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Nature based solutions for climate adaptation - paying farmers for flood control 

Abstract: 

Climate change is expected to lead to more frequent and severe fluvial flood events in Northern Europe. 

Nature-based Solutions are increasingly recognised as a natural insurance agains flood risks in vulnerable 

areas. This requires collaboration at landscape scale between providers and beneficiaries of flood control. In 

particular, mechanisms to incentivise owners of land could potentially offer cost-effective ways to reduce 

damage to urban infrastructure. We conduct a choice experiment among farmers located in vicinity to a river 

to assess their willingness to accept a contract that would allow a local Danish municipality to periodically 

flood farmland to reduce urban flood risks. Results indicate that farmers on average are hesitant about entering 

into abatement contracts. If they were to agree on a contract they would prefer a separate compensation for 

lost crops; a collective negotiation and higher rather than lower yearly payments. Surprisingly, data did not 

show a significant preference for or against a requirement to grow flood resistant crops. The results suggest 

that a contract with a separate damage compensation and based on individual negotiation would on average 

require an annual payment of 309Euro/ha. The paper discusses the potentials and limitations of landscape scale 

nature-based solutions for climate adaptation.  
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1 Introduction  

Northern Europe experiences an increasingly wet climate, leading to more frequent and severe fluvial flood 

events. Since the mid-20th century, Northern Europe has received more precipitation, most notably during 

winter months, with subsequent increasing river flows and river flooding (EEA, 2012, 2017). The level of 

climate-driven physical causes is exacerbated with socio-economic factors such as urban development in flood 

prone areas (Rojas et al., 2013), and agricultural land use activities in floodplains that have changed and 

restrained the natural course of streams and rivers (EEA, 2018). 

Nature Based Solutions (NBS), which comprise actions inspired by, supported by or copied from nature, are 

increasingly recognised as a valuable yet still under-utilised means to alleviate negative effects of a changing 

climate. The final report of an expert group providing input to the EU Research and Innovation Policy Agenda 

for Nature-based Solutions and Re-naturing Cities identified four main goals that can be addressed by NBS: i) 

enhancing sustainable urbanisation; ii) restoring degraded ecosystems; iii) developing climate change 

adaptation and mitigation; and iv) improving risk management and resilience (European Commission, 2015).  

Focusing on the latter two aspects, NBS represent measures that can increase the natural insurance against 

adverse events such as flooding. The insurance value of an ecosystem results from the capacity to cope with 

external disturbances to reduce risks to human society, for instance by overflooding farmland, which 

deliberately increases the flood intensity on farmland compared to the current situation as a way to protect 

more vulnerable and costly urban infrastructures downstream.  

A growing body of literature investigates the land management aspects with respect to managing risks between 

rural landowners who are so-to-speak hosting floods risks may but lose crop values, and urban centres, which 

gain from avoiding or at least reducing flood risks. Morris et al. (2016) reviews the suitability of a range of 

land management instruments to help reduce downstream flood risks, such as (forced or voluntary) land sales, 

leasebacks, easements and annual payments; Manale (2000) and Weikard et al. (2017) investigate 

compensation to landowners for overflooding services as a Payment for Ecosystem Services (PES) type of 

system and Erdlenbruch et al., 2009) discuss a reform of how the French Flood Prevention Action Programme 

could compensate landowners and suggest the use of insurance funds involving reinsurance companies or 

private insurance companies covering over-flooded areas. Collentine & Futter (2018), analysing natural water 

retention measures as flood control strategy, find that promoting this type of projects needs an understanding 

of both the reduction in downstream flood risk, required institutional structures for risk management and 

mutually acceptable farm compensation schemes. This necessitates a new and different collaboration between 

landowners and stakeholders interested in protecting urban structures and as a result, novel ways of organising 

NBS need to emerge across Europe. One example, using the approach of PES is presented in this paper. PES 

is promoted as a potentially effective tool for providing increased levels of ecosystem services through 

compensation of farmers for changing land management practices (Engel et al., 2008). PES contracts are 



3 
 

voluntary and help avoid negative relations and resistance from the landowner community compared to 

expropriation, but the issue remains of ensuring appropriate spatial coverage, which in the case of overflooding 

is paramount.  

The aim of this paper is to investigate farmer preferences towards a PES contract to allow for periodic flooding 

on their land to protect urban areas from flooding. Are farmers willing to manage water on their land? What 

elements are important to farmers in a contractual agreement? What level of payment would farmers find 

acceptable and is this an economically sound approach? 

We place the analysis in the catchment of the stream Storåen in Denmark, which is dominated by farmland 

and where Storåen repeatedly cause flooding in the town of Holstebro. We conduct a choice experiment among 

farmers located in the catchment. The experiment aims to estimate their willingness to accept participation in 

the scheme, which would represent (some of) the costs of reducing climate change problems in the town of 

Holstebro.   

The remainder of this article consists of four main parts. Section 2 describes the case area and section 3 explain 

the methodology employed in this research and the empirical application of the choice experiment technique 

developed. Section 4 presents the results of the survey and model estimations. Finally, Section 5 discusses and 

concludes. 

 

2. Case area 

The case study covers the catchment area of the Storå stream in the Jutland peninsula of Denmark. At 104 km 

and with a cathment area of 825 km2, Storå is one of Denmark’s longest streams, flowing westwards from its 

source near Ikast in the central part of Jutland, traversing through the municipalities of Ikast-Brande, Herning 

and Holstebro before flowing into Nissum Fjord in the northwestern part of Jutland (Wiborg et al., 2014). 

Importantly, the stream flows through the centre of Holstebro with a population of about 35,000. Over the 

centuries, urban infrastructure has gradually restricted the flow of the stream through Holstebro, leaving less 

and less space for the passage of water under extreme events. The narrow passage combined with extreme 

precipitation and/or rapid snowmelts have led to repeated riverine flood events. Within the last 90 years, 9 

extreme flood event have been recorded, of which the last four occurred in 1970, 2007, 2011 and 20151. 

Holstebro floods at water levels higher than 9.2 meters above sea level. Statistically, events causing water 

levels to reach 10.2 meters above sea level will occur 1:25 years (Wiborg et al. 2014). The 1970 flooding water 

rose to 10.79 meters, corresponding to a 1000-year event (ibid). As precipitation is expected to increase due to 

climate change, projections indicate that a 1:25 event by 2100 would represent a flow at 10.36 meters above 

                                                            
1 https://www.holstebro.dk/borger/natur‐og‐miljoe/aa‐soe‐og‐fjord‐overfladevand/storaa‐og‐hoejvande  
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sea level. Consequently, the analysis under the EU Floods Directive (2007/60/EU) identifies the town of 

Holstebro as one of 10 areas in Denmark seriously at risk of flooding.  

In developing the climate adaptation plan for the municipality in 2014, Holstebro municipality first describes 

the perspectives for farmers as water managers in the catchment as one of several adaptation options (Holstebro 

Kommune, 2014). The 2017 Appendix to the Municipality Plan to protect the centre of Holstebro against 

riverine flooding lays out the plans and analyses for i.a. an upstream adaptation measure consisting of a valley 

dam that would allow farm land to be flooded expectedly every 5 to 10 years for a couple of days at a time and 

with a capacity to retain water of a 100 year event by 2100 (Holstebro Kommune, 2017). The farmer-as-water-

manager concept was originally developed under the North Sea Region Programme funded project Aquarius2, 

which developed a network of municipalities and local agricultural organisations around the North Sea entitled 

‘the farmer as water manager’. The project network discussed different technical solutions and business models 

for how farmers could contribute to climate adaptation in urban areas as an ecosystem service (Wiborg et al., 

2014). The present analysis is not part of the farmer as water manager project, but utilises the notion of 

overflooding farmland, known to the local community. 

2 Methodology 

We apply the discrete choice modelling approach, which models the choice of a set of mutually exclusive and 

collectively exhaustive alternatives, to analyse the choice of farmers with regard to flooding contracts. The 

framework is based on utility maximization, where farmers are modelled as selecting the alternative that offers 

the highest level of utility at the time of choice. The approach is based on random utility originating from 

mathematical psychology (Thurstone, 1927), where the true utilities of the alternatives in a given choice 

situation are considered random variables, so the probability that a given alternative is chosen is defined as the 

probability that it has the greatest utility among the available alternatives (Ben-Akiva, M., Lerman, S. R., 

1985). 

The Choice Experiment method (hereafter CE) is based on the discrete choice theory. It is particularly suited 

for evaluating complex goods and has been applied in several studies to analyse voluntary performance 

contracts with land owners, e.g. on agri-environmental schemes (AES) across Europe (Ruto & Garrod, 2009), 

Denmark (Broch & Vedel, 2012) and Spain (Espinosa-Goded et al., 2010); Payment for Ecosystem Services 

(PES) for preserving biodiversity in Tanzania (Kaczan et al., 2013); contracts for biodiversity conservation in 

Australia (Greiner, 2016); PES to protect a drinking water resource in the UK (Beharry-Borg et al., 2013); 

subsidy schemes for pesticide free buffer zones in Denmark (Christensen et al., 2011); biodiversity protection 

                                                            
2 http://archive.northsearegion.eu/ivb/projects/details/&tid=90  
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contracts in Finnish forestry (Horne, 2006), and contracts on sustainable soil management in Denmark 

(Jørgensen, 2015; Zandersen et al., 2016). 

In CEs, the object of study is described through a number of attributes and levels that are combined to create 

different sets of hypothetical alternatives. Respondents are asked to select the alternative in each choice 

situation that offers the highest utility. In most instances, respondents are presented with a choice between 

three or four options in each choice situation, where one option is the status quo of no change from the current 

situation and the other two or three options represent changes in the levels in one or more attributes. The new 

levels may or may not represent an improvement over the current situation and would include a measure of 

payment in the case of evaluating landowners’ Willingness To Accept (WTA) performance contracts. Further 

details of the CE methodology can be found in Hensher et al. (2005), Adamowicz et al. (1998), Hanley et al. 

(1998) and Louviere et al. (2001). 

In this study, we apply the CE methodology among farmers located in vicinity to the river ‘Storåen’ in order 

to assess their willingness to accept a contract that would allow the local municipality to periodically flood 

farmland in order to avoid or limit urban flooding from Storåen. The experiment aims to estimate the costs of 

getting farmers to participate in the scheme, which would represent (some of) the costs of reducing climate 

change problems in the town of Holstebro. 

Choice model specification 

We apply a standard conditional logit model to estimate the preferences of farmers in the catchment area 

towards flooding contracts, following the approach developed by McFadden (1974). The conditional logit 

models the choice among alternative contracts as a function of the characteristics of the alternatives and 

assumes homogenous preferences among farmers and requires that choices are consistent with the 

Independence from Irrelevant Alternatives (IIA).  

The utility function of farmer n regarding flooding contracts and assuming no individual heterogeneity can be 

expressed as: 𝑈 𝑉 𝜀 , where 𝑉 𝑓 𝑋  is the deterministic and in principle observable component 

and 𝜀  a random, unobservable, 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 𝑛 choosing alternative i is estimated as 

follows: 

P
 

∑
      [1] 
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3 Study design and implementation 

Development of the questionnaire 

The analysis is based on survey data from a sample of Danish farmers in the Storåen catchment area. This data 

was collected as part of comprehensive EU and Nordic research projects (BASE and NORD-STAR), 

investigating farmer preferences and risk perceptions towards climate change across Europe. The survey was 

developed by the authors and their Aarhus University colleagues. Survey questions were based on the authors’ 

knowledge obtained through previous projects on farmer behaviour (Christensen et al., 2011; Nielsen, 2010; 

Pedersen et al., 2012), discussions with partners in the EU FP7 project BASE and on literature review on 

cognitive factors affecting decision-making in general (Kahneman and Tversky, 1984, 1979; Simón, 1998) 

and on climate adaptation in particular (Dury et al., 2013; Grothmann & Patt, 2005; Dang et al., 2014). During 

spring 2014, questions were tested on four farmers with different farm profiles, which led to rephrasing of 

some questions and the choices in the CE to ensure that questions were phrased in appropriate terminology 

and made sense to farmers. 

General questions aimed to elicit information about farmers’ experience with climate change related events 

such as extreme flooding or storms as well as their expectations about the impact of climate change on their 

own farm. Farmers were also asked about barriers for implementing adaptive actions, including economic, 

regulatory and information constraints on climate adaptation.  

The experimental design 

Farmers were presented with two options to enter into contract with the local municipality to provide services 

that would help reduce flooding risks in the town of Holstebro, or no contract at all.  

The specific scheme features in the experimental design are partly inspired by earlier studies on farmer 

attitudes towards agri-environmental schemes (AES), partly by the Danish network project ‘Farmer as water 

manager’3. The network project was a collaborative effort between the Danish Agricultural Knowledge Centre 

for Agriculture (now SEGES), agricultural extension services, three municipalities in the region of where 

Storåen has its course, as well as scientists and consultants in the field of hydrology and biology. Interviews 

with the head of the network project (Irene Wiborg, personal communication) helped shape the financial 

incentives for entering into a performance contract that would help the local town reduce flooding risks. The 

scheme features were subsequently tested for validity in interviews with farmers.  

The crop requirement feature was included because certain flood resistant crops such as grass or willow have 

been shown to reduce run-off, thereby delaying water flows from farmland to the creek. When rainwater is 

delayed in reaching the creek, the accumulation of water in the creek is spread out over time, thereby 

                                                            
3 https://www.landbrugsinfo.dk/miljoe/landmandensomvandforvalter/sider/startside.aspx (last accessed 4/10 2016) 
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minimizing the risk of damages to the downstream town. These crops would also reduce economic losses to 

the farmer in the event of flooding, and thereby minimize the level of compensation, if this was included in 

the contracts (Wiborg et al., 2014). Attribute levels comprised either a contractual requirement to grow such 

flood resistant crops, or no requirement on crops at all. We selected the option of no requirements on crops to 

assess the importance of flexibility in the propensity to participate and level of payment required. Wynn et al. 

(2001) found that increasing flexibility in voluntary contracts with farmers increases their probability and rate 

to participate. 

Payment for entering into the contract was divided into two elements: i) one element that offers a yearly 

payment per hectare to the farmer for making their land available for a 1-in-5 year flood event, ranging from 

EUR67 to EUR403 per hectare per year; and ii) one element that specifies whether the farmer would obtain a 

full compensation or none at all for crop losses in the event of flooding. Farmers were informed that a 

compensation for the loss would be determined by a professional assessor.  

This type of payment vehicle differs with respect to the type of payment compared to previous studies that 

have investigated farmer perceptions towards AES subsidy schemes (e.g. Beharry-Borg et al., 2013; Broch & 

Vedel, 2012; Christensen et al., 2011; Espinosa-Goded et al., 2010).   These studies focus on compensation 

per hectare per year, while the present set up comprises insurance for crop losses and an annual fee for letting 

the municipality use farmland as a flooding buffer at their disposal. When communicating with farmers in the 

region, the project network was very adamant about keeping the language clear of any mentioning of 

compensation and subsidy, and focused on a new possibility for a market transaction, where farmers are paid 

for a service on par with their traditional products.  

The last element in the proposed contracts is the type of negotiation, which was presented either as an 

individual negotiation situation with the municipality or collectively with other farmers in the catchment area. 

Flexibility in negotiation of AES contracts with land owners have previously looked at the significance of 

being able to repeal a contract  (Broch & Vedel, 2012,  Christensen et al., 2011), or to choose between different 

contract lengths (Beharry-Borg et al., 2013; Christensen et al., 2011; Ruto & Garrod, 2009). 

The exact formulation of the proposed contracts and attribute levels are presented in Table 1. The introduction 

text to the choice experiment and an example choice card are found in Annex A and B, respectively. 

Table 1. Scheme features and attribute levels applied in choice experiment 

Attribute Level description 

Restriction on crop choices Requirement to have flood resistant crops 
No requirement to have flood resistant crops 

Yearly payment for making area available for 
flooding under 5 year events 

500 dkk/ha 

1000 dkk/ha 

2000 dkk/ha 
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3000 dkk/ha 

Coverage of losses of crops during 
inundations on contracted area 

No coverage of crop losses 

Value of crop losses assessed by professional assessor 

Negotiation situation 
Individual negotiation with your municipality 

Collective negotiation together with other farmers from 
your sub-catchment 

4 Results 

4.1 Description of the survey sample 

The survey was carried out during April-May 2014 as an e-survey to farmers in the catchment area of Storåen 

who are members of the local agricultural consultancy Heden & Fjorden and operating a farm in one of four 

relevant postal code areas (n=449)4. Farmers from these four postal codes were considered to be the most 

relevant for being part of a flood control project by the agricultural consultancy. The survey was administered 

by the local agricultural extension service “Heden &  Fjorden”. Of the 449 farmers contacted, 80 farmers 

responded to the questionnaire (response rate 18 %) and 67 farmers completed the choice experiment part of 

the survey. 

Among the 67 farmers, five turned out not to own the farm and were therefore excluded from the dataset and 

we retain 62 respondents in the subsequent analysis of the CE. A total of 17 respondents (26 %) chose the non-

contract option in all six choice occasions (so-called serial non-participants). This is not particularly high 

compared with other CE studies, despite the nature of the activity.   

The 62 responses (totaling 372 observations) are statistically a sufficient number of respondents to derive an 

estimate of social costs and point towards the determinants of farmers’ willingness to accept periodical 

flooding of their land as part of a climate adaptation scheme. 

The average size of the farms in the catchment area represented in this sample is 88 ha (84 ha cultivated, i.e. 

excluding areas outside of rotation) with the smallest farm occupying only 6 ha of agricultural land and the 

largest 300 ha. This is close to the average of all farms within the four postal codes (81 ha in 2014, including 

areas outside rotation) but above the average for the West Jutland sub-region of 73 ha cultivated and 

significantly larger than the national average of 68 ha (our calculation, based on Statistics Denmark). More 

than one in five (22 %) farms have at least 150 hectares under cultivation, while at the other end 31 % of the 

respondents are rather small, with cultivated areas of 1- 29 ha. So farms in our sample tend to be larger than 

farms both in the area and in the region. Farmers in the sample are also slightly older. On average the 

                                                            
4 A total of 672 farmers were active in the four postal code areas in 2014 (data extract from ‘Generelt 
Landbrugsregister’, May 2018). Accordingly, 67% of the farmers in the area are members of Heden and Fjorden. 
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respondents are 59 years old, compared with an average of around 55 in the region and 56 nationally (weighted 

average based on Statistics Denmark data). Hence, no farmers in the sample are younger than 25 years old.  

For a significant number of the farms, farm incomes are supplemented by other income. Thus for 38 % of the 

farms, income constitutes less than half of the household gross annual income. A similar share (37 %) lives 

mostly off the farm, as the farm income makes up more than 75 % of the household income. These statistics 

are not available at the national level. 

In terms of experience with negative climate events, less than one in three farmers (28 % of 80 respondents) 

has experienced increased frequency of extreme precipitation during the years that they have been working on 

their current farm. 53 % have not experienced more extreme precipitation events, while 19 % were unable to 

answer this question (don’t know). Of the 23 farmers who had experienced increased frequency of extreme 

precipitation, 10 farmers (44 % of the respondents) had suffered a loss of up to 10 pct. of the crop that had 

sustained the greatest damage, while five farmers had suffered a loss between 10 % and 29 % of the crop.  

The relatively infrequent experiences with climate change related events also seem to be reflected in 

expectations regarding future climate change. It is not that Danish farmers deny climate change; 50 pct. of the 

respondents agree or strongly agree that global climate change is occurring, while as many as 35 pct. answer 

that they neither agree nor disagree or that they do not know.  

But farmers are not very concerned about the impact of climate change on their own farms. For instance, asked 

how concerned they are on a scale from 1 (not at all) to 5 ‘to a very high degree’ that storms will cause flooding 

on or near their farms, 84 % of the farms answered 1 or 2. Greater annual variation in temperatures and in 

access to water availability has a few more farmers concerned, but still only in the range of 15-20 % who rate 

this concern a 4 or 5 on the scale, while another 25 % show a medium-level concern.  In fact, 40 % of the 

farmers expect climate change to have a neutral impact on their farm, while 24 pct. expect a negative impact, 

but just as many do not know what they expect. Finally, 7 %, of the farmers actually expect positive impacts 

from climate change.  

4.2 Estimation results 

All parameters are significant in the CL model with the exception of crop requirement (See Table 2). The 

Hausman test for IIA showed evidence for H0 that parameters of the restricted model are not statistically 

different from the unrestricted model (P>chi2 = 0.882), and hence indicates that the CL specification fulfils 

the requirement that the odds of choosing one alternative over another alternative does not depend on whether 

some third alternative is present or absent. Testing for preference heterogeneity in the sample showed no 

statistical evidence for a variance in preferences with regard to the type of negotiation or whether a 

compensation should be part of the contract or not.   



10 
 

Results suggest that farmers prefer the current situation, given a positive alternative specific constant of the 

status quo situation (ASC-SQ). As is often the case in CE, the model does not capture a significant amount of 

information, indicated by the high level of the ASC-SQ. Farmers in the sample have a highly significant 

preference for receiving compensation in the event of lost crop values (significant at the 1 % level) and prefer 

a collective negotiation with other farmers in the catchment compared to an individual negotiation situation 

with the municipality (significant at the 10 % level). In line with economic theory, farmers in the sample also 

have a positive preference for payment, significant at the 1 % level. 

Table 2. Estimation results of Conditional Logit Model 

Model  CLM  
LogLikelihood   -367.62 
AIC   745.2 
Attributes Estimates p SE 
Specific crop requirement 
   1=Yes; -1=No 

-0.09355  0.0751 

Compensation 
   1=Yes; -1=No 

0.29441 *** 0.0768 

Negotiation 
   1=Individual; -1=Collective 

-0.12437 * 0.0756 

Payment (DKK/ha/yr) 0.00057 *** 0.832D-04 
ASC-SQ 1.48097 *** 0.2020 

Note: ***, **, * ==>  Significance at 1 %, 5 %, 10 % level. 

Based on the coefficients from the conditional logit regression and for different scenarios of contracts, we 

calculate the average willingness to accept a full contract with the municipality to help reduce flodding risks 

in the main townn in the catchment according to the following function: 

𝑊𝑇𝐴 of full constract     [2] 

Table 3 lists the resulting WTAs of different contract scenarios. Contract payment levels would range from 

EUR250 to EUR447/ha/yr depending on the conditions in the contract, with the lowest payments relating to 

collective negotiation with the municipality and a provision of coverage of crop losses and the highest payment 

requirements referring to individual negotiations and no insurance of potential crop losses. 

Table 3.  WTAs of different contractual terms 

# Contract 
WTA/ha/yr 
(EUR) 

1 collective negotiation & compensation at crop loss  -250 

2 Individual negotiation & compensation at crop loss  -309 

3 collective negotiation & no compensation at crop loss -389 
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4 individual negotiation & no compensation at crop loss -447 

 

5 Discussions and conclusions 

This paper has exemplified a novel approach to cost the average willingness of farmers to manage water on 

their lands in order to reduce flooding risks in urban areas in the same catchment. The costing is based on a 

stated preference survey using the choice experiment method among 62 Danish farmers, based on which we 

estimated the average willingness to accept payment for allowing periodical flooding. Albeit a small sample, 

the 62 farmers represent approximately 9 % of the total farmer population in the catchment, and are sufficient 

for testing this approach econometrically. Statistically, the rather small sample allowed us to assess whether 

this type of analysis is feasible. 

Results indicate that farmers on average prefer the current situation. If they were to agree on a contract to 

manage water on their land for the benefit of urban areas, they would prefer compensation for crop losses 

rather than no compensation in the event that flooding destroys part of their crops. Farmers would also prefer 

a negotiation setup where they act as one collective group negotiating the terms of the contract with the 

municipality, rather than negotiating on an individual basis. We found no statistical evidence for preference 

heterogeneity with regard to compensation for crop losses and negotiation setup. Surprisingly, the data did not 

show a significant preference for or against a requirement to grow flood resistant crops. As in accordance with 

economic theory, farmers prefer higher rather than lower yearly payments for making their land available for 

flooding. The results indicate that this approach to analysing the contractual preferences of farmers with regard 

to natural water retention measures on farmland can provide sensible results. 

Depending on the studied contract elements, the yearly payment demanded by farmers per hectare would range 

from EUR250 to EUR447. Contracts that would include provisions for covering potential crop damages would 

require a significantly lower yearly payment (EUR250-309) than contracts without insurance for crop losses 

(EUR389-447). These costs appear high compared to current income generated from their land. Farmers in the 

same region have an average weighted contribution margin of EUR336/ha/yr, ranging from a negative 

contribution margin of EUR23 to as much as EUR1,134/ha/yr, based on the crops grown in the region 

(permanent grass, energy crops, oat, spring barley, winter barley, winter wheat, winter rapeseed and rotational 

grass). 

The novelty of the measure and uncertainties of impacts and consequences could offer an explanation for the 

relatively high payment requirements by farmers. A payment scheme using farm land to protect against urban 

flooding risks has so far not been tested in practice or demonstrated in Denmark and the ‘new’ activity for 
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farmers is yet unproven. Uncertainty about what would happen to crops and soil over time is likely to be 

perceived as a risk factor by farmers, for which they would require a risk premium.  

Uncertainty about climate impact variability may be another contributing factor for relatively high payment 

requirements. The contract setup was based on events occurring once every five years. In the catchment of 

Storåen, several significant flooding events have occurred over the past 10-15 years, indicating a risk of more 

frequent overflooding on farmland needed. Nevertheless, more than half of the sample report not having 

experienced extreme precipitation or flooding events while less than one third of the sample has experienced 

increased frequency of extreme precipitation during their time on the farm. 

Since the survey among the farmers in Storåen catchment in 2014, the municipality of Holstebro has continued 

working with the farming community through the agricultural extension service to teeth out acceptable 

overflooding contracts, design the natural water retention measure and assess the environmental impacts. 37 

farmers have in the autumn of 2018 collectively agreed in principle to be paid a one-off tax free compensation 

of ca. EUR1340/ha for flooding the designated area of 150 ha. Most of the hectares are currently permanent 

grass out of rotation, while a few hectares are covered by regular crops. Specific compensation may be paid 

for any losses to these. Likewise, farmers will have the opportunity to file compensation claims if flooding 

causes other, documented damages. Electronic Material E1 provides a description of the development since 

the survey in 2014. 

An inherent challenge in working with voluntary contractual performance agreements on flooding is the spatial 

coordination needed of lands involved. Since water knows no legal boundaries between fields, allowing water 

to take more space in the landscape necessitates a collective opt-in for the relevant areas. The use of 

agglomeration bonuses, where farmers receive a homogeneous payment and a bonus on top when there is a 

spatial coordination between landowners, have been investigated experimentally on the topic of protecting 

endangered species and biodiversity by reuniting fragmented habitats on private land (Parkhurst et al., 2002; 

Parkhurst & Shogren, 2007; Banerjee et al., 2012). Another approach could be agglomeration payment 

(Wätzold and Drechsler, 2014), where landowners would receive payment only if all the necessary land parcels 

are under contract for periodic flooding. An agglomeration payment could fit nicely with the preferences of 

farmers for collective negotiations rather than individual negotiations. In the case of Holstebro, the solution 

appears to have been a voluntarily negotiated collective contract with an up-front on-time payment and for 

those not willing to take part, they would need to file documented compensation claims. The vast majority of 

farmers have chosen to participate, probably due to the limited values at stake (permanent grassland) and the 

expectation of rare events. 

Reorganising land use and potentially land ownership in the catchment area would also be a facilitating element 

in arranging the spatial puzzle. The swop of agricultural land is a well-known practice, for instance when 
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public authorities seek to construct wetland areas, forestation or renaturation of rivers, which offer additional 

co-benefits in terms of erosion and nutrient retention and, over time, restored ecosystems. 

Our study has only investigated potential contractual costs to the local municipality of paying farmers to flood 

their productive farmland as a natural insurance against adverse flood events in more vulnerable urban areas. 

We have not investigated the prospects of utilising the NBS measure to restore degraded ecosystems through 

the construction of wetlands and river re-naturalisation. Also, we have not taken into account that farmers may 

also own protected nature areas that may be very vulnerable towards sedimentation and nutrient enrichment 

following from even periodic floodings. As nature-based solutions are increasingly used to protect urban 

infrastructures, those responsible for adaptation plans and measures may very well find themselves confronted 

with difficult trade-offs between the value of pristine nature and urban flood risk protection, especially in cases 

where Natura2000 sites are implicated.  
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Annex A 

Text introducing the choice experiment: 

Climate change requires farmers and municipalities to handle more precipitation. Agricultural 
organisations and municipalities are increasingly interested in involving farmers as water managers.  

Farmers can offer their local municipality to store or delay water on their land to protect urban areas and 
infrastructure against flooding. Agricultural organisations, consultancies, and researchers investigate 
potential mitigation instruments, including: 

 Water storage in wetlands and other open space areas - for example establishing wetlands in creek 
valleys; terrain dependent retention basins; managed flooding of fields, meadows, and forests in 
creek valleys. 

 Cultivation initiatives - for example changing to crops with larger root networks; managed draining 
and construction of ditches; changed soil processing; changed cultivation methods; afforestation. 

 Changing stream maintenance and dimensioning - for example changed stream vegetation cutting; 
changes in stream profile; restoration of streams. 

We would like to know if you are interested in entering a contract with your municipality to make (part of) 
your cultivated land available for periodical flooding in return for monetary compensation. 

The municipality is interested in contracts with farmers who are willing to make their land available during 
precipitation incidents that correspond to 5 years incidents, i.e. incidents that statistically happen every 5 
years. By entering the contract, an easement will be added to the deed. 

In the following, you are asked to consider these contract attributes: 

 Crop choice - some crops mitigate flooding by reducing run-off. These are crops such as grass and 
willow. 

 Fixed yearly payment per hectare made available for periodical flooding. 
 Compensation for crop loss in case of flooding that causes crop damage. 
 Negotiation scheme - all farmers in the river catchment negotiate collectively with the municipality, 

or each farmer negotiates individually with the municipality. 

You will now be shown 6 hypothetical municipality contract scenarios that regard making (part of) your land 
available for flooding, statistically every 5 years. Consider the alternatives carefully and in each scenario 
choose the best alternative for your farm. 
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Annex B 

Example of a choice card 

 Contract A Contract B Status Quo 

Crop choice restriction 
Requirement to use 
flood resistant 
crops 

No requirements to use 
flood resistant crops 

No restrictions 

Yearly payment for making area 
available for flooding under 5 year 
events 

2000 DKK 1000 DKK No payment 

Coverage of losses of crops during 
inundations on contracted area 

No coverage of 
crop losses 

Value of crop losses 
assessed by 
professional assessor 

No coverage 

Negotiation situation 
Individual 
negotiation with 
your municipality 

Collective negotiation 
with other farmers 
from your sub-
catchment 

No negotiation 

My Choice (pls. tick only once)    

 

  



16 
 

6 References 
 

Adamowicz, W., Boxall, P., Williams, M., Louviere, J., 1998. Stated preference approaches for measuring 

passive use values: Choice experiments and contingent valuation. Am. J. Agric. Econ. 80, 64–75. 

doi:10.2307/3180269 

Banerjee, S., Kwasnica, A.M., Shortle, J.S., 2012. Agglomeration bonus in small and large local networks: A 

laboratory examination of spatial coordination. Ecol. Econ. 84, 142–152. 

doi:10.1016/j.ecolecon.2012.09.005 

Beharry-Borg, N., Smart, J.C.R., Termansen, M., Hubacek, K., 2013. Evaluating farmers’ likely participation 

in a payment programme for water quality protection in the UK uplands. Reg. Environ. Chang. 13, 

633–647. doi:10.1007/s10113-012-0282-9 

Ben-Akiva, M., Lerman, S. R., 1985. Discrete Choice Analysis: Theory and Applications to Travel Demand. 

MIT Press, Cambridge. 

Broch, S.W., Vedel, S.E., 2012. Using Choice Experiments to Investigate the Policy Relevance of 

Heterogeneity in Farmer Agri-Environmental Contract Preferences. Environ. Resour. Econ. 51, 561–

581. doi:10.1007/s10640-011-9512-8 

Christensen, T., Pedersen, A.B., Nielsen, H.O., Mørkbak, M.R., Hasler, B., Denver, S., 2011. Determinants 

of farmers’ willingness to participate in subsidy schemes for pesticide-free buffer zones-A choice 

experiment study. Ecol. Econ. 70, 1558–1564. doi:10.1016/j.ecolecon.2011.03.021 

Collentine, D., Futter, M.N., 2018. Realising the potential of natural water retention measures in catchment 

flood management: trade-offs and matching interests, in: Journal of Flood Risk Management. 

doi:10.1111/jfr3.12269 

Dang, H. Le, Li, E., Nuberg, I., Bruwer, J., 2014. Farmers’ Perceived Risks of Climate Change and 

Influencing Factors: A Study in the Mekong Delta, Vietnam. Environ. Manage. 54, 331–345. 

doi:10.1007/s00267-014-0299-6 

Dury, J., Garcia, F., Reynaud, A., Bergez, J.-E., 2013. Cropping-plan decision-making on irrigated crop 

farms: A spatio-temporal analysis. Eur. J. Agron. 50, 1–10. doi:10.1016/J.EJA.2013.04.008 

EEA, 2018. Why should we care about floodplains?, Briefing. Copenhagen, Denmark. 

EEA, 2017. Climate change, impacts and vulnerability in Europe: An indicator-based report, 1/2017. ed. 

European Environment Agency, Copenhagen. doi:10.2800/534806 



17 
 

EEA, 2012. Climate change, impacts and vulnerability in Europe 2012 - An indicator based report. 

Copenhagen. 

Engel, S., Pagiola, S., Wunder, S., 2008. Designing payments for environmental services in theory and 

practice: An overview of the issues. Ecol. Econ. 65, 663–674. doi:10.1016/J.ECOLECON.2008.03.011 

Erdlenbruch, K., Thoyer, S., Grelot, F., Kast, R., Enjolras, G., 2009. Risk-sharing policies in the context of 

the French Flood Prevention Action Programmes. J. Environ. Manage. 

doi:10.1016/j.jenvman.2009.09.002 

Espinosa-Goded, M., Barreiro-Hurlé, J., Ruto, E., 2010. What do farmers want from agri-environmental 

scheme design? A choice experiment approach. J. Agric. Econ. 61, 259–273. doi:10.1111/j.1477-

9552.2010.00244.x 

European Commission, 2015. Towards an EU Research and Innovation policy agenda for Nature-Based 

Solutions & Re-Naturing Cities. Final Report of the Horizon 2020 Expert Group on “Nature-Based 

Solutions and Re-Naturing Cities.” Bruxelles. doi:10.2777/765301 

Greiner, R., 2016. Factors influencing farmers’ participation in contractual biodiversity conservation: a 

choice experiment with northern Australian pastoralists. Aust. J. Agric. Resour. Econ. 60, 1–21. 

doi:10.1111/1467-8489.12098 

Grothmann, T., Patt, A., 2005. Adaptive capacity and human cognition: The process of individual adaptation 

to climate change. Glob. Environ. Chang. 15, 199–213. doi:10.1016/j.gloenvcha.2005.01.002 

Hanley, N., Banerjee, S., Lennox, G.D., Armsworth, P.R., 2012. How should we incentivize private 

landowners to “produce” more biodiversity? Oxford Rev. Econ. Policy 28, 93–113. 

doi:10.1093/oxrep/grs002 

Hanley, N., Wright, R.E., Adamowicz, V., 1998. Using Choice Experiments to Value the Environment. 

Environ. Resour. Econ. 11, 413–428. doi:10.1023/A:1008287310583 

Hensher, D. A., Rose, J. M., & Greene, W.H., 2005. Applied choice analysis: A primer. Cambridge 

University Press., New York. 

Holstebro Kommune, 2017. Tillæg nr. 6 Kommuneplan 2017. Klimatilpasning af Holstebro midtby. Flere 

områder omkring Storåen. Forslag. Holstebro. 

Holstebro Kommune, 2014. Klimatilpasningsplan for Holstebro Kommune 2014. Kommuneplantillæg  

2009:32. Vedtaget juni 2014. 



18 
 

Horne, P., 2006. Forest Owners’ Acceptance of Incentive Based Policy Instruments in Forest Bio- diversity 

Conservation – A Choice Experiment Based Approach. Silva Fenn. 40. 

Kaczan, D., Swallow, B.M., Adamowicz, W.L. (Vic), 2013. Designing a payments for ecosystem services 

(PES) program to reduce deforestation in Tanzania: An assessment of payment approaches. Ecol. Econ. 

95, 20–30. doi:10.1016/J.ECOLECON.2013.07.011 

Kahneman, D., Tversky, A., 1984. Choices, Values, and Frames. Am. Psychol. 39. 

Kahneman, D., Tversky, A., 1979. Prospect Theory: An Analysis of Decision under Risk. Econometrica 47, 

263–292. 

Liv Jørgensen, S., 2015. The scope of economic incentives for sustainable soil management. 

Louviere, J., Hensher, D., Swait, J., 2001. Stated choice methods: analysis and applications in marketing, 

transportation and environmental valuation. Cambridge University Press, Cambridge. 

Manale, A., 2000. Flood and Water Quality Management through Targeted, Temporary Restoration of 

Landscape Functions: Paying Upland Farmers to Control Runoff. Res. Libr. 55, 285. 

McFadden, D., 1974. The measurement of urban travel demand. J. Public Econ. 3, 303–328. 

doi:10.1016/0047-2727(74)90003-6 

Morris, J., Beedell, J., Hess, T.M., 2016. Mobilising flood risk management services from rural land: 

principles and practice. J. Flood Risk Manag. 9, 50–68. doi:10.1111/jfr3.12110 

Nielsen, H.Ø., 2010. Bounded rationality in decision-making How cognitive shortcuts and professional 

values may interfere with market-based regulation, Issues in. ed. Manchester University Press. 

Parkhurst, G.M., Shogren, J.F., 2007. Spatial incentives to coordinate contiguous habitat. Ecol. Econ. 64, 

344–355. doi:10.1016/j.ecolecon.2007.07.009 

Parkhurst, G.M., Shogren, J.F., Bastian, C., Kivi, P., Donner, J., Smith, R.B.W., 2002. Agglomeration bonus: 

an incentive mechanism to reunite fragmented habitat for biodiversity conservation. Ecol. Econ. 41, 

305–328. doi:10.1016/S0921-8009(02)00036-8 

Pedersen, A.B., Nielsen, H.Ø., Christensen, T., Hasler, B., 2012. Optimising the effect of policy instruments: 

a study of farmers’ decision rationales and how they match the incentives in Danish pesticide policy. J. 

Environ. Plan. Manag. 55, 1094–1110. doi:10.1080/09640568.2011.636568 

Rojas, R., Feyen, L., Watkiss, P., 2013. Climate change and river floods in the European Union: Socio-



19 
 

economic consequences and the costs and benefits of adaptation. Glob. Environ. Chang. 23, 1737–

1751. doi:10.1016/j.gloenvcha.2013.08.006 

Ruto, E., Garrod, G., 2009. Investigating farmers’ preferences for the design of agri-environment schemes: a 

choice experiment approach. J. Environ. Plan. Manag. 52, 631–647. doi:10.1080/09640560902958172 

Simón, V.M., 1998. Emotional participation in decision-making. Psychol. Spain 2, 100–107. 

Statistics Denmark, n.d. Statistikbanken. 

Thurstone, L.L., L., L., 1927. A law of comparative judgment. Psychol. Rev. 34, 273–286. 

doi:10.1037/h0070288 

Wätzold, F., Drechsler, M., 2014. Agglomeration payment, agglomeration bonus or homogeneous payment? 

Resour. Energy Econ. 37, 85–101. doi:10.1016/j.reseneeco.2013.11.011 

Weikard, H.P., Kis, A., Ungvári, G., 2017. A simple compensation mechanism for flood protection services 

on farmland. Land use policy. doi:10.1016/j.landusepol.2017.04.006 

Wiborg, I., Kronvang, B., Bang Poulsen, J., Duus Børgesen, C., Jørgen Henriksen, H., Sonnenborg, T., 

Christian Refsgaard, J., Vest Sørensen, H., Møberg Jensen, K., Vammen Jacobsen, T., 2014. 

Landmanden som vandforvalter. Løsningsmodeller for klimatilpasning-kommunale 

inspirationsværktøjer og nyt forretningsområde for landbruget [The farmer as a water manager - 

concepts of solutions for climate adaptation, municipal tools for inspiration and new business models. 

Roskilde. 

Wynn, G., Crabtree, B., Potts, J., 2001. Modelling Farmer Entry into the Environmentally Sensitive Area 

Schemes in Scotland. J. Agric. Econ. 52, 65–82. doi:10.1111/j.1477-9552.2001.tb00910.x 

Zandersen, M., Liv, S., Nainggolan, D., Gyldenkærne, S., Winding, A., Humlekrog, M., Termansen, M., 

2016. Potential and economic efficiency of using reduced tillage to mitigate climate effects in Danish 

agriculture. Ecol. Econ. 123, 14–22. doi:10.1016/j.ecolecon.2015.12.002 

 

  



20 
 

Electronic Material E1 – The story of protecting Holstebro using farmland and nature 

 

The city of Holstebro is traversed by Storåen, Denmark’s second longest water course.  As parts of the city 

are low‐lying and the stream narrows considerably in the city center, Holstebro has experienced repeated 

flooding  events  due  to  extreme  precipitation,  including  a  1000‐year‐event  in  1970, when water  rose  to 

elevation 10.79m (Wiborg et al., 2014). Flooding occurs when water rises above an elevation of 9.2 meters 

(ibid). In addition to 1970, significant flooding has occurred in 2007, 2011 and 2015. Precipitation is expected 

to increase due to climate change, and according to projections by year 2100 the water will rise to 10.36 m 

every 25 years (ibid). 

In  its  2014  climate  adaptation  plan,  the  municipality  listed  11  possible  measures,  including  structural 

measures such as a dam as well as schemes for water retention on farmland upstream from the city. The city 

council has since then adopted a three‐part structural measure consisting of a dyke in the town center, a 

dam in connection with an existing water retention basin and a new dam up‐stream in the river valley east 

of the town limit. This installation is to be combined with a contract scheme with farmers to allow occasional 

water retention on their land. The entire plan is dimensioned to withstand a 100‐year event extrapolated to 

2100.  The  new dam will  hold water  up  to  elevation  20, which  is  5 meters  above  the  current  edge.  The 

retention capacity will be up to 3 million m3 water on 148 hectares of farmland stretching eastwards into the 

river valley. The dam and sluice east of the city will be operated based on a so‐called intelligent management 

strategy whereby detailed data on precipitation, soil saturation etc. allow operators to optimize and control 

water flows and reduce the need for flooding.  

The adaptation measures are currently going through the municipal planning procedure. A public hearing 

was held on municipal plan amendments in the autumn of 2018, and plans are subsequently to be adjusted 

to accommodate concerns raised in the hearings, particularly concerns about flooding of protected nature 

(§3).    

The potential negative impact of flooding the river valley on nature and biodiversity was flagged as a concern 

during the public hearing by interest organizations as well as national environmental authorities (personal 

communication, municipal planner, December 2018). The area to be flooded encompasses protected nature 

areas  under  the  Nature  Protection  Act  (§3),  while  there  are  no  Natura  2000  areas  in  this  part  of  the 

municipality (Tillæg nr. 6 Kommuneplan 2017).   These areas include rich fens with rare and vulnerable flora 

and  fauna  species.  Flooding  the  area  could  affect  these  through  erosion,  currents,  sedimentation  and 

nutrient  loads. An environmental  report by COWI  (2018)  concludes  that most of  these potential  impacts 

would be insignificant because flooding would occur in the winter when plants are not growing, and because 

the area is already largely adapted to wet or saturated soils. However, nutrient loading from sedimentation 

could potentially harm in vulnerable, species rich areas that have never or rarely been flooded (Cowi, 2018, 

p. 13).  Following up on the public hearing, Holstebro is working to set up a monitoring system and to draw 

up  a  more  elaborated  and  specific  plan  to  compensate  for  any  negative  impact  (interview,  Holstebro 

Kommune, December 2018). This may include nature conservation or nature enhancing activities including 

nature management activities. The EPA has  indicated  that more  formalized guidelines  for how to handle 

flooding of the river valley and protect its natural areas must be written into municipal documents (interview, 

municipal planner, December 2018).  
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Farmers play a key role in implementing the plan as they will have to agree to occasional flooding of their 

farm  land.  A  significant  concern  among  farmers  has  been  to  ensure  that  flooding would  not  jeopardize 

agricultural  subsidies.  The  municipality  has  left  negotiations  with  individual  farmers  to  the  agricultural 

organization in the area to build on the trust that exists in the relationship between these parties (interview, 

Holstebro Kommune). Moreover, the municipality has allowed negotiations to proceed at their own pace. 

Thus, talks with farmers have been ongoing since about 2014 and in the fall of 2018 a principle agreement 

was reached between individual farmers in the area and the agricultural organization. The agreement would 

pay each farmer a one‐time compensation of 10,000 DKK per hectare (interview planner; Pedersen 2018). 

The compensation will be designed to be tax‐free. No contract has been signed yet, but the parties have 

agreed in principle. About 150 hectares and 37 farmers would be included in the scheme (Pedersen 2018). 

Most of the hectares are currently permanent grass out of rotation, while a few hectares are covered by 

regular crops. Specific compensation may be paid for any losses to these. Likewise, farmers will have the 

opportunity to file compensation claims if flooding causes other, documented damages.  

The agreement covers all farmers who own land inside the area designated for flooding. Should a farmer not 

want to sign the agreement, he would have to file compensation claims after a flooding event. But given the 

documentation requirements, farmers may be better off just accepting the one time compensation, keeping 

in mind that flooding is expected to be very rare (interview, Hostebro Kommune).  

Decisive factors in getting farmers to the table, according to the municipal planner, have been to keep an 

open dialogue and to take farmer interests seriously. Moreover, the municipality will incorporate assurances 

that any change in the management strategy of the dam and sluice system will be subject to environmental 

impact assessment and public hearings.  
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