, screen image by screen image, for 
everybody to see and comment. 

Coffee, tea and modest refreshments were served during the focus groups and the participants 
were offered a small gift box of chocolates to take home as a token of appreciation for their 
time and effort. 



The joint discussion was audio recorded with prior permission from the participants and used 
for support when revising the questionnaire afterwards. 
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Representative analysis of data 

The data is compared with data on all Danish farmers from Danish Statistics, to see how well 

the sampling has been done, and thereby how representative the results from the analysis are.  

The table shows the age distribution in the sample and for farmers in Denmark in general. It 

shows that the age group between 45 and 70 are slightly overrepresented in the sample, while 

young farmers and farmers older than 70 are underrepresented. This is not a surprise as this is 

often the case in surveys.  A chi squared test also reveals that the distribution of age in the 

sample is different from the distribution of all farmers in Denmark. 

Table 1 Age representative statistics 
  Sample   DST   Expected q 
Under 25 years 0 0.00 38 0.00 1.27 1.27 
25-29 years 1 0.00 125 0.00 4.17 2.41 
30-34 years 24 0.02 864 0.02 28.84 0.81 
35-39 years 47 0.04 2314 0.07 77.25 11.85 
40-44 years 91 0.08 3110 0.09 103.82 1.58 
45-49 years 186 0.16 5330 0.15 177.93 0.37 
50-54 years 226 0.19 5830 0.17 194.63 5.06 
55-59 years 224 0.19 5452 0.15 182.01 9.69 
60-64 years 152 0.13 4018 0.11 134.14 2.38 
65-69 years 136 0.12 3577 0.10 119.41 2.30 
70-74 years 56 0.05 2585 0.07 86.30 10.64 
75 years  and above 32 0.03 1954 0.06 65.23 16.93 
Total 1175 

 
35197 

  
65.28 

  chi2(0.05) chi2(0.01) chi2(0.005) 
 

  
Chi2(12-1,2-1) 19.675 24.725 26.757       

http://www.statistikbanken.dk/bdf107 
Notice the sample is generated in the spring 2013; the age from DST is age June 2012. 
 
Another factor that we can control the sample is on the location of the farm. Farms in 

Southern Denmark are slightly overrepresented, while farms in the rest of Jutland are 

underrepresented. A chi squared test for equality of the distribution shows that the 

distribution is not that far of. 

 

 

 

 

http://www.statistikbanken.dk/bdf107


Table 2 Geographical representative statistics 
Region Sample   DST   Expected q 
The Capital 75 0.06 2695 0.07 79.24 0.23 
Zealand 202 0.17 6879 0.17 202.25 0.00 
Southern Denmark 363 0.31 10737 0.27 315.68 7.09 
Central Denmark 337 0.29 12159 0.30 357.49 1.17 
Northern Jutland 197 0.17 7460 0.19 219.33 2.27 
Total 1174 

 
39930 

  
10.77 

  chi2(0.05) chi2(0.01) chi2(0.005) 
 

  
chi2(5-1,2-1) 9.49 13.28 14.86       

http://www.statistikbanken.dk/bdf107 
Notice the sample is generated in the spring 2013; the data from DST is from June 2012 
 

The size of the farm could also influence the way the farmer thinks and how they make 

decisions. The main error in the distribution lies in underrepresentation of small farms and an 

overrepresentation of farms larger than 75 hectares, while medium size farms (20-75 

hectares) are represented in compliance with the real data. Small farms are strongly 

underrepresented, while large farms are overrepresented. Farmers with less than 4 hectares 

have not been a part of the analysis. However, even controlling for this, large farms are still 

overrepresented. This could be due to the fact that small farms are mostly hobby or part-time 

farms and they are not interested in being a part of the farmer panel. 

 

 

 

 

 

 

 

 

 

 

http://www.statistikbanken.dk/bdf107


Table 3 Size representative statistics 
Hectare Sample DST Expected q 
<10 42 3.57 10532 26.38 309.93 231.62 
10-19.9 91 7.74 7752 19.41 228.12 82.42 
20-29.9 96 8.17 3220 8.06 94.76 0.02 
30-39.9 65 5.53 2875 7.20 84.60 4.54 
40-49.9 58 4.94 2019 5.06 59.41 0.03 
50-59.9 51 4.34 1506 3.77 44.32 1.01 
60-74.9 65 5.53 1721 4.31 50.64 4.07 
75-99.9 138 11.74 2289 5.73 67.36 74.08 
100-
149.9 162 13.79 2961 7.42 87.13 64.33 
150-
199.9 116 9.87 1706 4.27 50.20 86.24 
200-
299.9 132 11.23 1901 4.76 55.94 103.41 
300-
399.9 59 5.02 706 1.77 20.78 70.33 
>400 100 8.51 741 1.86 21.81 280.40 
 Total 1175 

 
39929 

  
1002.50 

  chi2(0.05) chi2(0.01) chi2(0.005) 
 

  
chi2(13-1) 21.026 26.217 28.3       

http://www.statistikbanken.dk/bdf07 
Notice the sample is generated in the spring 2013; the data from DST is from June 2012. 
 

Data cleaning 

According to Boyle (2003) there are three reasons for respondents to be defined as protest 

bidders. They can be protesting to some element of the experiment; this will cause a 

downward bias. Another way is if the respondent does not understand the questions, but 

answers anyway; this will most likely increase noise. The last group of protest bidders are the 

strategic bidders, respondents that deliberately state values differently from their true values. 

In order to account for the bias and noise caused by these protest bidders, they are eliminated 

from the data set (Morrison, Blamey and Bennett 2000). To locate the protest bidders the 

respondents that choose the status quo in every choice set is asked a debriefing questions 

(Meyerhoff and Liebe 2006). In this survey, only  respondents that choses status quo in every 

choice set are asked the debriefing question, therefor it is only possible to locate so called 

zero bid protesters. Protest bidders are defined as respondents who choose the status quo in 

every choice situation and reasoned it by the scenario being unrealistic. This is seen as an 

indication of that they are unwilling to play along, and follow the rules of the “game”. 

http://www.statistikbanken.dk/bdf07


Therefore, these are eliminated from the dataset. We identify 11 protest bidders in the 

“standard” data set (527 respondents) and 9 in the insurance data (647 respondents).  

67 respondents are already practising reduced tillage on more than 75% of their area. 58 of 

these are practising reduced tillage on all acreage. This corresponds to respectively 5.7% and 

4.9% of all respondents. These respondents are not asked to participate in the CEs as it is 

assumed it is not possible for them to “do more”. 

Furthermore, the respondents in the insurance CE is asked whether or not they would 

consider the insurance – only if they answer maybe or yes, they will be presented with the 

CE. 20% of the respondents, who were asked about their attitude towards buying insurances, 

answered “no” (238 respondents out of 593), the rest were positive towards the concept of 

insurance. 

  



 

 

 

Appendix D- Quesionary regarding PES for 
sustainable soil management 
 
  



 
  



Velkommen til denne undersøgelse, der handler om dyrkning af jord og hvilke tanker du gør dig 
omkring dyrkning af jord. Du vil blive spurgt om dine erfaringer med og din holdning til forskellige 
dyrkningsmetoder. Undersøgelsen er finansieret af Aarhus Universitet og skal bruges til et 
forskningsprojekt om bæredygtig dyrkning. Der står ingen virksomheder og organisationer med 
økonomiske, eller politiske, interesser i resultaterne bag undersøgelsen. Målet er at undersøge, om 
bestemte dyrkningsmetoder er attraktive for landmænd, og under hvilke betingelser. 
Markér venligst dit køn: 
Mand 
Kvinde 
 
Notér venligst dit fødselsår: 
Årstal: 
 
Hvad er din relation til bedriften?  
Ejer/forpagter med daglig driftsledelse 
Ejer/forpagter uden daglig driftsledelse 
Ansat med daglig driftsledelse 
Ansat uden daglig driftsledelse 
Andet, notér venligst: 
 
Hvor stort er bedriftens landbrugsareal (inkl. forpagtet areal)? 
Antal ha: ________ 
I det følgende vil det være dette areal der henvises til. 
 
Dyrkes der aktivt på bedriftens landbrugsareal? 
Nej, der er permanent græs på hele arealet 
Ja, der dyrkes på hele arealet 
Ja, der dyrkes på en del af arealet: ____ hektar 
 
Hvis Ja, på hele arealet: STOP – ”Tak for din besvarelse….” 
 
Hvilken af nedenstående beskrivelser passer bedst på dig? 
Jeg er fuldtidslandmand 
Jeg er deltidslandmand med anden lønnet beskæftigelse 
Jeg er hobbylandmand 
Andet, notér: 
 
Hvem tager primært beslutning om dyrkning af markerne? 
Jeg beslutter alt selv (evt. med konsulent bistand) 
Jeg beslutter selv i samråd med andre (f.eks. medarbejdere, partnere) 
Jeg deltager ikke selv i beslutningen  
 
 
 
 
 
 
 
 
Hvilken landbrugsmæssig uddannelse har du? (gerne flere svar) 
Agrarøkonom 
Agronom 
Landbrugstekniker 
Landmand (Det Grønne Bevis) 
Andet, venligst notér: 



Har ikke en landbrugsmæssig uddannelse 
Ved ikke/vil ikke svare 
 
 
I det følgende vil vi spørge ind til, om din produktion er blevet påvirket af større regnskyl de seneste 
år. 
 
I hvilket omfang har du observeret områder, hvor regnvandet har problemer med at sive væk? 
På større områder 
I begrænset omfang 
Slet ikke 
Ved ikke 

I hvilket omfang har du observeret områder, hvor regnvandet har problemer at komme igennem 
jordskorpen?  
På større områder 
I begrænset omfang 
Slet ikke 
Ved ikke 
I hvilket omfang har du observeret, at jorden skylles væk (eroderer) i forbindelse med regnskyl? 
På større områder 
I begrænset omfang 
Slet ikke 
Ved ikke 

 
I hvilket omfang har du, efter egen vurdering, lidt tab (af produktion) i forbindelse med de store 
regnskyl de seneste somre? 
Ja, markant tab 
Ja, et mindre tab 
Nej, blev ikke påvirket 
Ved ikke 
 
Filter 1:  
 
Hvis ja:  
Gør du noget aktivt for at sikre dine afgrøder/jorde, så du ikke i fremtiden kommer til at lide lignende 
tab? (sæt gerne flere x) 
Ja, jeg har omlagt (dele af) landbrugsarealet til græs 
Ja, jeg har ændret sædskiftet 
Ja, jeg sørger for øget tilførsel af organisk materiale  
Ja, jeg dyrker efterafgrøder eller lignende. Dvs. jeg sørger for vintergrønne marker.  
Ja, jeg undlader at pløje på hele eller dele af landbrugsarealet 
Ja, jeg sørger for udbedring/reparation/vedligehold af dræn 
Ja, jeg har udvidet drænarealet 
Ja, jeg har investeret i maskinparken 
Ja Andet________________ 
 
 
Hvis nej:  
Skyldes det, at du gør noget aktivt for at sikre dine afgrøder/jorde mod tab? (sæt gerne flere x) 
Nej 
Ja, jeg har omlagt (dele af) landbrugsarealet til græs 
Ja, jeg har ændret sædskiftet 
Ja, jeg sørger for øget tilførsel af organisk materiale  



Ja, jeg dyrker efterafgrøder eller lignende. Dvs. jeg sørger for vintergrønne marker.  
Ja, jeg undlader at pløje på hele eller dele af landbrugsarealet 
Ja, jeg sørger for udbedring/reparation/vedligehold af dræn 
Ja, jeg har udvidet drænarealet 
Ja, jeg har investeret i maskinparken 
Ja Andet________________ 
 
Filter 1: slut. 
 
Har du oplevet andre påvirkninger på produktionen som følge af vejret – ud over erosion og 
problemer med nedsivning af regnvand,? 
Nej 
Ja – hvilke____________ 
 
Prognoser forudsiger mere ekstremt vejr. Hvordan forudser du, at det kommer til at påvirke dig? 
Tror ikke det kommer til at påvirke mig 
Bliver nødt til at ændre afgrøde 
Jeg må tage større arealer ud af drift  
Øget risiko for/hyppighed af høsttab 
Andet_________________ 
 
I det følgende vil vi gerne høre om dine erfaringer med bestemte dyrkningsmetoder… 
 
På hvor stor en del af landbrugsarealet benytter du organisk gødning (dvs. gylle, komøg…)? På 
_______ ha 
 
På hvor stor en del af landbrugsarealet nedmulder du halm eller andre planterester? På _____ ha 
 
På hvor stor en del af landbrugsarealet benytter du slam som gødning? På _______ ha 
 
På hvor stor en del af landbrugsarealet dyrker du efterafgrøder? På ________ ha 
 
 
Filter 2: slam ha = 0 
Har du gjort dig tanker om fordele og ulemper ved at bruge slam som gødning?  
Ja 
Nej 
Ved ikke 
Filter 2: slut 
 
Filter 3 hvis der bruges slam eller ja til ovenstående 
Hvad er efter din vurdering ulemperne ved at bruge slam (sæt gerne flere x) 
Ingen ulemper 
Lugtgener 
Kræver koordinering i forbindelse med udbringning og spredning 
Risiko for tab af udbytte (det første år) 
Usikkerhed om næringsstofindholdet i slam 
Usikkerhed om, hvordan det påvirker jordpriser 
Usikkerhed om, hvordan det vil påvirke salg af afgrøder 
Usikkerhed om indholdet af uønskede stoffer, såsom tungmetaller eller andre forureningskilder i 
slammet. 
Usikkerhed om fremtidig lovgivning på området  
Andet _________________________ 
 
 



Hvad er efter din vurdering fordelene ved at bruge slam (sæt gerne flere x) 
Ingen fordele 
God fosfor-kilde 
Det øger jordens frugtbarhed 
Det øger kulstof-indholdet i jorden 
Det forbedrer jordstrukturen  
Det øger den biologiske mangfoldighed 
Man får økonomisk tilskud 
Andet _________________________ 
Filter 3 slut 
 
For at imødekomme meget af den usikkerhed, der for mange landmænd er forbundet med brug af 
slam, er de danske rensningsanlæg i gang med at opgradere slam ved at rense det yderligere. Med nye 
teknologier vil det være muligt at levere et produkt, hvor indholdet af tungmetaller er reduceret med 
omkring 80 % i forhold til den nuværende kvalitet, det biotilgængelige fosfor i slammet vil øges så 
det er sammenligneligt med handelsgødning, og det vil det være muligt at recirkulere op imod 100 % 
af fosforindholdet. Slammets høje indhold af organisk materiale kan bidrage til en forbedret 
jordstruktur. Pga. den grundige rensning vil også økologer have mulighed for at bruge denne slam 
som gødning. Hver ladning slam vil blive tjekket, og godkendt skriftligt. 
Kunne du overveje at bruge dette rensede slamprodukt som gødning på dine marker?  
Ja, jeg kunne godt overveje det 
Jeg er ikke umiddelbart interesseret 
Ved ikke 
 

Pløjefri dyrkning indebærer at jorden ikke må pløjes, til gengæld må den gerne harves. I overgangen 
til pløjefri dyrkning kan jorden blive mere komprimeret og øge behovet for jordløsning. Dette 
mindskes når jordstrukturen har tilpasset sig med flere permanente rod- og regnormegange, evt. kan 
effekterne minimeres ved nedmuldning af halm og planterester. Ved at have et godt sædskifte 
minimeres sygdomme og ukrudt. Den direkte effekt af pløjefri dyrkning kan f.eks. ses på antallet af 
regnorme, især i underjorden. Ud over den øgede biologiske mangfoldighed i jorden er det påvist at 
jordstrukturen også forbedres. Herved mindskes risikoen for både udtørring og oversvømmelser. 
Samtidig vil den styrkede jordkvalitet binde mere kulstof i jorden og dermed reducere atmosfærens 
indhold af drivhusgassen CO2.  
 
Har du erfaring med pløjefri dyrkning?  
Ja – gode 
Ja – dårlige 
Ja – både gode og dårlige 
Nej 
 
Filter 4 
Hvis ja 
Dyrker du pløjefrit nu? 
Ja – alle arealer dyrkes pløjefrit 
Ja – nogle arealer dyrkes pløjefrit 
Nej – ingen arealer dyrkes pløjefrit 
 
Hvis nogle – på hvor mange hektar? ___   
 
 
 
 
 



Hvis nej 
Overvejer du at begynde at dyrke pløjefrit på hele eller dele af landbrugsarealet?  
Ja, jeg overvejer det 
Nej, ikke umiddelbart  
Ved ikke 
Filter 4 slut 
 
Hvad er efter din vurdering ulemperne ved pløjefridyrkning (sæt gerne flere x) 
Pakning af jorden 
Plantesygdomme overvintrer 
Nødvendigt med sædskifte 
Øget brug af bekæmpelsesmidler 
Tab af udbytte 
Det tager tid før man kan se en positiv effekt 
Kræver store økonomiske investeringer i nye maskiner mv. 
Ingen 

 
Hvad er efter din vurdering fordelene ved pløjefri dyrkning (sæt gerne flere x) 
Det skaber en god jordstruktur 
Økonomisk besparelse (færre mandetimer, mindre brændstof) 
Det øger biodiversiteten i jorden 
Øget udbytte 
Godt til tung lerjord – sparer maskinkraft 
Mindsker risikoen for oversvømmelse 
Ingen 
 
  
Filter 5: Hvis ”pløjefri dyrkning” udgør mere end 75% gå til spm efter valgeksperimentet 
 

Pløjefri dyrkning og brug af renset slam som gødning kan være med til at sikre sund landbrugsjord 
gennem: 

• Forbedringer af jordstrukturen, som kan modvirke erosion og vandmættede jorde. 
• Bevarelse af vigtige næringsstoffer i jorden 
• Bevarelse af den biologiske mangfoldighed i jorden  
• Opbygning af jordens kulstofpulje  
• Sikring af fødevareudbuddet på lang sigt. 

 
For at undersøge om pløjefri dyrkning og brug af renset slam kan fremmes på måder, som er 
attraktive for landmænd, vil du nu blive præsenteret for nogle tænkte valgsituationer. Du skal 
forestille dig at miljømyndighederne tilbyder at tegne kontrakt med landmænd om anvendelse af slam 
og pløjefri dyrkning for at fremme bærerdygtigt dyrket jord. I hver valgsituation vil du blive bedt om 
at vælge mellem forskellige kontrakter, som har til formål at fremme enten pløjefri dyrkning eller 
brug af renset slam som gødning – eller begge dele.  
Kontrakterne indebærer, at du får kompensation for at benytte dyrkningsmetoderne. Du skal forestille 
dig, at kontrakterne er frivillige og indgås mellem dig og staten. Du vil efter indgåelse af kontrakt 
også modtage kompensation for de arealer du i forvejen dyrker pløjefrit og/eller bruger slam på. De 
vil ikke være omfattet af krydsoverensstemmelsesreglerne. Der er derfor ingen risiko for at miste 
nuværende tilskud.  
 
I tabellen kan du se de nærmere forhold der indgår i kontrakten. På de kommende sider kan du få 
tabellen frem igen ved at klikke på den lille knap ”klik for mere info”. 
 



Forhold Niveauer 
Reduktion af pløjet areal Kravet om reduktion af pløjet areal kan være på 0%, 25%, 50% eller 

75% - dvs. for hver 10 ha du i dag pløjer skal du dyrke pløjefrit på hhv. 
0, 2½, 5 og 7½ ha 

Krav om brug af renset 
slam som gødning 

Nogle kontrakter stiller krav om brug af slam som gødning (på et 
valgfrit areal), andre gør ikke.  

Kompensation, kr./ha./år Kompensationen kan være på hhv. 50, 100, 200 eller 500 kr. per ha om 
året, for arealer der dyrkes pløjefrit og/eller bruges slam på. 

Kontraktlængde, antal år Kontrakterne har en løbetid på enten 5 eller 10 år 
Mulighed for at afbryde 
kontrakten uden gebyr 

I nogle kontrakter er det muligt at afbryde kontrakten en gang årligt 
uden omkostninger, i andre ligger kontraktperioden fast. 

 
Du vil blive præsenteret for et valg mellem forsikring A og B. Hvis du ikke finder nogen af 
kontrakterne attraktive, har du også mulighed for at angive, at du ikke ønsker nogen af kontrakterne.  
 
Du vil blive præsenteret for dette valg 8 gange. Hver gang vil valgmulighederne variere en lille 
smule. Formålet er at finde ud af, hvilke kombinationer af valgmuligheder der kunne være attraktive 
for dig. Formålet er ikke at teste, om du svarer i overensstemmelse med dine tidligere svar.  
 
Det er vigtigt, at du overvejer hvert enkelt valg for sig selv, og at du forsøger at tage alle 
forholdene i kontrakterne i betragtning.  
 
Prøv at være så realistisk som muligt. Undersøgelser har vist, at mange vælger anderledes i 
spørgeskemaer end i virkeligheden. Tænk derfor nøje over dine valg. 
 
 
1 Kontrakt A Kontrakt B Ingen kontrakt 
Reduktion af pløjet areal 0 %    50%      

Jeg ønsker ingen 
af de udbudte 
kontrakter. 

Krav om brug af renset 
slam Ja Ja     

Kompensation 200 kr/ha/år     200 kr/ha/år     
Kontraktlængde 5 år     5 år     
Mulighed for at afbryde 
kontrakten uden gebyr Ja     Ja 

Valg (sæt ét X)    
 
 
 
 
2 Kontrakt A Kontrakt B Ingen kontrakt 
Reduktion af pløjet areal 0 %    25 %     

Jeg ønsker ingen 
af de udbudte 
kontrakter. 

Krav om brug af renset 
slam Ja     Nej 

Kompensation 50 kr/ha/år     50 kr/ha/år     
Kontraktlængde 5 år     5 år     
Mulighed for at afbryde 
kontrakten uden gebyr Nej     Nej 

Valg (sæt ét X)    
 
 
 
 
 
 



3 Kontrakt A Kontrakt B Ingen kontrakt 
Reduktion af pløjet areal 50 %    75 %     

Jeg ønsker ingen 
af de udbudte 
kontrakter. 

Krav om brug af renset 
slam Nej Nej     

Kompensation 500 kr/ha/år    500 kr/ha/år    
Kontraktlængde 5 år     10 år     
Mulighed for at afbryde 
kontrakten uden gebyr Nej Ja     

Valg (sæt ét X)    
 
4 Kontrakt A Kontrakt B Ingen kontrakt 
Reduktion af pløjet areal 25 %     0 %     

Jeg ønsker ingen 
af de udbudte 
kontrakter. 

Krav om brug af renset 
slam Nej Ja     

Kompensation 50 kr/ha/år    100 kr/ha/år    
Kontraktlængde 10 år    10 år     
Mulighed for at afbryde 
kontrakten uden gebyr Ja Nej     

Valg (sæt ét X)    
 
5 Kontrakt A Kontrakt B Ingen kontrakt 
Reduktion af pløjet areal 25 %    50 %     

Jeg ønsker ingen 
af de udbudte 
kontrakter. 

Krav om brug af renset 
slam Ja     Nej 

Kompensation 500 kr/ha/år    500 kr/ha/år     
Kontraktlængde 10 år     10 år     
Mulighed for at afbryde 
kontrakten uden gebyr Ja     Ja 

Valg (sæt ét X)    
 
6 Kontrakt A Kontrakt B Ingen kontrakt 
Reduktion af pløjet areal 75 %    0 %     

Jeg ønsker ingen 
af de udbudte 
kontrakter. 

Krav om brug af renset 
slam Nej Ja     

Kompensation 100 kr/ha/år    50 kr/ha/år     
Kontraktlængde 10 år     5 år     
Mulighed for at afbryde 
kontrakten uden gebyr Nej     Ja 

Valg (sæt ét X)    
 
7 Kontrakt A Kontrakt B Ingen kontrakt 
Reduktion af pløjet areal 50 %    75 %     

Jeg ønsker ingen 
af de udbudte 
kontrakter. 

Krav om brug af renset 
slam Ja     Ja 

Kompensation 200 kr/ha/år     200 kr/ha/år     
Kontraktlængde 5 år     5     
Mulighed for at afbryde 
kontrakten uden gebyr Nej Nej     

Valg (sæt ét X)    
 
 
 
 



8 Kontrakt A Kontrakt B Ingen kontrakt 
Reduktion af pløjet areal 75 %    25 %    

Jeg ønsker ingen 
af de udbudte 
kontrakter. 

Krav om brug af renset 
slam Ja     Ja 

Kompensation 100 kr/ha/år     100 kr/ha/år     
Kontraktlængde 10 år    10 år     
Mulighed for at afbryde 
kontrakten uden gebyr Ja Nej     

Valg (sæt ét X)    
 
Filter 6: Hvis status quo i alle 8 valgeksperimenter: 
 
Hvorfor valgte du i alle valgsituationerne at forsætte uden en kontrakt? (sæt 1 kryds) 
Jeg ønsker ikke at binde min produktion op på en kontrakt 
Kompensationen var for lille 
Det var urealistisk 
Der er i forvejen for mange restriktioner på hvordan man må dyrke sin jord. 
Det var for svært at vælge 
Andet 
 
Filter 6: slut. 
Filter 5: slut 
 
 
Hvordan vil du karakterisere din jord, overordnet set? 
1 Sund – god struktur, meget organisk materiale og høj biodiversitet 
2 
3 
4 
5 Dårlig – dårlig struktur, kun lidt organisk materiale og lav biodiversitet 
Ved ikke 
 
Hvilken beskrivelse passer bedst på den måde, din jord indgår i bedriften? 
Produktionsfaktor – et aktiv i min produktion  
Investeringsfaktor – en investering i fremtiden 
Produktions- og investeringsfaktor 
Ved ikke 
 
Hvis investeringsfaktor/produktions og investeringsfaktor: 
Hvad gør du for at pleje denne investering:__________ 
Ved ikke 
 
Hvordan ser du din rolle som landmand i forbindelse med at mindske klimapåvirkninger? 
Vælg det udsagn, som passer bedst på dig 
Jeg mener ikke, at jeg kan gøre en forskel 
Jeg føler, jeg gør en aktiv indsats for at mindske klimapåvirkningen fra landbrug 
Jeg ville gerne gøre en større indsats, men omkostningerne for produktionen er for store 
Jeg ser det ikke som mit ansvar at mindske klimapåvirkningen 
Jeg tror ikke på menneskeskabt påvirkning af klimaet 
 
 
 
 



Mener du at kulstof (C’et i CO2) lagres i jorden hvis man har en god jordstruktur og meget organisk 
materiale?  
Vælg det udsagn, som passer bedst på dig 
Ja – men jeg tænker ikke over det 
Ja – og jeg har det i baghovedet når jeg planlægger 
Ja – jeg har hørt om det, men jeg tror den reelle effekt er lille 
Ja – men jeg kan ikke gøre noget anderledes  
Nej – det har jeg aldrig hørt om, men jeg vil undersøge det nærmere 
Nej – jeg tror ikke rigtig på det 
. 
Må vi kontakte dig igen hvis vi har flere spørgsmål? 
Ja  
Nej 
 
Har du yderligere kommentarer kan du skrive dem her: 
 
Der er ikke flere spørgsmål. 
Tak for hjælpen! 
 
 

  



 

 

 
  



 

 

 

Appendix E - Questionary regarding market and 
natural insurance 
 
  



 
  



Velkommen til denne undersøgelse, der handler om dyrkning af jord og hvilke tanker du gør dig 
omkring dyrkning af jord. Du vil blive spurgt om dine erfaringer med og din holdning til forskellige 
dyrkningsmetoder. Undersøgelsen er finansieret af Aarhus Universitet og skal bruges til et 
forskningsprojekt om bæredygtig dyrkning. Der står ingen virksomheder og organisationer med 
økonomiske, eller politiske, interesser i resultaterne bag undersøgelsen. Målet er at undersøge, om 
bestemte dyrkningsmetoder er attraktive for landmænd, og under hvilke betingelser. 
Markér venligst dit køn: 
Mand 
Kvinde 
 
Notér venligst dit fødselsår: 
Årstal: 
 
Hvad er din relation til bedriften?  
Ejer/forpagter med daglig driftsledelse 
Ejer/forpagter uden daglig driftsledelse 
Ansat med daglig driftsledelse 
Ansat uden daglig driftsledelse 
Andet, notér venligst: 
 
Hvor stort er bedriftens landbrugsareal (inkl. forpagtet areal)? 
Antal ha: ________ 
I det følgende vil det være dette areal der henvises til. 
 
Dyrkes der aktivt på bedriftens landbrugsareal? 
Nej, der er permanent græs på hele arealet 
Ja, der dyrkes på hele arealet 
Ja, der dyrkes på en del af arealet: ____ hektar 
 
Hvis Ja, på hele arealet: STOP – ”Tak for din besvarelse….” 
 
Hvilken af nedenstående beskrivelser passer bedst på dig? 
Jeg er fuldtidslandmand 
Jeg er deltidslandmand med anden lønnet beskæftigelse 
Jeg er hobbylandmand 
Andet, notér: 
 
Hvem tager primært beslutning om dyrkning af markerne? 
Jeg beslutter alt selv (evt. med konsulent bistand) 
Jeg beslutter selv i samråd med andre (f.eks. medarbejdere, partnere) 
Jeg deltager ikke selv i beslutningen  
 
Hvilken landbrugsmæssig uddannelse har du? (gerne flere svar) 
Agrarøkonom 
Agronom 
Landbrugstekniker 
Landmand (Det Grønne Bevis) 
Andet, venligst notér: 
Har ikke en landbrugsmæssig uddannelse 
Ved ikke/vil ikke svare 
 
 
 
 



I det følgende vil vi spørge ind til, om din produktion er blevet påvirket af større regnskyl de seneste 
år. 
 
I hvilket omfang har du observeret områder, hvor regnvandet har problemer med at sive væk? 
På større områder 
I begrænset omfang 
Slet ikke 
Ved ikke 

I hvilket omfang har du observeret områder, hvor regnvandet har problemer at komme igennem 
jordskorpen?  
På større områder 
I begrænset omfang 
Slet ikke 
Ved ikke 
I hvilket omfang har du observeret, at jorden skylles væk (eroderer) i forbindelse med regnskyl? 
På større områder 
I begrænset omfang 
Slet ikke 
Ved ikke 

 
I hvilket omfang har du, efter egen vurdering, lidt tab (af produktion) i forbindelse med de store 
regnskyl de seneste somre? 
Ja, markant tab 
Ja, et mindre tab 
Nej, blev ikke påvirket 
Ved ikke 
 
Filter 1:  
 
Hvis ja:  
Gør du noget aktivt for at sikre dine afgrøder/jorde, så du ikke i fremtiden kommer til at lide lignende 
tab? (sæt gerne flere x) 
Ja, jeg har omlagt (dele af) landbrugsarealet til græs 
Ja, jeg har ændret sædskiftet 
Ja, jeg sørger for øget tilførsel af organisk materiale  
Ja, jeg dyrker efterafgrøder eller lignende. Dvs. jeg sørger for vintergrønne marker.  
Ja, jeg undlader at pløje på hele eller dele af landbrugsarealet 
Ja, jeg sørger for udbedring/reparation/vedligehold af dræn 
Ja, jeg har udvidet drænarealet 
Ja, jeg har investeret i maskinparken 
Ja Andet________________ 
 
 
 
 
 
 
 
 
 
 
 
 



Hvis nej:  
Skyldes det, at du gør noget aktivt for at sikre dine afgrøder/jorde mod tab? (sæt gerne flere x) 
Nej 
Ja, jeg har omlagt (dele af) landbrugsarealet til græs 
Ja, jeg har ændret sædskiftet 
Ja, jeg sørger for øget tilførsel af organisk materiale  
Ja, jeg dyrker efterafgrøder eller lignende. Dvs. jeg sørger for vintergrønne marker.  
Ja, jeg undlader at pløje på hele eller dele af landbrugsarealet 
Ja, jeg sørger for udbedring/reparation/vedligehold af dræn 
Ja, jeg har udvidet drænarealet 
Ja, jeg har investeret i maskinparken 
Ja Andet________________ 
 
Filter 1: slut. 
 
Har du oplevet andre påvirkninger på produktionen som følge af vejret – ud over erosion og 
problemer med nedsivning af regnvand,? 
Nej 
Ja – hvilke____________ 
 
Prognoser forudsiger mere ekstremt vejr. Hvordan forudser du, at det kommer til at påvirke dig? 
Tror ikke det kommer til at påvirke mig 
Bliver nødt til at ændre afgrøde 
Jeg må tage større arealer ud af drift  
Øget risiko for/hyppighed af høsttab 
Andet_________________ 
 
I f.eks. USA og flere europæiske lande er det muligt at forsikre sig mod tab ved f.eks. større regnskyl 
eller tørke såkaldte afgrødeforsikringer. Ligesom man i Danmark har forsikring ved haglskader. 
Ville du være interesseret i en forsikring mod tab af afgrøder i forbindelse med f.eks. regn? 
Ja 
Nej 
Måske hvis jeg vidste mere 
CE delen stilles kun hvis der svarers Ja/måske her 

 

 
I det følgende vil vi gerne høre om dine erfaringer med bestemte dyrkningsmetoder… 
 
På hvor stor en del af landbrugsarealet benytter du organisk gødning (dvs. gylle, komøg…)? På 
_______ ha 
 
På hvor stor en del af landbrugsarealet nedmulder du halm eller andre planterester? På _____ ha 
 
På hvor stor en del af landbrugsarealet benytter du slam som gødning? På _______ ha 
 
På hvor stor en del af landbrugsarealet dyrker du efterafgrøder? På ________ ha 
 
 
 
 
 
 
 



Pløjefri dyrkning indebærer at jorden ikke må pløjes, til gengæld må den gerne harves. I overgangen 
til pløjefri dyrkning kan jorden blive mere komprimeret og øge behovet for jordløsning. Dette 
mindskes når jordstrukturen har tilpasset sig med flere permanente rod- og regnormegange, evt. kan 
effekterne minimeres ved nedmuldning af halm og planterester. Ved at have et godt sædskifte 
minimeres sygdomme og ukrudt. Den direkte effekt af pløjefri dyrkning kan f.eks. ses på antallet af 
regnorme, især i underjorden. Ud over den øgede biologiske mangfoldighed i jorden er det påvist at 
jordstrukturen også forbedres. Herved mindskes risikoen for både udtørring og oversvømmelser. 
Samtidig vil den styrkede jordkvalitet binde mere kulstof i jorden og dermed reducere atmosfærens 
indhold af drivhusgassen CO2.  
 
Har du erfaring med pløjefri dyrkning?  
Ja – gode 
Ja – dårlige 
Ja – både gode og dårlige 
Nej 
 
Filter 2  
Hvis ja 
Dyrker du pløjefrit nu? 
Ja – alle arealer dyrkes pløjefrit 
Ja – nogle arealer dyrkes pløjefrit 
Nej – ingen arealer dyrkes pløjefrit 
 
Hvis nogle – på hvor mange hektar? ___   
 
Hvis nej 
Overvejer du at begynde at dyrke pløjefrit på hele eller dele af landbrugsarealet?  
Ja, jeg overvejer det 
Nej, ikke umiddelbart  
Ved ikke 
Filter 2 slut 
 
Hvad skulle der til, før du ville tage beslutningen om at prøve at dyrke pløjefrit?  
Økonomisk kompensation 
Garanti for erstatning ved evt. tab af udbytte 
Mere viden/oplysning omkring pløjefri dyrkning 
Jeg ønsker ikke at dyrke pløjefrit 
Andet:________________ 
 
Hvad er efter din vurdering ulemperne ved pløjefridyrkning (sæt gerne flere x) 
Pakning af jorden 
Plantesygdomme overvintrer 
Nødvendigt med sædskifte 
Øget brug af bekæmpelsesmidler 
Tab af udbytte 
Det tager tid før man kan se en positiv effekt 
Kræver store økonomiske investeringer i nye maskiner mv. 
Ingen 
 

 
 
 



 
 
 
Hvad er efter din vurdering fordelene ved pløjefri dyrkning (sæt gerne flere x) 
Det skaber en god jordstruktur 
Økonomisk besparelse (færre mandetimer, mindre brændstof) 
Det øger biodiversiteten i jorden 
Øget udbytte 
Godt til tung lerjord – sparer maskinkraft 
Mindsker risikoen for oversvømmelse 
Ingen 
 
 
Filter 3: Hvis ”pløjefri dyrkning” udgør mere end 75% gå til spm efter valgeksperimentet eller 
man tidligere har svaret at man ikke er interesseret i forsikringer 
 
Pløjefri dyrkning og nedmuldning af halm eller planterester er eksempler på dyrkningsmetoder, som 
blandt andet kan bidrage til forbedringer af jordstrukturen og dermed modvirke erosion og 
oversvømmelser. Det er i både landmandens og samfundets interesse – ikke mindst i lyset af de 
stigende problemer med større regnskyl de senere år.  
 
Derfor er det relevant at undersøge forskellige muligheder for at fremme dyrkningsmetoder, der 
gavner jordstrukturen og jordkvaliteten generelt. En mulighed kunne være at tilbyde forsikring mod 
tab af afgrøder ved større regnskyl – på betingelse af at landmanden også selv gør noget for at sikre 
sig mod tab, f.eks. ved at dyrke pløjefrit. Princippet er det samme som når du låser døren – både for 
din egen skyld og fordi forsikringen kræver det, før du kan få erstatning. 
 

I det følgende vil du blive tilbudt forskellige versioner af forsikringer. Forsikringerne skal sikre dig 
mod eventuelle tab ved f.eks. større regnskyl. De vil fungere således: 

• Man forpligtiger sig til at dyrke den forsikrede jord bærerdygtigt, i dette tilfælde pløjefrit 
og/eller nedmuldning af halm eller planterester. Jord der er dyrkes pløjefrit i forvejen vil også 
være dækket. 

• Man betaler en årlig præmie 
•  I tilfælde af ”skade,” vil man modtage erstatning 
• Udbetaling af erstatning er betinget af, at man har dyrket jorden, som der står i kontrakten. 

Dette vil blive kontrolleret ved stikprøvekontrol. 
• Der er to typer forsikringer Udbytteforsikring og Nedbørsforsikring  

o Udbytteforsikring; tab og erstatning beregnes på baggrund af dit faktiske udbytte. 
Ved udbytteforsikring er der en selvrisiko på 10%.  

o Nedbørsforsikring; tab og erstatning beregnes på baggrund af data om lokalt nedbør. 
Der er ingen selvrisiko. 

• Det er et statsligt forsikringsselskab, der står for udbuddet. 
 
 
I tabellen kan du se de nærmere forhold der indgår i forsikringen. På de kommende sider kan du 
fremkalde boksen ved at klikke på den lille knap ”klik for mere info.” 
 
 
 
 



 
 
Forhold Niveauer  
Reduktion af pløjet areal Kravet om reduktion af pløjet areal kan være på 10%, 25%, 50% eller 

75% - dvs. for hver 10 ha du i dag pløjer skal du dyrke pløjefrit på hhv. 
1, 2½, 5 og 7½ ha 

Krav om nedmuldning af 
halm eller planterester 

Nogle forsikringsaftaler stiller krav om brug at der nedmuldes halm 
eller planterester på arealer der dyrkes pløjefri andre har ikke dette 
krav. 

Forsikringstype Forsikringerne kan enten være af typen udbytteforsikring med 10% 
selvrisiko (erstatning beregnes ud fra tabt udbytte) eller 
nedbørsforsikring uden selvrisiko (tab og erstatning beregnes ud fra 
lokal nedbør) 

Præmie (% af 
forsikringsværdien) 

Præmierne ved de forskellige forsikringer kan være 3, 5, 7 eller 9 % af 
den forventede værdi af afgrøderne på det forsikrede areal. 

 
Du vil blive præsenteret for et valg mellem forsikring A og B. Hvis du ikke finder nogen af 
forsikringerne attraktive, har du også mulighed for at angive, at du ikke ønsker nogen af 
forsikringerne.  

 
Du vil blive præsenteret for dette valg 8 gange. Hver gang vil valgmulighederne variere en lille 
smule. Formålet er at finde ud af, hvilke kombinationer af valgmuligheder der kunne være attraktive 
for dig. Formålet er ikke at teste, om du svarer i overensstemmelse med dine tidligere svar.  

 
Det er vigtigt, at du overvejer hvert enkelt valg for sig selv, og at du forsøger at tage alle 
forholdene i forsikringerne i betragtning.  

 
Prøv at være så realistisk som muligt. Undersøgelser har vist, at mange vælger anderledes i 
spørgeskemaer end i virkeligheden. Tænk derfor nøje over dine valg. 
 
1 Forsikring A Forsikring B Ingen forsikring 
Reduktion af pløjet areal 50 %     25 %      

 
Jeg ønsker ingen 
forsikring 

Krav om nedmuldning af 
halm/planterester Ja     Nej 

Type Udbytteforsikring    Nedbørsforsikring 
Præmie (% af 
forsikringsværdien) 5 %     7  %     

Valg (sæt ét X)    
 

2 Forsikring A Forsikring B Ingen forsikring 
Reduktion af pløjet areal 50  %   10  %    

 
Jeg ønsker ingen 
forsikring 

Krav om nedmuldning af 
halm/planterester Nej    Ja 

Type Nedbørsforsikring Udbytteforsikring 
Præmie (% af 
forsikringsværdien) 9%    5 %     

Valg (sæt ét X)    
 

 

 



3 Forsikring A Forsikring B Ingen forsikring 
Reduktion af pløjet areal 75 %     10 %      

 
Jeg ønsker ingen 
forsikring 

Krav om nedmuldning af 
halm/planterester Nej     Ja     

Type Udbytteforsikring Nedbørsforsikring 
Præmie (% af 
forsikringsværdien) 3 %     9 %    

Valg (sæt ét X)    
 

4 Forsikring A Forsikring B Ingen forsikring 
Reduktion af pløjet areal 10 %    75%      

 
Jeg ønsker ingen 
forsikring 

Krav om nedmuldning af 
halm/planterester Nej     Ja     

Type Udbytteforsikring Nedbørsforsikring 
Præmie (% af 
forsikringsværdien) 9 %    3 %     

Valg (sæt ét X)    
 

5 Forsikring A Forsikring B Ingen forsikring 
Reduktion af pløjet areal 10 %    50 %     

 
Jeg ønsker ingen 
forsikring 

Krav om nedmuldning af 
halm/planterester Nej         Ja        

Type Nedbørsforsikring Udbytteforsikring 
Præmie (% af 
forsikringsværdien) 5 %     9%     

Valg (sæt ét X)    
 

6 Forsikring A Forsikring B Ingen forsikring 
Reduktion af pløjet areal 75 %    25  %    

 
Jeg ønsker ingen 
forsikring 

Krav om nedmuldning af 
halm/planterester Ja         Nej        

Type Nedbørsforsikring        Udbytteforsikring 
Præmie (% af 
forsikringsværdien) 7 %    3 %     

Valg (sæt ét X)    
 

7 Forsikring A Forsikring B Ingen forsikring 
Reduktion af pløjet areal 25 %    75 %     

 
Jeg ønsker ingen 
forsikring 

Krav om nedmuldning af 
halm/planterester Ja        Nej         

Type Nedbørsforsikring Udbytteforsikring 
Præmie (% af 
forsikringsværdien) 3 %     7 %     

Valg (sæt ét X)    
 

 

 



8 Forsikring A Forsikring B Ingen forsikring 
Reduktion af pløjet areal 25%     50 %     

 
Jeg ønsker ingen 
forsikring 

Krav om nedmuldning af 
halm/planterester Ja         Nej      

Type Udbytteforsikring Nedbørsforsikring 
Præmie (% af 
forsikringsværdien) 7 %    5 %     

Valg (sæt ét X)    
 
Filter 4: Hvis status quo I alle 8 valg eksperimenter 
  
Hvorfor valgte du i alle valgsituationerne at forsætte uden en forsikring? (sæt 1 kryds) 
Jeg ønsker ikke at binde min produktion op på en forsikring 
Selvrisikoen var for høj 
Præmien var for høj 
Det var urealistisk 
Der er i forvejen for mange restriktioner på hvordan man må dyrke sin jord. 
Det var for svært at vælge 
Jeg ønsker ikke denne form for forsikring 
Andet 
 
Filter 4: slut. 
Filter 3: slut 
 
  
 
Hvordan vil du karakterisere din jord, overordnet set? 
1 Sund – god struktur, meget organisk materiale og høj biodiversitet 
2 
3 
4 
5 Dårlig – dårlig struktur, kun lidt organisk materiale og lav biodiversitet 
Ved ikke 
 
Hvilken beskrivelse passer bedst på den måde, din jord indgår i bedriften? 
Produktionsfaktor – et aktiv i min produktion  
Investeringsfaktor – en investering i fremtiden 
Produktions- og investeringsfaktor 
Ved ikke 
 
Hvis investeringsfaktor/produktions og investeringsfaktor: 
Hvad gør du for at pleje denne investering:__________ 
Ved ikke 
 
 
Hvordan ser du din rolle som landmand i forbindelse med at mindske klimapåvirkninger? 
Vælg det udsagn, som passer bedst på dig 
Jeg mener ikke, at jeg kan gøre en forskel 
Jeg føler, jeg gør en aktiv indsats for at mindske klimapåvirkningen fra landbrug 
Jeg ville gerne gøre en større indsats, men omkostningerne for produktionen er for store 
Jeg ser det ikke som mit ansvar at mindske klimapåvirkningen 
Jeg tror ikke på menneskeskabt påvirkning af klimaet 
 



Mener du at kulstof (C’et i CO2) lagres i jorden hvis man har en god jordstruktur og meget organisk 
materiale?  
Vælg det udsagn, som passer bedst på dig 
Ja – men jeg tænker ikke over det 
Ja – og jeg har det i baghovedet når jeg planlægger 
Ja – jeg har hørt om det, men jeg tror den reelle effekt er lille 
Ja – men jeg kan ikke gøre noget anderledes  
Nej – det har jeg aldrig hørt om, men jeg vil undersøge det nærmere 
Nej – jeg tror ikke rigtig på det 
Må vi kontakte dig igen hvis vi har flere spørgsmål? 
Ja  
Nej 
 
Har du yderligere kommentarer kan du skrive dem her: 
 
  
Der er ikke flere spørgsmål. 
Tak for hjælpen! 
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