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A B S T R A C T

Given a closing window of opportunity to address threats posed by climate change, its mitigation and adaptation 
are high on the agenda of researchers, policymakers, and the public. The Water-Energy-Food-Environment 
(WEFE) Nexus approach can prove useful in the planning and implementation of adaptation actions due to its 
multi-sectoral nature. In this study, we conduct a discrete choice experiment in Greece to elicit olive producers’ 
preferences for groups of WEFE Nexus climate-smart strategies. Our findings suggest that farmers prefer to adopt 
less technology-intensive practices, and more common and conventional ones, such as pruning, are the most 
likely to be adopted. Results obtained highlight the importance for policymakers to increase awareness among 
agricultural producers, with a targeted approach to different groups of them (traditional, transitioning, envi
ronmentally conscious), about climate-smart practices with a special focus on the expected benefits from the 
adoption of more technology-intensive ones, and to provide technical advice.

1. Introduction

Climate change poses a threat to the future of our planet and its 
health. It can be stated with high confidence that there is a rapidly 
closing window of opportunity to address this threat and secure a live
able and sustainable future for all (IPCC, 2023). Consequently, climate 
change mitigation and adaptation evoke increasing interest among re
searchers, policymakers, and the public (Abbass et al., 2022). To avoid 
maladaptation, flexible, multi-sectoral, inclusive, long-term planning 
and implementation of adaptation actions, with co-benefits to many 
sectors and systems, should be implemented (IPCC, 2023). In this 
context, the Water-Energy-Food-Environment Nexus approach can be 
helpful since it aims to reveal and understand the complex cross-sectoral 
relationships among the resource systems and provide a holistic picture 
of natural resource-related pressures. The complex dependencies among 
the systems of water, energy, food, and the environment are referred to 
as the WEFE Nexus. The goal of the Nexus approach is to shift from 
single-sector approaches to resource governance via comprehensively 
covering interlinkages between sectors to improve management 

outcomes (Hoff, 2011; Albrecht et al., 2018). The Nexus approach can 
prove useful in improving resource efficiency and contributing to the 
mitigation of greenhouse gas emissions (Yu et al., 2025).

The last decade was characterized by the rapid development of the 
literature focusing on climate and WEF (E), which highlighted inter
linkages between water, energy, food, environment, and climate sys
tems, and emphasized the importance of applying a holistic approach 
(Appendix A, Table A1). The more significant part of the literature in
corporates climate as a nexus sector (Beck and Villarroel Walker, 2013; 
Laspidou et al., 2019; van den Heuvel et al., 2020; Sušnik et al., 2021; 
Ioannidou et al., 2022; Papadopoulou, Papadopoulou et al., 2022; Zhou 
et al., 2022), while treating climate as a factor impacting nexus sectors is 
noticeably less frequent in the existing literature (Said et al., 2019; Han 
et al., 2022). Regarding approaches applied in the empirical studies with 
a focus on climate and WEF(E) Nexus, they are, among others, system 
(dynamics) modelling (Momblanch et al., 2019; Sušnik et al., 2021), 
developing serious games (Sušnik et al., 2018), and statistical methods 
(quantifying indicators) (Ioannidou et al., 2022; Papadopoulou, Papa
dopoulou et al., 2022).
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There is a considerable number of studies in the existing literature 
focusing on the investigation of farmers’ preferences for climate-smart 
and conservation practices (Schaafsma et al., 2019; Canales et al., 
2023; Khanal et al., 2018). Discrete choice experiments1 (DCEs) are 
commonly used to elicit preference for various agri-environmental 
climate practices (Schulze et al., 2024). This study is among the first 
to empirically integrate all four Nexus components—Water, Energy, 
Food, and Environment—into a single preference elicitation framework 
focusing on a highly climate-vulnerable region and crop (Mediterranean 
olive cultivation). Implemented best-worst scaling discrete choice 
experiment allows eliciting full preference rankings for climate-smart 
practices and providing relevant policy insights that are still limited in 
the WEFE Nexus literature.

The focus of this study on interlinkages between climate and WEFE 
Nexus in agricultural production (more specifically crop production) is 
justified by its vulnerability to climate change and a high degree of 
reliance on the availability and quality of natural resources. Climate 
change and WEFE Nexus nodes are tightly linked, specifically when 
considering crop production. In particular, climate change largely im
pacts the water node of the Nexus: water supply and water quality 
(Fig. 1). Changes in rainfall patterns directly affect water supply, while 
indirectly, water quantity is impacted through changes in water com
partments such as surface water and groundwater, which can be used for 
irrigation purposes. Climate change can impact water quality mainly in 
two ways, which limit its use in crop production. These are water sali
nisation and soil erosion from heavy rainfall. Moreover, climatic vari
ables, such as high temperatures and winds, can drive changes in crop 
water requirements (OECD, 2014). Extreme weather events may cause 
soil erosion, while increased precipitation variability and higher tem
peratures may lead to more variable soil moisture and crop yield 
reduction. Crop yields can be affected by climate change through a 

variety of climatic channels: changes in atmospheric CO2, temperature 
increase, altered precipitation and transpiration regimes, increased 
frequency of extreme water events, pests, and weeds (OECD, 2014). The 
latest ones lead to an increase in the application of pesticides, herbi
cides, and insecticides (PHI), which results in higher levels of PHI 
pollution. In addition, the increased need for irrigation water leads to 
higher energy usage for water extraction, distribution, and irrigation, 
which can further contribute to increased levels of GHG emissions 
(Fig. 1).

Our study aims to contribute to the emerging stream of the literature 
dealing with climate and Water-Energy-Food-Environment Nexus by 
providing, to the best of our knowledge, the first attempt to investigate 
farmers’ preferences for climate-smart WEFE Nexus designs. Each 
attribute in the conducted discrete choice experiment is a climate-smart 
practice that reflects at least one link between Nexus nodes. This study 
focuses on examining the relevance of climate change adaptation mea
sures to farmers and evaluates them collectively to overcome the 
shortcomings of conventional methods that detachedly investigate 
preferences for different practices (Stetter and Cronauer, 2024). 
Exploring agricultural producers’ preferences for approaches to cope 
with climate change effects allows to contribute to the literature by 
providing insights into the practical implementation of climate change 
adaptation and mitigation practices.

Our research question is tightly linked to SDG22 and SDG133 since it 
deals with sustainable agriculture and climate change mitigation ac
tions. We focus on crop production due to its noticeable sensitivity to 
climate change, with our case study being located in the Mediterranean 
region, which is vulnerable to changing climatic conditions.4 Existing 
empirical research in the Mediterranean lacks studies on the identifi
cation and quantitative analysis of the mutual relationships between 
climate, environment, and the WEF systems (Lucca et al., 2023). Among 
the most important agricultural products in the Mediterranean region 
are olive oil and edible olives (Arcas et al., 2013). Olive trees belong to 
the most cultivated tree species in the region due to their high economic, 

Fig. 1. Climate change and the WEFE Nexus in crop production. 
Source: Own presentation based on OECD, 2014.

1 A Discrete Choice Experiment (DCE) is a stated preference method applied 
to investigate how individuals choose between hypothetical alternatives that 
are presented by a set of attributes. DCEs allow to understand the values placed 
by respondents on different attributes of the described scenarios. This method is 
particularly useful in interdisciplinary contexts—such as environmental man
agement or policy design—where decisions involve complex combinations of 
social, economic, and ecological factors.

2 Goal 2 End hunger, achieve food security and improved nutrition and 
promote sustainable agriculture

3 Goal 13 Take urgent action to combat climate change and its impacts
4 UfM on World Water Day: addressing water scarcity in the Mediterranean
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social, and ecological importance (Rhizopoulou, 2007). Crete is the fifth 
largest island in the Mediterranean Sea with a long history of olive 
cultivation (Boardman, 1976) and considerable olive oil production 
(Food and Agriculture Organization of the United Nations, 2012).

The remainder of the paper is structured as follows. First, we present 
our case study in Section 2. Subsequent Section 3 describes our data 
collection and empirical strategy. Section 4 outlines the results from the 
discrete choice experiment, followed by a discussion of our findings 
along with the concluding remarks (Section 5).

2. Context: Olive production in Crete

Olives are a major crop for Cretan agricultural production, occupying 
97 % of compact plantation areas and contributing significantly to the 
Cretan crop output. More than one-third of the Greek olive output is 
cultivated in Crete (Fig. 2). Olive cultivation is vulnerable to climate 
change, which is expected to pose major challenges for sustaining olive 
production in high-yield areas such as Crete. Climate change scenarios 

for Crete suggest an increasing trend for temperature (Grillakis et al., 
2022), a decrease in precipitation (Bazdanis et al., 2023), and an in
crease in the number and intensity of droughts (Tapoglou et al., 2019). 
Higher future temperatures pose a significant risk to olive orchards, as 
they may prevent the trees from meeting their chill requirements (Fraga 
et al., 2020). Moreover, an increasing trend in temperature can result in 
earlier and shorter phenological stages that could affect yields and 
quality characteristics (Garcia-Mozo et al., 2009).

Adaptation and mitigation strategies for climate change are crucial 
in the long term to sustain olive production in the current high-yield 
areas. All the abovementioned factors make olive production in Crete 
a relevant case study for our analysis of farmers’ willingness to adopt 
climate-smart Water-Energy-Food-Environment designs.

3. Materials and methods

The general framework and steps of the applied approach are out
lined in Fig. 3 and described subsequently in detail.

Fig. 2. Olive farming in Crete in 2021. 
Source: Based on the data from the National Statistical Service of Greece.

Fig. 3. The framework of the research methodology.
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3.1. Construction of the choice sets

The choice experiment was designed following 8 stages to investigate 
farmers’ preferences for adaptation of WEFE Nexus climate-smart stra
tegies (Appendix B, Fig. B1). Given the complexity of Mediterranean 
agroecosystems, we consulted local expert agronomists to accurately 
determine the key attributes and levels for our study.5 Based on these 
expert interviews, we developed a discrete choice experiment focusing 
on six key attributes: pruning, fertigation, nutrients, pressure- 
compensated drippers, production increase, and cost (Table 1). The 
first four of these attributes represent good agricultural practices spe
cifically suited for helping Mediterranean olive growing adapt to climate 
change (Kourgialas et al., 2022).

In particular, summer or winter pruning reduces water loss and re
sults in higher water use efficiency, reflecting the link between Water 
(irrigation water) and Food (olive yield). Fertigation (or hydro
fertilisation - application of fertilizers or nutrients into a farming system 
via the irrigation network) accounts for the link between Energy (re
duces energy footprint), Environment (reduces mineral nutrient leach
ing), and Food (olive output). When it comes to nutrients, their 
application addresses three nodes of the Nexus: Water (an increase of 
soil/water-holding capacity/reduction of water losses through deep 
percolation), Environment (reduction of soil malnutrition levels), and 
Food (positive contribution to overall plant growth). Finally, pressure- 
compensated drippers reflect the link between Water (minimizing irri
gation leak) and Food (olive yield) (Table 1). While each alternative 
represents a set of practices forming a climate-smart WEFE Nexus 
design, we opted for an unlabelled experimental design to prevent 
labelling bias from affecting farmers’ choices (Fimereli and Mourato, 
2013).

We created an efficient design using the software Ngene (version 1.2) 
(Choice Metrics, 2018). D-efficient design minimizes the standard errors 
of the estimated parameters and has been proven to significantly reduce 
the sample size requirements to obtain reliable parameter estimates 
(Rose and Bliemer, 2013). The design consisted of 24 choice cards 
divided into four blocks of six. Each olive producer was randomly 
assigned to one block. We used information on the direction of param
eter estimates as priors. The final design has a D-efficiency of 98 % and 
was created with constraints to avoid trivial or illogical combinations. 
An example choice set from the experiment, which was presented to 
participants in Greek, is shown in Fig. 4.

3.2. Survey approach and data collection

Data were collected in person in December 2023–January 2024. 
Conducting choice experiments in person has guaranteed high-quality 
responses and a homogeneous understanding of choice tasks. Using a 
snowball sampling strategy, we surveyed 150 farms with a 100 % 
participation rate. However, due to missing values in 7 cases, our final 
analysis includes data from 143 farmers. The experiment started with a 
cheap talk (Appendix C) to reduce hypothetical bias, and after the 
description of the attributes and their levels, the olive producers were 
confronted with the choice between three alternatives. The farmers were 
then asked to indicate which set of practices they are most and least 
likely to adopt, taking into account the cost of adoption and potential 
increase in production. Application of the choice experiment was 

followed by a short survey capturing information on (i) socio-economic 
characteristics of farmers (gender, age, experience, receiving subsidies, 
agricultural extension services, among others); (ii) climate change per
ceptions; and (iii) Nexus related questions (adoption of practices to 
conserve natural resources).

3.3. Econometric framework and empirical modelling

The theoretical background for the discrete choice experiments relies 
on the Characteristics Values Theory (Lancaster, 1966), assuming al
ternatives to be chosen for the benefits associated with them, and the 
Random Utility Theory (McFadden, 1973), which is based on the utility- 
maximization assumption for respondents when facing different 
alternatives.

We estimated the probability of an olive producer adopting the 
climate-smart WEFE Nexus design as a function of its attributes. For the 
analysis of the choice experiment, we used two estimation approaches: 
(i) the Rank-ordered Logit Model, (ii) the Mixed Logit Model.6

In their more general version, the base assumption for these models 
is that participants choose the alternative that maximizes their utility 
given the Eq. (1): 

Uijt = αji + βʹ
ixijt + ϵijt# (1) 

where Uijt is the utility perceived by farmer i = 1, …, N, when choosing 
alternative j = 1, …, J in choice situation t = 1, …, T; αji is the specific 
constant of alternative j for individual i; xijt is a vector containing the 
attributes of the climate-smart WEFE Nexus design including a monetary 
attribute; βʹ

i is the vector of preference parameters to be estimated; and 
ϵijt is the error term (Hensher et al., 2015).

The probability that the alternative l is most preferred among the 
remaining J options in choice task t by farmer i is (conditional logit 
form): 

P(choiceit = l) =
exp

(
βʹ

ixilt
)

∑J

j=1
exp

(
βʹ

ixijt
)
#

(2) 

The implementation of the rank-ordered logit model is effectively a 
sequential application of a conditional logit model in which the highest- 
ranked alternative is identified as preferred to all the others in that 
choice set (Aruga et al., 2021). The rank-ordered data can be “exploded” 
into data on “pseudochoices”,7 which satisfies the data organization 
requirements of the mixed logit model (Train, 2009).

The main difference between the two models is in the different as
sumptions regarding individual preference heterogeneity: the rank- 
ordered logit model assumes independence of irrelevant alternatives 
(IIA) (which can be tested with a Hausman test (Hausman and McFad
den, 1984)) and homogeneity of preferences; while the mixed logit 
model allows heterogeneity in individual preferences assuming a single 
parameter estimate for each individual in the former case and different 
parameters for a finite number of classes in the later (Hensher et al., 
2015).

Eq. (2) reflects the incorporation of the attributes defined in our 
choice experiment: 

5 The selection of attributes and levels was informed by a targeted literature 
review and expert consultation. We held semi-structured interviews with hydro- 
environmental agronomists, ensuring consistency while allowing flexibility for 
experts to elaborate on context-specific factors. During the interviews we dis
cussed potential attributes and levels and received feedback on their relevance 
and clarity. While we did not use a formal consensus method, the final set of 
attributes reflects a shared experts’ perception of attributes’ importance and 
applicability, which aligns with key themes in the literature.

6 Estimated using cmrologit and mixlogit commands in Stata 16.
7 In the case of 3 alternatives the probability of ranking group of practices 1, 

2, and 3 as best, second-best, and worst, respectively, is given by a product of 
two conditional logit probabilities: the probability of choosing group of prac
tices 1 from {1,2,3} and that of choosing 2 from {2,3}. The rank-ordered data 
was “exploded” into data on two “pseudochoices”, where the first pseudochoice 
is made from {1, 2, 3} and the second pseudochoice is made from {2, 3} (Train, 
2009). The resulting pseudochoice data satisfies the data organization re
quirements of conditional and mixed logit.
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Uijt = αji + βi1Costijt + βi2Increase in productionijt 

+βi3Pruningijt + βi4Fertigationijt + βi5Compostijt# (3) 

+ βi6Biostimulantsijt + βi7 Pressurecompensated drippersijt + ϵijt 

Since a latent class analysis8 did not yield very insightful outcomes, 
as class formation generated classes with minor significant differences,9

hierarchical clustering on principal components10 (Pröbstl-Haider et al., 
2016) was performed using the FactoMineR package in R (Husson et al., 
2024) to identify different groups of olive producers and subsequently 
account for heterogeneity in their preferences. As a pre-processing step 
before the clustering, the multiple correspondence analysis was applied 
to transform dummy and categorical variables into the principal com
ponents. The variables used to identify different types of olive producers 
included (i) perception (climate change concern; degree of risk toler
ance), (ii) environmental performance (participation in agri- 
environmental scheme; usage of renewable energy; usage of biological 
pest control; number of practices applied to conserve water or energy) 
and (iii) socio-economic variables (gender; age; education; experience in 
farming; farm size proxied by the dummy reflecting the number of olive 
plots; whether olive production is the main activity for the farmer; 
whether olive producer uses extension services; whether farmer receives 
agricultural subsidies). Hierarchical clustering was performed using 
Ward’s criterion, which is based on multidimensional variance, on the 
selected principal components (Pröbstl-Haider et al., 2016).

4. Results

Olive producers readily understood the choice cards, which were 
designed for clarity. This high level of comprehension was enhanced by 
the ‘cheap talk’ discussion provided at the survey’s start. It is essential to 
consider the average risk tolerance of olive producers when evaluating 
their willingness to adopt new practices (Appendix D, Fig. D1).

When it comes to farmers’ awareness and concern regarding climate 
change in our case study area, the survey results suggest that most 
farmers have heard about it. More than 75 % of olive producers reported 
with certainty that they had observed climate changes over the past 
15–20 years. Almost all the surveyed farmers (90 %) are concerned with 
the negative consequences of climate change to a different extent 
(Fig. 5).

The results of the clustering yielded the specification of three types of 
olive producers (Table 2): traditional producers (account for half of our 
sample), transitioning producers (20 %), and environmentally conscious 
producers (30 %).

Traditional olive producers, on average, do not participate in agri- 
environmental schemes and are characterized by the lowest level of 
climate change concern and usage of renewable energy and biological 
pest control. This group of producers relies noticeably on extension 
services and agricultural subsidies. Transitioning olive producers have, 
on average, the lowest risk tolerance; the majority are women, who are 
younger and less experienced in olive production compared to the other 
two groups of farmers. Transitioning olive producers are more con
cerned with climate change compared to traditional farmers, and among 
them, a considerable number use renewable energy and biological pest 
control as well as participate in agri-environmental schemes. Finally, 
environmentally conscious olive producers are characterized by the 
highest level of climate change concern, participation in agri- 
environmental schemes, and adoption of environmentally friendly 
practices such as renewable energy usage, biological pest control, and 
practices used to conserve water or energy. This group of producers, on 
average, has higher risk tolerance, more years of education, and, 
compared to the other two groups of olive producers, they manage, on 
average, more plots and are more likely to rely on olive cultivation as 
their primary source of income (Table 2). Results of the conducted sta
tistical test (Kruskal-Wallis test11) suggest that there is a statistically 
significant difference (at least 5 % significance level) in the median 

Table 1 
Attributes and levels in the choice experiment.

Attributes – climate-smart WEFE 
Nexus practices

Link with WEFE Nexus Expected positive effect Levels Description

Pruning (winter and summer) Water - Food reduces water loss by transpiration Yes/No Binary

Fertigation
Energy-Ecosystems 
(Soil) - Food

- increases the efficiency of fertilizing/reduces mineral 
nutrient leaching; 
- reduces energy footprint since no machinery is required 
for fertilizer application

Yes/No Binary

Nutrients
Water- Ecosystems (Soil) 
- Food

- reduce heat stress/improve leaf functioning and water 
use efficiency; 
- increase water-holding capacity/reduce water losses 
through deep percolation; 
- provide protective effects against abiotic stress factors

Compost/ 
aluminum silicate/ 
biostimulants

Binary

Pressure-compensated drippers Water - Food rational use of irrigation water, minimizing irrigation 
leak

Yes/No Binary

Increase in Production Food 10 %, 20 %, 30 %, 40 % Continuous

Cost
50€ per 0.1 ha, 100€, 
150€, 200€ Continuous

8 Latent class analysis is used to get insights into differences in preferences 
between unobserved subgroups of respondents (latent classes), which are 
identified based on their background characteristics and have similar prefer
ences within the subgroup.

9 Three classes were identified based on the Bayesian Information Criterion 
(BIC) scores and the majority of the coefficients for the membership variables 
for the second class are statistically insignificant. Generally, our sample size is 
below the recommended one for latent class analysis.
10 The principal component analysis (PCA) is applied to reduce the dimen

sionality of the data and results in a few continuous variables containing the 
most important information in the data. Since, in our case, background char
acteristics of olive producers are categorical variables, multiple correspondence 
analysis was performed (which can be considered the counterpart of PCA for 
categorical data).

11 Since for the data normality assumption is not satisfied, Kruskal-Wallis test 
is performed as the non-parametric equivalent of ANOVA.
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values of all perception and environmental performance variables across 
identified clusters. Among socio-economic variables, medians of gender, 
experience, number of olive plots, and usage of extension services differ 
significantly across the three groups of farmers.

Prior to the estimation of the econometric models, we analysed the 
acceptance rate12 of different attributes of our alternatives – a group of 
practices representing climate-smart WEFE Nexus designs. Our results 
suggest that pruning was part of the most preferred group of practices in 
70 % of cases. This preference could be attributed to olive producers’ 
heightened awareness of the sustainability of this practice, rooted in its 
historical significance spanning many centuries in olive production. At 
the same time, the usage of pressure-compensated drippers was rela
tively more often part of the least preferred group of the practices for 
adoption (Appendix D, Fig. D2). Our descriptive results do not suggest 
any particular pattern for the acceptance rate of different nutrients, 
water productivity (“crop per drop”), and cost levels. We use the in
formation on the most and least preferred alternatives to estimate the 
models that capture the precise magnitude and relevance of the 
attributes.

The probability of an olive producer adopting the climate-smart 
WEFE Nexus design was estimated as a function of its attributes using 
the rank-ordered logit model and mixed logit model. Results of the rank- 
ordered model, which considers all attributes in the choice experiment - 
the cost of adoption, pruning, fertigation, nutrients, pressure- 
compensated drippers, and the expected increase in crop per drop - 
are summarized in Table 3. All estimated coefficients in the rank- 
ordered model, except for the one for fertigation and application of 
compost, are statistically significant. The negative coefficient for the 
cost indicates disutility for higher costs of adoption. At the same time, 
farmers perceive a positive marginal utility from the adoption of all 
considered sustainable practices, except for the pressure-compensated 
drippers, and for the expected increase in water use productivity. It is 
crucial to emphasize here that the coefficient magnitude for pruning 
surpasses that of any other attribute, indicating that farmers highly 
value the potential adoption of this practice. Finally, the expected 

positive outcome, namely the reduction of water loss through transpi
ration, yields a high positive marginal utility.

Hausman test results (p-levels 0.000, 0.007, 0.002) provide strong 
evidence that the independence of irrelevant alternatives (IIA) 
assumption does not hold, so we estimated a mixed logit model to 
analyze the heterogeneity of individual preferences. All parameters are 
assumed to be normally distributed and random, except for the cost 
parameter. Although magnitudes vary for some attributes (pruning, 
biostimulants), the direction of the effect of each attribute is the same as 
that of those in the rank-ordered logit model. The statistical significance 
of standard deviations in the mixed logit shows heterogeneity in 
farmers’ preferences for the different attributes, which could be 
explained by their characteristics (Table 3).

Table 4 outlines the results from the rank-order model examining 
differences between identified groups of olive producers, which are 
summarized in Fig. 6. The results of the Wald test suggest rejection of the 
null hypothesis that the coefficients of the interaction terms with the 
cluster variable are jointly zero: χ2

14 = 69.62 (p-level = 0.00). Thus, there 
is evidence of a statistically significant difference in preferences between 
different groups of olive producers.

Traditional olive producers highly value the adoption of pruning and 
perceive a negative marginal utility for the adoption of pressure- 
compensated drippers, a more costly and technology-intensive prac
tice. The statistically significant coefficients (p-level < 0.01) for ex
pected crop per drop gains highlight the importance of water 
productivity to traditional olive producers, who are more driven by 
water productivity compared to environmentally conscious and tran
sitioning producers (potentially due to water scarcity or high costs). 
Moreover, the magnitude of disutility for higher costs of the climate- 
smart WEFE Nexus design’s adoption is lower for transitioning and 
environmentally conscious farmers compared to traditional olive 
producers.

Compared to traditional olive producers, the utility of transitioning 
farmers tends to be higher not only when adopting conventional prac
tices, such as pruning, but also potential adoption of fertigation brings 
them a higher positive marginal utility. When comparing preferences of 
traditional producers and environmentally conscious farmers, potential 
adoption of biostimulants (compared with the baseline nutrient), which 
contributes to soil health and minimization of environmental impact, 

Fig. 4. Choice set example.

12 Acceptance rate reflects percentage of cases, in which particular attribute 
was part of the most or least preferred choice alternative offered to participants.
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brings environmentally conscious producers higher positive marginal 
utility. For this group of farmers, the effect of the most conventional 
practice – pruning – on the probability of an olive producer adopting the 
climate-smart WEFE Nexus design is lower compared to traditional 
producers, and this difference is highly statistically significant. The 
obtained results for environmentally conscious producers align with 
their sustainability goals, while for transitioning producers, they might 
suggest that they are balancing multiple priorities during their transition 
phase.

5. Discussion and policy implications

The noticeable scarcity of natural resources and climate change 

concerns have motivated a growing stream of literature focusing on the 
climate and Water-Energy-Food-Environment Nexus. The aim of this 
study is to contribute to the existing literature on climate change and 
WEFE Nexus by providing the first attempt to elicit farmers’ preferences 
for the adoption of climate-smart WEFE Nexus practices via conducting 
a discrete choice experiment, which is a commonly used method to 
assess agricultural producers’ willingness to adopt climate-smart agri
culture (Shittu et al., 2021; Schaafsma et al., 2019). The focus on agri
cultural production is motivated by its substantial climate vulnerability 
and, at the same time, significant impact on greenhouse gas emissions, 
making it one of the major drivers of climate change. Consequently, the 
adoption of climate change adaptation and mitigation strategies is of 
particular importance for agricultural producers and is highlighted in 

Fig. 5. Farmers’ perception of climate change in the case study area.

Table 2 
Descriptive statistics of participants in the choice experiment by the cluster of olive producers.

Cluster 1 Cluster 2 Cluster 3 Kruskal-Wallis 
χ2 

(p-level)
Traditional olive 
producers (50 % of the 
sample)

Transitioning olive 
producers (20 % of the 
sample)

Environmentally 
conscious olive 
producers (30 % of the 
sample)

Mean Std. Dev. Mean Std. Dev. Mean Std. Dev.

Perception and environmental performance variables

Agri-environmental scheme (Yes = 1) 0.00 0.00 0.14 0.35 0.23 0.42 16.94*** 
(0.00)

Climate change concern (No = 0, Some = 1, Moderate = 2, Great = 3) 1.54 1.09 2.07 0.58 2.79 0.59 41.69*** 
(0.00)

Renewable energy usage (Yes = 1) 0.08 0.28 0.28 0.45 0.63 0.48
38.42*** 

(0.00)

Biological pest control usage (Yes = 1) 0.01 0.12 0.38 0.49 0.60 0.49
49.92*** 

(0.00)

Number of practices used to conserve water or energy 1.68 0.78 1.55 1.25 2.14 1.19 5.89** 
(0.05)

Risk perception (Low risk tolerance = 1, Very high willingness to take risks = 5) 3.28 1.13 2.38 1.40 3.93 0.82
24.24*** 

(0.00)

Socio-economic variables

Gender (Female = 1) 0.11 0.32 0.72 0.45 0.24 0.43
37.43*** 

(0.00)

Age (Years) 51.70 14.20 48.24 14.05 49.84 12.19 1.86 
(0.40)

Education (Years) 11.77 2.84 11.69 3.68 12.63 3.36 2.57 
(0.28)

Experience (Years) 22.31 12.89 15.76 11.73 23.67 12.39
7.80** 
(0.02)

Olive plots number 4.94 5.72 7.03 8.92 8.07 6.30
11.25*** 

(0.00)

Main activity (Yes = 1) 0.20 0.40 0.17 0.38 0.29 0.45 2.01 
(0.37)

Extension services (Yes = 1) 0.75 0.44 0.62 0.49 0.49 0.50 7.80** 
(0.02)

Agricultural subsidies (Yes = 1) 0.85 0.36 0.83 0.38 0.74 0.44
1.83 

(0.40)

Notes: Double and triple asterisks (**, ***) indicate significance at the 5 % and 1 % levels.
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the objectives of the Common Agricultural Policy (2023–2027), namely, 
specific objective 4 to contribute to climate change mitigation and 
adaptation, as well as sustainable energy.13

The main recommendation stemming from our results for policy
makers is to increase awareness among farmers about climate-smart 
practices, such as fertigation and pressure-compensated drippers, and 
highlight the expected benefits from their adoption. These benefits, such 
as reduction of energy footprint, rational use of irrigation water via 
minimization of irrigation leaks, and reduction of mineral nutrient 
leaching, are specifically important for the Mediterranean region, where 
the case study is located, given that it is characterized by a considerable 
scarcity of water and land resources (Rubio et al., 2009). Technology 
popularization through training as a part of agricultural extension 

services can noticeably increase the probability of climate-smart prac
tices adoption (Han et al., 2024).

Our empirical results provide a few insights into the group of olive 
producers to which outreach efforts should be targeted to promote the 
adoption of climate-smart WEFE designs in Cretan olive cultivation. 
Traditional olive producers, who make up half of our sample, show a 
strong likelihood of adopting WEFE Nexus designs that are driven 
mainly by the common practice of pruning. However, they associate 
pressure-compensated drippers with negative marginal utility, and the 
effect of fertigation is not statistically significant for this group. Since 
traditional farmers rely noticeably on extension services, government- 
supported programs should prioritize equipping farmers with the 
essential knowledge needed for adopting more technology-intensive 
climate-smart practices. Given that the average level of climate 
change concern among identified groups of olive producers is the lowest 
for traditional farmers, these programs should include tailored 
messaging that explains the effects of climate change. This approach 
ensures farmers understand the risks posed by climate change, the 
benefits of climate-smart practices, and are well-prepared for their 
implementation. Acceptance and adoption of these more costly climate- 
smart practices can be incentivized by providing monetary and technical 
support at the initial stages of practice implementation.

Compared to traditional olive producers, the potential adoption of 
less common practices (such as fertigation and application of nutrients) 
brings transitioning and environmentally conscious farmers (corre
spondingly) higher positive marginal utility. Providing practical cost- 
benefit examples and technical support to these groups of farmers can 
contribute to the acceleration of these practices’ adoption.

6. Conclusions

This study investigated the willingness of olive producers in Crete to 
adopt climate-smart Water-Energy-Food-Environment designs given a 
high degree of olive cultivation’s sensitivity to weather conditions and 
the majority of farmers being concerned, to a different extent, with the 
negative consequences of climate change. A relatively limited number of 
empirical WEF(E) Nexus studies in the Mediterranean region applied 
economic methods, with their utilization being primarily focused on an 
economic assessment of technological solutions and a couple of studies 
providing a macroeconomic analysis of links between the economy and 
the use of natural resources (Lucca et al., 2023). The contribution of this 
study is in the enrichment of the growing body of interdisciplinary 
WEFE Nexus literature with a thorough microeconomic analysis of 
agricultural producers’ preferences, accounting for interconnections 
between all four Nexus systems along with climate change. Integration 
of climate change considerations in the WEFE Nexus provides insightful 
information about farmers’ attitudes toward and readiness to implement 
practices with varying degrees of technological intensity. Policymakers 

Table 3 
Results from rank-ordered logit and mixed logit models.

Parameters Rank-ordered logit model Mixed logit model

Coeff. Std. Error Mean SD

Coeff. Std. Error Coeff. Std. Error

Cost -0.009*** 0.001 -0.012*** 0.001
Pruning (base: none) 0.589*** 0.065 0.898*** 0.128 1.176*** 0.136
Fertigation (base: none) 0.046 0.064 0.040 0.083 0.197 0.131
Nutrients

Compost (base: Aluminum silicate) 0.075 0.066 0.064 0.084 0.441*** 0.135
Biostimulants (base: Aluminum silicate) 0.146** 0.067 0.204** 0.085 0.325** 0.139

Pressure-compensated drippers (base: none) -0.130** 0.061 − 0.134* 0.078 0.327** 0.139
Expected increase in crop per drop 0.033*** 0.004 0.043*** 0.007 0.058*** 0.006
Log-likelihood − 1405.548 − 1307.815

Observations
2574 
(143 participants, 6 choice tasks, 3 alternatives in each) 4264

Notes: Single, double, and triple asterisks (*, **, ***) indicate significance at the 10 %, 5 % and 1 % levels.

Table 4 
Results from the rank-ordered Logit model comparing different groups of olive 
producers.

Coeff. Std. Error

Cost − 0.013*** 0.001
Pruning (base: none) 0.718*** 0.096
Fertigation (base: none) 0.027 0.093
Nutrients

Compost (base: Aluminum silicate) 0.048 0.096
Biostimulants (base: Aluminum silicate) 0.061 0.099

Pressure-compensated drippers (base: none) − 0.187** 0.089
Expected increase in crop per drop 0.039*** 0.006
Cluster 2 Transitioning olive producers

Cluster 2*Cost 0.009*** 0.002
Cluster 2*Pruning (base: none) 0.344* 0.185

Cluster 2*Fertigation (base: none) 0.432** 0.187
Nutrients

Cluster 2*Compost (base: Aluminum silicate) 0.135 0.181
Cluster 2*Biostimulants (base: Aluminum silicate) 0.023 0.183

Cluster 2*Pressure-compensated drippers (base: none) − 0.009 0.165
Cluster 2*Expected increase in crop per drop − 0.010 0.011

Cluster 3 Environmentally conscious olive producers
Cluster 3*Cost 0.006*** 0.002
Cluster 3*Pruning (base: none) − 0.562*** 0.150
Cluster 3*Fertigation (base: none) − 0.197 0.148

Nutrients
Cluster 3*Compost (base: Aluminum silicate) 0.044 0.153
Cluster 3*Biostimulants (base: Aluminum silicate) 0.327** 0.156

Cluster 3*Pressure-compensated drippers (base: none) 0.170 0.141
Cluster 3*Expected increase in crop per drop − 0.006 0.009

Log-likelihood − 1369
Observations 2574

Notes: Single, double, and triple asterisks (*, **, ***) indicate significance at the 
10 %, 5 %, and 1 % levels.

13 Key policy objectives of the CAP 2023–27.
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may find these observations especially relevant in light of working on 
the achievement of the European Green Deal’s climate-neutrality goal.14

Our findings suggest that olive producers in the case study area 
prefer to adopt less technology-intensive practices, and those that are 
the most likely to be adopted are more common and conventional 
practices, such as pruning. The expected positive outcome of pruning, 
namely the reduction of water loss through transpiration, yields the 
highest positive marginal utility for the surveyed olive producers. 
However, there is a noticeable degree of heterogeneity in preferences 
between the identified groups of farmers: traditional, transitioning, and 
environmentally conscious olive producers. These farmers’ profiles, 
obtained using hierarchical clustering on principal components, provide 
useful information to policymakers who would be able to target farmers 
depending on their profiles with the appropriate policy intervention.

This study has some limitations that should be mentioned. The first 
one is driven by an applied sampling strategy, which might affect the 
representativeness of the sample. Snowball sampling relies on peer 
referral and benefits from likely better understanding of the population 
by its members (farmers), but at the same time, this sampling is non- 
random, and it might lead to limited generalizability. The second limi
tation is related to the incorporation of the energy node of the Nexus in 
the analysis, which could have been more extensive and explicit. The 
major focus on the water, environment, and food systems of Nexus was 
driven by the main challenges for the case study area, namely scarce 
water and land resources, growing levels of pollution and environmental 
pressures, as well as the significance of the agricultural sector’s contri
bution to the economy of the studied region. Future studies might extend 
the analysis to account more for the energy pillar of the Nexus via 
investigation of agricultural producers’ willingness to adopt climate- 
smart designs with expected benefits that target the energy node (such 
as, for instance, adoption of precision farming that allows to achieve 
energy savings via usage of the latest technology for the targeted 
application of inputs). Lastly, from a methodological perspective, there 

was potential for hypothetical bias in the presented choice experiment 
setup. Given the time constraints of each interview, a ‘cheap talk’ script 
was employed to mitigate hypothetical bias, as more sophisticated 
techniques, such as certainty follow-up (Whitehead and Cherry, 2007), 
or oath treatment (Jacquemet et al., 2013), were not feasible.
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Appendix A

Table A1 
Selected studies with a focus on climate and WEF(E) Nexus.

Study Nexus nodes 
addressed

Climate incorporation The focus of the study Approach(es) applied

Sušnik et al. (2021)

Water 
Energy 
Food 
Land 
Climate

The climate is a nexus sector Exploring the impacts of policies on the nexus System dynamics modelling

(continued on next page)

Fig. 6. Preferences of different farmers’ groups for climate-smart practices

14 Green Deal: key to a climate-neutral and sustainable EU.
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Table A1 (continued )

Study Nexus nodes 
addressed 

Climate incorporation The focus of the study Approach(es) applied

Ioannidou et al. 
(2022)

Water 
Energy 
Food 
Climate

The climate is a nexus sector Placing ecosystem services within the Nexus Nexus indicators, cluster analysis

Sušnik et al. (2018)

Water 
Energy 
Food 
Land 
Climate

The climate is a nexus sector
Potential plausible cross-nexus implications and 
synergies due 
to policy interventions

Multi-stakeholder development of a serious 
game

Enayati et al. (2021)
Water 
Energy 
Food

Integration of climate change 
projections into the proposed 
decision support framework

Hydropower Developing a robust multiple-objective 
decision-support framework

Yao et al. (2022)
Water 
Energy 
Food

Model tested comparatively on the 
issue of climate change and the 
new issue of the WEF nexus

Science communication
Deficit model, a hierarchy of response 
model

van den Heuvel et al. 
(2020)

Water 
Energy 
Food 
Land 
Climate

The climate is a nexus sector Anthropogenic pressures originating from the 
nexus sectors

Ecosystem service approach methodology

Papadopoulou, 
Papadopoulou et al. 
(2022)

Water 
Energy 
Food 
Land 
Climate

The climate is a nexus sector Sustainable development goals Exploration of local-oriented indicators

Rasul and Sharma 
(2016)

Water 
Energy 
Food

Climate change adaptation is 
linked to WEF security

Synergies and trade-offs in the WEF nexus and 
adaptation strategies

Developing conceptual nexus-based 
adaptation framework

Laspidou et al. (2019)

Water 
Energy 
Food 
Land use 
Climate

The climate is a nexus sector
The intensity of interlinkages among nexus 
components

Interlinkage scoring system, heuristic 
algorithm

Nasrollahi et al. 
(2021)

Water 
Energy 
Food 
Environment

Using climate change scenarios in 
the integrated model

Climate change adaptability analysis under 
WEFE Nexus for case study region

The water evaluation and planning (WEAP) 
model, the low emissions analysis platform 
(LEAP), multi-criteria decision analysis 
(MCDA)

Momblanch et al. 
(2019)

Water 
Energy 
Food 
Environment

Integrating climate change 
scenarios in the system model Water resource system System modelling

Reviews

Han et al. (2022)
Water 
Energy 
Food

Climate change impacting nexus

Effects of climate change factors on food yield 
and irrigation water, impact of socioeconomic 
development on energy production and water 
withdrawal

Systematic review and meta-regression 
analysis

Zhou et al. (2022)

Water 
Energy 
Food 
Climate

The climate is a nexus node
Current situation of nexus research over the past 
decade Bibliometric analysis

Said et al. (2019)
Water 
Energy 
Food

Climate change is a factor 
impacting water, food and energy 
production

Major issues driving water, food and energy 
sustainability around mountain slopes Review

Liu (2016)
Water 
Energy 
Food

Climate change interlinked with 
water-energy-food nexus and 
related ecosystem processes

Research background, conceptual framework 
bridging knowledge gaps

Review for particular case studies

Beck and Villarroel 
Walker (2013)

Water 
Energy 
Food 
Climate

The climate is a nexus node Water security, sustainability and nexus Review
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Appendix B

Fig. B1. Stages of the choice experiment design.

Appendix C15

Your preferences

Imagine that to tackle negative impacts of climate change you decided to adopt climate-smart practices that should 
increase olive production but at the same time they come with cost. Below we provide hypothetical information about 
groups of climate-smart practices.  

Which group of practices would you most likely and least likely adopt?  

Please recall that in every case you should select the alternative that is the most and the least attractive to you. Your 
choices are independent of each other, and there are no “good” or “bad” answers. We are only interested in knowing 
your preferences with regard to adoption of climate-smart practices.

You will now be shown 6 cards. On each card, you will see three options, each of which consists of a combination of the following characteristics:

15 One interviewer conducted all the surveys. Prior to start of the survey, the interviewer was provided with information on how DCE work along with instructions 
on how the “cheap talk” should be performed and cards presented to the farmers. The interviewer is an experienced, local extension agent with a background in crop 
and agrochemical science, specifically focused on olive production.
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Pruning
Winter or summer pruning - remove the tree’s branches to allow sunlight and rainfall to penetrate the tree  

➢ Pruning helps to reduce water loses by traspiration

Fertigation
Fertigation - application of fertilizers or nutrients into a farming system via the irrigation network  

➢ Fertigation increases the efficiency of fertilizing/reduce mineral nutrient leaching

Nutrients

Nutrients application - use of granular fertilizers/nutrients and biostimulants without using irrigation water:  

aluminum silicate: reduces heat stress/improve leaf functioning and water use efficiency 
compost: increases water holding capacity/reduce water losses through deep percolation 
biostimulants: provide protective effects against abiotic stress factors and contribute positively to overall plant growth and to the 
alleviation of drought stress

Pressure-compensated drippers
Pressure-compensated drippers are designed to discharge water at a very uniform flow rate under a wide range of water pressures  

➢ contributes to rational use of irrigation water, minimizing irrigation leak

Expected increase crop per 
drop

Potential percentage increase in olive yield per amount of water used

Cost Operating cost of adoption of group of practices per stremma

Appendix D
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Fig. D1. Farmer’s understanding of alternatives and risk attitudes.
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Fig. D2. The acceptance rate of different attributes during the choice experiment.

Data availability

The data that has been used is confidential.

References

Abbass, K., Qasim, M.Z., Song, H., Murshed, M., Mahmood, H., Younis, I., 2022. A review 
of the global climate change impacts, adaptation, and sustainable mitigation 
measures. Environ. Sci. Pollut. Res. 29. https://doi.org/10.1007/s11356-022-19718- 
6.

Albrecht, T.R., Crootof, A., Scott, C.A., 2018. The water-energy-food Nexus: a systematic 
review of methods for Nexus assessment. Environ. Res. Lett. 13 (4). https://doi.org/ 
10.1088/1748-9326/aaa9c6.

Arcas, N., Arroyo Lopez, F.N., Caballero, J., et al., 2013. Present and future of the 
Mediterranean olive sector. In: Options Mediterraneennes Series A: Mediterranean 
Seminars. IAMZ-CIHEAM.

Aruga, K., Bolt, T., Pest, P., 2021. Energy policy trade-offs in Poland: a best-worst scaling 
discrete choice experiment. Energy Policy 156. https://doi.org/10.1016/j. 
enpol.2021.112465.

Bazdanis, G., Vardoulaki, J., Abdelradi, F., Badr, A., Negm, A., 2023. Report on 
hydrological modelling description and outcomes evaluation. In: Deliverable 2.3. 
SIGMA Nexus.

Beck, M.B., Villarroel Walker, R., 2013. On water security, sustainability, and the water- 
food-energy-climate nexus. Front. Environ. Sci. Eng. 7. https://doi.org/10.1007/ 
s11783-013-0548-6.

Boardman, J., 1976. The olive in the Mediterranean: its culture and use. Philos. Trans. R. 
Soc. Lond. Ser. B Biol. Sci. 275.

Canales, E., Bergtold, J.S., Williams, J.R., 2023. Conservation intensification under risk: 
an assessment of adoption, additionality, and farmer preferences. Am. J. Agric. Econ. 
1. https://doi.org/10.1111/ajae.12414.

Choice Metrics, 2018. Ngene 1.2 User Manual & Reference Guide: The Cutting Edge in 
Experimental Design.

Enayati, M., Bozorg-Haddad, O., Fallah-Mehdipour, E., Zolghadr-Asli, B., Chu, X., 2021. 
A robust multiple-objective decision-making paradigm based on the 
water–energy–food security nexus under changing climate uncertainties. Sci. Rep. 
11, 20927. https://doi.org/10.1038/s41598-021-99637-7.

Fimereli, E., Mourato, S., 2013. Assessing the effect of energy technology labels on 
preferences. J. Environ. Econ. Policy 2 (3), 245–265. https://doi.org/10.1080/ 
21606544.2013.801183.

Food and Agriculture Organization of the United Nations, 2012. Olive Growing in the 
Mediterranean Region: Importance and Challenges. Retrieved from. https://www. 
fao.org/family-farming/detail/en/c/326556/.

Fraga, H., Pinto, J.G., Santos, J.A., 2020. Olive tree irrigation as a climate change 
adaptation measure in Alentejo Portugal. Port. Agric. Water Manag. 237. https:// 
doi.org/10.1016/j.agwat.2020.106193.

Garcia-Mozo, H., Orlandi, F., Galan, C., Fornaciari, M., Romano, B., Ruiz, L., Diaz de la 
Guardia, C., Trigo, M.M., Chuine, I., 2009. Olive flowering phenology variation 
between different cultivars in Spain and Italy: modeling analysis. Theor. Appl. 
Climatol. 95. https://doi.org/10.1007/s00704-008-0016-6.

Grillakis, M.G., Kapetanakis, E.G., Goumenaki, E., 2022. Climate change implications for 
olive flowering in Crete, Greece: projections based on historical data. Clim. Chang. 
175, 7. https://doi.org/10.1007/s10584-022-03462-4.

Han, X., Hua, E., Engel, B.A., Guan, J., Yin, J., Wu, N., Sun, S., Wang, Y., 2022. 
Understanding implications of climate change and socioeconomic development for 
the water-energy-food Nexus: a meta-regression analysis. Agric. Water Manag. 269. 
https://doi.org/10.1016/j.agwat.2022.107693.

Han, H., Zou, K., Yuan, Z., 2024. Impact of specialized agricultural services on climate- 
smart agricultural practices: evidence from biopesticide application in Jiangsu 
Province, China. Environ. Impact Assess. Rev. 105. https://doi.org/10.1016/j. 
eiar.2024.107430.

Hausman, J., McFadden, D., 1984. Specification tests for the multinomial logit model. 
Econometrica 52 (5), 1219–1240. https://doi.org/10.2307/1910997.

O. Halytsia et al.                                                                                                                                                                                                                                Environmental Impact Assessment Review 115 (2025) 108048 

13 

https://doi.org/10.1007/s11356-022-19718-6
https://doi.org/10.1007/s11356-022-19718-6
https://doi.org/10.1088/1748-9326/aaa9c6
https://doi.org/10.1088/1748-9326/aaa9c6
http://refhub.elsevier.com/S0195-9255(25)00245-8/rf0015
http://refhub.elsevier.com/S0195-9255(25)00245-8/rf0015
http://refhub.elsevier.com/S0195-9255(25)00245-8/rf0015
https://doi.org/10.1016/j.enpol.2021.112465
https://doi.org/10.1016/j.enpol.2021.112465
http://refhub.elsevier.com/S0195-9255(25)00245-8/rf0025
http://refhub.elsevier.com/S0195-9255(25)00245-8/rf0025
http://refhub.elsevier.com/S0195-9255(25)00245-8/rf0025
https://doi.org/10.1007/s11783-013-0548-6
https://doi.org/10.1007/s11783-013-0548-6
http://refhub.elsevier.com/S0195-9255(25)00245-8/rf0035
http://refhub.elsevier.com/S0195-9255(25)00245-8/rf0035
https://doi.org/10.1111/ajae.12414
http://refhub.elsevier.com/S0195-9255(25)00245-8/rf0050
http://refhub.elsevier.com/S0195-9255(25)00245-8/rf0050
https://doi.org/10.1038/s41598-021-99637-7
https://doi.org/10.1080/21606544.2013.801183
https://doi.org/10.1080/21606544.2013.801183
https://www.fao.org/family-farming/detail/en/c/326556/
https://www.fao.org/family-farming/detail/en/c/326556/
https://doi.org/10.1016/j.agwat.2020.106193
https://doi.org/10.1016/j.agwat.2020.106193
https://doi.org/10.1007/s00704-008-0016-6
https://doi.org/10.1007/s10584-022-03462-4
https://doi.org/10.1016/j.agwat.2022.107693
https://doi.org/10.1016/j.eiar.2024.107430
https://doi.org/10.1016/j.eiar.2024.107430
https://doi.org/10.2307/1910997


Hensher, D., Rose, J., Greene, W., 2015. Applied Choice Analysis. Cambridge University 
Press.

Hoff, H., 2011. Understanding the Nexus. In: Understanding the Nexus. Background 
Paper for the Bonn 2011 Conference: The Water, Energy and Food Security Nexus. 
Stockholm Environment Institute, Stockholm. 

Husson, F., Josse, J., Le, S., Mazet, J., 2024. Package ‘FactoMineR’ Version 2.11. https: 
//cran.r-project.org/web/packages/FactoMineR/FactoMineR.pdf.

Ioannidou, S., Litskas, V., Stavrinides, M., Vogiatzakis, I.N., 2022. Placing ecosystem 
services within the water–food–energy–climate Nexus: a case study in Mediterranean 
mixed orchards. Agronomy 12. https://doi.org/10.3390/agronomy12092224.

IPCC, 2023. Summary for policymakers. In: Lee, H., Romero, J. (Eds.), Climate Change 
2023: Synthesis Report. Contribution of Working Groups I, II and III to the Sixth 
Assessment Report of the Intergovernmental Panel on Climate Change. https://doi. 
org/10.59327/IPCC/AR6-9789291691647.001. Core writing team. 

Jacquemet, N., Joule, R.-V., Luchini, S., Shogren, J.F., 2013. Preference elicitation under 
oath. J. Environ. Econ. Manag. 65 (1), 110–132. https://doi.org/10.1016/j. 
jeem.2012.05.004.

Khanal, U., Wilson, C., Lee, B., Hoang, V.N., 2018. Smallholder farmers’ participation in 
climate change adaptation programmes: understanding preferences in Nepal. Clim. 
Pol. 18 (7). https://doi.org/10.1080/14693062.2017.1389688.

Kourgialas, N.N., Psarras, G., Morianou, G., Pisinaras, V., Koubouris, G., Digalaki, N., 
Malliaraki, S., Aggelaki, K., Motakis, G., Arampatzis, G., 2022. Good agricultural 
practices related to water and soil as a means of adaptation of Mediterranean olive 
growing to extreme climate-water conditions. Sustainability 14. https://doi.org/ 
10.3390/su142013673.

Lancaster, K.J., 1966. A new approach to consumer theory. J. Polit. Econ. 74 (2), 
132–157. https://doi.org/10.1086/259131.

Laspidou, C.S., Mellios, N., Kofinas, D., 2019. Towards ranking the 
water–energy–food–land use–climate nexus interlinkages for building a Nexus 
conceptual model with a heuristic algorithm. Water 11. https://doi.org/10.3390/ 
w11020306.

Liu, Q., 2016. Interlinking climate change with water-energy-food nexus and related 
ecosystem processes in California case studies. Ecol. Process. 5. https://doi.org/ 
10.1186/s13717-016-0058-0.

Lucca, E., Jeitany, J., Castelli, G., Pacetti, T., Bresci, E., Nardi, F., Caporali, E., 2023. 
A review of water-energy-food-ecosystems Nexus research in the Mediterranean: 
evolution, gaps and applications. Environ. Res. Lett. 18. https://doi.org/10.1088/ 
1748-9326/ace375.

McFadden, D., 1973. Conditional logit analysis of qualitative choice behaviour. In: 
Zarembka, P. (Ed.), Frontiers in Econometrics. Academic Press, New York, NY, USA, 
pp. 105–142.

Momblanch, A., Papadimitriou, L., Jain, S.K., Kulkarni, A., Ojha, C.S.P., Adeloye, A.J., 
Holman, I.P., 2019. Untangling the water-food-energy-environment nexus for global 
change adaptation in a complex Himalayan water resource system. Sci. Total 
Environ. 655. https://doi.org/10.1016/j.scitotenv.2018.11.045.

Nasrollahi, H., Shirazizadeh, R., Shirmohammadi, R., Pourali, O., Amidpour, M., 2021. 
Unravelling the water-energy-food-environment Nexus for climate change 
adaptation in Iran: Urmia Lake Basin case-study. Water 13. https://doi.org/ 
10.3390/w13091282.

OECD, 2014. Climate Change, Water and Agriculture: Towards Resilient Systems, OECD 
Studies on Water. OECD Publishing. https://doi.org/10.1787/9789264209138-en.

Papadopoulou, C.-A., Papadopoulou, M.P., Laspidou, C., 2022. Implementing water- 
energy-land- food-climate Nexus approach to achieve the sustainable development 
goals in Greece: indicators and policy recommendations. Sustainability 14. https:// 
doi.org/10.3390/su14074100.
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