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Evaluating farmer’s participation in a voluntary payment program 

for water quality protection in the UK uplands. 

 

 

Abstract 

 

Maintaining drinking water quality is essential to water companies and their customers. 

However, agricultural non-point source pollution of waterways is a major cause of water 

quality degradation. In this paper we examine the feasibility of using payments financed 

by a water company to pay farmers to adjust agricultural land management practices to 

protect water quality. We use the choice experiment method to measure farmers’ 

minimum willingness to accept (WTA) requirements under a possible local payment for 

ecosystem services (PES) program, to adjust agricultural land management practices in 

Nidderdale and the Washburn valley (Yorkshire, UK). Latent class models and random 

parameter logit models were used to analyse farmers’ responses to establish their 

preferences, quantify WTA values and explain the presence of unobserved heterogeneity. 

Latent class analysis suggests that key farm characteristics can partially explain the 

observed heterogeneity in preferences and willingness to accept. We use these results to 

prediction enrollment in the PES program by different types of farmers. 
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1.0 Introduction  

 

The ecosystem services paradigm and the ecosystem services valuation framework 

seek to capture the economic value of goods and services which ecosystems deliver, 

with the explicit aim of including these value flows in policy analysis (Millennium 

Ecosystem Assessment 2005, Defra 2007). The categorisation of ecosystem service 

delivery, and the framework for ecosystem service valuation, have been refined over 

recent years to establish as standard practice the valuation of three categories of 

ecosystem service for policy analysis in land management contexts: provisioning, 

regulating and cultural services, delivery of which is underpinned by supporting 

ecosystem services
1
 (Defra 2007, de Groot et al. 2002, Fisher et al. 2009).  It is widely 

recognised that the agricultural sector delivers substantial flows of ecosystem service 

value, particularly via provisioning and regulating services, underpinned by the 

relevant supporting services. European agricultural policy now acknowledges this by 

offering a range of incentives, with national differences in implementation, to 

encourage delivery of environmental outcomes, many of which can be viewed as 

regulating, cultural and supporting ecosystem services
2

. Uptake of these agri-

environmental incentives is widespread, with 47% of farmland in England covered by 

the Entry Level (Environmental) Stewardship (ELS) scheme in 2007 (DEFRA 2008, 

quoted in Hodge & Reader 2010). Under the ELS farmers accrue points by agreeing 

to implement different environmentally enhanced management practices relating to, 

for example, cereal production, grassland management or boundary management; a 

flat rate environmental payment is triggered once a total environmental points target 

has been achieved (Natural England 2010).  

 

The European Union’s Water Framework Directive (WFD), which requires that 

measures are taken to ensure that water bodies are not at risk of failing to meet 

environmental quality standards, predated widespread application of the ecosystem 

                                                
1 Supporting services are typically not valued directly to avoid potential for double counting. 
2
 An example here are incentives which encourage environmentally sensitive management of field 

boundaries to increase biodiversity. These management practices are likely to increase delivery of 

supporting services and cultural services by enhancing insect diversity and abundance with positive 

consequences for both pollination and for populations of farmland birds.   
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services framework (European Union 2000). The non-point source agricultural 

pollution which presents a major challenge to WFD objectives can, however, be 

viewed as a threat to the delivery of drinking water as a provisioning ecosystem 

service and/or an impairment to correct functioning of water quality regulation as a 

regulating ecosystem service. High concentrations of nitrates and phosphates in 

surface and ground waters from run-off loadings following applications of artificial 

fertilisers and farm yard manures on agricultural land have led to 70% of the land area 

in England being designated as nitrate vulnerable zones (NVZs) in which special 

regulations are applied to land management practices (DEFRA 2010). Agricultural 

practices also influence soil erosion with potentially adverse consequences for water 

quality. In particular, the draining of peat moorland to increase agricultural production 

in the UK uplands has been recognised as a potential cause of dissolved organic 

carbon (DOC) discolouration in drinking water supplies (Armstrong et al., 2007; 

Grayson et al., 2008; Wallage et al., 2005). Water regulators in the UK require private 

sector water supply companies to conform to WFD quality standards for drinking 

water provision. This has led water companies to consider offering farmers incentive 

payments through payment for ecosystem services (PES) mechanisms to modify 

farming practices which may compromise drinking water quality by impairing the 

function of water-related ecosystem services. 

 

Literature has addressed the design and potential operation of PES systems from 

theoretical and empirical perspectives (Antle et al. 2003, Claasen et al. 2008, Jack et 

al. 2008a, Schlüter et al. 2009, Zabel & Roe 2009), considered the efficiency in 

alignment between payments and outcome delivery (Matzdorf & Lorenz 2010, Layton 

& Siikamäki 2009), and estimated public willingness to pay (WTP) for the ecosystem 

services secured (Hasler et al. 2005, Bashkaran et al. 2009, Ortega-Pacheco et al. 

2009). Some studies have also estimated landowners’ WTA requirements for PES 

program entry in the developing world (Jack et al. 2008b). The interest in developing 

world settings arises from the potential which PES mechanisms offer for securing 

environmentally benign development opportunities. Much less research effort has 

been directed towards the supply side of PES mechanisms in the agricultural setting 

which dominates land management in the developed world. Existing research in this 

setting has addressed the potential cost impacts which improved delivery of 

ecosystem services may impose on farm businesses (Bateman et al. 2006, Fezzi et al. 
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2007). These studies have shown that whilst total public WTP for agri-environmental 

ecosystem services is substantial, the costs incurred in securing improvements in 

ecosystem service delivery could also be considerable, particularly for delivery of 

drinking water provision to the standards required by the WFD.     

 

Very little research effort has so far been directed specifically towards quantifying the 

level of payments which farmers in the developed world will be willing to accept in 

compensation for implementing changes in practice to secure improvements in the 

delivery ecosystem services from agricultural landscapes. Vanslembrouck et al. 

identified that farmers’ attitudes and farm characteristics influenced the probability of 

Belgian farmers participating voluntarily in agri-environmental schemes 

(Vanslembrouck et al. 2002), whilst Wossink & Swinton identified that farmers’ 

WTA requirements within PES programmes in general would be expected to vary 

considerably depending on whether the non-market ecosystem services concerned 

were essentially complementary with, or competitive with, marketed agricultural 

outputs in their use of productive inputs (Wossink & Swinton 2007).  

 

To the authors’ knowledge, no published study has so far used stated preference 

approaches to quantify directly farmers’ WTA requirements for the changes in farm 

management practices to improve water quality, quantified the extent of heterogeneity 

within those WTA requirements, or investigated whether any such heterogeneity in 

stated WTA levels is associated with particular characteristics of the farming 

business. These are important issues which are likely to determine whether a PES 

approach, funded by private sector water companies, is a feasible mechanism for 

securing WFD-inspired improvements in drinking water quality from agricultural 

landscapes in the UK uplands.       

 

Consequently, in this study we use a choice experiment (CE) approach with farmers 

in one particular river catchment in the North of England to (i) explicitly quantify 

farmers’ WTA requirements for changes in farming practice which would be expected 

to improve drinking water quality, (ii) quantify whether farmers’ WTA requirements 

are affected by the length of the PES agreement, and (iii) quantify the extent of 

heterogeneity in WTA requirements among different types of agri-business and 
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investigate whether this heterogeneity is associated with particular characteristics of 

the farmer or the farming business.    

 

The paper proceeds as follows Section 2 describes the implementation of the CE, 

Section 3 presents the methodological theory behind analysis of the CE results, 

Section 4 presents the analytical results which are discussed in Section 5.  

 

2.0 Design of surveys and data collection 

 

Data for the study were drawn from three geographical locations in the Nidderdale 

catchment in the north of England. These were Fearby,  Middlesmoor, Pateley Bridge 

and the Washburn area. These four locations provided representative variation in 

environmental characteristics and the types of farming activities carried out in the 

watershed. Firstly, semi-structured interviews with hydrologists, farm specialists and 

farmers were undertaken (i) to generate a preliminary list of attributes which could 

potentially be used in the choice experiment to describe land management practices 

which affected water quality, and (ii) to test an initial version of the questionnaire. 

Secondly focus groups and one-on-one interviews were used to further test and refine 

the questionnaire and the choice cards for the choice experiment.  

 

Water quality improvement programs were described in terms four land management 

attributes exclusive of the payment attribute (Table 4.1). All attributes were described 

in quantitative terms to maximize the valuation potential and the ease of interpretation 

for farmers familiar with making concrete decisions in managing their businesses 

(Bennett & Blamey 2001). Each land management attribute was chosen based on 

water quality monitoring data and hydrological modeling results for Nidderdale, 

together with feedback on an early version of the questionnaire from a pilot group of 

farmers. The results of monitoring of water quality indicators and hydrological 

modeling showed that changes in the input of nitrogen and grip blocking were the 

land management practices that were expected to have the greatest impact on water 

quality in the Nidderdale area, affecting nitrate levels and colour in drinking water, 

respectively. Each land management attribute and its levels were chosen to satisfy 

scientific understanding of the impact of such measures on water quality and also to 
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represent a feasible range of land management changes that could potentially be 

considered by farmers. The information was gathered between January and June 2009.  

 

Having identified the relevant attributes and levels to be used in the discrete choice 

experiment (Table 1), an experimental design was produced from which the choice 

sets could be constructed. An orthogonal fractional factorial design was used which 

incorporated only main effects
3
. The fractional factorial design produced 18 choice 

scenarios in total. These 18 choice scenarios were ‘blocked’ into three sets of six so 

that each farmer was presented with six choice cards. Three farmers were therefore 

required to complete one entire run through the full choice experiment design. 

 

The data analysed in this paper were collected in four separate farmer meetings. This 

approach allowed the interviewers to provide a short preliminary presentation on the 

background to the study and the questionnaire, and answer clarifying questions, 

before the questionnaires and choice cards were filled out individually by the 

participants. Together with the choice experiment responses, data were also collected 

detailing socioeconomic characteristics of the participating farmers such as age, 

gender, educational qualification and tenure arrangement. Farm-specific data were 

also collected, including farm location, size, land use, numbers and type(s) of 

livestock and current land management practices, particularly regarding application of 

artificial fertilizer and farm yard manure. 

 

     

 

 

                                                
3
 An assumption was made that there were no significant interaction effects. This is justified following 

the results of Dawes & Corrigan (1974) who found that main effects typically account for 70 to 90 

percent of explained variance (Louviere et al. 2000). 
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Table 1.1:  Choice Experiment Attributes and their levels.  

Attribute Levels Description of levels  

Inorganic fertiliser 

application 

3 

Apply current level of fertiliser per acre
4
. 

 

Apply 25% less fertiliser per acre. 

 

Apply 50% less fertiliser per acre. 

Farmyard manure 

application 

3 

Apply current level of farm yard manure per acre. 

 

Apply 25% less farm yard manure per acre. 

 

Apply 50% less farm yard manure per acre. 

Grip blocking 

3 

Maintain existing grips. 

 

Allow 50% of grips to be blocked. 

 

Allow 100% of grips to be blocked.  

Duration of 

compensation 

agreement. 

 

3 

3, 5 or 10 years 

 

Compensation payment 6 £2, £4, £10, £16, £22, £28 per acre. 

 

 

 

                                                
4
 For the purposes of the materials used in the survey, ‘per acre’ payments were used instead of ‘per 

hectare’ because our initial research revealed that the majority of farmers did calculations using acres 

rather than hectares.  
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3.0 Econometric Specification  

 

3.1 Multinomial logit model 

 

The most standard econometric model used to analyse the results from discrete choice 

experiments is the conditional logit model, somewhat confusingly referred to as the 

MNL model in the literature. This model has its foundation in classic economic 

consumer theory and is based on two main extensions, namely: the Lancastrian 

Economic Theory of Value (Lancaster 1997) and Random Utility Theory (Thurstone 

1927, Marschak, 1960, Luce 1959). Discrete choice models are based on the indirect 

utility function (Uij) which represents the satisfaction that farmer (n) receive from the 

programs offered (j) as: 

 

Equation 1.1: 

njnjnjnj PAYbAGbAGbGbGbFYMbFYMbFERTbFERTbVU εε +++++++++=+= 987654321 21212121

 

Here Vnj is the deterministic element of respondents’ utility, which comprises a linear 

index of levels of the various attributes present in each of the j alternative water 

quality programs presented as options on the choice cards, and εnj is a stochastic 

disturbance term which represents all the unobservable influences on a farmer’s 

choice. In the particular model shown here the program attributes (other than the 

compensation payment) are split into three levels, each coded up using two variables. 

These coded variables relate to the levels of artificial fertilizer use (FERT), levels of 

farmyard manure (FYM), presence of grips (GP), length of agreement (AG) present in 

a particular choice option. The PAY variable provides linear representation of the 

influence which the compensation payment offered in an option exerts over farmers’ 

preference for that option. The coefficients b1 to b9 quantify the influence which the 

various levels of the different attributes exert over the attractiveness or ‘utility’ with 

which farmers regard the j different programs offered (Unj).  

 

The main assumption of this approach is that each farmer perceives a level of utility 

(U) or ‘attractiveness’ for each alternative j and then, on each of the choice cards, 

selects the alternative which delivers the highest level of utility from those available 

on that card. Knowing this, the analyst can make probabilistic statements about the 
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farmer’s choice. Thus the probability (Pnj) that farmer n chooses alternative i in 

preference to any other alternative (j), can be expressed as the probability that the 

utility associated with alternative (i) is greater than that associated with all other 

alternatives: 

 

Equation 1.2 
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The MNL model is derived by assuming that the individual error terms εnj are  

independently and identically distributed and follow a Gumbel distribution. This gives 

rise to the following choice probability: 

 

Equation 1.3 
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 The model is estimated using maximum likelihood procedures. Observed taste 

heterogeneity can be captured within this model by interacting the preferences for the 

choice attributes, or an alternative specific constant, with observable data such as 

farmers’ socioeconomic characteristics or attitudes and, in this paper, also farm-

specific characteristics. Examples of studies which use individual-specific variables in 

this way include (Morey 1981, Morey et al. 2002). There are two main limitations in 

using this method to represent preference heterogeneity among respondents. The first 

is that key individual characteristics must be selected a priori so that they can be 

included in the questionnaire survey, hence making only a limited selection of 

individual-specific variables available to the analyst (Adamowicz et al. 1998). The 

second is that if too many interactions are specified, then multi-collinearity may result 

(Breffle & Morey 2000) which could reduce the precision of the estimates obtained 

(Greene 1997). 
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3.2 The latent class model (LCM) 

 

The latent class model provides another method for capturing heterogeneity of taste 

intensities. However, in this model heterogeneous taste intensities are employed when 

the researcher assumes the presence of latent variables which take the form of discrete 

constructs (Walker 2002). Again, we only provide an overview of the latent class 

model; for an extensive discussion of the identification and estimation of model 

parameters see (Heckman et. al 1984). There are many variants of latent class models, 

but the one used in the analysis of this study is based on the influence of choice based 

attributes in the estimation of latent segments as opposed to motivational factors, 

socio-economic covariates  and attitudinal data as used by Boxall et. al 2002. 

 

Briefly, the LCM is specified as a random utility model where respondent n belongs 

to latent class s = (1,2,….S). The utility function can now be expressed as: 

 

Equation 1.4 

]'[' njnjnjnjU εxηxβ ++=  

 

Each latent class consists of a number of respondents assumed to be homogenous with 

respect to their preferences. By following Swait (1994), we consider a respondent’s 

individual segment membership likelihood function M* which classifies the 

probabilities of individual respondents residing in any particular one of S segments. In 

this application, the classification variable influencing segment membership is only 

related to the latent psychographic constructs for choosing a particular programme. 

The membership likelihood function for individual n and segment s can be expressed 

as: 

 

Equation 1.5 

nsnsns ZM ελ ==*  

 

where Zn is a vector of psychographic constructs (Pn). See (Swait 1994) for an 

explanation of how the parameter estimates are then derived. [Parameter estimates 

within each segment, and the individual-specific probabilities of segment 
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membership, are then adjusted iteratively by maximum likelihood methods to 

maximize the explanatory power of the LCM relative to the attribute content of the 

choice options, socio-demographic and farm-specific characteristics of respondents – 

if these are included as interaction terms – and the actual options chosen on particular 

choice cards by individual respondents.]  

 

3.3 The random parameter logit model 

 

In the continuously mixed logit model, or random parameter logit (RPL) model, the 

error term for individual n and alternative j, εnj, is assumed to be composed of two 

additive elements so that the utility function for alternative j as perceived by 

respondent n is described as: 

 

Equation 1.6 

]'[' njnjnjnjU εxηxβ ++=  

 

The first part, njx'ββββ , is the deterministic part of the Utility function and is the same 

specification as the MNL model. The second part, ηnj is an idiosyncratic random term 

associated with taste intensity with zero mean whose distribution over individuals and 

alternatives depends in general on the underlying parameters and observable data 

relating to alternative j and individual n. The second part εnj, is a random term that is 

i.i.d. Gumbel over alternatives and does not depend on the underlying parameters or 

data (Brownstone & Train 1999). The underlying assumption for the RPL class of 

models is that ηnj takes a general distribution such as normal, log normal, uniform or 

triangular (McFadden & Train 2000). In this study all variables were specified to be 

normally distributed. 

 

A complete explanation of how to derive the unconditional choice probabilities for the 

RPL model can be found in (Train 2003) and (Hensher et al. 2005). Briefly, 

simulation is required in which random values are drawn from the distributions of 

each of the random parameters so as to integrate out the respondent-specific 

idiosyncratic random effects on mean taste intensities. The inclusion of a standard 

deviation of a beta parameter accommodates the presence of taste heterogeneity for 
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attributes in the sampled population which does not depend on a priori information. 

Rather, it depends on selecting a distribution to represent the variation of respondent’s 

preference intensities, thus presenting empirical challenges (Hensher & Greene 

2003b). Further, the analyst does not know the location of each individual’s 

preferences within the mean distribution. However, individual-specific estimates can 

be retrieved by deriving the individual’s conditional distribution based on their 

observed choices (Hensher & Greene 2003b, Greene et al. 2005) 

 

3.4 Willingness to accept 

 

From the estimated model WTA requirements for the compensation payments 

required to induce changes in land management practices can be calculated. The 

estimated coefficient on the pay attribute can be interpreted as the marginal utility of 

income; dividing any other attribute parameter estimate by this value will therefore 

produce an ’implicit price’, which can be interpreted as a WTA requirement for 

delivery of a particular level of change in management practice from baseline 

behaviour. The WTA required to induce a step change in a certain land management 

attribute k can therefore be computed as the negative of the ratio of k’s coefficient 

divided by the coefficient on the pay variable βpay (marginal utility of income): 

 

Equation 1.7 

WTA = - (βk/βpay) 

 

For the LCM model, one can also derive individual-specific conditional estimates of 

the marginal WTP for level of each attribute k Haab & McConnell (2002). Following 

the derivation in (Scarpa & Thiene 2005), this can be expressed as: 

 

Equation 1.8 
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Where Q is a matrix of individual-specific posterior probabilities of  segment 

membership. 
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To examine the monetary impact of a proposed policy change involving a number of 

attributes, the WTA estimates for each of the attribute changes involved in the policy 

can be used to compare the attribute content of a policy baseline with the attribute 

content under the new proposed policy. This can be done using the following 

compensating variation formula (Louviere et. al 2000, Train 2003): 

 

Equation 1.9 
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Individual-specific CV values can also be calculated, conditional on the choices made 

by the respondent using the individual-specific WTA estimates calculated for the 

LCM and MNL models. A mean CV from the LCM model can be calculated by 

weighting equation 1.8 by the choice probabilities of segment membership: 

 

Equation 2.0 
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Table 1.2 Parameter estimates from MNL(with interactions), LCM and RPL models. 

 MNL-INT LCM 2 - INT RPL 

   Group 1 Group 2     

Attributes Estimates t-stat Estimates t-stat Estimates t-stat Estimates t-stat Standard 

deviation 

t-stat 

25% cut in 

fertiliser 
-0.420 

-2.110 0.255 0.902 -2.043 -4.798 -0.814 -1.905 1.164 1.241 

50% cut in 

fertilizer 
-0.440 

0.202 0.280 0.914 -3.406 -5.457 -1.703 -2.523 1.914 3.300 

25% cut in 

FYM 
-0.884 

0.243 -0.915 -2.761 -1.630 -3.467 -1.849 -2.988 1.630 2.464 

50% cut in 

FYM 
-0.858 

0.241 -0.850 -2.836 -1.552 -2.917 -2.798 -3.941 1.986 2.871 

Block 50% of 

grips 
- 0.363 

0.222 -0.115 -0.374 -0.507 -1.534 -0.543 -1.234 2.001 3.612 

Block 100% of 

grips 
-0.177 

0.193 0.236 0.928 -1.121 -3.003 -0.420 -1.030 1.533 2.557 

5 year 

agreement 
-0.404 

0.237 -0.539 -1.520 -0.196 -0.435 -0.122 -0.329 0.654 0.914 

10 year 

agreement 
0.024 

0.193 0.114 0.462 -0.183 -0.455 -0.086 -0.164 1.880 2.955 

Compensation 

payment 
0.436 

0.058 0.560 6.602 0.554 4.387 0.907 3.751 0.582 2.771 

AGTELO 0.939 0.386 0.982 1.793 2.053 3.847 -0.814 -1.905   

FYDAHI -1.411 0.376 -2.614 -2.295 -0.458 -0.787 -1.703 -2.523   

GRMIHI 0.871 0.364 0.296 0.543 2.335 3.712 -1.849 -2.988   

FYDALO -0.003 0.519 0.678 1.106 -0.701 -1.018 -2.798 -3.941   

Observations 234 

Individuals 39 

Parameters (K) 12 27 18 

Log Likelihood 

(LL) 

-268.13 -238.62 -246.09 

Pseudo R2 0.17 0.26 0.24 

Probabilities   60% 40%  
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4.0 Results and analysis 

 

The results of the multinomial logit model with interacting farm characteristics 

variables are presented in Table 1.2. The farm characteristics variables used are as 

follows: 

 

AGTELOW: Reporting whether the preference to sign up for a 3 or 5 year agreement 

length (compared with a 10 year agreement length) is different for YW tenants 

(compared with other farmers). 

 

FYDAHI: Reporting whether the aversion to high levels of reduction in farmyard 

manure is different for dairy farmers (compared with non-dairy farmers). 

 

GRMIHI: Reporting whether the preference or aversion expressed to blocking 100% 

of grips is different for survey respondents from Middlesmoor (compared with survey 

respondents from the other three locations)  

 

Table 1.2 also presents the results of the latent class and random parameter models 

used to account for the presence of unobserved and observed preference heterogeneity 

among respondents.   

 

4.1 Latent class model  

 

The LCM models were estimated over 2, 3 and 4 segments, with and without the farm 

characteristics variables. Statistical criteria of model fit, namely Akaike Information 

Criteria (AIC) and (AIC-3) (Andrews et. al. 2002) and the analysts’ judgement on the 

parameter estimates were used to help determine the most appropriate number of 

classes. This analysis revealed that a two class model with farm characteristic data 

(LCM 2 – INT) provided the best combination of overall fit and satisfactory 

parameter estimation (Table 1.3).  

 

The results from the LCM 2 – INT model indicated considerable unobserved and 

observed heterogeneity in both classes. Class one was the largest class representing 
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60% of respondents, with class two representing the remaining 40%. There were only 

4 significant parameter estimates in class one while in class two there were 8.  

 

In the first class the farmers expressed a significant aversion to reducing applications 

of farm yard manure (FYM). They were broadly averse to signing up to programs that 

require either large reductions (i.e. reductions of 50%) or small reductions (i.e. 

reductions of 25%) in farmyard manure applications. In this group, the results of the 

farm-specific interaction variables showed that dairy farmers were much more averse 

to cutting fertilizer levels by 50% than non-dairy farmers. 

 

The second class showed much stronger aversions for high and low reductions in 

fertilizer application (50% and 25% cuts) than for both levels of farmyard manure 

reduction. Farmers in this group showed significant aversion to having 100% of their 

grips being blocked. However, this is with the exception of farmers who were from 

the Middlesmoor area who contrastingly expressed a positive preference for blocking 

100% of their grips (GRMIHI). The results also showed that farmers who were 

Yorkshire Water tenants expressed a positive preference for programs which 

contained the shorter agreement lengths (3 and 5 years) compared with the longest 

agreement length (10 years) (AGTELOW).   

 

4.2 Random parameter logit  

 

The results of the RPL model are also presented in Table 1.2. Out of the nine 

parameter estimates, seven showed significant standard deviations which suggests that 

respondents displayed considerable preference heterogeneity. The seven attributes 

showing significant heterogeneity of preference were: 50% reduction in fertilizer, 

25% and 50% reductions in farmyard, 50% and 100% grip blocking and agreement 

length of 10 years. The fee parameter also showed significant standard deviation. The 

attributes showing the greatest variation in preferences were blocking 50% of grips 

and 50% reductions in fertilizer use.  

 

The results of the RPL model confirm the observed heterogeneity that is seen in the 2 

segment latent class model with respect to attributes representing levels of fertilizer 

cuts, farmyard manure cuts and percentage of grip blocking. However, the RPL model 
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also showed that there was heterogeneity with the high level of compensation 

payment. This was not evident in the MNL or LCM models. 

 

 Model selection criteria 

Parameter MNL -INT RPL LCM - 2  LCM- 2 - INT LCM- 3  LCM - 3 INT 

Log 

Likelihood  

 

-268.13 

 -246.09 -250.00 -238.62 -238.67 -214.59 

Number of 

Parameters (K) 13.00 18.00 19.00 27.00 29.00 41.00 

Number of 

Individuals (N) 39.00 39.00 39.00 39.00 39.00 39.00 

AIC 562.25 528.18 538.00 531.24 535.33 511.18 

AIC - 3 843.38 792.27 807.00 796.86 803.00 766.77 

BIC 583.88 558.12 569.61 576.16 583.57 579.39 

 

 

4.3 Model selection for calculation of Individual-specific WTA estimates. 

 

The results of both the LCM and RPL models suggest that there is considerable 

observed and unobserved hetereogeneity within the attributes. The results of the LCM 

models suggest that there are broadly two groups of taste preferences for the 

compensation payment programs. An examination of the log-likelihood values and 

the parameter estimates suggest that the LCM 2 class model with farm characteristic 

interactions provides the most appropriate and informative portrayal of farmers’ 

preferences regarding water quality-related land management practices and their 

consequent WTA requirements within a potential PES program. Given this 

observation, parameter estimates from the LCM 2 class model with farm 

characteristic interactions will be used to calculate the individual-specific WTA 

estimates.  

 

As described in Section 3, parameter estimates from the 2 class LCM model could be 

used to calculate individual-specific estimates conditional on resondents’ observed 

choices. These individual-specific estimates were used to calculate individual-specific 

WTA values, producing a distribution of WTA values for each attribute. Kernel  
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density plots allow convenient comparisons between individual-specific WTA values 

for the two latent classes and the two non-baseline levels for each program attribute 

(Bowman and Azzalini, 1997). Kernel density plots are presented in Figures 1 to 7. 

All attributes exhibit a bi-modal distribution because the sample is composed of 

respondents belonging to two classes with different taste intensities.  

 

4.4 Results from WTA estimates  

 

The results from the individual-specific WTA estimates also reveal considerable 

heterogeneity within the two groups. The first class representing 60% of the 

population require the largest amount of compensation for cuts in farmyard manure 

levels, with dairy farmers require much higher amounts of compensation than non-

dairy farmers. Respondents displaying the second class of preferences require much 

higher compensation payments for cuts in fertilizer as opposed to cuts in farmyard 

manure. In this class, farmers also indicated that they would require compensation 

payments if they had to sign up to agreements of ten year duration (as opposed to 

three years or five years). Additionally farmers who were from Middlesmoor would 

also require compensation payments if none of the existing grips on their land were 

blocked, or if only 50% of these grips were blocked. (i.e. Middlesmoor respondents 

displayed positive preference for these levels of this attribute). 

 

Figure 1: Kernel density estimates of distributions of individual-specific WTA 

requirements for reductions in applications of artificial fertilizer. 
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4.4.1 WTA requirements for changes in applications of fertilizer. 

 

Figure 1 indicates that there is near complete overlap of individual-specific WTA 

estimates for both levels of fertilizer reduction within the majority preference class 

(Group 1). The mean WTA requirement for both levels of fertilizer cut in this larger 

preference group is not significantly different from zero however (Table 1.2), in 

accordance with the broad heterogeneity displayed in the individual-specific WTA 

estimates for this preference group (Figure 1, left hand peaks). The smaller preference 

class (Group 2) have a clear, positive requirement for compensation in recompense 

for cutting fertilizer applications, with mean compensation requirements centred 

around £9 per hectare for a 25% cut in fertilizer applications but around £15 per 

hectare for a 50% cut (Figure 1, right hand peaks). The breadth of the WTA KDEs 

associated with Group 2 preferences for both levels of fertilizer cut show that 

considerable heterogeneity exists in farmers’ preferences for this land management 

practice (Figure 1, right hand peaks). 

 

Figure 2: Kernel density estimates of distributions of individual-specific WTA 

requirements for reductions in applications of farmyard manure . 
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Figure 3: Kernel density estimates of distributions of individual-specific WTA 

requirements for dairy farmers to implement 25% reductions in applications of 

farmyard manure. 

 

4.4.2 WTA requirements for changes in applications of farmyard manure 

 

For both preference classes of farmers, compensation payments are required to reduce 

applications of farmyard manure to their land (Table 1.2 and Figure 2). Unexpectedly, 

both preference classes of farmers appear to require essentially similar levels of 

compensation payment to make 25% or 50% cuts in farmyard manure applications. 

Non-dairy farmers in the minority preference class, however, require almost double 

the compensation payment of  non-dairy farmers in the majority preference class to 

reduce their farmyard manure applications by 25% or more  (Figure 2, showing 

compensation payments centred around £8 per ha as opposed to £4 per hectare). Dairy 

farmers however introduce even more heterogeneity into these compensation 

requirements. Dairy farmers in the larger preference class require compensation 

payments centred around £15 per hectare to cut their farmyard manure applications by 

25% or 50% (£11.50 peak in Figure 3 plus the £3.75 peak in Figure 2). Dairy farmers 

in the smaller preference class, by contrast, require only an additional £2 

compensation payment on average to agree to cut farmyard manure applications 

compared with non-dairy farmers from the same preference class (Figure 3). 
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Figure 4: Kernel density estimates for distributions of individual-specific WTA 

requirements for blocking particular percentages of drainage grips.  

 

 

Figure 5 Kernel density estimates for distributions of individual-specific WTA 

requirements amongst respondents from the Middlesmoor location for blocking 100% 

of the drainage grips on their land.  

  

4.4.3 WTA requirements for percentage of grips blocked 

 

The results show that in order for 50% of the grips to be blocked, farmers in both 

classes required compensation payments between £0.5-£3 per hectare (Figure 4). 

WTA requirements for 100% grip blocking showed much wider heterogeneity, within 

and between preference classes. For example in one of the classes, farmers required 
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compensation payments if 100% of the grips on their land were to be blocked. 

However, in the other class farmers required compensation if none of the existing 

grips and or if only 50% of the existing grips on their land were blocked, as shown by 

KDEs which  spread over the positive and negative orthants of Figure 4.  

 

 

Figure 6: Kernel density estimates for distributions of individual-specific WTA 

requirements for signing up to management agreements of 5 and 10 year duration.  

 

Figure 7: Kernel density estimates of distributions of individual-specific WTA 

requirements for Yorkshire Water tenants signing up to 3 or 5 year agreements. 
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4.4.4 WTA requirements for agreement length 

 

Table 1.2 in conjunction with Figures 6 & 7 shows that the WTA requirements for 

signing up to both 5 and 10 year agreements are statistically insignificant and close to 

zero for the minority preference class, provided they are not Yorkshire Water tenants. 

The distribution of individual-specific WTA requirements for Yorkshire Water 

tenants in this minority preference class suggests that they would require a 

compensation payment centred around £9 per hectare to sign up to a 10 year 

agreement instead of a 3 or 5 year agreement.   Respondents in the majority 

preference class show no statistically significant aversion to longer agreement lengths 

(Table 1.3 and Figure 6), although there is some indication that here again individual 

Yorkshire Water tenants are more likely to require compensation to sign a 10 year 

agreement (Figure 7). Considerable heterogeneity is clearly evident within and 

between the preference classes, and particularly between those farmers who have 

previous experience of tenancy agreements with the water company and those who do 

not. 

 

 

4.5 Compensating variation calculations  

 

The WTA compensation results for the different attributes are used to calculate the 

annual per hectare compensation cost required to persuade farmers to implement 

programs containing different combinations of changes in different land management 
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practices. As described in Section 3, individual-specific parameter estimates from 

discrete choice models can also be used to compute a measure of compensating 

variation. This was done using the individual-specific parameter estimates derived 

from the 2-class LCM model . Calculation of CV estimates requires two main steps.  

The first step is to calculate the utility or ‘satisfaction’ (V
0
) which farmers associate 

with a baseline condition (the ‘as current’ program), then calculate the utility or 

‘satisfaction’ (V
1
) which farmers associate with a program comprised of the required 

changes in land management practice (the ‘target’ program). The second step is to 

calculate the difference in satisfaction or utility between these two options and then to 

convert this difference in satisfaction into its monetary equivalent by dividing through 

by the estimated marginal increase in satisfaction which farmers derive from an 

additional £1 per hectare compensation payment. 

 

Below we provide a description of different combinations of land management 

practices which could be included in four different potential programs of changes in 

land management practices aimed at improving drinking water quality and calculate 

the total annual per acre compensation required to persuade farmers to adopt each of 

these programs.  

 

Program 1: Changes to all attributes. 

This program makes changes to all of the land management practices under 

consideration (i.e. changes in fertiliser application, farmyard manure application, 

percentage of grips blocked for a specific duration). Farmers who would be capable of 

delivering changes in all of  these land management practices would be those who 

manage moorland that has grips and apply fertiliser and farmyard manure to improved 

grassland. Using the individual-specific WTA values derived from the LCM 2 – INT 

model, the results show that these farmers would, on average, require annual 

compensation of  £10.95 per hectare to implement a program to: 

1. Block 100% of grips 

2. Reduce fertiliser use by 50% 

3. Reduce FYM by 50% 

4. Sign up to a 10 year agreement. 
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Program 2: Changes to fertiliser and farmyard manure attributes. 

This program only makes changes to fertiliser application and farmyard manure 

application, for a specific duration. This program would be applicable to farmers who 

do not own moorland areas but do apply fertiliser and farmyard manure to improved 

grassland areas which they manage. Using the individual-specific WTA values 

derived from the LCM 2 – INT model, the results show that these farmers would, on 

average, require annual compensation of  £9.66 per hectare to implement a program 

to: 

1. Reduce fertiliser use by 50% 

2. Reduce FYM by 50% 

3. Sign up to a 10 year agreement. 

 

Program 3: Changes to fertiliser and gripblocking attributes.  

This program only makes changes to fertiliser application and gripblocking for a 

specific duration. This program would apply to farmers who own/manage areas of 

both improved grassland and moorland which has been gripped. Using the individual- 

specific WTA values derived from the LCM 2 – INT model, the results show that 

these farmers would, on average, require annual compensation of £6.22 per hectare to 

implement a program to: 

a. Reduce fertiliser use by 50% 

b. Block all grips 

c. Sign a 10 year agreement  

 

Program 4: Changes to gripblocking attributes.  

This program only makes changes to grip blocking. This program would apply to all  

farmers who own moorland areas that have been gripped, irrespective of whether or 

not those farmers apply fertiliser and/or  farmyard manure on any improved grassland 

that they may also own. Using the individual specific WTA values derived from the 

LCM 2 – INT model, the results show that these farmers would, on average, require 

annual compensation of  £1.62 per hectare block all grips they manage and sign a 10 

year agreement. However, they would require annual compensation payments of 

£1.27 per hectare to block all grips and sign a 5 year agreement. 
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The LCM 2 class - INT model revealed that the aversion to reducing farmyard manure 

application by 50% was substantially stronger for dairy farmers than for non-dairy 

farmers. Dairy farmers would therefore require higher compensation payments to 

induce them to make a 50% cut in farmyard manure applications. The LCM 2 class - 

INT model also revealed that YW tenants had a higher aversion to signing up to 10 

year agreements than non-YW tenants. Here again, more compensation would 

therefore be required to induce YW tenants to sign up for 10 year agreements. 

Program 1 aims to: 

1. Block 100% of grips 

2. Reduce fertiliser use by 50% 

3. Reduce FYM by 50% 

4. Sign up to maintain these land management changes for a 10 year period . 

 

The  results of the LCM 2 class-INT model was used to calculate the four separate 

levels of compensation payment that would be required to induce the following four 

different groups of farmers to sign up to Program 1: 

a. YW tenants who are dairy farmers 

b. YW tenants who are not dairy farmers 

c. non-YW tenants who are dairy farmers 

d. non-YW tenants who are not dairy farmers 

 

Using the individual-specific compensation requirements derived from the LCM 2 

class - INT model, for each of these groups of farmers in turn, the annual 

compensation payments required to induce them to sign up to Program 1 are:   

a. YW tenants who are dairy farmers:  £7.79 per hectare 

b. YW tenants who are not dairy farmers: £5.06 per hectare 

c. non-YW tenants who are dairy farmers: £13.66 per hectare 

d. non-YW tenants who are not dairy farmers: £10.95  per hectare  

 

Comparing the results obtained with these four separate compensation requirements 

(a-b) we can see that the annual compensation required to persuade non-YW tenants 

who are not dairy farmers (the most numerous group of farmers surveyed) to sign up 

to Program 1 is £10.95 per hectare, somewhat lower than the amount required to 

persuade non-YW tenants who are dairy farmers to sign up. The annual compensation 
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level required to induce the other 3 groupings of farmers to sign up to Program 1 

varies from £7.79 per hectare up to £13.66 per hectare.  

 

5.0 Summary and conclusions  

 

This paper reported the results of a choice experiment survey that allowed us to 

understand how farmers trade off the changes in land management practice required 

to protect water quality. An earlier physical modelling component of this work 

identified that grip blocking and reductions in the application of artificial fertiliser and 

farmyard manure were most likely to have an impact on the DOC concentration and 

composition and on NO3-N concentration of stream water in Nidderdale. As a result, 

the changes in land management practices proposed to farmers in this study were 

changes in the application of  artificial fertiliser and farmyard manure, different levels 

of grip blocking and differences in the length of management agreement signed up to. 

In compensation for undertaking these changes in land management practice farmers 

were offered various levels annual compensation payments on a per-hectare basis 

 

In order to investigate the presence of unobserved taste heterogeneity, RPL and LCM 

models were specified and analysed. BIC and AIC tests were used to compare the 

RPL and LCM model specifications. These two specifications both outperformed the 

simple MNL model with interaction terms in all cases. In addition, an examination of 

the significant standard deviation estimates in the RPL models, the presence of classes 

in the LCM models and KDEs of the distribution of WTA requirements across 

respondents all revealed the presence of unobserved taste heterogeneity.  

 

Results from the MNL model showed that on the whole farmers had significant 

aversions to reducing applications of artificial fertiliser and farmyard manure, and, in 

general, that the aversion to reducing farmyard manure application was stronger than 

the aversion to reducing application of artificial fertiliser. Somewhat surprisingly, 

looking on average across all farmers surveyed there appeared no particular 

preference or aversion towards blocking grips and no particular preference or aversion 

towards the length of agreement offered. This overall lack of preference or aversion to 

grip blocking may arise because the decision rights over grip blocking are typically 

held by moorland owners rather than tenant farmers. The compensation payment 
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analysis showed that provided that adequate levels of compensation payments were 

offered farmers could be encouraged to adopt land management practices that have 

the potential to enhance water quality, i.e could be encouraged to reduce applications 

of fertiliser and farmyard manure and to block grips. 

 

Further investigation with the LCM and RPL models, showed that different groups of 

farmers held markedly different preferences or aversions regarding different aspects 

of the land management changes proposed. We found that in the majority preference 

class, dairy farmers were much more averse than non-dairy farmers to reducing 

applications of farmyard manure by 50%. In the minority preference class, YW 

tenants were much more averse to signing up to 10 year agreements. Additionally, in 

contrast with the remainder of the farmers surveyed who expressed neither a 

preference nor an aversion to grip blocking, respondents from Middlesmoor expressed 

a strong preference for blocking 100% of the grips on their land.  

 

These findings suggest that there is likely to be considerable variation across farmers 

in their strength of preference for, or strength of aversion to, different elements of the 

land management programs. This is manifest as the different levels of compensation 

payments required for farmers who various combinations of YW tenants, dairy or 

non-dairy farmers.  

 

The results show that farmers can be encouraged to voluntarily adopt more 

environmentally sound land management practices through the use of incentive 

payments. However, these initial results provide only a broad indication of the levels 

of incentive payments necessary to achieve a desired level of participation. There is 

clearly considerable variation of preferences/aversions across farmers and this will 

undoubtedly affect the level of compensation payments necessary to achieve any 

particular level of up-take of the different potential land management programs, with 

obvious consequences for different potential levels of improvement in water quality.  

 

The analysis presented here could be used in a cost-effectiveness framework to 

address the specific costs of water treatment, or the predicted cost of implementing 

payment programs for farmers to change their land management practices, to achieve 

specified requirements for DOC and nitrate at a sub-catchment level. Within such a 
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framework private sector water companies would be able to use these estimates to 

consider a number of policy scenarios and estimate the costs of each to identify their 

preferred policy option. 
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