Famer willingness to adopt mitigation measures for water quality improvements

Abstract

Diffuse pollution from agriculture continues to be a significant threat to waterbodies. This
study investigates the role of diverse farming objectives on a farmers’ openness to adopt a suite
of mitigative measures that could have a positive effect on water quality. Based on a farmer
survey, factor analysis was used to reduce a long list of potential farming objectives to three:
Long Term Economic objectives (LTE), Short Term Economic objectives (STE) and
Environmental objectives (ENV). The results indicate that farming objectives are a highly
significant predictor of openness to adopt mitigation measures that have the potential to
improve water quality. Our findings suggest that farmers with LTE and ENV objectives are
more open to adopting many of the same mitigation measures while farmers with STE

objectives are less open.
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improvements.

1 Introduction

In 2019, 43% of Irish river water bodies assessed over the period 2017-2019 were in moderate,
poor or bad quality, and failed to meet the required status of high or good biological quality
as set out in the Water Framework Directive 2000/60/EC (EPA 2020). Agricultural practices
and land use decisions have been highlighted as a significant driver of ecological degradation
in freshwater systems (Dupas, Tavenard et al. 2015, McDowell, Snelder et al. 2018, Mellander,
Jordan et al. 2018). A number of agricultural based mitigation measures have been identified
which have the potential to reduce the risk of nitrogen and phosphorus transferring from

agricultural land to watercourses (Cherry, Shepherd et al. 2008, Jeppesen, Kronvang et al.



2009). However, the effectiveness of these measures is lost if farmers do not adopt.
Understanding the key drivers of farmer decision making and farmers openness to adopt new
measures or adapt existing farm management practices is important if policy makers wish to
influence behavioural changes at farm level (Greer 2005, Buckley, Hynes et al. 2012, Vrain,
Lovett et al. 2014, Lastra-Bravo, Hubbard et al. 2015, Vrain and Lovett 2016, Mills, Gaskell
et al. 2017).

The decision to adopt is a complex multi-criteria process, strongly influenced by the
judgments of their peers and various institutional mechanisms like legal instruments, economic
rewards, provision of advice and voluntary collective actions (Blackstock, Ingram et al. 2010).
Previous adoption literature, that focused specifically on key factors influencing farmer
behaviour around measures that have the potential to improve water quality stress the
importance of linking advice and behavioural changes (OECD 2012, Gabel, Home et al. 2018).
It is also important to have an understanding of how to provide farmers with farm and location
specific advice (Birner, Davis et al. 2009, Mills, Gaskell et al. 2017, Mills, Gaskell et al. 2018,
Eastwood, Ayre et al. 2019). The highly heterogeneous and dynamic nature of agriculture is
also an important factor in understanding the decision to adopt (Blackstock, Ingram et al. 2010).
Influencing farmers to adopt requires tailoring advice and linking it to specific behavioural
changes, a theoretical understanding of the practice clearly presented by knowledge transfer
specialists and an understanding of different audiences (Blackstock, Ingram et al. 2010).

At its core, farmer decisions to adopt any practice with environmental benefits has a
public good element, in which those who provide the good incur all the costs but have no way
of capturing the economic benefits, since the benefits are the public good benefits such as
increased security or wellbeing which have no market value. However, some mitigation
measures do have the potential to provide private economic benefits such as increased

efficiencies and reduced costs, especially on the nutrient management side and are often



referred to as “win-win” situations (Buckley and Carney 2013, Norton, Suryaningrum et al.
2020). Studies have also found that farmers are resistant to environmentally targeted
agricultural policies as they perceive these policies to be costly, reduce farming choices and
affect production efficiency (Arovuori 2011). As well as the perception that these measures are
costly, farmers feel that investment in mitigation actions at farm level may ultimately constrain
agricultural production and hence farmers face an additional hidden cost (Andersen, Blicher-
Mathiesen et al. 2014). A socio economic study of farmers in Scotland found that farmers rarely
consider environmental issues beyond the boundaries of their farms and did not believe they
were responsible for any water quality problems (Macgregor and Warren 2006).

The objective of this study is to investigate the importance of heterogeneous farming
objectives on a farmers’ willingness to adopt a suite of mitigation measures that have the
potential to improve water quality. The adoption of these measures may involve a behavioural
change around existing practices or additional costs where the measures involve construction
costs. The effectiveness or success of the measures can also be difficult to identify because of
the many stakeholders involved or a substantial lag time before improvements are observed
(Melland, Fenton et al. 2018). Farmers may also have different farming objectives, for some,
financial gain is important and as with any business these farmers will have a predominantly
profit maximizing objective. For others a range of social, environmental and lifestyle
objectives are also important (Vanclay 2004, Howley, Buckley et al. 2015). The literature also
finds that while farming objectives play an important role in adoption, policy measures needed
to encourage different types of farmers may differ (Brown, Daigneault et al. 2019). Farmers
who have a predominantly financial objective may respond to financial incentives whereas
farmers with an environmental objective may not respond as positively to financial incentives
if they do not fully accept the environmental benefits of the measures. The importance of

understanding the decision making process of key actors is crucial in influencing change across



multiple levels of planning, decision-making and action. A key challenge is enabling
implementation of local management action, which can be influenced by a range of factors
across multiple levels (Patterson, Smith et al. 2013, Wiering, Boezeman et al. 2020).
1.1 Theoretical framework

Since the objective of the various mitigation measures in this study is to protect and improve
water quality the theoretical bases for this study falls outside the traditional profit maximization
model of behaviour, since water quality is a non-marketed good. Although the nutrient
management measures do have the potential to reduce costs and increase efficient nutrient uses,
farmers were asked whether they were open to adopt these measures specifically for water
quality improvements. We therefore place this study within the rational choice theory, and
follow a utility maximization framework to analyse farmer behaviour with respect to public
good provision based on the framework outlined by (Jongeneel and Ge 2010). The utility
maximization framework can capture the role of farmer attitudes and objectives and as such, a
farmer will adopt a mitigation measure for the provision of public goods if and only if the
adoption of the mitigation measure increases his/her maximised utility (Jongeneel and Ge
2010). Consider that the agricultural producer’s utility is determined by his farm income (profit
from producing agricultural goods, income from an off farm job), non-pecuniary benefits from
on-farm production activities (and possible provision of public goods), and leisure.

We define a farmer’s utility function U, as follows:
u(l, B, R)

Where:

| = monetary income;

B = non-pecuniary benefits of farm production, modelled as a function of family labour used

for on-farm production and possible additional land endowments;



R = Leisure.
We assume an additive utility form such that

u(l,B,R) = U() + B(h+1) + R(r),

Where:
I=py+mw—xq—vl-F
Where:
y = marketed output
p = output price (vector of output prices in case of multiple outputs)
w = wage at the labour market
| = amount of land
m = off-farm labour work
r = leisure time
h = family labour used for on-farm production

x = marketed variable input (vector of marketed inputs in case of multiple inputs, including
hired labour)

g = input price (vector of input prices in case of multiple inputs)
v = fixed costs per hectare, these are fixed costs related to the use of land

F = fixed costs per farm, examples of the fixed costs are for example maintenance costs of

machinery, rent costs for buildings, etc.

The farmer solves the utility maximization problem as follows

Maxu(l,B,R) =U({)+ B(h+ 1)+ R(r)

Subject to



[ <A
h+m+r=H
LLhhmr,x =0
A = total land area
H = total family labour

Using this framework a farmer will adopt a mitigation measure for water quality
improvements if the adoption of such measures increases his/her maximum utility, that is

du(l,h,x,m,r,Q) = 0
Where
Q = Q non-commodity outputs (such as possible public goods)

Therefore, if a farmer is to adopt a mitigation measure, the utility he/she receives from
the adoption of the measure must be equal to or greater than the opportunity cost of the measure.
The opportunity costs depends on an individual’s marginal utility of income. This implies that
for the same level of compensation farmers with already high incomes are more prone to accept
the compensation than farmers with relatively low income. This holds even if the marginal
productivity of land is the same for both farmers (Jongeneel and Ge 2010).

The paper is organised as follows: section 2 outlines methods including data used in the
analysis, a description of the different mitigation measures, the factor analysis methodology
and the empirical model, which is a multivariate, ordered probit model. Section 3 presents the
results of the multivariate ordered probit model and summary statistics. In section 4 we discuss
the results which are presented in the previous section and in Section 5 we conclude with a
summary of the main findings of the paper.

2 Methods



2.1 Data

The data for this analysis were derived from a survey of 402 farmers within twelve river
catchments throughout the Republic of Ireland. All catchment areas were selected to be
representative of intensive grassland and arable agricultural systems in Ireland where there is
a potential risk of P and N transfer and subsequently tend to represent more intensive farming
systems (Buckley, Howley et al. 2015)Geographic Information Systems multi-criteria decision
analysis was employed to select these case study catchments. The criteria used for selection
included maximisation of agricultural intensity (based on percentage arable or forage area and
livestock grazing intensity), minimisation of non-agricultural land uses (forestry, residential
housing density) and the selection of a range of soil and geology types that were indicative of
high N or P transport risk. The size of the catchment areas ranged from 4km? to 12 km?, with
two larger catchment areas of approximately 30 km?. The method for catchment selection is
described in detail by (Fealy, Buckley et al. 2010).

A questionnaire was designed to collect data from farmers across a range of topics
including attitudes to farming and the environment, farm structures and profile, socio-
demographics, contact with extension services and adoption of a range of nutrient management
best practices. This questionnaire aimed to establish a baseline in terms of nutrient management
practices, assess farmer willingness to provide ecosystem services and explore farmer opinion
on regulations post EU Nitrates Directive implementation across the Republic of Ireland. A
team of professional recorders to collected the data from 402 farmers across 12 catchment
areas.

Twenty potential mitigative measures to combat diffuse pollution, avoid nutrient loss
to watercourses and maintain a nutrient balance in the soil were identified in consultation with
research and extension specialists in the area. These represented a comprehensive list of

measures, which, based on site characteristics, and farming system have the potential to reduce



the transfer of nutrient from agricultural land to watercourses. Of the twenty potential measures
included in the survey, only eight of the mitigation measures were applicable to both livestock
and tillage farmers. These form the basis of this study. Respondents were asked to rank how
open they were to adopting each measure using a Likert scale index, ranging from 1 = “not at
all open” , 2 = “not very open”, 3 = “neutral”, 4 = “somewhat open” to 5 = “very open”.

The eight mitigation measures included in this study are listed in Table 1. This list of
measures can be divided into two distinct types, nutrient management best practice measures
or land use management measures. Nutrient management best practice measures refer to when,
where, how and how much fertilizer is applied. These measures cover the four “R’s” which are
considered best practice for nutrient management practice, the right fertilizer in the right place
at the right time and the right rate. These measures represent a change in behaviour around
farm management practices that are currently in place on the farm. On the other hand, land use
management measures involve a once off decision with additional costs to the farmer and a
possible long-term reduction in farm size depending on the farms proximity to a river and the
length of river running through the farm. These land management measures could result in
long-term implication for farm production, and therefore result in financial costs as well as
opportunity costs.

Table 1. Different Mitigation Measures, type of measure and benefits of measure

Mitigative measures Type Benefits
Avoid spreading fertilizers at | Nutrient Timing fertiliser applications
high risk times - RIGHT TIME | Management during periods of rapid growth

will result in more efficient
nutrient use and reduces the risk
of nutrient losses

Not applying  phosphorous | Nutrient The availability of nutrients, and
fertilizers to soils already high in | Management the clear understanding of their
phosphorus -RIGHT RATE benefits can lead to more efficient

nutrient use and reduces the risk
of nutrient losses

Not applying fertilizers to areas | Nutrient Ensuring the right product is used
of high risk for nutrient loss — | Management in the right locations reduces the
RIGHT PLACE risk of potential loss to




waterbodies, especially on fields
with high connectivity to water

bodies
Use of slurry band or injection | Nutrient The use of precision techniques
spreading machinery — RIGHT | Management reduces the amount of run off and
METHOD the risk of nutrient losses,

increases nutrient availability to
plants and prevents damage to

fields
Establishing Riparian Buffer | Land Management | Creating buffer zones where little
Strips along watercourses or no agricultural activity takes

place helps to intercept nutrients
transported via overland flow
Re-siting gateways away from | Land Management | Preventing run off reduces the

high risk areas risk of nutrient transfer to
waterbodies
Fencing off watercourses Land Management | Unrestricted cattle access to

waterways can have a negative
impact on water quality, therefore
fencing off watercourses reduces

this risk
Establishing and maintaining | Land Management | Artificial wetlands retain
artificial wetlands sediment and associated

pollutants, they also help with
nutrient cycling and can provide
positive water quality outcomes

2.2 Factor Analysis

This study employs factor analysis, a statistical technique that is used to reduce a large number
of variables/statements into smaller groups of latent variables that capture the similarities of
the variables in the latent construct (Ford, MacCallum et al. 1986, Hayton, Allen et al. 2004).
There are a number of steps involved in this type of analysis. First the reliability of the
questionnaire is measured using Cronbach’s alpha, which is a measure of the internal
consistency of the data and is used under the assumption that a number of statements are
measuring the same underlying latent construct. Cronbach’s alpha can be expressed as
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Where n is the sample size and 7 is the mean correlation between statements. Cronbach’s alpha

ranges between 0 and 1 where a value greater that 0.7 is considered acceptable (Lavrakas 2008).

Once the reliability of the data has been validated there are three steps in factor analysis (i) an
assessment of the suitability of the data for factor analysis, (ii) factor extraction and (iii) factor
rotation and analysis (Shrestha 2021).

We first assess the suitability of the data for factor analysis using A Kaiser-Meyer-
Olkin [KMO] measure of sampling adequacy. This measures the adequacy of the sample size
and measures the sampling adequacy for each variable in the model and for the complete model.

The KMO measure is given by

2
Yixj Rij

KMO =
Yixj RY +2ij U

Where Rjj is the correlation matrix and Uj is the partial covariance matrix. KMO values range
for 0 to 1 and values between 0.8 and 1.0 indicate the sample size is adequate (Shrestha 2021).
Bartlett’s test of Sphericity is used to test for the adequacy of the correlation matrix. The
Bartlett’s test of Sphericity is highly significant at p < 0.001, which shows that the correlation
matrix has significant correlations among at least some of the variables. This means that the
variables are not orthogonal and (Shrestha 2021). Table 2 gives the results of KMO and the
Bartlett’s test of sphericity; both tests confirm that factor analysis is a suitable technique to use

on this data set.

Table 2. Kaiser-Meyer-Olkin and Bartlett’s Test of Sphericity

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.916
Bartlett's test of sphericity Approx. Chi-square 3730.3
df 190
p- value 0.000

The second step in factor analysis is to identify the least number of factors that can be
used to represent the interrelationships among the statements; this is the factor extraction stage.
This is a critical step in the analysis as the researcher needs to balance the need for parsimony

with adequately representing the underlying correlations (Hayton, Allen et al. 2004). If too few
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factors are retained then important information is lost, specifying too many factors can lead to
focusing on minor factors at the expense of major ones. In general, the researcher should retain
factors until additional factors account for trivial variance (Hayton, Allen et al. 2004). One of
the most commonly used methods to assess the number of factors to keep is the Kaiser criterion,
which retains factors with eigenvalues greater than 1 (Kaiser 1960). Table 3 shows the
eigenvalues and total variance explained by the twenty variables included in the data set that
provides the justification for the number of factors to be extracted. Three variables have
eigenvalues greater than 1. The results show that 60% of the common variance shared by 18
variables can be accounted for by these three factors. The extraction method of factor analysis

used in this study is principal component analysis

Table 3. Eigenvalues, Proportion and cumulative variance explained
Factor Eigenvalue Difference Proportion Cumulative
Factorl 7.54092 5.44465 0.4189 0.4189
Factor2 2.09627 0.91565 0.1165 0.5354
Factor3 1.18061 0.30791 0.0656 0.601
Factord 0.8727 0.02347 0.0485 0.6495

The third step is to rotate the factors; in general, the data is rotated if more than one
factor emerges, as the results are easier to interpret. The two main approaches to rotation are
orthogonal (uncorrelated) and oblique (correlated). In this study, we used an extraction method
based on principal component analysis and an orthogonal varimax rotation based on the Kaiser
criterion. Three factors emerged; the statements that loaded on each factor and the factor

loading are in Table 4.

Table 4. Factor Loadings and statements related to farm objectives

Variable Factorl Factor2 Factor3
Long term | Short term | Environmental
economic economic

Reinvesting in the farm 0.7824

Meeting challenges 0.6975

Being innovative by adapting new 0.6956

technologies & practices
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Having up to date machinery and | 0.6868
equipment
Expanding the farm business 0.6655
Producing high quality products 0.6377
Trying new crops / breeds 0.5751
Maximizing production levels 0.5149 0.5605
Achieving highest yields possible 0.7902
Paying attention to market prices 0.771

Maximizing and making the best use 0.7019
of my farm resources
Maximizing farm profits 0.6882
Encouraging wildlife and protecting 0.7546
water quality
Preventing pollution from 0.748
agricultural production
Operating my farm in an 0.7358
environmentally friendly way
Avoiding risky options 0.718

Avoiding a cross compliance 0.5597
violation
Keeping farm debt as low as possible 0.5401

In this analysis we rename Factor 1, Long Term Economic (LTE), factor 2, Short Term
Economic (STE) and factor 3 Environmental (ENV). These names are based on the factor
loading of each statement. LTE objectives describe the objectives of farmers who are rate
statements around the potential and of the farm to provide into the future. They include
reinvestment, meeting future challenges and being innovative. These farmers have long-term
plans that include producing high quality products now while at the same time, expanding their
farm business. Having up to date machinery is also an investment on both current and future
production levels and these farmers are open to trying out new breeds of crops or livestock.
Their decision-making process takes account of the long-term effects of current investments.
STE objectives describe the objectives of farmers who are interested in short-term economic
returns, which are very much in line with micro-economic production theory. They are
interested in producing high yields, maximizing profits and they pay attention to current market

conditions. ENV objectives describe the farming objectives of farmers who wish to farm in an
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environmentally friendly way. These farmers are risk adverse, prefer to keep debt low and
remain compliant with farming regulations. They are interested in preventing pollution,
protecting water quality and encouraging wildlife. There is some cross loading on the objective
of “Maximizing production levels”, which loaded on LTE and STE, this points the importance

of productivity to both long term and short term economic objectives.

2.2.2 Empirical Model

In reality, farmers could adopt multiple mitigation measures that have the potential to reduce
the risk of nutrient transfer to watercourses. To evaluate the effect of farmer objectives on a
farmer’s openness to adopt these measures, it is important to use a model that can estimate the
effect of farmer objectives on a number of mitigation measures simultaneously. A multivariate
ordered probit model is used to assess the effect of farming objectives on a farmers openness
to adopt eight mitigation measures. The multivariate model estimates the effect of farmer
objectives on their openness to adopt all the measures simultaneously while the individual
ordered probit model considers the level of openness towards the adoption of each measure
(Lauer 2003, Wang, Jin et al. 2021, Musafiri, Kiboi et al. 2022).

The data is a Likert scale index from one to five, which results in an ordinal dependent
variable that takes on five discrete values, 5 means the farmer is more open to adopt the measure
than 4, and 4 is more open to adopt than 3 and so on. However, it is unlikely the distance
between each of the categories will be constant. In other words, it may take a bigger change in
an independent variable to get over the “threshold” into one category than it takes to get into
the next category. An ordered probit model estimates both the effects of the independent
variables (through the systematic component) and the thresholds of the dependent variable
(through the stochastic component) at the same time.

Our hypothesis is that an individual’s farming objective Xi determines the level of openness to

adoption of mitigation measures denoted Yij. The subscript i indicates the it"* farmer where
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i = (1..n),and the subscript j indicates the j®*  mitigation measure where j = (1...n).
Therefore, we can state that:

Vii=fXpvi=1,..,nVj=1..,n
Since the dependent variable is an ordered, qualitative variable, we estimate the

relationship between Y and X with an ordinal response model. We assume that the level of

openness of farmer i to adopt mitigation measure j, denoted Y;; is a continuous function of
farmer objectives, denoted by Xi, a vector of parameters of dimension (k x 1), denoted by 3,
and a disturbance term, g, which is normally, identically, and independently distributed,
e ~N(0,0%). Increasing values of Y;; indicate an increasing level of openness to adopt.
Y= pB'X; + ¢
The probabilities of falling into the ordered categories 1 to 5 are given by the following
Pr(Yy =1)= & (u, — f'X)

Pr(Yy =2)=® (g, — f'X)— @ (uy — B'X)

Pr(Yy; =3)=® (s — f'X)— ® (4 — B'X)

Pr(Yij =4) =@ (s — B'X) — @ (us — B'X)

Pr(Yy =5)=1— ® (s — f'X)

Where the u’s are unknown threshold parameters (cut-points) to be estimated with g, and the
ranking depends on certain measurable factors x and certain unobservable factors €. Since the
disturbances are normally distributed, these probabilities are distributed according to the
cumulative normal distribution @. The ordered probit model is estimated using the method of
maximum likelihood via the Newton-Raphson algorithm (Long 1997)

3 Results

The objective of this study is to investigate the importance of different farming objectives on a
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farmers’ willingness to adopt a suite of mitigation measures that have the potential to improve
water quality.
Table 5 presents summary statistics and scores of the Likert scale data for each mitigation

measure.

Table 5. Summary statistics and scores for individual mitigation measures

Variable Obs. Mean Std. Min Max
Dev.

Establishing Riparian Buffer Strips along 402 4.69 1.25 1 5
watercourses

Not applying fertilizers to areas of high 402 4.67 1.01 1 5
risk for nutrient loss

Avoid spreading fertilizers at high risk 402 4.81 0.77 1 5
times

Not applying phosphorous fertilizers 402 4.74 0.88 1 5

to soils already high in phosphorus
Use of slurry band or injection spreading 402 4.34 1.41 1 5
machinery

Re-siting gateways away from high risk 402 4.23 1.09 1 5
areas

Establishing and maintaining artificial 402 3.80 1.46 1 5
wetlands

Fencing off watercourses 402 4.66 1.13 1 5

The results of a multivariate ordered probit model, which simultaneously estimated the
effect of the three farming objectives on eight mitigation measures, are presented in Table 6.
The results show that farming objectives are a highly significant predictor of a farmer’s
openness to adopt a range of different mitigation measures and that a farmers objectives in
relation to his/her farming business can determine whether they are more open to adopting
some measures while resistant to adopting others.

Farmers with LTE objectives, along with increasing productivity and profitability, have
an eye on the future, are interested in investing in the farm and are open to adopt new
technologies. Farmers with a LTE objective are were positively and highly significantly open

at the 0.01 level of significance, to the adoption of (5) Use of slurry band or injection spreading
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machinery, (6) Re-siting gateways away from high-risk areas and (8) Fencing off watercourses
from livestock. They were also open, at 0.05 level of significance, to adopting (1) Establishing
riparian buffer strips along watercourses, and (7) Establish and maintain artificial wetlands.
Farmers who loaded on this factor were open to adopting mitigation measures that could
potentially incur additional costs. This indicates that they are willing to make investments for
the future of their farms acknowledging that in addition to financial gains they also have a role
to play in protecting and improving water quality for current and future generations. Farmers
with this farming objective were the only group who were open to adopting (1) Establishing
riparian buffer strips along watercourses even though riparian buffer strips have been promoted
for many years as an efficient nitrate removal method (Hawes and Smith 2005). Farmers with
a high loading on this factor were open to all land use management measures and not as open
to the nutrient management changes. It is possible that these farmers consider the land
management changes as important for the future development of the farm and see them as an
addition to their farm rather than just an additional cost.

Farmers with STE objectives are interested in short-term economic gains, maximizing
profits and yields and making the most of the farm resources while at the same time keeping
an eye on market conditions. Farmers with a STE farming objective were positively and
significantly open, at the 0.01 level of significance, to adopt (3) Avoid spreading fertilisers at
high-risk times and (6) Re-siting gateways away from high-risk areas. At the 0.05 level of
significance, these farmers were also open to (2) not applying fertilisers to areas of high risk
for nutrient loss. Farmers with this objective are the most reluctant to undertake changes around
nutrient management practices or land use management changes. It is possible that these
farmers are more risk adverse than other groups and prefer to leave things the way they are

rather than make any behavioural changes or incur additional costs or debt.
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Farmers with ENV objectives are interested in farming in an environmentally friendly
way, avoiding diffuse losses from agriculture, risky options and breaches of farming
regulations. Farmers with an ENV objective were positively and significantly open, at the 0.01
level of significance, to adopt the following mitigation measures (2) Not applying fertilisers to
areas of high risk for nutrient loss (7) Establish and maintain artificial wetlands and (8) Fencing
off watercourses from livestock. At the 0.05 level of significance they were also open to (4)
Not applying phosphorus fertiliser to soils already high in phosphorus, (5) Use of slurry band
or injection spreading machinery and (6) Re-siting gateways away from high-risk areas and
while less significant were also positive towards. Water quality issues are of importance to
farmers with an ENV objective and they are open to measures involving a behavioural change
as well as measures requiring additional cost at farm level. There are a number of similarities
between farmers with LTE and ENV objectives; this is somewhat surprising given that there is
often a conflict between these two objectives (Ahtiainen, Pouta et al. 2015, Jean-Christophe

2020).
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Table 6.

Multivariate Ordered Probit model of the relationship between farmer objectives and individual mitigation measures

1 2 3 4 5 6 7 8
Establishing | Not applying | Avoid Not applying | Use of slurry | Re-siting Establish Fencing off
Riparian fertilisers  to | spreading | phosphorus band or | gateways and watercourse
Buffer Strips | areas of high | fertilisers | fertiliser to soils | injection away from | maintain S from
along risk for nutrient | at  high- | already high in | spreading high-risk artificial livestock
watercourses | loss risk times | phosphorus machinery areas wetlands
Long Term | 0.146** 0.134 0.098 0.180 0.200*** 0.300*** 0141** 0.228***
Economic
(2.03) (1.81) (1.26) (2.35) (2.88) (4.23) (2.07) (3.20)
Short  Term | -0.066 0.162** 0.255*** | 0.128 0.003 0.204*** 0.127 0.071
Economic
(-0.93) (2.23) (3.35) (1.78) (0.05) (3.08) (1.95) (1.05)
Environmenta | 0.117 0.207*** 0.127 0.179** 0.161** 0.196** 0.273*** | 0.206***
I
(1.48) (2.61) (1.52) (2.18) (2.11) (2.53) (3.57) (2.60)

N =402

t statistics in parenthesis

*p <0.10, ** p < 0.05, *** p < 0.01
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4 Discussion

In recent decades, the multifunctionality of agriculture has been recognised, and the
important role farmers have to play in protecting the environment has been acknowledged
(Garland, Banerjee et al. 2021). Previously, the focus had been on maximising yields
with the assumption that the natural resources are both free and self-correcting. But as
demands on these natural resources increases management decisions are needed to
compliment and protect these self-regulating properties (DeFries and Nagendra 2017).
The role that farmers have to play in protecting and improving water quality falls under
the category of protecting and managing these natural resources. However, there is a
public good element to this role and the benefits accruing to the farm in terms of financial
rewards are not always obvious. Farmers may also feel that they are not to blame for the
environmental problems arising from diffuse pollution, and therefore do not accept
responsibility for adopting additional measures (Macgregor and Warren 2006,
Blackstock, Ingram et al. 2010).

In addition, diffuse pollution has been described as a “Wicked problem”
(Patterson, Smith et al. 2013, Thornton, Harding et al. 2013, DeFries and Nagendra 2017).
Wicked problems are complex problems that can have multiple resolutions and are caused
by number of different of factors (Ritchey 2013). This wicked problem of diffuse
pollution is a difficult problem to solve because it involves linking complex natural
systems and human activity which results in a complex, dynamic, multi-actor, and multi-
scalar problem (DeFries and Nagendra 2017). Two major difficulties associated with
these types of dilemmas are (i) assuming that there is an easy solution and (ii) the
overwhelming complexity of the problem can lead to no action at all. Therefore an
incremental and adaptive approach to the problem is suggested (DeFries and Nagendra

2017).



An incremental approach could involve the adoption of a number of mitigation
measures at farm level. Understanding the problem, understanding the different audiences
and matching mitigation measures to problems, which are location specific, is important
(Blackstock, Ingram et al. 2010). For such an incremental approach to be successful, we
need a good understanding of all these elements. It is also important to monitor the
progress of the various measures, since the length of time it takes for improvements to
occur can be substantial (Melland, Fenton et al. 2018). It is important to acknowledge
when goals have been achieved since constructive feedback adds value to the work
carried out and can motivate farmers to continue with the practices (Lopez-Garrido 2021),
and it is also important to carry out objective analysis of when measures do not perform
as it was thought they should. Within these multi-criteria of possible solutions, the role
of farmer objectives plays an important part, and since farmer objectives maybe difficult
to change, it may be easier to operate in a way that is consistent with prior objectives.
This could include highlighting the economic benefits, which are an important to farmers
with both LTE and STE objectives while at the same time highlighting the important
environmental contributions of the measures that are important to farmers with an ENV
objective.

There are also a number of measures which are acceptable to farmers with and
ENV objective and a LTE objectives. These two objectives often conflict whereby
farmers face a trade-off between financial economic objectives and protecting the
environment. The similarities between the measures acceptable to farmers with these
different farming objectives may point to the growing awareness among farmers of the
importance of environmental conditions for the long term viability of their farm.

5 Conclusion

In this paper, we investigated the relationship between farming objectives and farmers’



openness to adopting a range of mitigation measures that may have a positive effect on
water quality outcomes. This fits within the adaptive management section of this complex
problem and results indicate that farming objectives are a significant predictor of
openness to adopt. In line with previous literature, economic objectives were found to be
important; however, there were significant differences between farmers who have long-
term objectives and farmers with a more short-term economic objective. There were also
similarities between farmers with a LTE objective and those with an ENV objective
indicating that farmers recognise the importance of environmental conditions on the long-
term economic viability of their family farm and vice versa.

Nutrient management best practice has been encouraged for many years now and
while there are varying degrees of farmer openness to all the measures, there is no
measure that farmers of all three farming objectives were open to adopt. Farmers with an
ENV objective were open to adopting three of the four measures, (2) not applying
fertilisers to areas of high risk for nutrient loss, (4) not applying Phosphorus to soils
already high in Phosphorus and (5) the use of band injection spreading. Farmers with a
STE objective were the only ones open to adopting (3) Avoid spreading fertilisers at high-
risk times. The only nutrient management measure that farmers with a LTE objective
were open to adopt was (5) the use of band injection spreading. While classified as a
nutrient management measure, this mitigation measure could involve an additional cost
if farmers were to purchase machinery themselves, but interestingly the farmers with a
LTE and an ENV objective were open to adopt this measure. The significance of these
results indicate that farmers are open to adopt some, but not all nutrient management best
practice measures. If these measures are the gold standard and have the potential for a
win-win situation for farmers, this message needs to be targeted in a manner that fits in

with all three farming objectives.



Of the land use management measures farmers with a STE objective were the least
open to adopting these measures although they were open to (6) Re-siting gateways away
from high-risk areas. Farmers with LTE and ENV objectives were significantly open to
adopting almost all of the measures (6) Re-siting gateways away from high-risk areas, (7)
Establish and maintain artificial wetlands and (8) Fencing off watercourses from
livestock. This result is encouraging as adopting mitigation measure (8) requires giving
up an area of the farm, resulting in an opportunity cost of the production foregone from
the loss of the land area and also an additional financial cost (Kilgarriff, Ryan et al. 2020).
Given the fact that farmers are open to adopting this measure, this indicates that they
consider the benefits, and the utility they receive out weights the additional opportunity
and financial costs.

The only mitigation measure that all farmers were open to adopting was (6) Re-
siting gateways away from high-risk areas. Re-siting gateways is a simple way to decrease
local and global hydrological connectivity, thus reducing pollution via these preferential
flow pathways (Schoumans, Chardon et al. 2014). This measure was also the measure
that had the highest level of adoption amongst farmers in survey of English farmers
(Vrain, Lovett et al. 2014). This measure is a very visible way of dealing with potential
pollution problems and in the overall complexity of the diffuse pollution problem is one
that farmers can see and understand. On a practical level, re-siting gateways may also
make it easier to move livestock or machinery at farm level. On the other hand, farmers
with a LTE objective were the only ones open to adopting mitigation measure (1)
Establishing riparian buffer strips along watercourses, even though this mitigation
measure has been promoted for many years. Previous literature found that constraints to
adoption of riparian buffer strips include interference with production, nuisance effects

and loss of production in small field systems (Buckley, Hynes et al. 2012).



Tackling diffuse water pollution at farm level and encouraging farmers to adopt
mitigation measures is complex and very often location specific, where different
measures are needed to tackle different forms of diffuse pollution. Farming objectives
play a crucial role in farmer openness to adopt but the benefits of the measures need to
match their farming goals. Future research needs to continue to investigate and quantify,
If possible, the specific benefits to each farm from adopting measures to help with diffuse

water pollution. The steps are incremental and all stakeholders need to take actions.
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