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EpiTORIAL NOTE

TEODORO MIANO
Secretary General, CIHEAM

It is with immense pride and anticipation that I announce the re-launch of NEW MEDIT
as a CIHEAM corporate international peer-reviewed journal. This marks a significant mile-
stone in our organization’s long-standing commitment to fostering knowledge exchange,
scientific research and collaboration across the Mediterranean region.

For decades, CIHEAM has been dedicated to advancing agricultural research, education,
and cooperation in the Mediterranean. NEW MEDIT embodies this mission by providing
a robust platform for the dissemination of cutting-edge research, insightful analyses, and
diverse perspectives on the multifaceted challenges and opportunities facing our region.

This journal aims to be a dynamic space where scholars, policymakers, practitioners,
and civil society actors can converge to share their findings, exchange ideas, and engage in
constructive dialogue. We envision NEW MEDIT as a catalyst for innovation and sustain-
able development, contributing to the advancement of knowledge and the formulation of
evidence-based policies. For this purpose, the subtitle of the journal now includes ‘Food’ to
highlight CITHEAM’s dedication to sustainable food systems.

In this inaugural issue, we present a collection of articles that reflect the breadth and
depth of research being conducted in the Mediterranean. These contributions span a range
of topics and highlight the interconnectedness of these issues and the urgent need for inte-
grated and collaborative solutions.

We are particularly excited about the journal’s emphasis on interdisciplinary research and
its commitment to bridging the gap between science and policy. NEW MEDIT will strive
to make research accessible and relevant to a wide audience, including decision-makers,
farmers, and other stakeholders.

The Mediterranean region is a unique and vibrant area with a rich history and a diverse
cultural heritage. It is also a region facing significant challenges, including climate change,
water scarcity, and socio-economic disparities. By providing a platform for dialogue and
knowledge sharing, NEW MEDIT seeks to contribute to the development of sustainable
and equitable solutions to these challenges.

I extend my sincere gratitude to the newly composed editorial board, to the reviewers,
and to the authors who have contributed to this first issue. Their dedication and expertise
have been invaluable in supporting the NEW MEDIT relaunch. Additional contributions by
CIHEAM member states representatives and experts will be highly appreciated.

We invite you to join us on this exciting journey and to contribute to the ongoing conver-
sation about the future of the Mediterranean. We look forward to receiving your submis-
sions and engaging with you in the pages of NEW MEDIT.



FOREWORD

Ferretti, Capone and Malorgio explore the macroeconomic impact of the Mediterra-
nean-style diet in reducing the risk of premature death from non-communicable diseases
(NCDs). They investigate whether adopting the Mediterranean-style diet has a measurable
country-level protective effect. The positive effects of the Mediterranean-style diet are out-
weighed by the negative ones of unhealthy dietary patterns. These findings emphasize the
need to promote the Mediterranean-style diet to curb the burden of NCDs.

Garcia-Moral et al. examine the factors influencing the price at origin of certified prod-
ucts, which condition the sector’s profitability and the future of PDO-certified production.

The results show that age, export to non-EU countries and oleotourism positively affect
the product’s value. These findings should be taken into account in the design of possible
actions by companies, PDO Regulatory Councils (RCs) and influential institutions in the
sector, at European, national and regional levels.

Amouzay and El Ghini examine the impact of climate variability on agricultural produc-
tion in 12 Moroccan regions, differentiating between rain-fed and irrigated crops.

The results highlight the sensitivity of various crops to variations in temperature and
precipitation, revealing significant spillover effects due to omitted variables or shocks not
observed in a spatial pattern. The authors underscore the urgent need for targeted regional
public policies rather than standardized national policies to mitigate the effects of climate
variability on Moroccan agriculture and ensure its long-term sustainability.

The assessment of the asymmetries in tail dependence between agricultural commodity
prices (i.e., cereals and meats) and production input prices (i.e., fertilizers, seeds, animal
feed and energy) investigated by Rokopanos, Bersimis and Trivellas. The findings suggest
that the protective nature of CAP has led to moral hazard effects depriving farmers from the
incentives that enhance the sector resilience.

Fort et al. analyzed the effects on sustainability of EU Tunisia trade relations, with a
focus on Tunisian olive oil value chain, considering both the current Free Trade Agreement
(FTA) impacts and the future DCFTA agreement expected effects. Main actions needed
encompass an inclusive renovation of Tunisian olive oil sector, a rethinking of exports’
tariff quota system to the EU, with special attention to organic olive oil, and water efficient
cultivation systems interventions.
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Consolaro, Uclés and Vena Oya examine the communication of blockchain information
related to olive oil on websites. The findings highlight the proactive communication efforts
of organizations that cultivate organic olive oils and embrace sustainable cultivation and
production practices. This insight can assist the olive oil sector management in gaining a
competitive edge and bridging the information gap between consumers and supply chain
operators.

Ciftci and Oguz analised the most effective irrigation systems for agricultural enterpris-
es producing maize due to decreasing water resources. The results revealed that the most
important criteria are energy cost, labor requirement and price, respectively. The authors
underline the importance of irrigation systems that provide energy efficiency and labor
saving playing a critical role for the sustainability of agricultural production.

Chaami et al. show the amplification of agricultural labor shortages in Algerian farmers
in recent years. A labor shortage is reported on 56.80% of farms. The primary causes, as
identified by the analysis, are poor working and living conditions and low wages, which are
considered insufficient by both workers and new settlers. However, human capital, person-
al behavior and the socio-economic situation of the young workforce explain their negative
work perception of work in agriculture.
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Abstract

This paper explores the macroeconomic impact of the Mediterranean-style diet in reducing the risk of
premature death from non-communicable diseases (NCDs). By utilizing an aggregate health production
function approach, we investigate whether adopting the Mediterranean-style diet has a measurable coun-
try-level protective effect. Our analysis draws on data from 178 countries and develops two composite
indexes to measure i) adherence to the Mediterranean-style diet and ii) the prevalence of metabolic syn-
drome. Our results show a departure from the Mediterranean-style diet in favor of the Western-style diet
across countries in the Mediterranean region during the last decades. However, we find that adhering to
the Mediterranean-style diet significantly reduces the prevalence of metabolic syndrome (after controlling
for major potential confounding factors, such as health system performance and the implementation of
WHO-recommended NCD prevention measures). The positive effects of the Mediterranean-style diet are,
however, outweighed by the negative ones of unhealthy dietary patterns. These findings emphasize the
need to reduce unhealthy food consumption by promoting a Mediterranean-style diet to prevent the health
and economic burden of the leading NCDs.

Keywords: Aggregate health production function, Mediterranean-style diet, Food consumption models,
Non-communicable diseases, Preventable risk factors.

middle-income countries (WHO, 2023). The
burden of such chronic diseases is mainly due
to the four leading NCDs — that is, cardiovas-

1. Introduction

According to the World Health Organization

(WHO), Non-Communicable Diseases (NCDs)
are currently responsible for almost 74% of all
deaths worldwide. The latest figures show that
NCDs kill each year about 17 million people in
the prime of their lives (i.e., between the ages of
30 and 69 years). Alarmingly, around four-fifths
of these ‘premature’ deaths occur in low- and

cular diseases, cancer, diabetes, and chronic res-
piratory diseases — which together account for
over 80% of all premature NCD deaths globally
(PAHO, 2020).

A large number of these premature NCD
deaths, however, can be avoided by providing
effective and equitable healthcare services — es-

* Department of Communication and Economics. University of Modena and Reggio Emilia, Italy.
** Agricultural Center of Advanced Mediterranean Studies (CIHEAM), Paris, France.
*** Department of Agricultural and Food Sciences. Alma Mater Studiorum — University of Bologna, Italy.

Corresponding author: fabrizio.ferretti@unimore.it
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pecially early diagnosis and treatments — and by
implementing primordial and primary preven-
tion measures (WHO, 2013). Along with some
non-modifiable risk factors (i.e., sex, age, and
heredity), these chronic diseases share indeed a
well-known set of key modifiable risk factors,
namely, tobacco use, alcohol abuse, unhealthy
diets and eating habits, physical inactivity, envi-
ronmental pollution, and long-term psychologi-
cal stress (WHO, 2014).

In other words, the rising prevalence of NCDs
in both advanced and emerging economies is
largely influenced by avoidable unhealthy life-
style factors, with dietary habits playing a key
role in prevention. A large amount of literature
has consistently shown that unhealthy eating
habits, such as regularly consuming ultra-pro-
cessed foods — high in added sugars, unhealthy
fats, sodium, and additives — processed meats
and sugar-sweetened beverages, are major con-
tributors to the global NCD epidemic (Lane
et al., 2023). Conversely, research shows that
embracing healthier diets, such as those based
on the daily consumption of unprocessed and
minimally processed home-prepared whole
and plant-based foods, can significantly dimin-
ish the risk of developing one or more NCDs
(Cerf, 2021). A crucial role in preventing NCDs
through proper eating habits is played by the
Mediterranean-style diet. This kind of diet, rich
in fruits, vegetables, whole grains, lean proteins,
and healthy fats, among the many benefits, can
help in managing body weight, controlling cho-
lesterol levels, and stabilizing blood sugar. More
generally, by improving metabolic health, the
Mediterranean diet reduces chronic inflamma-
tion, thus protecting against the onset of NCDs
(Sanchez-Sanchez et al., 2020).

This paper investigates the impact of the Med-
iterranean-style diet in preventing NCDs from a
macroeconomic perspective. Our primary focus
is to answer the following research question:
Does adopting the Mediterranean-style diet re-
duce the overall risk of premature death from
NCDs at the country level? To deal with this
issue, epidemiologists (Rothman et al., 2012)
usually rely on the concepts of amenable mor-
tality (i.e., deaths from causes that should not
occur in the presence of effective medical care)

and attributable fraction (i.e., the proportion of
disease in a given population that can be attribut-
ed to a specific risk factor), (GBD, 2017; 2020).
Instead, in economics, this question is typically
framed within a health production function ap-
proach, where health is viewed as an output (i.c.,
a durable good) that people can produce starting
with a set of medical and non-medical inputs
(Auster et al., 1969; Grossman, 1972).

In the following pages, we use a health pro-
duction function approach to determine if the
Mediterranean-style diet has a measurable pro-
tective health impact at the macro level. So
far, a relatively large number of studies have
examined the impact of selected preventable
(e.g., environmental, socio-economic, and be-
havioral) risk factors and various medical inputs
on different types of health outcomes, such as
life expectancy, mortality rates, quality or dis-
ability-adjusted life years, etc. (Maynard, 1983;
Wagstaff, 1986; Thornton, 2010). To the best of
our knowledge, however, our paper presents five
main distinguishing features compared to prior
empirical studies on the aggregate health pro-
duction function.

First, we specifically address the role of the
Mediterranean-style diet on the average over-
all risk of premature death from any of the four
main NCDs. Second, we provide a country-level
perspective using the most recent data available
for 178 countries worldwide. Third, as explana-
tory variables, we develop two composite index-
es to measure in each country: 1) the degree of
adherence to the Mediterranean-style diet and 2)
the prevalence of metabolic syndrome. Fourth,
in order to control for the effects of potential-
ly confounding variables, we also include in
the quantitative analysis a robust metric of the
performance of the national health systems, the
so-called Healthcare Access and Quality Index
(GBD, 2022). Fifth and finally, we take into ac-
count the country’s progress in implementing
the WHO set of ‘best buys’ interventions to pre-
vent and control NCDs (WHO, 2022) to capture
the impact of various public health measures on
the risk of premature death from NCDs.

The remainder of the paper is structured as
follows. Section 2 gives a brief overview of the
main features of the Mediterranean-style diet

4
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and its several health implications. Section 3
introduces some basic concepts of NCD epide-
miology. Section 4 describes the data used and
presents the model specifications. Section 5 dis-
cusses the main findings. Finally, Section 6 con-
cludes with some implications for food policy
and public health.

2. The Mediterranean-style diet:
A pathway in preventing NCDs

The Mediterranean-style diet originates from
the traditional culinary and eating habits of peo-
ple living in countries such as Greece, Italy, and
Spain. Over the last few decades, it has gained
global recognition for its numerous health bene-
fits. The Mediterranean-style diet (and its health
impacts) have been extensively studied in the lit-
erature (Guasch-Ferré et al., 2021). This section
provides just a brief overview of key concepts
relevant to our purposes.

This diet focuses on plant-based foods, healthy
fats, and lean proteins and is accompanied by a
lifestyle that includes regular physical activity
and social interactions. However, the Mediter-
ranean-style diet is more than just a way of eat-
ing; it represents a holistic approach to life that
emphasizes the pleasure of home-preparing and
consuming meals based on fresh and minimally
processed ingredients, following traditional culi-
nary techniques. Its primary ingredients include
whole grains and pulses, fresh vegetables and
fruits, olive oil, nuts, and seeds. It is also based
on a moderate consumption of dairy products
(with cheese and yogurt preferred over butter and
milk), and the use of blue fish and poultry instead
of red meat. Wine, especially red wine, is regular-
ly but moderately consumed, usually with meals.
Herbs and spices are used to flavor food, reducing
the need for salt (Dinu et al., 2017).

By avoiding industrial formulations and also
limiting the consumption of processed foods
from animal sources, the Mediterranean-style
diet is widely recognized for its potential to pre-
vent chronic diseases. For instance, numerous
studies have demonstrated that lifelong adher-
ence to this diet helps with weight management
— this is why it is usually associated with a lower
body mass index and reduced waist circumfer-

ence — and significantly limits the risk of heart
disease and stroke by helping reduce and in-
crease cholesterol LDL and HDL, respectively.
Moreover, being high in fiber and healthy fats,
the Mediterranean-style diet not only promotes
satiety and reduces overeating episodes but also
helps lower blood pressure and improves insu-
lin sensitivity, allowing cells to use blood sug-
ar more effectively so as to lower the risk of
developing type 2 diabetes. Finally, thanks to
its anti-inflammatory foods, the Mediterrane-
an-style diet has also been linked to a reduced
risk of the onset of various types of cancers, in-
cluding breast and colorectal cancer (an action
mainly due to the high content of antioxidants
and phytochemicals with anti-carcinogenic sol-
id properties), (Gerber et al., 2015). Overall, the
comprehensive health benefits of the Mediter-
ranean-style diet are associated with a greater
healthy life expectancy, as people who adhere to
this diet in their lifetime tend to live longer and
healthier (Martinez-Lacoba et al., 2018).

3. Some basic concepts of NCD
epidemiology

The four leading NCDs have a multifaceted
and complex origin. Figure 1 illustrates the inter-
connections among three fundamental concepts
in NCD epidemiology: incidence, prevalence,
and mortality. Incidence and mortality are flow
variables, representing the number of new NCD
cases and the number of NCD-related deaths
occurring in a specific at-risk population over a
defined period (e.g., one year). Prevalence is a
stock variable, indicating the number of existing
NCD cases in a specific population at a particu-
lar point in time (Porta, 2014).

These stock and flow relationships show that —
other things being equal — the likelihood of pre-
mature death from any of the four leading NCDs
is mainly influenced by two factors: 1) people’s
exposure to modifiable (avoidable) risk factors
and 2) the provision of quality and equitable
health care. On the one hand, exposure to risk
factors impacts the number of new cases (inci-
dence of NCDs) within a population at risk. On
the other hand, access to effective healthcare de-
termines the number of deaths (mortality due to
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Figure 1 - The role of Mediterranean-style diet in preventing mortality from the leading NCDs.

Alcohol abuse
---| Metabolic syndrome |---
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L—| Physical inactivity
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-1 Health care expenditure
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NCDs) by affecting the patient’s life expectancy
(Bonita et al., 2006).

For our purposes, NCD modifiable risk factors
can be broken down into environmental (e.g.,
air pollution, toxic chemicals, radiation, etc.)
and behavioral risk factors (the so-called SNAP
risk factors, that is, smoking, nutrition, alcohol,
and physical activity). In turn, unhealthy nutri-
tion and lack of physical activity usually result
in a cluster of intermediate (metabolic) risk fac-
tors — such as raised blood glucose, raised blood
pressure, overweight and obesity (particularly,
excess body fat around the waist), and abnormal
triglyceride and cholesterol levels — that under-
lies the metabolic syndrome, a condition signif-
icantly associated with an increased risk of de-
veloping one or more NCDs (Saklayen, 2018).

Finally, the health outcomes of those who live
with one or more NCDs (i.e., the survival rates,
and thus the mortality rates) crucially depend on
three main factors: 1) the amount of resources
allocated to the health system to tackle NCDs, 2)
the allocative and productive efficiency of these
resources, and 3) the effectiveness and fairness
of the health services delivered. Given the exist-
ing stock of medical knowledge, the latter two
factors can be summarized by the population’s
access to quality and equitable healthcare servic-
es (Bonita et al., 2006).

4. Methods
4.1. Dala

Table 1 provides a short description of each
variable used in this study, along with basic de-
scriptive statistics. The WHO provides country
data on the risk of dying prematurely from any of
the four main NCDs (hereafter, rdp), defined as
the age-adjusted percentage of 30-year-old-peo-
ple who would die before their 70" birthday from
these diseases, assuming that he or she would
experience current mortality rates at every age
and would not die from any other cause of death
(WHO, 2019a). Hereafter, we use multivariate
linear regression models with cross-sectional data
from 178 countries worldwide to assess the im-
pact of the Mediterranean-style diet on the coun-
try’s average overall risk of dying prematurely
from cardiovascular diseases, cancer, diabetes,
and chronic respiratory diseases. To this aim, we
collected data from several sources about the fol-
lowing explanatory variables.

The total country spending on healthcare
goods and services, expressed as a percentage
of GDP (hereafter, ice), was collected from the
World Bank indicator database. This data is used
as a proxy variable to account for differences in
the amount of resources allocated to addressing
NCDs (World Bank, 2022). The performance
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Table 1 - Variables definitions and descriptive statistics.

Variable Definition Mean SD Min. Max. n
Probability of dying from any of CVD!, cancer,

rdp diabetes, and CRD2 between age 30 and exact age 19.13 5.86 8.30 36.10| 178
70, both sexes (%).

hce Health expenditure as a percentage of GDP (%). 6.68 2.66 2.53 1832 178

hag Healthcare access and quality index (0 = min, 100 0.61 022 0.19 097 178
= max).

smoke Prevalence of daily smoking, age-stand. rate, both 1776 338 330 060l 177
sexes, person 18+ years.

drink Prevalence of current drinkers, both sexes, person 39.68 2301 038 9020| 178
15+ years.

: 3 -

obese Prevalence of obesity (BMI® > 30), age-stand. 18.72 9.75 210 4820 178
rate, both sexes, person 18+ years.
Prevalence of raised blood pressure (SBP*> 140

rbpre or DBP® > 90), age-stand. rate, both sexes, person 24.51 4.57| 11.00 3340 178
18+ years.
Prevalence of raised fasting blood glucose (> 7.0

rbglu mmol/L or on medication), age-stand. rate, both 9.26 3.81 4.00 24.60| 178
sexes, person 18+ years.

. Metabolic syndrome index: Composite index of

st obese, rbglu and rbpre (0 = min, 100 = max). 081 045 0.13 2211 178

dietmed | AYerage calorie intake from plant-based foods 1,361.25|  363.94| 459.00 2,373| 178
(kcal/capita/day)°.

dietwest | Yerage calorie intake from animal-derived foods | 59 (1 379 59| 6300 1,746.00| 178
plus sugars (kcal/capita/day)’.
Gross domestic product per capita (PPP, current

gdppc international , 2017). 18,912.13 [19,435.01 | 766.59 | 113,365.18 | 178

4 Remdu.al of estimated health production function 20.92 5530 1178 40151 178
(Equation 5, author calculation).

medit COl.lntI'leS in the Mediterranean region (dummy 178
variable)®.
Country’s achievements in implementing the

who WHO set of “best buy” interventions to prevent 178
and control NCDs (dummy variable)’.

Notes. ' CVD = Cardiovascular diseases. > CRD = Chronic respiratory diseases.* Body mass index. * Systolic
blood pressure. ° Diastolic blood pressure. ° Including cereals, pulse, vegetables, and fruits. 7 Including meat
products, dairy products, eggs, and sugars. ® 1 if the country is located in the Euro and Eastern Mediterranean
region and 0 otherwise. ° 1 if the countrys achievements in implementing the WHO set of ‘best buys’ interven-
tions to prevent and control NCDs reach at least a score of 3 out of 6 and 0 otherwise.

of national health systems was measured using
the Healthcare Access and Quality Index (hagq).
This index, developed by Fullman ef al. (2018),
utilizes data from the Global Burden of Disease
(GBD) study and is calculated on a scale from 0
to 100 (where higher scores indicate better access
to quality healthcare). Specifically, for each coun-
try, the haq index measures healthcare quality and
accessibility by evaluating the death rates from

causes that could have been prevented through
timely and effective medical care (also known as
‘amenable mortality”). This evaluation offers in-
sights into the effectiveness of healthcare systems
across different regions or countries.

As outlined in Figure 1, in order to capture peo-
ple’s smoking and drinking behaviors as leading
NCD risk factors, data on tobacco use and al-
cohol consumption were included in the study
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Table 2 - Steps to calculate the Metabolic syndrome index (ms7).

Indicator Minimum Maximum
Prevalence of obesity (obese) 1 50
Prevalence of raised blood pressure (rbpre) 10 35
Prevalence of raised fasting blood glucose (rbglu) 1 25

Example: Greece

Actual values: Obesity = 24.90; Raised blood pressure = 19.10; Raised blood glucose = 6.60

Dimension Index = (actual value — minimum value)/(maximum value — minimum value)

Obesity = (24.90 — 1)/(50 — 1) = 0.49

Raised blood pressure = (19.10 — 10)/(35 — 10) = 0.36

Raised blood glucose = (6.60 — 1)/(25 - 1) =0.23

The msi index is the geometric mean of the dimensional indices of obese, rbpre, and rbglu:

Metabolic syndrome index (msi) = (0.49 x 0.36 x 0.23)"* = (0.35

by the country’s age-adjusted prevalence rates
of daily smoking (Ng et al., 2014; WHO, 2024)
and current drinkers (WHO, 2019b), respective-
ly. We denoted these two explanatory variables
smoke and drink, respectively. The spread of the
metabolic syndrome was measured by a com-
posite index of the average country’s prevalence
rates of three fundamental NCD intermediate
risk factors: 1) obesity, 2) raised blood pressure,
and 3) raised blood glucose (again, all rates
are age-standardized and hereafter denoted as
obese, rbpre, and rbglu, respectively). The value
of each of these variables was transformed into
a corresponding normalized value according
to the standard UN Development Programme
methodology to compute the Human Develop-
ment Index (UNDP, 2024). The geometric mean
of the resulting three sub-indexes was thus used
to compute a summary measure (denoted msi)
of the country-level prevalence of the metabol-
ic syndrome. All data required to compute msi
were taken from the WHO Global Health Ob-
servatory data repository (WHO, 2019a). Table
2 summarizes the methodology and goalposts
(i.e., each metric’s maximum and minimum lim-
its) applied to compute the composite index msi.

Despite the challenges of summarizing in a
single variable a complex phenomenon such
as the Mediterranean-style diet, we follow the
current literature in measuring the adherence to

the Mediterranean diet by computing — from the
FAO Balance foods sheets (FAO, 2024) — the
daily consumption of per capita calories derived
from two kinds of foods. On the one hand, plant-
based foods and fish (i.e., whole cereals, pulses,
vegetables, fresh and dried fruit, fishery prod-
ucts, and olive oil). On the other hand, foods
from animal sources (i.e., meat, milk, cheese,
eggs, and animal fats), plus margarine sugars
and sugary drinks: (Alberti-Fidanza et al., 1999;
Fidanza et al., 2004; Lepellere et al., 2019).
These two new variables are measured in kcal/
person/day and denoted dietmed and dietwest,
respectively. We emphasize that dietmed and di-
etwest are merely raw proxy variables used here
to capture a very complex phenomenon that is
hard to synthesize in quantitative analysis.
Because the Mediterranean-style diet involves
shared know-how about several interrelated
environmental, technical, cultural, and social
factors (Capurso, 2024), we also introduce a
dummy variable (denoted medit) that assumes
a value equal to 1 if the country is located in
the Euro and Eastern Mediterranean regions
and 0 otherwise. The list of countries included
in these two regions, according to the WHO
country classification, is collected in Table 1A
in the Appendix. Furthermore, given the crucial
role of prevention in tackling NCDs, in order to
promote accountability in monitoring countries’
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progress against NCDs, the WHO (2022) has de-
fined a set of national progress indicators in the
form of standardized questions, such as ‘Has the
Member State set time-bound national targets
based on WHO guidance?’. Based on the results
of the last NCD progress country monitor report
(WHO, 2022), we assigned a score of 1, 0.5, and
0 according to the following level of achieve-
ment in six main indicators: 1 = fully achieved,
0.5 = partially achieved, and 0 = not achieved,
respectively. This variable is labelled who and
the complete list of indicators used in the paper
is presented in Table 2A in the Appendix. Final-
ly, we include the GDP per capita, measured in
PPP international dollars from the World Bank
open data repository (World Bank, 2022), to ac-
count for overall differences in living standards
between countries.

4.2. Model’s specifications

Health is a key component of human capital.
Similarly to the accumulation of knowledge,
achieving and maintaining a good health status
requires an ongoing production process based
on a combination of medical and non-medical
inputs. In this context, health can be seen as a
durable asset that provides life-long benefits (for
a given set of hereditary factors). At a country
level, an aggregate health production function —
such as H = f(M, NM), where H is some measure
of the population’s health conditions, and M and
NM are vectors of medical and non-medical (i.e.,
social, economic, lifestyle, efc.) factors — sum-
marize this concept by indicating the maximum
amount of health that, ceteris paribus, can be
generated in a given population from a specific
set of inputs, given the state of medical knowl-
edge and technologies (Grossman, 1972).

According to the stock and flow relationships
briefly described in Figure 1, in order to assess
the impact of health-related behaviors on the
overall risk of dying prematurely from NCDs,
one should regress the age-adjusted risk of dy-
ing prematurely (i.e., rdp) on a comprehensive
measure of eating, drinking, smoking and others
NCD health-related behaviors, by controlling
for the main potential confounding factors (such
as the amount of resources devoted to the health

sector, the quality and accessibility of the health
care delivered, the country’s effort to tackle
NCDs and so forth). However, developing a
comprehensive measure of NCD health-related
behaviors can be challenging, even from a con-
ceptual standpoint. Furthermore, using a set of
single indicators (i.e., one for each leading NCD
risk factor) can invalidate the regression mod-
el. These indicators tend to be highly correlated
(Ferretti, 2015), generating severe multicolline-
arity problems.

This is why we followed an approach similar
to that used in growth theory to investigate the
determinants of total factor productivity, or the
so-called Solow’s residual (Weil, 2016). Specif-
ically, we carried out a three-step analysis that
proceeded from the metabolic to the behavioral
risk factors. First, we assessed the impact of the
health system performance by estimating the
following aggregate health production function:

(1) rdp=A(hce* x haq®) — In(rdp)) =
In(4) + aln(hce;) + Bln(hag;) + &;

where In denotes the natural log of the variable of
interest, and the subscript i refers to the i coun-
try. In Equation (1), the coefficients a and § mea-
sure the elasticity of rdp with respect to the coun-
try’s health expenditure (4ce) and the quality and
fairness of the health care delivered (hag). Con-
versely, A can be interpreted as a sort of Solow’s
residual (i.e., it collects the portion of the risk of
dying prematurely from NCDs that changes in
hce and haq cannot adequately explain).

In estimating a standard aggregate production
function (with labor and capital as inputs), dif-
ferences in Solow’s residual, which measures
total factor productivity, can be attributed to
disparities in human capital, technology, and in-
stitutions. Similarly, we hypothesize that NCD
health-related behaviors are the fundamental de-
terminants of 4 in the health production function
described by Equation (1). As a second step, we,
therefore, focus on non-medical causes of the
risk of dying prematurely from NCDs. To inves-
tigate this, we computed the value of 4 for each
country as A = rdp/(hce* x haq?”), using the es-
timated coefficients a and B from Equation (1),
along with the observed data on rdp, hce, and




NEW MEDIT N.1 2025

hagq. Given the set of country’s data on 4, we

thus performed the following regression:

(2) In(4)) = Po + B1 In(msi;) + B2 In(smoke;) +
+ B3 who, + Pa medit + ¢;

to assess the role played by metabolic risk fac-
tors. In Equation (2), msi is the index of the prev-
alence of the metabolic syndrome (as computed
in Table 2), smoke measures the prevalence rate
of daily smoking, and who and medit are two
dummy variables to control for the county’s
effort in preventing NCDs and its geographi-
cal location within the Euro and Eastern Med-
iterranean region. In other words, by estimating
Equation (2) we test whether the prevalence of
metabolic risk factors helps in understanding
the variation in the risk of dying prematurely
from NCDs that is not explained by variations
in healthcare expenditures and the quality and
accessibility of the healthcare delivered by the
national health system, by controlling for a lad-
ing behavioral risk factor (i.e., smoking habits),
the role of prevention measures (who), and the
impact of the Mediterranean economic, natural
and socio-cultural environment (medit).

Third, and finally, since our main focus is on the
role of the Mediterranean-style diet as a protective
factor in preventing NCDs, we investigate whether
diet composition affects the prevalence of metabol-
ic syndrome with the following equation:

3) In(msi;) = Bo + P1 In(dietmed;) +
+ B2 In(dietwest;) + B3 In(drink;) +
+ B4 In(gdppc:) + B In(gdppe:) + &

In Equation (3), eating and drinking habits are
related to the metabolic syndrome index. Specif-
ically, we tested the impact of our two measures
of adherence to the Mediterranean-style diet (that
is, dietmed and dietwest) and alcohol consump-
tion (drink) on the spread of metabolic syndrome
among the general population. Here, income per
capita, as measured by the GDP per person (gdp-
pc), is used as an explanatory variable to control
for cross-country differences in the overall level
of economic development. GDP per person is
introduced in a quadratic specification to capture
the empirical evidence that indicates non-linear

Engel’s curves for income and the consumption
of several food categories, such as animal-sourc-
es foods (Cole & McCoskey, 2013; Kmetkova &
Scasny, 2022). All equations were estimated in
double-log form to directly measure the elasticity
of the corresponding regressor on the dependent
variable. Heteroskedasticity-consistent standard
errors were used to control for heteroskedastic-
ity (Huber-White-Hinkley (HC1) procedure in
EViews 11) (IHS, 2020).

5. Results

5.1. The decreasing adherence
lo the Mediterranean-style diel

Despite its global recognition for its many
health benef its, which greatly contributed to the
region’s historically high life (and healthy life)
expectancy, the Mediterranean-style diet has
declined in Mediterranean countries during the
last decades. This ongoing shift in dietary pat-
terns raises many concerns not only about public
health but also about the preservation of cultur-
al traditions and the sustainability of agro-food
systems (Dernini et al., 2013). The long-term
declining trend is illustrated in Figure 2, which
displays the changes in the ratio between the
variables dietmed and dietwest from the early
sixties to the present day in the Mediterranean
region in comparison to Northern Europe and the
Americas. Although this ratio can be used only
as a proxy variable for measuring adherence to
the Mediterranean-style diet, data show a one-
third decrease in the dietmed/dietwest ratio for
countries included in the Mediterranean region
(the red line, labeled medif), similar to what hap-
pened in South American countries. Converse-
ly, the ratio has steadily increased in Northern
European and American countries, thus reducing
their gap with the Mediterranean countries.

Figures 3 and 4 provide an explanation for
this decline of the Mediterranean-style diet in its
own areas of origin and first diffusion. Except
for Eastern European countries, starting from
the 1960s, there has been an increasing world-
wide trend in the average calorie intake from
plant-based sources (Figures 3a and 35b).

However, as illustrated in Figures 4a and 4b,
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Figure 2 - The ratio be-
tween daily calorie in-
take from plant- and ani-
mal-based foods (dietmed)/
dietwest).

the Mediterranean region is among the areas
where the consumption of animal-based foods
has increased the most. Whereas in many other
areas (such as other European regions and North
America), the consumption of animal-sourced
products has remained nearly constant, in the
Mediterranean countries it has more than dou-
bled, from 400 to 900 kcal/person/day. This
sharp increase overcame the growth that oc-
curred in the consumption of food derived from
fruits and vegetables (which during the same
time period increased by around 55%), resulting
in a changed food landscape for the Mediterra-
nean countries.

There are several reasons for this decreasing
adherence to the Mediterranean-style diet. One
major factor is the growing globalization and
urbanization of Mediterranean societies. The
spread of multinational fast food chains and
ultra-processed foods and drinks implies that
more convenient but less nutritious alternatives
are currently replacing traditional meals. Busy
lifestyles and the increase of dual-income house-
holds leave less time for cooking fresh, whole-
some meals, leading to a greater reliance on
quick, processed foods that do not align with the
core principles of the Mediterranean-style diet
(Godos, 2023).

Some of these complex phenomena are par-
tially captured in Figure 5, where the average
yearly consumption of ultra-processed foods and

drinks — estimated by Vandevijvere et al. (2019)
and measured in total kg/person/year — is plotted
against the ratio between dietmed and dietwest,
following the WHO world countries classifica-
tion in six main geographic regions, plus our own
created medit region. The graph indicates that a
lower dietmed/dietwest ratio is linked to higher
consumption of ultra-processed foods and drinks
(upfd). Countries in the Mediterranean region
(represented by the red dots) and those in other
world areas seem to follow the same trend, al-
though the phenomenon is more marked in de-
veloping countries, such as those included in the
African region (the light-blue rectangles).
Complex economic structural changes also
influence the evolution of dietary patterns. Data
in Figure 6 illustrate an Engel’s curve for the ad-
herence to the Mediterranean-style diet (as mea-
sured by the ratio between dietmed and dietwest)
and the level of economic development (as mea-
sured by the GDP per capita). As income rises,
countries tend to shift toward a diet based mainly
on animal-source foods. For countries within the
Mediterranean region, a ten percent increase in
per capita GDP decreases the dietmed/dietwest
ratio by 6.5%. However, prices also play a role
as economic factors that encourage changes in
diet. Fresh, high-quality ingredients like olive
oil, fish, and organic vegetables, central to the
Mediterranean-style diet, have become more ex-
pensive in many Mediterranean countries. Fam-
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Figure 3a - Evolution of
daily calorie intake from

plant-based foods.

Figure 3b - Evolution of
daily calorie intake from
plant-based foods (world
regions).

ilies may opt for cheaper, less healthy food op-
tions in times of economic hardship, prioritizing
affordability over nutritional value. This trend
can also be exacerbated by economic crises in
countries such as Greece and Italy, where the
cost of living has risen sharply, making it harder
for people to maintain a diet rich in fresh but ex-

pensive local products (Colaprico et al., 2019).

Moreover, cultural shifts and evolving tastes,
particularly among younger generations, have
contributed to the decline of the Mediterra-
nean-style diet. As adolescents and young adults
in Mediterranean countries are increasingly
exposed to global food trends — promoted and

12
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Figure 4a - Evolution of
daily calorie intake from
animal-based foods.
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regions).

highly marketed by world-leading multinational
food corporations — their diets tend to shift to-
ward industrial processed food and beverages.
This transition not only results in adverse health
effects but also diminishes the region’s cultural
and culinary heritage, as traditional Mediterra-
nean dishes are being prepared and consumed

less frequently. Reversing this trend may require
a mix of public health initiatives, educational
campaigns, and policies that support access to
fresh, locally sourced foods while preserving the
long-standing Mediterranean culinary traditions
that have contributed to the health and well-be-
ing of these populations (Vilarnau, 2019).

13
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Note. WHO regions: Africa (AFR), Americas (AME), Euro Mediterranean, except
Medit (EME), Europe, except Medit (EUR), South-East Asia (SEA), and Western
Pacific (WPA).
Regression result: Ln(dietmed/dietwest) = 6.97 — 0.65Ln(gdppc)

(0.15)
N=20 R’=0.50 t=-427

Estimated error in parentheses.

14

Figure 5 - Relationship
between the adherence to
the Mediterranean diet (as
measured by the dietmed/
dietwest ratio) and the
consumption of ultra-pro-
cessed foods and drinks.

Figure 6 - Economic de-
velopment (GDP per cap-
ita) and the dietmed/di-
etwest ratio.
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Table 3 - OLS regression results.

Eq. 1), dependent variable: In(rdp)

rdp is the probability of dying between ages 30 and 70 years from any of the four main NCDs

Independent variables Coefficient | Std. Error!
Health expenditure as a share of GDP In(hce) -0.198*#* 0.045
Healthcare access and quality index In(haq) -0.4371%%* 0.049
Constant 3.011 0.103
Adjusted R-squared = 0.42

No. of observations = 178

Eq. 2), dependent variable: In(4)

A is the residual of the estimated health production function (Eq. 1)

Independent variables Coefficient | Std. Error!
Metabolic syndrome index In(msi) 0.385%** 0.047
Prevalence of daily smoking In(smoke) 0.161%** 0.027
Country’s achievements in preventing NCDs who -0.131%%* 0.030
Countries in the Mediterranean region medit -0.156%*%* 0.043
Constant 3.040 0.080
Adjusted R-squared = 0.40

No. of observations = 177

Eq. 3), dependent variable: In(msi)

msi is the metabolic syndrome index

Independent variables Coefficient | Std. Error!
Average calorie intake from plant-based foods In(dietmed) | -0.245%** 0.078
Average calorie intake from animal-derived foods plus sugars | In(dietwest) 0.322%%** 0.052
Prevalence of current drinkers In(drink) -0.145%%%* 0.028
Gross domestic product per capita In(gdppc) 0.824*** 0.304
Square of Gross domestic product per capita In(gdppc)? -0.048*** 0.017
Constant -4.222 1.307
Adjusted R-squared = 0.41

No. of observations = 177

Notes: *** denote p < 0.001. ' Huber-White-Hinkley (HC1) heteroskedasticity consistent standard errors.

5.2. Regression results

The results from estimating Equations (1), (2),
and (3) are presented in Table 3.

About Equation (1), the model explains about
two-fourths of the cross-country variation in the
risk of dying prematurely from any of the four
main NCDs. This indicates that while the model
is somewhat effective, a significant portion of the
unexplained variation is probably due to the im-
pact of behavioral risk factors. Both coefficients
have the expected negative sign and are statis-
tically significant at the 1% level. However, the

elasticity of hagq is nearly twice that of Ace, indi-
cating that increasing health spending can have a
limited impact on people’s health if these greater
resources are not used to provide effective and eq-
uitable healthcare services. Our hypothesis about
the determinants of the Solow residual in Equa-
tion (1) is corroborated by the results obtained
from Equation (2). Again, all coefficients have
the expected sign and are statistically significant
at the 1% level. Specifically, differences in 4 —
which measures variation in the age-adjusted risk
of dying prematurely from any of the four main
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NCDs not explained by variation in /4ce and hag —
can be explained by differences in the prevalence
of the metabolic syndrome (msi), country’s effort
in preventing NCDs, and the geographical collo-
cation within the Euro and Eastern Mediterranean
region, as measured by the dummy variables who
and medit, respectively.

Finally, and more importantly, for our pur-
poses, diet composition significantly affects the
prevalence of metabolic syndrome. According to
Equation (3), a 1% increase in the average daily
intake of calories that characterizes the Mediter-
ranean- and the Western-style diets (measured
by the variables dietmed and dietwest) decreas-
es and increases the prevalence of metabolic
syndrome by 0.25% and 0.32%, respectively.
The positive and negative signs of linear and
squared GDP per capita support the idea of a
sort of Kuznets curve for NCDs’ eating-related
behaviors, not captured by our proxy variables
dietmed and dietwest. The idea is that as real
income per capita increases, it initially tends
to promote unhealthy eating and drinking hab-
its until a certain income level is reached. Be-
yond this threshold, consumers start to prioritize
healthier food choices (Ferretti, 2015). As in the
previous equations, all coefficients are statisti-
cally significant at the 1% level, and the adjusted
R? is around 0.40. Regarding the responsiveness
of msi, one main finding is worth noting. The
positive elasticity of dietwest is greater than the
negative of dietmed. In other words, the Medi-
terranean-style diet does have a protective im-
pact in preventing NCDs. However, the adverse
effects of unhealthy eating habits overcome the
positive ones, stressing the importance of avoid-
ing the daily consumption of unhealthy foods,
even in small amounts.

6. Discussion and conclusions

These findings corroborate the results of much
previous work regarding the crucial role of eat-
ing patterns and, especially, of the Mediterra-

nean-style diet as leading preventable risk fac-
tors to tackle NCDs (Zupo, 2023). From a policy
perspective, this study supports the approach
developed by the WHO (2014) in planning and
implementing effective strategies to curb the
current NCD epidemic (Budreviciute, 2020).
The regression results indicate the need to pro-
mote the Mediterranean-style diet. Unfortunate-
ly, today, the Mediterranean-style diet, as well as
any other type of sustainable diet, is rarely prac-
ticed (defending it from the danger of “erosion”
is the reason why the Mediterranean diet was rec-
ognized by UNESCO as an intangible heritage
of humanity). It is not enough to inform and ed-
ucate the consumer because, especially outside
the home, they would not find the necessary con-
ditions to practice the Mediterranean-style diet.
The Food Environment' approach recognizes
the fact that our food choices, and therefore the
consequences of such choices, are strongly in-
fluenced by the contexts in which they are made.
Therefore, it assumes that the most effective
way to change the eating habits of individuals is
to act on the structural elements that determine
food choices. Obviously, strategic and political
elements intervene above them. Promoting the
Mediterranean-style diet requires a complex ho-
listic strategy that intertwines public health pol-
icies, educational efforts, community initiatives,
and effective partnerships across various sectors
along the entire supply chain (and especially be-
tween agriculture and distribution). At the fore-
front, public health campaigns can be launched
to raise awareness of the diet’s benefits through
media and the development of educational ini-
tiatives in key community locations (Bach-Faig
et al.,2011). Schools and workplaces play a cru-
cial role, too, with healthy meal programs being
introduced to both educate children and provide
adults with better food choices by involving not
only healthcare professionals but also farmers
and local producers (Joubert & Szurek, 2012).
Government policies are vital for ensuring that
the Mediterranean-style diet is woven into na-

! According to the High-Level Panel of Experts on Food Security and Nutrition of the Committee on World Food
Security (the United Nations body for assessing the science related to world food security and nutrition), the Food
Environment is defined as the: “...physical, economic, political and sociocultural context in which consumers engage
with the food system to make their decisions about acquiring, preparing and consuming food” (HLPE, 2017).
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tional nutritional guidelines, with clear food la-
beling and subsidies encouraging the production
and consumption of healthy foods (Dernini &
Berry, 2015). However, this strategy should be
centered on supporting local farmers by provid-
ing technological assistance and financial sub-
sidies, improving market access to distribution,
and organizing farmers’ markets and direct sales
platforms. Additionally, a strategy for promoting
the Mediterranean-style diet effectively must
include infrastructure investments and training
programs in sustainable farming practices to
support the foundation of local agriculture (Eu-
ropean Commission, 2020; Capone ef al., 2021).

This paper examined the macroeconomic im-
pact of the Mediterranean-style diet in prevent-
ing NCDs, explicitly asking whether adopting
the Mediterranean diet reduces the risk of pre-
mature death from NCDs at the country level.
The findings can guide public health policies by
highlighting the importance of implementing
effective healthcare spending and prevention
strategies for NCDs, such as promoting healthi-
er dietary patterns, particularly in higher-income
countries where Western diets tend to dominate.
There are, however, limitations to this study
that need to be acknowledged. First, the Medi-
terranean-style diet encompasses more than just
eating patterns. It also includes each population’s
cultural and social features, which we attempted to
capture with a simple dummy variable (e.g., med-
if). The regression output indicates that medit is
statistically significant. However, this result does
not allow us to understand the specific impact of
each factor that makes up the complex societies
of the Mediterranean regions. Second, to measure
adherence to the Mediterranean-style diet, it is not
sufficient to calculate the average calorie intake
from different sources (i.e., plant or animal). This
distinction, commonly made in the current litera-
ture, focuses solely on raw ingredients and fails to
capture the significant role of the degree of food
formulation and processing (i.e., it ignores the
role of ultra-processed foods). Third, metabolic
syndrome is a more complex phenomenon than
our index (i.e., msi), as it also includes abnormal
cholesterol or triglyceride levels and a measure of
excess body fat around the waist (rather than in-
creased BMI). Fourth, there is a missing variable

concerning a measure of personal income distribu-
tion since an unequal income distribution plays a
crucial role in determining the risk of dying from
NCDs within each country. Fifth and finally, due to
a lack of comprehensive data, we did not consider
the role of fiscal policies, such as taxes and subsi-
dies, on food production and consumption. Further
research should be carried out to overcome these
critical limitations of our work.
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Appendix

Table 1A - List of countries in the Mediterranean region.

HDIG WBIG Country

H UMI Albania

H UMI Algeria

H UMI Bosnia and Herzegovina

VH HI Croatia

VH HI Cyprus

M LMI Egypt

VH HI France

VH HI Greece

VH HI Israel

VH HI Italy

H UMI Lebanon

H UMI Libya

VH HI Malta

VH UMI Montenegro

M LMI Morocco ]IYIODtjé Human Development Index grou,
VH HI Portugal (VH = very high, H High, M & Mtedium HDI
VH HI Slovenia group)

VH HI Spain WBIG, The World Bank income group
H LMI Tunisia (HI = High, UMI = Upper-middle, LMI = Low-
H UMI Turkey er-middle income group.

Table 2A - WHO progress monitoring indicators used to compute the dummy variable.

1. National NCD targets:
“Member State has set time-bound national targets based on WHO guidance”.

2. Risk factor surveys:
“Member State has a STEPS survey or a comprehensive health examination survey every 5 years”.

3. National integrated NCD policy/strategy/action plan:
“Member State has an operational multisectoral national strategy/action plan that integrates the major NCDs
and their shared risk factors”.

4. Public education and awareness campaign on physical activity:

“Member State has implemented at least one recent national public awareness and motivational
communication for physical activity, including mass media campaigns for physical activity behavioural
change”.

5. Guidelines for management of cancer, CVD, diabetes and CRD:
“Member State has evidence-based national guidelines/protocols/standards for the management of major
NCDs through a primary care approach, recognized/approved by government or competent authorities”.

6. Drug therapy/counselling to prevent heart attacks and strokes:
“Member State has provision of drug therapy, including glycaemic control, and counselling for eligible
persons at high risk to prevent heart attacks and strokes, with emphasis on the primary care level”.
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Abstract

Spain, the world’s leading producer of extra virgin olive oil (EVOO), has 29 protected designations of
origin (PDOs) in this sector in 2021. The objectives of this research are, first, to analyse the differences
in the origin value of this product with differentiated quality, based on the geographic area of origin,
and, secondly, using panel data methodology, to research how certain variables such as the age of the
PDO, the production volume, the orientation of part of the supply towards international markets or the
development of oleotourism activities in a territory influences the average price paid to the producer.
The results show that age, export to non-EU countries and oleotourism positively affect the product’s
value. These findings should be taken into account in the design of possible actions by companies, PDO
Regulatory Councils (RCs) and influential institutions in the sector, at European, national and regional
levels. This article contributes to the evaluation of EU's agri-food product quality policy and examines
the factors influencing the price at origin of certified products, which condition the sectors profitability
and the future of PDO-certified production.

Keywords: Extra virgin olive oil (EVOO), Protected Designation of Origin (PDO), Spain, Price at origin,
Export, Oleotourism.

stages occur there. It defines “geographical indi-
cation” as a name identifying a product: a) from
a specific place, region, or country; b) with qual-
ities attributable to its origin; and c) with at least
one production stage there. The PDO and PGI
recognize a product’s origin, associating it with
quality or reputation. This information differen-
tiates goods in the market and can help develop
a brand linked to its origin. Studies show these

1. Introduction

Foods with differentiated quality covered
by a Protected Designation of Origin (PDO)
or Protected Geographical Indications (PGI)
have peculiar and specific characteristics due
to the origin of the raw materials used (MAPA,
2014). European regulation 2024/143 on qual-
ity schemes for agricultural and food products

defines “designation of origin” as a name iden-
tifying a product: a) from a specific place, re-
gion, or country; b) whose quality is due to its
geographical environment; and c) all production

indications can contribute to rural development
under suitable conditions (Bowen, 2010; Cei et
al., 2018), although not always (Neilson ef al.,
2018), and promote the sale of local products

* Department of Economy, Uniiversity of Jaén, Campus Las Lagunillas, Jaén, Spain.

Corresponding author: lgallego@ujaen.es
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Table 1 - Registered area and production of EVOO-PDO by designation of origin in Spain in 2021.

PDO Registered area (ha) Production of EVOO-PDO
Ha % Tn %
1 | Aceite de La Rioja 1,256.00 0.17 315.61 0.29
2 | Aceite de Navarra 2,691.00 0.37 173.27 0.16
3 | Aceite de L’Emporda 884.00 0.12 75.88 0.07
4 | Les Garrigues 16,260.00 2.22 3,890.00 3.52
5 | Siurana 8,559.00 1.17 3,761.42 341
6 | Aceite de Terra Alta 2,600.00 0.35 456 0.41
7 | Aceite del Bajo Aragén 22,300.00 3.04 1,980.00 1.79
8 | Aceite del Baix Ebre-Montsia 12,111.00 1.65 186.59 0.17
9 | Aceite de Mallorca 40,114.00 5.47 349 0.32
10 | Gata-Hurdes 30,000.00 4.09 57.58 0.05
11 | Aceite de La Alcarria 28,335.00 3.87 193.74 0.18
12 | Montes de Toledo 35,000.00 4.78 14,500.00 13.13
13 | Aceite de la Comunitat Valenciana 4,248.00 0.58 0 0.00
14 | Aceite Monterrubio 12,500.00 1.71 28 0.03
15 | Aceite Campo de Montiel 26,325.00 3.59 7,638.00 6.92
16 | Aceite Campo de Calatrava 22,123.00 3.02 112 0.10
17 |Sierra de Segura 35,064.00 4.78 7,564.00 6.85
18 | Montoro-Adamuz 22,546.00 3.08 272 0.25
19 | Sierra Magina 60,000.00 8.19 10,225.00 9.26
20 | Sierra de Cazorla 37,700.00 5.14 3,500.00 3.17
21 | Aceite Sierra del Moncayo 2,500.00 0.34 83.25 0.08
22 |Montes de Granada 37,252.00 5.08 503.32 0.46
23 | Poniente de Granada 39,407.00 5.38 1,460.00 1.32
24 | Priego de Cordoba 29,628.00 4.04 6,704.00 6.07
25 |Baena 60,000.00 8.19 41,066.71 37.20
26 | Estepa 39,516.00 5.39 3,800.00 3.44
27 | Aceite de Lucena 38,233.00 5.22 72 0.07
28 | Antequera 42,606.00 5.81 1,617.60 1.47
29 |Sierra de Cadiz 28,000.00 3.82 375 0.34

Source: MAPA (2023b).

in national and international markets (Galati et
al., 2017; Lubinga et al., 2020). The right to
use geographical indications belong to regional
producers, adding value and protecting tradi-
tional knowledge. They also generate significant
secondary benefits in tourism and gastronomy
(Marcoz et al., 2016), emphasizing that certi-
fied quality agriculture is presented as one of the
main opportunities for the development of these
rural environments (Consejo Econdémico y So-
cial de Espaiia, 2018).

Spain, located on the western shores of the

Mediterranean and with an olive grove area of
2,468 million hectares for the production of ol-
ive oil for oil mills, has traditionally been the
world’s leading producer of this foodstuff (Bull,
1936; Garcia-Moral ef al., 2023). In 2021, the
extent of olive plantations registered under a
PDO is estimated at 732,927 hectares, represent-
ing 29.69% of the total area. This area is une-
venly distributed across the different regions,
as shown in Table 1 and Figure 1. This country,
however, is not the EU partner with the highest
number of PDOs in this agroindustry as of the
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Figure 1 - EVOO from Spain with PDO.

Source: MAPA (2023b).

end of 2021 (12/31/2021), a position held by Ita-
ly with 42. Behind Spain, Greece ranks with 20,
followed by France with 8.

In all cases, Spanish olive oil produced under
a PDO must be of superior category—specifi-
cally, extra virgin olive oil (EVOO) — and the
certified product must meet the specifications set
out by the European Commission in the EU’s
legal register of names of agricultural products
and foodstuffs “eAmbrosia”!. However, the fact
that a product is certified by a PDO does not
necessarily imply a homogeneous origin price,
as it is noted in the case of coffee (Conley and
Wilson, 2020). On the contrary, there are sig-
nificant differences, which affect the income of
olive producers and also the effectiveness of the
PDO as an instrument of differentiated quality
and economic growth of the territories in which
they are located. Specifically, in 2021, the aver-
age price at origin of EVOO with PDO Priego
de Cordoba reached 12.36 €/kg, while the corre-
sponding price of EVOO with PDO Montes de
Granada was 2.82 €/kg.

Based on the data provided by the Spanish
Ministry of Agriculture, Fisheries and Food
(MAPA) on different variables for the PDO-cer-
tified olive oil sector, data published by the

RCs of the different PDOs in Spain and the ar-
guments drawn from the literature review, this
research aims, firstly, to analyse the heteroge-
neity in the average price of the PDO EVOO
produced in the different territories between
2008 and 2021 and, secondly, using panel data
methodology, to examine how the price paid at
origin for the product is influenced by the age
of the PDO, the production volume, the orienta-
tion towards international markets, the number
of companies registered in the RC that produce
and sell olive oil and the development of oleo-
turism activities. This research contributes to a
better understanding of the effects of the EU’s
agri-food product quality policy, extending the
existing evidence in several directions. In par-
ticular, the study aims to determine the factors
that positively and negatively influence the price
at origin of PDO EVOO produced in Spain. In
contrast to much of the research on olive oil
PDOs in Spain, Italy, Greece or Turkey, which
largely consists of qualitative studies dealing
with specific cases (Erraach et al., 2014; Egea
and Pérez, 2016; Morillas and Garcia-Quero,
2022; Kizos and Vakoufaris, 2011; Nizam, 2017,
Tempesta and Vecchiato, 2019), this paper offers
an aggregated view of the olive oil agro-industry
with PDO-certified quality in the country that
is the world’s leading supplier of this foodstuff.
The results obtained provided conclusions on
the sector as a whole, which are useful for de-
cision-making by companies and RCs, as well
as by national and supranational institutions,
such as the national government or the Europe-
an Commission, whose actions and policies are
aimed at the entire olive oil agro-industry.

2. Related literature and hypotheses

Geographical indications are linked to the no-
tion of territory, under the assumption that the
special quality and characteristics of an agri-food
product are determined by the geographical place
from which it originates (Gade, 2004; Bingen,
2012; Bowen and Mutersbaugh, 2014; Conley

! https://ec.europa.eu/info/food-farming-fisheries/food-safety-and-quality/certification/quality-labels/geographi-

cal-indications-register/.
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and Wilson, 2020). Roquefort cheese, Argan oil,
French champagne, Mexican tequila, Galapagan
island coffee or Darjeeling tea have qualities or
a reputation derived specifically from their place
of origin, which differentiate them in the market
(WIPO, 2021; Zinsli, 2023; Besky, 2014). Like-
wise, EVOO has qualities derived from its place
of production, influenced by specific local factors
such as the variety of olive grown in the territory,
the oil production system or the climate or type of
soil, there being a link between the product and
its origin, which is perceptible in its attributes and
can influence consumer preferences (Caporale et
al., 2006; Espejel et al., 2008, Kalogeropoulos
and Tsimidou, 2014).

The main advantage of the system of valua-
tion and protection of PDOs/PGIs and Tradi-
tional Specialty Guaranteed created by the EU
in 1992, revised in 20062, 2012 and 2024, is that
their production parameters or standards are
published in a single harmonized register. The
label or seal that certifies the product’s quality
informs consumers about it, as governmental
and non-governmental institutions endorse the
process that verifies the real origin of the prod-
uct, the specific raw materials used and the tradi-
tional technical procedure applied in its produc-
tion in a specific territorial area (Resano ef al.,
2012; Mutersbaugh et al., 2005; Moschini et al.,
2008). Such certification can give the producer
an exclusive right to use the label, in principle
offering a clear advantage over other produc-
ers (Teil, 2017; Sgroi and Modica, 2022). PDO
foods are produced following specific process-
es, linked to local culture and traditions dating
back at least 25 years (Sgroi and Modica, 2022).
The valorization process starts with a clear
definition of the values that revolve around the
product, including its history, the identification
of the geographical area in which it is produced,
the process followed and the particularity of the
territorial resources used (Mariani et al., 2022).
The combination of these elements determines
the product’s characteristics and enhances the

reputation of products from the defined area, al-
lowing producers to employ differentiation strat-
egies, as argued by Altomonte ef al. (2016).

Food certification by the RC favorably in-
fluences the quality perceived by the consum-
er (Aytop and Cankaya, 2022; Toma et al.,
2023). The consumer’s knowledge of the cer-
tified product has a negative influence on the
perceived risk and a positive influence on sat-
isfaction (Fandos Herrera and Flavian Blanco,
2011), contributing to their preference for the
certified food and willingness to pay a premium
price (Aytop and Cankaya, 2022; Van Ittersum
et al., 2007; Van Zyl et al., 2013; Albayram et
al., 2014). This in turn boosts the value of the
product, the producers’ income and the eco-
nomic development of the territory (Crescen-
zi et al., 2022; Poetschki et al., 2021). Based
on the reviewed arguments, it can be stated
that the age or number of years a product has
been marketed with the PDO label positively
influences the potential consumer’s knowledge
of that food and, in parallel, its valuation and
the price they are willing to pay. Therefore, the
longer the PDO certifying the quality of the
EVOO has been in effect, the more well-known
it becomes, which favourably affects demand
and, consequently, the price at origin. The hy-
pothesis posed is as follows:

HI1. The number of years that the EVOO has
been marketed with the PDO label has a positive
influence on the price at origin of the product.

The quality of the agri-food product asso-
ciated with its certification by a PDO/PGI is
perceived in many cases by consumers in other
countries, fostering the growth of sales in inter-
national markets, both in traditional destinations
such as EU countries and in new markets out-
side the EU, and is associated with higher prices
(Raimondi et al., 2020; De Filippis et al., 2022).
Such an effect is commonly seen in wine sector
(Galati et al., 2017, Lubinga et al., 2020), es-

2 The Council of the European Union. Council Regulation (EC) No 510/2006 of 20 March 2006 on the Protection
of Geographical Indications and Designations of Origin for Agricultural Products and Foodstuffs. 2006. Available
online: https://eur-lex.europa.eu/eli/reg/2006/510/0j (accessed on 6 November 2020).
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pecially French wines (Agostino and Trivieri,
2016), but also in cheese sector (Duvaleix et al.,
2021), bourbon (Zhang ef al., 2023) or olive oil
(Menapace et al., 2011). However, other stud-
ies are less conclusive and vary according to the
country of export destination (Sorgho and Larue,
2014) or the type of product (Chilla et al., 2020).
In line with the studies of Raimondi et al. (2020)
and De Filippis et al. (2022), The sale of part
of the AOVE-PDO production in international
markets, both in EU countries and the rest of the
world, increases the demand for the product and
positively impacts the price paid at origin. Based
on this, the hypotheses posed are as follows:

H2. The value of sales in EU markets has a pos-
itive influence on the price per kilogram of PDO
EVOO paid at origin.

H3. The value of sales in non-EU markets has a
positive influence on the price per kilogram of
PDO EVOO paid at origin.

PGI and PDO certification can play a role
in driving the local development of rural areas
(Bonanno et al., 2020; Crescenzi et al., 2022),
thus fostering the growth and diversification of
the local economy toward higher value-add-
ed sectors, including gastronomy and tourism
(Arjona-Fuentes and Amador-Hidalgo, 2017,
Ciani et al., 2019; Hadelan et al., 2021). Tour-
ists, in many cases city dwellers, value the
quality certification represented by the PDO/
PGI label and have shown a greater willing-
ness to pay a higher price than local consumers
for the certified product (Marcoz et al., 2016,
Sgroi and Modica, 2022). In addition, when
they return to their place of origin, tourists may
want to continue consuming these traditional
food and beverage products (Alamanos et al.,
2013; Folgado-Fernandez et al., 2019), posi-
tively influencing demand (Pulido-Fernandez
et al., 2022). Based on the reviewed research,
it is deduced that the purchase of AOVE-PDO
by tourists visiting the production area or by
those with whom they interact (family, friends,
acquaintances, etc.) increases the product’s
recognition outside the region of origin, which
positively affects demand and, in parallel, the

price paid at origin for this food. Therefore, the
following hypothesis is proposed:

H4. When companies registered in the RC of
the PDO are involved in olive oil tourism activ-
ities, which attract citizens from other cities and
countries, contributing positively to the price at
origin of the product.

Spain, Italy and Greece, three EU countries,
which account for 64.17% of world olive oil
production in the 2021/2022 campaign, do not
share a single market for this foodstuff, which
leads to differences in the price per kilogram
(kg) of virgin olive oil depending on the country
of origin, as confirmed by Emmanouilides et al.
(2014) and Panagiotou and Stavrakoudis (2023).
The same situation is observed at the national
level, particularly in Spanish PDO EVOO. In
this country, the olives produced for milling are
predominantly rainfed (MAPA 2023a) and the
price charged by the producer depends on the
yield of the fruit, its quality (Gutiérrez-Salcedo
et al., 2016; Mozas and Parra, 2018) and, above
all, the total volume of production in each season
in the sector as a whole. This amount is directly
linked to the climatic conditions experienced in
the different stages of the agricultural process in
the different production areas (Rodrigo-Comino
et al., 2021; Arfaoui et al., 2021), with an in-
verse relationship between the total number of
tons produced in the sector and the price per kg
paid to the producer. Thus, a higher volume of
production increases the available supply and
negatively affects the price paid at origin. Ex-
trapolating this evidence to the Spanish olive
oil agroindustry with differentiated quality, the
following hypothesis is established, which in-
versely links two variables: tons of AOVE-PDO
produced and the value at origin of the product.
The following hypothesis is formulated:

HS5. A higher production of AOVE-DOP increas-
es the available supply, negatively affecting the
price paid at origin for the product.

European regulations on quality regimes for
agri-food products establish that PDO EVOO
must be bottled in the area where it is produced.
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This requirement breaks with the strategy fol-
lowed by most of the mills located in rural areas
of origin, which sell most of their supply in bulk,
to be bottled and sold outside the territory where
it is produced (Mozas-Moral, 2020; Gutiér-
rez-Salcedo et al., 2016). The bottled PDO
EVOO can be sold directly from the mill, but
also through third-party trading companies reg-
istered in the RC of the PDO. In principle, a larg-
er number of trading companies can have a direct
effect on competition at origin and, therefore, on
the price paid per kg of PDO EVOO. The works
of Bonnet and Bouamra-Mechemache (2016)
and Orsini et al. (2020) on organic products
confirm a greater bargaining power of producers
over retailers for products with the organic label,
which positively influences the price perceived
by the producer. In the case of AOVE-PDO, the
bargaining power of olive mills over companies
that only engage in commercial activities may
have a direct effect on competition at origin,
positively influencing the price paid per kg of
AOVE-PDO. Based on this reasoning, the fol-
lowing hypothesis is proposed:

H6. A higher number of trading companies reg-
istered with the PDO Regulatory Council has a
positive influence on the price at origin of PDO
EVOO.

3. Material and methods

3.1. Information and data

The statistical information comes mainly from
the report: “Data on Protected Designations of
Origin (PDO) and Protected Geographical Indi-
cations (PGI) of Agri-Food Products”, which is
prepared each year by the Subdirectorate Gener-
al for Food Quality Control and Agri-Food Lab-
oratories of the General Directorate of the Food
Industry (MAPA) in collaboration with the Reg-
ulatory Councils of Protected Designations of
Origin and Protected Geographical Indications
and similar entities. The time period of analysis
is determined by MAPA’s publication of data on
the different variables: number of PDOs, num-
ber of industries, production, economic value of
production and exports. In the case of EVOO,

there is no PGI in Spain recognized by the Com-
mission that registered production during the
time period considered, so the study focuses on
the productive and commercial activity between
2008 and 2021, both included, of 22 PDOs with
activity in each of the years considered. These
PDOs are the following: Aceite Campo de Mon-
tiel, Aceite Campo de Calatrava, Aceite de a Al-
carria, Aceite de Mallorca, Aceite de Navarra,
Aceite Terra Alta, Aceite Terra Alta, Aceite del
Baix Ebre-Montsia, Aceite del Bajo Aragén, An-
tequera, Baena, Estepa, Les Garrigues, Montes
de Granada, Montes de Toledo, Montoro-Ada-
muz, Poniente de Granada, Priego de Cordoba,
Sierra de Cadiz, Sierra de Cazorla, Sierra de
Segura, Sierrra Magina and Siruana. PDOs that
have not produced in two or three consecutive
years, such as Aceites de la Comunitat Valencia-
na, Aceite de la Rioja, Aceite de Lucena, Aceite
de I'Emporda, Aceite Monterrubio, Aceite Sierra
del Moncayo and Gata-Hurdes, are not included.

The EU eAmbrosia Register provides infor-
mation on the year the PDO was approved by
the competent national body. Likewise, the in-
formation published by the RCs and the different
entities registered in each PDO (mills, bottlers
and trading companies) indicates whether or not
they carry out oleotourism activities.

It should be noted that the information record-
ed in official statistics is in some cases incom-
plete or based on estimates, since, as Torok et
al. (2020) and different studies carried out by
AND-International (2012a, 2012b) have shown,
there is limited availability data to evaluate the
effectiveness of EU PDOs/PGls.

The dependent variable is the average price
paid at origin per kg of PDO EVOO each year by
the entities registered in the RC of the 22 PDOs
considered, between 2008 and 2021. The deter-
minants are specified in Table 2.

3.2. Panel data analysis

The aim of the study is to identify the factors
that influence the average price paid at origin per
kg of PDO EVOO, by carrying out an analysis of
the relevant variables and testing the association
between the independent variables and the de-
pendent variable. The study sample consists of
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Table 2 - Definition of variables.

Age Age of the PDO or years since its initial approval, indicative of its history
Value of production that all the entities registered in the RC export each year
Exports-EU to EU-28 countries (in 2021, the UK was considered a member of the EU),

expressed in millions of euros.

Exports-nonEU

Value of production that the set of entities registered in the RC exports each
year to countries outside the EU-28—which allows for less dependence on
the local and national market—expressed in millions of euros.

Development of oleotourism activities by some of the entities registered

Oleotourism in the RC, which promotes familiarity with the product among consumers
outside the territory; a dummy variable.
Certified production Volume of production certified by the RC each year, which quantifies the

supply available each year, expressed in tons.

Olive oil trading companies

Number of olive oil trading companies registered in the PDO.

data from the 22 PDOs between 2008 and 2021.
This time period was chosen due to the unavail-
ability of data from 2021 onwards. A descriptive
analysis of the variables was performed, as well
as a panel data analysis, following the method-
ology applied in previous articles (Gallego-Vale-
ro et al., 2018). The dependent variable in the
model is the value of PDO EVOO, defined as
the average price paid at origin of PDO EVOO,
expressed in euro per kg. The six explanatory
variables, which are presented in Table 1, were
selected according to the hypotheses set out in
the previous section. The following equation
tests the relation between the independent vari-
ables and the dependent variable:

PDO-EVOOvaluej; = ait + al Agej +
+ a2Exports-EUj; + a3Exports-nonEUj; +
+ 040live-oil-tourism;; + a5Certified-prod; +
+ a6 Olive-oil-trading-comp;; + aeit

where:

PDO-EVOOvalue;. is the price paid at origin per
kg of PDO EVOO each year by the companies
alAge;i. age of the PDO or years since its ap-
proval

a2Exports-EUj. value of production exported to
EU-28 countries

a3Exports-nonEUyj. value of production export-
ed to countries outside the EU-28
04Oleotourism;;: development of oleotourism
activities

aSCertified-prod;: volume of production certi-
fied by the PDO

a6 Olive-oil-trading-comp;.. number of olive oil
trading companies registered in the PDO

a: estimated coefficients

Finally, ait measures the influence of other ex-
ogenous variables not included in the model, and
aeit is the error term.

A panel data approach is appropriate due to
the inclusion of time periods and the likely pres-
ence of unobserved individual effects. The use
of this technique has multiple advantages, such
as the fact that it reduces collinearity between
variables, enables the construction of more
complex models, eliminates or reduces bias
in results when aggregating information, and
identifies and evaluates effects not detected by
cross-sectional or time-series analysis (Baltagi,
2005). However, drawbacks include problems
with design and data collection, cross-sectional
dependence and short time series. Stata software
was used for the analysis.

4. Results

4.1. Descriptive analysis

Table 3 shows the descriptive statistics of the
different variables considered. First and fore-
most, the high degree of dispersion in these
variables stands out, particularly in the case of
exports to the EU and non-EU countries. The
minimum value registered is 0, representing no
commercial activity in these destinations; by
contrast, amounts of more than 15 million eu-
ros are registered for all the entities registered
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Table 3 - Descriptive statistics of the variables.

Variables Observations Mean Coeﬁi.c l?nt Minimum | Maximum
of variation

Mean price (Y) 308 4.53 47.65 2.19 15.90
(2.16)

Age (X1) 308 (‘;’23299925) 199.56 0 25.00

Production (X2) 308 11.87 50.65 0 62.03
(6.01)

Exports-EU (X3) 308 0.56 252.16 0 15.02
(1.43)

Exports-nonEU (X4) 308 0.73 278.31 0 15.61
(2.03)

Oleotourism (X4) 308 0.59 83.34 0 1.00
(0.49)
L . . 15.59

Olive oil trading companies (X5) 308 (12.08) 77.52 1 45.00

Source: Own elaboration based on MAPA (2023a), MAPA (2023b), eAmbrosia and the information from the RCs.

in the Baena PDO or Les Garrigues PDO. At the
same time, the volume of PDO-certified produc-
tion registers a minimum value of 0 tons, due
to years with adverse weather conditions or the
producers’ decision; on the contrary, the high-
est volume of PDO-certified production is 62.03
tons. For the period as a whole, the average price

paid at origin was 4.53 €/kg, with a coefficient of
variation of 47.65%.

Figure 2 shows the percentage share of the
different PDOs in the total production of PDO
EVOO in Spain in 2008 and 2021. Two facts
stand out. First, the high volume of supply con-
centrated in the PDO Baena, which accounts for

Figure 2 - Distribution by PDO of differentiated quality EVOO produced in Spain in 2008 and 2021 (in %).
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Table 4 - Average price paid at origin per kg of certified EVOO in the different PDOs of Spain between 2008
and 2021.

2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021

Aceite

Campo de 352 | 2.60 | 2.80 | 220 | 2.60 | 3.73 | 3.68 | 3.70 | 3.71 | 3.90 | 3.80 | 2.99 | 3.01 | 3.81
Montiel

Aceite

Campo de 6.67 | 575|582 | 495|350 325|339 | 3.82 | 4.59 | 4.66 | 4.48 | 3.96 | 4.45 | 429
Calatrava

AceitedeLa | 4 14 | 550 | 562 (318|297 349 | 332|385 | 458|591 | 656|513 | 468 | 555
Alcarria

Aceite de 3.69 | 4.00 | 425 | 4.40 | 422 | 421 | 4.09 | 4.60 | 4.19 | 3.99 | 4.02 | 3.14 | 3.18 | 3.41
Navarra

Aceite de 430 | 4.00 | 3.80 [ 3.90 | 4.00 | 3.80 | 4.00 | 3.92 | 3.82 | 4.50 | 4.61 | 4.50 | 4.61 | 4.80
Terra alta

Aceite del

Baix Ebre- | 4.55 | 447 | 3.90 | 3.91 | 4.75 | 5.03 | 5.01 | 5.83 | 5.51 | 5.60 | 4.86 | 5.53 | 5.52 | 5.63
Montsia

Aceite de 10.65[12.1010.41 | 11.88 | 12.81[12.59|13.08| 11.93 | 15.80{ 15.90| 15.71 | 11.84 | 11.64 | 11.04
Mallorca

Aceitedel 601 395 1330 (320 | 400 | 400 | 451 | 420 | 3.56 | 3.50 | 3.50 | 3.50 | 3.50 | 3.60
Bajo Aragon

Antequera | 3.21 | 321 | 4.08 | 3.74 | 4.16 | 4.58 | 4.19 | 537 | 4.19 | 3.74 | 326 | 236 | 2.43 | 3.26
Baena 426 | 294 | 287 | 287279 | 430 | 4.80 | 5.00 | 4.00 | 4.20 | 5.70 | 5.50 | 4.80 | 5.00
Estepa 320 | 3.50 | 3.00 | 3.80 | 4.00 | 4.40 | 5.00 | 4.80 | 5.00 | 4.30 | 3.30 | 2.60 | 2.78 | 2.90
Les Garrigues | 4.80 | 4.80 | 4.59 | 3.24 | 447 | 447 | 447 | 4.58 | 3.45 [ 3.60 | 5.24 | 5.24 | 3.83 | 422
Montes de | 5 oo 1 5 98 [ 235 | 276 | 455 | 257 | 278 | 346 | 3.87 | 5.10 | 5.09 | 231 | 2.54 | 2.82
Granada

Montesde | 551 1340 | 350 (351 | 400 | 411 | 425|470 | 481|521 | 680 | 650 | 721 | 729
Toledo

Montoro- 579 | 5.81 | 5.00 | 447 | 325|336 |3.30 | 5.71 | 5.83 | 522 | 4.00 | 3.60 | 3.60 | 3.60
Adamuz

Ponientede | 5 4o 4 161348 [ 330 | 2.53 [ 3.00 | 3.03 | 3.91 | 348 | 4.11 | 3.60 | 2.61 | 2.51 | 323
Granada

Priego de 3.10 | 3.40 | 3.40 | 3.40 | 5.10 | 5.10 | 5.75 | 5.75 | 5.75 | 6.80 | 6.80 | 6.80 [10.49|12.36
Cordoba

gfg;de 3.00 | 2.60 | 238 | 2.50 | 2.80 | 2.71 | 2.75 | 2.88 | 3.29 | 3.63 | 3.59 | 3.66 | 3.80 | 4.02
Sierra de 2.80 | 2.40 | 2.60 | 2.60 | 425 | 4.00 | 425 | 6.00 | 6.00 | 6.50 | 6.00 | 2.60 | 2.80 | 3.19
Cazorla

Sierra de 400 | 401 | 401 | 402 | 3.54 | 3.67 | 3.84 (505|516 | 6.05 | 6.04 | 6.04 | 3.68 | 4.19
Segura

Sierra

oI 3.00 | 3.50 | 3.00 | 3.30 | 3.00 | 3.60 | 3.80 | 4.01 | 3.64 | 4.40 | 3.50 | 3.10 | 3.70 | 4.05
Magina

Siurana 440 | 440 | 440 | 440 | 4.40 | 4.00 | 421 | 4.40 | 5.00 | 5.00 | 5.00 | 4.38 | 5.00 | 5.00
Max 10.6512.10(10.41| 11.88|12.81(12.59(13.08| 11.93|15.80|15.90| 15.71 | 11.84| 11.64|12.36
Min 280|240 235|220 253257275 288(329]350]326]231|243]282
Average 424 | 424 | 403389 | 417 | 427 | 443 | 4.88 | 4.97 | 5.27 | 5.25 | 4.45 | 4.53 | 4.87
f;rffa ion 40.55|47.32|42.66|49.29| 49.58| 46.18|46.76| 36.48 | 51.56 | 48.64|49.75 | 48.44|53.07 | 50.33

Source: MAPA (2023b).
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37.22% of the total in 2021, followed by the PDO
Montes de Toledo (13.14%) and Sierra Magina
(9.27%). A second group, with a percentage of the
total between 3% and 8%, includes A. Montiel,
Estepa, Les Garrigues, Priego de Cérdoba, Sierra
de Cazorla, Sierra de Segura and Siruana. The rest
register a production in 2021 of less than 1,700
tons. Secondly, there are contrasting trends: some
PDOs increase their weight in the total national of
volume of certified EVOO, including A. Campo
de Montiel, Baena and Montes de Toledo, Priego
de Cérdoba and Sierra de Segura; conversely, in
many other cases the share of the certified volume
in 2021 is lower than in 2008. This is the case
in A. Campo de Calatrava, A. de Navarra, A. de
Terra Alota, Montes de Granada, Sierra de Cadiz
and Sierra Magina.

Table 4 presents the average value per kg of
AOVE-DOP paid at origin in Spain between
2008 and 2021 across the 22 PDOs analysed.
The data first confirm the overall upward trend
of the variable, reaching an average value of
€4.24/kg in 2008 and €4.87 at the end of the pe-
riod. However, the increase varies significantly
across different cases, and in seven instances
(A. De Campo de Calatrava, A. de Navarra, A.
del Bajo Aragén, Estepa, Les Garrigues, Mon-
tro-Adamuz, Poniente de Granada), the price of
AOVE-DOP in 2008 was higher than in 2021.
In contrast, A. de La Alcarria, A. del Baix Ebre-

Figure 3 - Distribution of PDO EVOO exports among

-Montsia, Mones de Toledo, Priego de Cérdo-
ba, and Sierra Magina show increases of over
20% in the value of the variable between 2008
and 2021. Secondly, the significant dispersion
in the average prices paid at origin is again
evident, with significant differences depending
on the geographical location of the production
area and the conditions that influence both the
supply and demand of the product in the local
market, as will be discussed in the next section.
A. de Mallorca is, by far, the PDO with the hi-
ghest values in every year analysed, reaching a
peak of €15.90/kg in 2017, compared to a low
of €10.41/kg in 2010, with its value in 2021
being €11.04/kg. In contrast, Estepa and Mon-
tes de Granada did not exceed €3/kg in 2021,
with values of €2.90/kg and €2.82/kg, respec-
tively. This situation raises concerns about the
business’s viability, as according to Parras et
al. (2023), the estimated average production
and packaging cost for the 2020/21 season was
€3.38/kg.

Figure 3 shows the distribution of Spanish
PDO EVOO exports among the different PDOs
considered, both to the EU and to countries out-
side the EU in 2021. Although Baena, with a
high volume of production, accounts for almost
40% of total exports to the EU and 32.84% of
exports to countries outside the EU, the large
share corresponding to Priego de Coérdoba is

the different PDOs in Spain in 2021.

To EU countries
Sierra de Segura; Siurana; Aceite Campo .
1,51 2,63 de Montiel; 5,[())7 Aceite de

Sierra de Mallorca;
Cazorla; 2,86

7,64
Priego de Baena;
Cordoba; 39,30

29,59 Montes de

Granada; Estepa;
6,21 1,83

To non-EU countries
. Siurana; .
Sierra de 18.87 Bacena;
Cazorla; i 32,84
2,82
Priego de
Coérdoba;
15,70 Montes de Estepa;
. 19,75
T(;lel((i)o, Les Garrigues; 0,15

Source: Own elaboration based on MAPA (2023b).
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striking, both in sales to the EU and to non-EU
countries. Also significant is the prominence of
Siruana in sales of PDO EVOO to countries out-
side the EU, and, on the contrary, the minimal
presence of Sierra Magina in total exports, with
this PDO being the source of just 9.27% of the
total certified production in Spain in 2021.

4.2. Panel data

Table 5 shows the results of the estimations,
using the feasible generalized least squares mod-
el (FGLS). The model is estimated using data
from 22 entities, with a total of 308 observa-
tions, for the period 2008 to 2021. The optimum
model is chosen by testing a number of econo-
metric models to identify the best one:

a) Pooled data estimation, Random Effects (RE)
and Fixed Effects (FE) models. First, the mod-
el is estimated with pooled data, comparing it
with the RE model. To know whether to use the
RE model or the clustered data model, Breusch
and Pagan formulated the test known as the La-
grange Multiplier Test for RE. The null hypoth-
esis of this test is that the variance is equal to
zero. If the test is rejected, there is a difference
between the model estimated with pooled data
and the RE model, and it is preferable to use
the RE method. As can be seen in Table 5, the
p-value indicates that the null hypothesis can be
rejected; therefore, the RE are relevant, and it is
preferable to use the RE estimation rather than
the pooled estimation. The same applies when
using the FE model. The F test for the signifi-
cance of the FE is used to assess whether this
model or the pooled model is preferable. The
p-value indicates that we can reject the null hy-
pothesis, making the FE method more preferable
than the pooled model.

b) FE vs. RE model. The FE model is another
way to model the “individual” nature of each
state. This model does not assume that the dif-
ferences between states are random, but rather
constant or “fixed.” Once estimated, the Haus-
man test is used to choose between the FE model
and the RE model. The null hypothesis of the
Hausman test is that the RE and FE estimators

do not differ significantly. If the null hypothesis
is rejected, the estimators do differ, and the con-
clusion is that FE are more appropriate than RE.
In this case, as Table 5 shows, the null hypoth-
esis is not rejected; therefore, it is preferable to
use the RE method.

c) Detection of problems in the model. Once
the RE model has been chosen, it is necessary
to check for the existence of autocorrelation,
heteroscedasticity and contemporaneous cor-
relation problems to correct them if their exis-
tence is confirmed. To control autocorrelation
or first-order serial correlation we need to apply
the Wooldridge test, for groupwise heterosce-
dasticity the modified Wald test has been used
and the Breusch-Pagan test for cross-sectional
independence (for contemporaneous heterosce-
dasticity). The null hypothesis of this tests is
that these problems do not exist. Table 5 shows
the absence of autocorrelation (Wooldridge test)
and heteroscedasticity (Wald test). However, the
Breusch-Pagan test for cross-sectional indepen-
dence shows that the correlation matrix of re-
siduals is singular, meaning it is not possible to
use this test. In this case, the Pesaran’s test for
cross-sectional independence has been used, as
it is a valid alternative, robust, and can be used
to assess autocorrelation in panel data models,
especially when the model has a complex struc-
ture that could lead to issues in estimating the re-
sidual correlation matrix. Table 5 indicates that
it is necessary to correct the contemporaneous
correlation.

d) FGLS: preferred model. The detected problems
can be solved jointly with Feasible Generalized
Least Squares (FGLS) estimators, or with Panel
Corrected Standard Errors (PCSE). To solve the
contemporaneous correlation in this case, the
FGLS model is applied, since it is the recom-
mended option for RE (AndreB et al., 2013).

The variables capturing age, exports to non-
EU countries and oleoturism are all significant at
5%. The variable certified production is also sig-
nificant at 5%, showing a negative relationship
with the average price paid at origin per kg of
PDO EVOO. All of them confirm the expected
relationship.
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PDO-EVOOvalue FoLS

Coef. Z P-value
Age 0.04 3.21 0.001
Exports-EU -0.03 -1.83 0.068
Exports-nonEU 0.16 9.29 0.000
Olive-oil-tourism 0.98 2.25 0.024
Certified-prod -0.01 -4.42 0.000
Olive-oil-trading-comp -0.01 -0.58 0.564
Constant 3.53 25.42 0.000
Observations 308
N. of entities 22

Breusch and Pagan Lagrangian
multiplier test for RE

Chi*(1) =1102.25
Prob > chi* = 0.0000

F test for FE

F(4,282) = 13.08
Prob > F = 0.0000

Hausman test

Chi%(4) = (b-BY’[(V_b-V_B)(-1)](b-B) =3.17
Prob>chi®> = 0.53

Wooldridge test

F(1,21) = 74.341
Prob > F = 0.0000

Wald test

Wald chi” (22) = 5060.97
Prob>chi® = 0.00

Pesaran’s test

5.445, Pr=0.0000

Source: Own elaboration.

- The variables age and certified production
both present a strong and significant rela-
tionship with the dependent variable, sup-
porting hypotheses 1 and 5.

- Exports to non-EU countries and oleotour-
ism have a direct impact on the average
price paid for PDO EVOO. Hypotheses 3
and 4 are thus confirmed.

- Finally, there are two variables with a
non-significant relationship with the de-
pendent variable, which are exports to EU
countries and number of olive oil trading
companies, meaning that hypotheses 2 and
6 are not supported.

5. Discussion

The quality policy for agricultural products
and foodstuffs in the EU, established in Regu-
lation (EU) No 1151/2012, which regulates the
PDO regime, aims to highlight the attributes

of these products as a result of the agricultural
techniques used, processing methods or place
of origin (Mutersbaugh et al., 2005; Moschini
et al., 2008). This differentiated quality should
contribute to the producers receiving a higher
price at origin for their harvest (Poetschki et al.,
2021). Spain, the world’s leading producer of
olive oil, had 29 PDOs in this sector in 2021,
22 of which have been continuously developing
their production and commercial activity since
2008. In this country, the average paid at ori-
gin for PDO EVOO presents important differ-
ences depending on the origin of this foodstuff
(Garcia-Moral et al., 2023). This paper studies
the variables that may influence this situation.
The analysis supports hypotheses 1, 3, 4 and 5.
On the contrary, hypothesis 2, on exports to the
EU, and hypothesis 6, referring to the number of
olive oil trading companies registered in the PDO
RC are not supported, because these variables
are not found to have a significant influence. The
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development of oleotourism activities in the pro-
duction area helps to improve visitors’ familiarity
with the product. This means that tourists—from
other regions in Spain or other countries—are
well aware of the specific characteristics of the
product, learn to value them (Folgado-Fernandez
et al., 2019) and are willing to pay a higher price,
which in turn has a positive impact on the aver-
age price at origin. These results coincide with the
arguments made by Marcoz ef al. (2016) for the
case of Fontina cheese. Additionally, oleotourism
helps to diversify the activity of olive oil mills
and improve their total income (Arjona-Fuentes
and Amador-Hidalgo, 2017).

The age of the PDO, and therefore its history,
contributes to the dissemination of knowledge
about the differentiating features of the food and,
specifically, among those consumers interested
in buying the product, this knowledge makes
them more willing to pay a higher price, as con-
cluded by Van Ittersum et al. (2007), Van Zyl et
al. (2013) and Albayram et al. (2014). Likewise,
the fact that part of the PDO-certified production
is destined for markets outside the EU contrib-
utes positively to the price at origin. Countries
outside the EU that receive Spanish exports of
PDO EVOO include economies with a high per
capita income, such as the USA, Japan, Switzer-
land, South Korea and Canada (Menapace et al.,
2011) and also other high middle-income coun-
tries such as China, Brazil and Mexico, where
there is a growing demand for this food, large-
ly justified by the health benefits it offers (Mili
and Bouhaddane, 2021). The positive relation-
ship identified between exporting PDO EVOO
to non-EU countries and the average price paid
at origin aligns with the research results of Rai-
mondi et al. (2020).

The fact that the variable “export to the EU”
is not significant may be due to three different
situations or realities that, together, determine a
limited role of demand in EU partner countries
and, simultaneously, the lack of influence of this
component on the value at origin of the product.
On the one hand, in countries with a long tra-
dition of producing PDO EVOO—such as Italy
and Greece—consumers may prefer the local
product to the one imported from Spain (Aprile
et al., 2012; Perito et al., 2019), negatively in-

fluencing the price they are willing to pay for the
foreign product, which has an impact on the price
of Spanish PDO EVOO at origin. On the other
hand, in non-producing EU countries or those
with low levels of olive oil production—such as
Germany, the United Kingdom or France—Ital-
ian olive oil is more prevalent (Tasdogan, 2005;
Pomarici and Vecchio, 2013; Ali et al., 2018),
which can negatively influence the degree of
knowledge, appreciation and willingness to pay
for the Spanish PDO EVOO. Lastly, it is worth
taking into account the lower tradition of PDO
food consumption in in Northern and Eastern
European countries (Krystallis ez al., 2017; Kos
Skubic et al., 2018), which negatively influenc-
es the import of these types of products (Sorgho
and Larue, 2014).

Contrary to the arguments put forward by Bon-
net & Bouamra-Mechemache (2016) and Orsini
et al. (2020) for organic food producers, in the
Spanish olive oil agroindustry with PDO labels,
there is no confirmation of greater market power
by the olive mills (producers) over the retail en-
tities that only commercialize the product, which
would positively influence the price perceived by
producers at origin. The diversity of situations
across the PDOs in the sector helps to explain
these results. In some cases, the majority of the
product is distributed and sold directly by the pro-
ducers or an entity they are associated with, with
no companies solely dedicated to bottling and
commercializing the product. This is the case for
A. Campo de Calatrava, A. Campo de Montiel, A.
de la Alcarria, Sierra de Segura, or Estepa. In the
latter case, there are 17 olive mills registered in
the PDO, with 2 companies responsible for com-
mercializing the entire product, both domestically
and internationally. In contrast, the PDO Baena,
the largest in national production, has 19 regis-
tered factories and more than thirty bottling and
marketing companies. However, further research
in this area is warranted.

Among the 22 Spanish PDOs of AOVE that
form the basis of this research, there are signif-
icant differences, including in their size, reg-
istered olive grove area, number of registered
agricultural, industrial, and commercial pro-
ducers, production volume, market diversity in
which their offer is commercialized, and the age
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of the PDO. However, the analysis developed
in the preceding pages allows us to affirm that
certain variables, both on the demand side and
the supply side, condition the price paid at or-
igin for AOVE certified by a PDO in Spanish
territory. On the demand side, this includes the
consumer’s knowledge of the product, which is
enhanced by the PDO’s temporal history and the
presence of olive tourism activities in the pro-
duction area. On the supply side, the commercial
activity carried out by PDO operators in distant
markets outside the EU has a favourable influ-
ence, while the production volume has a nega-
tive effect on the product’s price at origin.

6. Conclusions

In Spain the price paid per kg of PDO EVOO
shows wide dispersion, with variations ranging
in 2021 from 12.36 €/kg in the PDO Priego de
Cordoba to 2.90 €/kg. for the EVOO from the
PDO Estepa. Based on the data provided by
MAPA, the information from the RCs of the
PDOs and using panel data analysis, this study
aims to identify the variables that influence the
price. The results obtained allow to conclude that
the price paid at origin for this foodstuff is pos-
itively influenced by oleotourism in the produc-
ing areas, which promotes familiarity with and
knowledge of the certified product; the ongoing
tradition of the PDO, maintained year after year
through a strict control procedure for which the
RC is responsible; and the sale of PDO-certified
EVOO outside the EU. On the other hand, ex-
ports to EU markets, which are closer but more
competitive and where the Italian product is the
most sought-after and increases in the volume
of production in the PDO do not lead to higher
prices at origin.

Several economic implications can be drawn
from the results. First of all, the production ef-
forts needed to achieve a certified quality food
must be accompanied by a clear promotion and
marketing strategy from the place of origin. It
is only consumers’ familiarity with the product
that will build their trust, set the product apart
from others, and make them willing to pay a pre-
mium price, which will influence the price paid
at origin. Secondly, it is advisable to take advan-

tage of promotion linked to oleotourism. To this
end, it is essential to collaborate with local com-
panies that run this type of activity and even to
implement actions in this field from RCs. Final-
ly, it is a priority to direct part of the production
towards markets outside EU, where the demand
for EVOO is growing, offering an opportunity to
take advantage of this dynamic market.

The main limitation of this study is that it uses
data aggregated by PDO, which are published
each year by the MAPA in collaboration with
the RCs. The information gathered has allowed
an analysis of the sector as a whole, although
it does not consider particular aspects of the
different PDOs, which should be dealt with in
further research. In this respect, future research
on the determinants of the price paid at origin
for PDO EVOO should seek to exploit microda-
ta obtained from entities certified by a PDO. An
analysis in this direction could complement the
understanding of the mechanisms governing the
price paid at origin for products of differentiated
quality. Despite this limitation, this study con-
tributes to the knowledge on the PDO-certified
olive oil sector in the world’s leading supplier of
this foodstuff.
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Abstract

This paper examines the impact of climate variability on agricultural production in 12 Moroccan re-
gions, differentiating between rain-fed and irrigated crops. Using a spatial panel data model with a
21-year (1999-2019), we analyze the impact of climatic and economic variables on three main crops:
cereals, market gardening and rosaceous plants, while taking into account spatial autocorrelation and
regional heterogeneity. The results highlight the sensitivity of various crops to variations in temperature
and precipitation, revealing significant spillover effects due to omitted variables or shocks not observed
in a spatial pattern. Thus, rainfall has a positive impact on rain-fed cereals but a negative impact on
irrigated crops, underlining the inefficiencies of irrigation techniques and the need for sustainable water
management. Irrigated rosaceae crops show high temperature sensitivity, underlining the urgency of
climate-resilient agricultural practices. This finding underscores the urgent need for targeted regional
public policies rather than standardized national policies to mitigate the effects of climate variability on
Moroccan agriculture and ensure its long-term sustainability.

Keywords: Climate variability, Agriculture, Spatial panel data, Production function approach, Morocco.

a decrease in precipitation of more than 20%
between 1961 and 2005 (Driouech et al., 2010).
More recently, Amouzay et al. (2023) identified
a significant structural break in temperature
in 1993 and another break related to precipi-
tation in 1972. These breakpoints confirm the
current trends in climate data. Indeed, a study

1. Introduction

The effects of climate change have been in-
creasingly recognized. Observations of climate
change in the Mediterranean region, presented
in the sixth assessment report (AR6) of IPCC
(2022), show a significant increase in tempera-
ture (from 0.9 to 5.6°C) and a decrease in pre-

cipitation (from 4% to 22%) over the last two
decades of the 21 century.

Morocco, like other Mediterranean coun-
tries, has experienced a temperature increase of
+0.42°C/ decade since 1990, accompanied by

by Driouech ef al. (2021) based on data from
30 meteorological stations covering the period
from 1960 to 2016 showed that the daily tem-
perature in Morocco has risen at higher rates
than the global scale. The depicted trend of
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0.33°C per decade corresponds to a warming of
approximately 1.1°C for 1984-2016. However,
the annual mean precipitation and standardized
drought index showed less spatially consistent
tendencies despite the predominance of nega-
tive trends. Furthermore, projections of climate
trends indicate that this situation is likely to
persist (Filahi et al., 2017).

The increasing variability in precipitation and
high frequency of droughts will likely further re-
duce the availability of water resources (Woillez,
2019). This, in turn, negatively impacts potential
agricultural yields, employment opportunities, and
the purchasing power of rural populations (Abdel-
majid et al., 2021). Indeed, the Moroccan agri-
cultural sector plays a key role in the country’s
economic fabric given its contribution to gross
domestic product (GDP) and its interaction with
other economic sectors. According to report of
Ministry of Economy (2019), the weight of the
Agricultural Gross Domestic Product (AGDP)
in GDP varied between 12% and 14% between
2008 and 2018, with an average of 12.8%. The
agricultural sector also plays a vital social and ter-
ritorial role, employing nearly 40% of the active
population at the national level, and 74% in rural
areas (Ministry of Agriculture, 2019). Agricul-
ture’s vital importance to the national economy
makes a country vulnerable to climate risks that
threaten its food security (Abdelmajid et al.,
2021; Palatnik and Lourengo Dias Nunes, 2015;
Toumi et al., 2021).

This study aims to shed further light on the im-
pact of climate variability on Moroccan agricul-
ture using regional data for key agricultural prod-
ucts in both rainfed and irrigated areas. Indeed,
climate variability manifests itself heterogeneous-
ly in space, with its impact varying significantly
across different regions of the globe (Desmet and
Rossi-Hansberg, 2024). Consequently, regions
whose economies are heavily reliant on agricul-
ture, which is inherently sensitive to tempera-
ture variations and extreme weather events, are
more likely to experience significant damage than
those whose economies are focused on industry
or services, which are generally less dependent on
climatic conditions (IPCC, 2023). Analyzing the
impacts of climate variability on agricultural pro-
duction necessitates a spatial approach, as effects

are not confined to the directly affected regions.
Indeed, Chatzopoulos and Lippert (2016) identi-
fy five key motivations for this inclusion. First, it
minimizes omitted variable bias by incorporating
spatial information otherwise neglected. Second,
it controls for spatial dependence that can emerge
from data aggregation, as aggregated units can
be artificially more homogeneous. Third, inter-
actions between landowners, who inform each
other about prices and valuations, create spatial
dependence. Fourth, land use practices shared
by neighboring farms reinforce this dependence.
Finally, land investments create external benefits
for adjacent plots, which can be modeled using
spatial lags of the explanatory variables. Thus,
our goal is to emphasize the importance of using
spatial panel data models to calculate spatial au-
tocorrelation and spillover effects across regions,
thereby providing policymakers with more accurate
quantitative information on how Moroccan agri-
culture adapts to climate risks. By integrating
the spatial dimension into our analysis, we can
better understand the complex mechanisms link-
ing climate variability to agricultural production
in Morocco, and thus develop more effective and
sustainable adaptation strategies.

This study’s originality lies in its use of recent
disaggregated data (spanning three categories:
regions, products, and production methods) while
explicitly employing spatial econometric tech-
niques applied to panel data to account for spa-
tial effects. Specifically, this article makes three
major contributions to the existing national-lev-
el literature on the impact of climate variability
on agriculture. Firstly, it utilizes a spatial panel
data approach, which captures spatial autocor-
relation and regional heterogeneity, aspects often
overlooked in previous analyses. Literature has
demonstrated that the impact of climate variabil-
ity varies significantly across regions (Auffham-
mer et al., 2013), creating spatial heterogeneity
influenced by geographical and economic fac-
tors (Chen et al., 2016; Coulibaly et al., 2020;
Karahasan and Pinar, 2023; Vaitkeviciute et al.,
2019; Zouabi and Peridy, 2015), thus necessitat-
ing contextualized solutions adapted to local re-
alities (Desmet and Rossi-Hansberg, 2024). This
approach allows us to highlight the geographical
spillover effects of climate variability on agricul-
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tural production across regions, an aspect ignored
by most national studies. This contribution is all
the more important as the literature emphasiz-
es the spatial heterogeneity of climate variabil-
ity impact (Desmet and Rossi-Hansberg, 2024),
requiring solutions tailored to local specificities.
Taking into account the spatial dimension al-
lows for a better delineation of the areas affect-
ed by climate variability and directs adaptation
policies towards regionalized solutions, in line
with local priorities. To the best of our knowl-
edge, this is the first time such an approach has
been adopted to study the impact of climate var-
iability on Moroccan agriculture. Secondly, the
study addresses a gap by focusing on an anal-
ysis of disaggregated data up to 2019, both at
the regional level and for specific crops (cereals,
market gardening, and rosaceous crops), allow-
ing for the distinction of differentiated impacts of
climate variability on various productions. This
multi-level approach, often neglected by nation-
al studies that primarily focus on rain-fed cereal
crops, offers a finer perspective and provides up-
dated evidence on the vulnerability of the Moroc-
can agricultural sector, enabling the identification
of the most climate-sensitive crops. Finally, the
study compares the impacts of climate variabil-
ity on rain-fed and irrigated production systems,
highlighting the limited effectiveness of current
irrigation practices and emphasizing the impor-
tance of investing in more efficient adaptation
strategies. This comparison is essential for devel-
oping agricultural policies that consider the spe-
cificities of each production system and promote
sustainable water resource management.

The remainder of this paper is organized as fol-
lows: The literature review and the methodologi-
cal framework is presented in the Sections 2 and 3.
Section 4 describes the study’s context, variables,
and data sources. It also proposes a spatial ex-
ploratory analysis of agricultural production in
Morocco using global and local spatial autocor-
relation. Section 5. Section 6 concludes the study
and provides policy proposals.

2. Literature Review

A large and active body of literature quanti-
fies the impact of weather and climate change on

agriculture worldwide (see Ortiz-Bobea [2021]
for a recent review of the literature). Indeed, to
properly understand existing relationships be-
tween climate and agriculture, some analysts
(Blanc and Reilly, 2017) emphasize that econo-
mists favor statistical approaches based on farm-
ers’ experience. In particular, these authors distin-
guish the Ricardian approach (Mendelsohn et al.,
1994) and the agricultural production function
approach (Deschénes and Greenstone, 2007)
as those most frequently used in the empirical
literature. On the one hand, the Ricardian ap-
proach is a cross-sectional analysis of land val-
ue per hectare that assumes that farmers behave
optimally in the long term and that land value
reflects the future income stream that the farm-
er would receive from the best land allocation
(Mendelsohn et al., 1994). On the other hand,
the agricultural production function approach is
a panel analysis of net revenue/profit/production
as a function of weather, and is based on the an-
nual behavior of producers seeking to maximize
their revenues (Deschénes and Greenstone, 2007).
This is a short-term approach where agricultural
revenues in the observed year are affected only
by climate variability as measured by weather
conditions in the same year (Aufthammer ef al.,
2013; Dell et al., 2014). The latter approach is
particularly used in developing countries because
of insufficient availability of data for the Ricard-
ian approach (Blanc and Reilly, 2017). African
countries often find it difficult to apply Ricardian
models because of the unavailability of informa-
tion on private landowners in most countries. In
addition, a proportion of agricultural land is held
by village communities or the state, resulting in
a lack of land transactions to assess land values
(Mendelsohn and Dinar, 2009).

A great deal of other work on modeling the
impacts of climate change on agriculture on a
global or regional scale is available in scientific
literature. However, specific studies on Morocco
have been conducted (Balaghi et al., 2016, 2008;
Belcaid and El Ghini, 2019; Fader et al., 2016; Gi-
annakopoulos et al., 2009; Gommes et al., 2009;
Ponti et al., 2014; Rosenzweig et al., 2014; Schil-
ling et al., 2012), as indicated in the synthesis and
analysis of the literature by Woillez (2019). In
particular, we point to a study by the MOSAICC
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project (Balaghi et al., 2016), which used projec-
tions from three different GCMs to simulate the
impact of climate change on rain-fed wheat and
barley (bour) yields using the Aqua Crop model.
According to those authors, increasing tempera-
tures and declining precipitation led to a decrease in
simulated yields for the majority of Morocco’s ma-
jor agricultural regions by the mid-century in both
the RCP4.5 and RCP8.5. Wheat and barley yields
increase only in mountainous regions and in the
north of the country, where warming creates more
favorable conditions. The aggregation of these
yield evolutions and their inclusion in a CGE-type
economic model has a rather limited impact on
Moroccan GDP. Other studies have focused on the
role of public policies, particularly the Green Mo-
rocco Plan (GMP), as tools for adaptation to climate
risks that can ensure food security for Moroccans
(Abdelmajid et al., 2021; Akesbi, 2012; Oulhaj et
al., 2013; Ouraich and Tyner, 2018; Srairi, 2021).
Indeed, Ouraich and Tyner (2018) studied the im-
pact of climate change on productivity shocks in
the agricultural sector. Using a regionalized com-
putable general equilibrium model, the authors
estimated the potential adaptation of Morocco’s
current agricultural development and investment
strategy, the GPM. The results indicated no major
differences between the impacts of climate change
with and without the GPM. In the absence of GPM
adaptation, the impact on GDP ranged from —3.1%
to +0.4%. Including the GPM targets, the impact
on the GDP ranges from —2.9% to +0.43%. Very
recently, Abdelmajid et al. (2021) examined the
constraints induced by climate change on natural
resources and investigated the extent to which the
agricultural sector and GMP can ensure food se-
curity in Moroccans under these constraints. These
authors argue that the Moroccan agricultural policy
pursued until now, and particularly the GMP, may
well aggravate the consequences of climate change
on natural resources, especially water, and, by ex-
tension, the food security of the country as a whole.

Despite the remarkable proliferation of empiri-
cal work over the past two decades, econometric
models incorporating the spatial dimension have
rarely been used to study the impact of climate
change on Moroccan agriculture. Indeed, these
studies fail to account for the spatial interaction of
data, which could potentially introduce estimation

biases (Chen et al., 2016; Schlenker et al., 2006;
Vaitkeviciute et al., 2019). Thus, our intention is
to account for spatial interaction in our modeling,
resulting from both the geographical proximity of
Moroccan regions and our gridded meteorologi-
cal data (Aufthammer et al., 2013), by utilizing
the production function approach initially sug-
gested by Deschénes and Greenstone (2007).

3. Methodology

Our methodology for assessing the poten-
tial impacts of climate change on Moroccan
agricultural production relies on observing the
evolution of meteorological and socioeconomic
variables over a defined period. First, we exam-
ine the empirical model specification adopted in
our case study (3.1), then introduce linear models
with spatial interaction on panel data and specify
the testing procedures employed (3.2).

3.1. Empirical Model Specification

The literature review indicates that the produc-
tion function approach is dominant in many studies
on developing countries owing to data availability.
We use specifications similar to those in Zouabi
and Peridy (2015). This study analyzes the link be-
tween agricultural production and annual weather
fluctuations in Tunisian regions using fixed-effects
models, which would appear to be appropriate for
assessing short-term relationships and should thus
be preferred in the production function approach.
The latter is based on the Cobb-Douglas type pro-
duction function assumption (Jones et al., 2017).
We can estimate the aggregate agricultural produc-
tion function in Morocco while accounting for the
effects of key weather variables on the changes in
agricultural production. The basic Cobb-Douglas
production function can be written as

Yit = F (Kit, Lit, T, Put) = AuKGLPTSPY (1)

where Y, denotes the given production in coun-
try 7 and in year ¢, K;, and L;, reflect respectively
the capital and labor used in agriculture. Capital
was represented by three variables: land, irriga-
tion area, and livestock (or Draught animals).
Labor is represented by the agricultural labor
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force. Tj; and P; correspond to average tempera-
ture and precipitation, respectively. a, 3, 0, and y
are the coefficients to be estimated and can be in-
terpreted as elasticities. 4; includes unobserved
variables (such as soil quality, labor skills, and
technical progress) that can influence agricultur-
al production. These unobserved effects can be
evaluated using the following equation:
Ay = Aetitritei (2)
where u;, v, and g; represent the specific effects
at the regional level, time-specific effects, and
idiosyncratic error terms, respectively.
Substituting (2) into (1) yields:
Vi = Aehitvitein K%LngPg 3)
After log transformation, the fixed effects mod-
el of this study is as follows:

log (Yit) = log(A) + alog (Kit) + Blog (L) +

+ 0log (Tit) + vlog (Py) + pi + v +eit,  (4)

This panel-data model can be used to account
for irrigated crops. Agronomic research suggests
that irrigated crops respond differently to climate
than rain-fed crops do (Mendelsohn and Dinar,
2009). Schlenker et al. (2006) tests different
model specifications by including an irrigation
variable in a model for all counties and then sepa-
rating the sample into irrigated and non-irrigated
counties. Deschénes and Greenstone (2007) and
Wang et al. (2009) build on these results and offer
regression analyses on separate samples as well
as on the full sample, covering both irrigated and
non-irrigated countries. Drawing on these stud-
ies, we substitute agricultural production and
total land area for irrigated crops in Equation 4
when estimating these types of crops.

3.2. Panel Spatial Models used in Climate
Change impact on Agricullure Studies

Most empirical studies based on production
function use panel data. However, over the past
decade, spatial autocorrelation has begun to fea-
ture prominently in econometric studies of the
impacts of climate change on agriculture (Chatz-
opoulos and Lippert, 2016; Chen et al., 2016; Or-

tiz-Bobea, 2016; Polsky, 2004; Schlenker et al.,
2006; Schmidtner et al., 2015; Vaitkeviciute ef al.,
2019). Indeed, the inclusion of state-fixed effects
could amplify the omitted-variable bias if they op-
erate more strongly within states than across states,
as shown in Ortiz-Bobea (2021). Nonetheless, the
introduction of the spatial panel model address-
es this issue and allows for convincing control of
time-invariant confounders. Because our sample
is composed of regions that are part of the same
country and have common characteristics (in terms
of climate, infrastructure, production systems,
etc.), it is necessary to consider the interactions
caused by geographical proximity, also called spa-
tial interaction, in the modeling. Consequently, we
follow Vaitkeviciute et al. (2019) and Karahasan
and Pinar (2023) in our analysis and adopt a panel
Spatial Error Model (SEM), which is the most suit-
able specification for this type of aggregated data.
Indeed, according to Vaitkeviciute et al. (2019), a
Spatial AutoRegressive (SAR) model and a Spa-
tial Lag to the explanatory X variables (SLX mod-
el) are not suitable for our case because the SAR
model is interesting in the context of individual
(farm)-level data, whereas the SLX model is ex-
cluded because of collinearity issues. This leads
us to work with an SEM that captures the global
spatial autocorrelation. In other words, the spatial
autocorrelation of errors implies the possible pres-
ence of measurement errors that tend to propagate
across aggregated unit boundaries, omitted vari-
ables, or unobserved shocks that follow a spatial
pattern. In addition, the existence of spatial auto-
correlation can be explained by different data as
well as by the aggregation process scales.

The SEM model is better suited for aggregated
data, mainly because of the possible existence
of spatial autocorrelation in the residuals, which
in turn can be attributed to the construction of
weather data (Vaitkeviciute et al., 2019). There-
fore, we used an SEM panel model that implies
the following residual term:

log (Yit) = log(A) + alog (Kit) + Blog (L) +
+ 0log (Tit) + vlog (Py) + i + vt +eie, (5)

N
such that Eit = P Y et WikMik + €its

where g correspond to the residual term which
is composed of the spatially autocorrelated error
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term, wj is the generic element of a nonnega-
tive, N x N spatial-weight matrix Wy in which
neighborhood relationships between regions are
defined, p is the spatial autocorrelation coeffi-
cient that captures a correlated effect of unob-
servable characteristics, #;; is the spatially corre-
lated error term, and ¢, is the error term.

The choice between these models is made
through specification tests described in the practi-
cal bottom-up approach (see Le Gallo [2002] for
a summary), which begins with the non-spatial
model. We then use Lagrange Multiplier tests
(LMLAG and LMERR) and their robustness
(Robust-LMLAG and Robust-LMERR) to de-
termine the SAR, SEM, or non-spatial model
(Anselin, 1988; Anselin ef al., 1996).

4. Context, Data and Exploratory Analysis

This study leverages panel data collected from
a sample of 12 regions within Morocco spanning
the period from 1999 to 2019. Our selection of
variables and regions was constrained by the
availability of consistent data on both climate and
agriculture. In this section, we first provide con-
text (4.1) by outlining the Moroccan agricultural

landscape, highlighting the predominance of rain-
fed areas and the importance of cereal produc-
tion. It also emphasizes the spatial and temporal
variability in agricultural production, and under-
scores the impact of spatial concentration of crops
on regional economic performance. The second
sub-section (4.2) details the data sources used in
the analysis, explaining the origin and measure-
ment of economic and meteorological variables,
and emphasizing the importance of accounting
for crop-specific growing seasons. Finally, the
third sub-section (4.3) focuses on spatial explora-
tory analysis, using the Moran’s I test to identify
the spatial autocorrelation of agricultural produc-
tion across Moroccan regions and exploring po-
tential explanations for this spatial dependence.

4.1. Conlextualizing the Moroccan
Agricultural Landscape

With an area of nearly 8.7 million hectares,
Morocco’s Useful Agricultural Area (UAA) is
rich in agro-climatic systems that allow it to pro-
duce a very wide range of crops in Morocco, both
irrigated and non-irrigated. These are mainly ce-
reals, fruit crops (generally composed of rosacea,

Figure 1 - Breakdown of the main crops and UAA in Morocco.

(a) The main crops production

(b) The utilised agricultural area (UAA)

Source: Ministry of Agriculture, 2019.
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olives, and almonds), fallow land, fodder crops,
market gardens, leguminous, and others (Minis-
try of Agriculture, 2019). However, this UAA is
characterized by the dominance of rain-fed are-
as (Bour) (up to 80% of the total UAA) and the
consequent weight of cereals (nearly 59% of the
total UAA, that is, 79% of the UAA in rain-fed
areas, as shown in Figure 1).

Analysis of inter-regional variability over the

period 1999-2019 shows that production instabil-
ity is not only temporal but also spatial. Indeed,
the distribution by regional zone shows that
most crops are spatially concentrated (Figure 2
below). For example, cereals and tree crops are
located in the northwest (Tangier-Tetouan-Al-Ho-
ceima, Rabat-Salé-Kenitra, Casablanca-Settat,
Marrakech-Safi, Béni Mellal-Khénifra) and
northeast (Fez-Meknes and Oriental) regions, re-

Figure 2 - Agricultural production in Morocco: spatial patterns of irrigated and rainfed crops (1999-2019).

(a) Irrigated Cereals

under 23137.18
23137.18 — 88534.55
88534.55 — 197179.97
over 197179.97

EEOD

(c) Irrigated market gardens

under 134999.42
134999.42 - 407666.5
407666.5 — 957638.9
over 957638.9

EEOO

(e) Irrigated Rosaceous

under 8068.45
8068.45 - 72932.05
72932.05 - 141719.8
over 141719.8

EEOO

(b) Rainfed Cereals

under 53366.73
53366.73 — 361987.05
361987.05 — 1038313.27
over 1038313.27

EEOD

(d) Rainfed market gardens

under 8125.55
8125.55 - 61639.95
61639.95 - 133624.38
over 133624.38

BEEOO

(f) Rainfed Rosaceous

under 247.5
247.5 - 4471
4471 — 19028.78
over 19028.78

EEOO
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spectively. This explains the differentiation in the
performance of the agricultural sector according to
these regions in terms of their weight in the nation-
al AGDP. Indeed, according to report of Ministry
of Economy (2019), during the period 2001-2016,
the region of Fez-Meknes recorded the largest
share in the national agricultural value-added, with
an average share of 16.5%, followed by the region
of Marrakech-Safi (14.2%), Rabat-Salé-Kénitra
(13.4%), and Casablanca-Settat (12%).

4.2. Data Sources and Measurement

As previously mentioned, we use regional
panel data describing the annual production of
three types of crops: Cereals (aggregation for ce-
real products: wheat, barley, and corn), Market
Gardening (aggregation for products: Tomatoes,
Potato and Onion), and Rosaceous (aggregation
of products: Almond, Apricot, Plum, Apple and
Pear) as a function of meteorological variables
(Precipitation and Temperature) and agricultur-
al inputs (Total Area of Rain-fed and Irrigated
Land, Livestock and Labor) in the twelve Mo-
roccan regions, namely Tangier-Tetouan-Al Ho-
ceima, Oriental, Fez-Meknes, Rabat-Salé-Kéni-
tra, Béni Mellal-Khénifra, Casablanca-Settat,
Marrakesh-Safi, Draa-Tafilalet, Souss-Massa,
Guelmim-Oued Noun, Ladyoune-Sakia El Ham-
ra, Dakhla-Oued Ed-Dahab. The time dimension
of the panel data covers a period of twenty-one
years (1999-2019).

The data concerning economic variables (Pro-
duction, Labor, Capital) is drawn from the da-
tabase built with the help of Geographic Infor-
mation Systems (GIS) existing since the 1990s
at the level of the Haut Commissariat au Plan
(HCP)!. Production is measured in tons. The con-
tribution of capital is represented by livestock (in
this context, refers to draught animals) and land
inputs. Indeed, the capital requirements of tradi-
tional agriculture are low, and Moroccan agricul-
ture relies mainly on animal traction. Therefore,
we use the number of donkeys, horses, and mules
as an indicator of this livestock input, as it was
done in many other studies (Antle, 1983; Barrios

et al.,2008; Frisvold and Ingram, 1995; Hayami
etal., 1971; Nguyen, 1979). Land supply is rep-
resented by the total area of rain-fed agricultural
land measured in hectares. Irrigation can be crucial
for production under drought conditions, so it is
important to account for changes in the propor-
tion of irrigated land per hectare over time when
estimating irrigated crop production function
(Ward et al., 2014). Labor is also a key determi-
nant of the agricultural production function. We
employ the regional agricultural labor data drawn
from the HCP database to account for this factor
in our production function specifications.
Finally, meteorological data at the regional
level, including average monthly temperature
and total monthly precipitation, are gridded data
extracted from the Global Climate Monitor (GC-
Mon) Web Viewer database. This tool, which is
both a data model and a visualization platform,
provides access to global climate data (Camaril-
lo-Naranjo et al., 2019). The data available are
based on the CRU TS3.21 version of the Univer-
sity of East Anglia Climate Research Unit da-
tabase, covering the period from January 1901
to December 2012, with a spatial resolution of
half a degree in latitude and longitude (Harris
et al.,2014; 2020). From January 2013 until the
present, data supplying the GCMon system have
come from the Global Precipitation Climatol-
ogy Centre (GPCC) for precipitation (Fan and
Van den Dool, 2008), and the Global Historical
Climatology Network-Monthly (GHCN-M) ver-
sion 3.2.1 for global mean temperature (Ziese et
al., 2011). The collected monthly weather data
were then used to aggregate the annual weather
variables (mean temperature and total cumula-
tive precipitation), to account for the effects of
weather fluctuations at the specific periods of
the year when climate is critical to the growth
of rain-fed crops. Indeed, according to Blanc and
Reilly (2017) the use of variables from specif-
ic periods of the year in the estimates makes it
possible to capture discrete parts of the response
function. For this reason, and using information
on the normal agricultural growth cycle in Mo-
rocco by year provided by Balaghi et al. (2008),

! Annuaire Statistique des Régions from 1999 to 2019, available at the library of HCP.
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Table 1 - Descriptive statistics.

Statistic Notation N Mean | St. Dev. | Min Max

Log Rainfed Cereals LogRainf Cer 210 17.338 | 3.515 5.132 | 21.298
Log Irrigated_Cereals Loglirg Cer 210 15.876 | 2.650 2.322 | 19.004
Log Rainfed Rosaceous LogRainf Ros 210 13.755 | 2.426 7.622 | 17.462
Log Irrigated Rosaceous Loglrrg Ros 210 16.572 | 2.365 7.868 | 19.865
Log Rainfed Market Gardening |LogRainf MarkG 210 14.238 | 2.486 4.907 | 18.378
Log_Irrigated Market Gardening | Loglrrg MarkG 210 18.664 | 1.640 | 13.694 | 20.906
Log_Labor Loglabor 210 18.430 | 1.123 | 15.009 | 19.692
Log Land LogLand 210 17.675 | 2.696 9.155 | 20.341
Log_Livestock LogLivestock 210 6.752 1.647 0.848 8.583
Log_Mean Temperature LogTmean 210 3.782 0.233 2911 4.147
Log Total precipitation LogRainf 210 10.194 | 0.981 7.460 | 12.563

we calculated the weather variables for the grow-
ing season for each of the three crops examined in
our case study?.

However, since irrigation is technically prac-
ticed throughout the year, we aggregate the me-
teorological variables annually (from January
to December) without taking into consideration
the growing seasons of the irrigated crops. Ta-
ble 1 presents the descriptive statistics of our
economic data.

4.3. Exploratory Spatial Analysis

This section examines the spatial dimension of
agricultural production and climate variability in
Morocco through spatial autocorrelation analysis.
Building on the global spatial correlation identi-
fied by Moran’s I (4.3.1), we utilize the Local
Indicator of Spatial Association (LISA) to ex-
plore the localized patterns of crop production
and meteorological variable clustering (4.3.2).

43.1. Exploring Spatial Dependence: Evidence
from Moran’s I Statistic

The spatial dimension of the geographic loca-
tion of agricultural production and meteorological

variables can be further explored using global
correlation statistics, such as the Moran’s I test,
which identifies spatial correlation between Mo-
roccan regions. This test, first introduced by Mo-
ran (1948), determines whether regions with similar
values for agricultural production and meteorological
variables tend to cluster together spatially.
The Moran’s I statistic is defined as follows:

o S Wl -0 -
fw = i Wi >ilyi —7)? ©

Table 2 presents the results of Moran’s I test, its
standard deviations (Sd(I)) and p-value, allowing
for assessment of the significance of its results for
agricultural production and meteorological vari-
ables. Moran’s I statistic is calculated using the
neighborhood matrix W and the values of the
variable under study. To analyze the spatial rela-
tionships between the data, we employed spatial
weight matrices, which represent the neighbor-
hood relationships between data points. Inspired
by the work of Le Gallo and Ndiaye (2021), these
matrices are commonly used in spatial economet-
rics and allow for quantifying the influence of
neighboring points on a given point. We consid-

2 According to Balaghi ef al. (2008), the cropping-practices are adapted to the bimodal rainfall distribution in the
country. The first peak in autumn—winter fills the soil moisture reserves and allows the establishment of the crop. The
second peak in the spring months is used for dry matter accumulation. Sowing takes place between September and
December, depending on the precocity of first precipitations in autumn. Harvest starts around June in the South and
continues until July for the Northern regions, as temperatures rise first in the South.
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Table 2 - Global spatial correlation test Moran’s I.

Variables Moran's I statistic | Standard deviation p-value
Rainfed Crops

Log Rainfed Cereals 0.269*** 3.385 0.00035
Log Rainfed Market Gardening 0.241** 2.0859 0.01849
Log_Rainfed Rosaceous 0.318*** 1.5486 6.002¢7
Irrigated Crops

Log_Irrigated Cereals 0.225%** 2.9762 0.0014
Log Irrigated Market Gardening 0.257** 2.1866 0.0143
Log_Irrigated Rosaceous 0.157*** 2.3386 0.0096
Meteorological Variables

Average Precipitation 0.434*** 3.296 0.00049
Average Temperature 0.306™** 2.4901 0.0063

ered three types of matrices: a Gabriel’s neigh-
bor-based adjacency matrix (Weon), a S-nearest
neighbor matrix (W,.s), and an inverse distance
matrix (Wgipverse). Graphical representations of
these matrices are provided in Figures 6, 7, and
8 of Appendix A.

Since we are using gridded meteorological data
which can lead to spatial correlation resulting in
significant impacts between neighboring regions
(Aufthammer ef al., 2013), we only present here
the results associated with the Wiyerse matrix, as
it has the strongest explanatory power and pro-
motes the most intuitive economic interpretation.
The Moran’s I test reveals a significant positive
spatial autocorrelation for all agricultural crops,
both rainfed and irrigated. This indicates that
agricultural production in Morocco exhibits a
strong spatial correlation, with regions of high
or low agricultural production tending to cluster
together. Furthermore, a significant positive spa-
tial autocorrelation is found for both temperature
and precipitation, confirming the spatial variabil-
ity of Morocco’s climate. This correlation can be
attributed to various factors, including land qual-
ity suitability for specific crops, shared climatic
characteristics with neighboring regions, effec-
tive farmer organization, and economies of scale.

43.2. Spatial Clustering Analysis: Evidence
from LISA

While Moran’s I test effectively identifies
global spatial autocorrelation, its limitation lies
in its inability to provide insight into the local

structure of this correlation. As Anselin (1995)
points out, Moran’s I test offers a global per-
spective, neglecting to reveal the intricacies of
localized spatial dependencies. To overcome
this limitation, we employ the Local Indicator of
Spatial Association (LISA) a technique that goes
beyond global analysis.
The most commonly used LISA is the local
Moran’s I, defined as follows:
Li=@i-0) Wil =9 (O
j
LISA pinpoints significant clusters of similar
values surrounding a specific location and also
identifies areas of spatial non-stationarity (Anse-
lin, 1995), which deviate from the overall global
pattern. In our case study, LISA allows us to dis-
cern four distinct scenarios:
* HH: a High production region is surrounded
by other High-production regions
» LL: a Low production region is surrounded by
other Low-production regions
* HL: a High production region is surrounded
by Low-production regions
* LH: a Low production region is surrounded
by High-production regions
In the first two cases (HH and LL), local au-
tocorrelation is positive while in the other cases
(HL and LH), local correlation is negative.
Figure 3 provides spatial clustering patterns
corresponding to the LISA index of each agri-
cultural production for the three rain-fed and ir-
rigated crops respectively. The local test, using
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Figure 3 - Spatial clustering patterns of irrigated and rainfed crops using LISA in Moroccan regions (1999-2019).
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the LISA index, reveals a positive local spatial
autocorrelation for both irrigated and rainfed
cereals (Figures 3a and 3b below). This means
that regions with high cereal production tend to
be surrounded by other regions with high produc-

tion levels, which corresponds to the HH scenario
identified by LISA. In other words, we observe a
spatial clustering in the northern regions of Moroc-
co, which exhibit high cereal production, in con-
trast to the southern regions that display a negative
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Figure 4 - Spatial patterns of average precipitation and temperature in Morocco (1999-2019).
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Figure 5 - Spatial Clustering Patterns of average precipitation and temperature using LISA in Moroccan Regions
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local spatial autocorrelation. The latter indicates a
spatial clustering of regions with low cereal pro-
duction, which tend to be surrounded by other
regions with low production. This result con-
firms the idea that favorable conditions for cereal
production, such as water availability, irrigation
infrastructure, and suitable agricultural practic-
es, are concentrated in the northern regions of
the country.

The same observation is made for market gar-
dening and rosaceous crops (Figures 3c, 3d, 3e
and 3f), but with a less marked intensity than for
cereals.

This means that there is a significant spatial
clustering in the northern regions, where market

gardening and rosaceous crops show high pro-
duction. These regions tend to be surrounded by
other regions with high production of the same
crops, which corresponds to the HH scenario iden-
tified by LISA. However, there are also regions
with low production of these crops that tend to be
surrounded by other regions with high production,
which corresponds to the LH scenario identified
by LISA. If we take, for example, rainfed mar-
ket gardening (Figure 3d), we find that the re-
gions “Casablanca-Settat, Marrakech-Safi and
Béni Mellal-Khénifra” exhibit high production
of rainfed market gardening and tend to be sur-
rounded by other regions with high production
of rainfed market gardening. In contrast, the
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“Draa-Tafilalet” region is a region with low pro-
duction of rainfed market gardening, and it tends
to be surrounded by other regions with high pro-
duction of rainfed market gardening.

However, for irrigated rosaceous crops (Figure
3e), the local test reveals a negative spatial au-
tocorrelation. This means that regions with low
production of irrigated rosaceous crops are sur-
rounded by regions with high production of irri-
gated rosaceous crops, which corresponds to the
LH scenario identified by LISA. This particular
spatial dynamic could be explained by the influ-
ence of specific restrictive conditions associated
with these crops, such as water availability for
rainfed market gardening or temperature and light
requirements for irrigated rosaceous crops. More-
over, market pressures and competition could also
play a role, with low-producing regions potential-
ly facing challenges in market access and profita-
bility, while high-producing regions benefit from
organizational advantages and expertise.

The geographic concentration of crops in north-
ern Morocco is primarily driven by a well-defined
climatic boundary separating a wetter north from
a drier south. Figure 4 above illustrates the spa-
tial clustering patterns corresponding to the LISA
index of temperature and precipitation variables,
respectively. This climatic boundary is evident
in the spatial variability of precipitation, which
is more pronounced in the north (Figure 4a). In
contrast, the south is characterized by an arid cli-
mate (Figure 4b). Spatial analysis confirms this
climatic variability. The Moran’s I test reveals
a significant positive spatial autocorrelation for
both temperature and precipitation (Table 2),
which is further supported by the local LISA test
(Figure 5b and 5a). Regions in the south with
high average temperatures tend to be surrounded
by other regions with similar high temperatures
(HH scenario), while the opposite is true for pre-
cipitation in the north. This positive local spatial
autocorrelation for temperature in the south and
precipitation in the north highlights the climatic
differences that explain the concentration of crops
in the north. Indeed, according to Ezzine et al.
(2017) the northern part of Morocco is character-

ized by a sub-humid Mediterranean-type climate,
with an average annual rainfall of 1200 mm,
which is favorable for agriculture, while, the
southern part is characterized by a Saharan (dry)
climate, with average annual rainfall of less than
100 mm, which is not suitable for agricultural
production. This diversity is due to the combi-
nation of several factors, namely its latitudinal
location, the influence of the Atlantic Ocean and
the Mediterranean Sea, and the influence of ele-
vation through Atlas and Rif mountains (Ezzine
et al., 2017). The northern regions benefit from
several favorable conditions for the development
of agricultural production. Indeed, in the Tangi-
er-Tetouan-Al-Hoceima region, for example, the
useful agricultural area represents nearly 38% of
the total area. Thus this region, thanks to the large
hydraulic basin of Loukkous, is endowed with a
significant irrigated agricultural perimeter, whose
proportion of irrigated land represents 10% of the
Tangier-Tetouan region and 6% of the Taza-Al
Hoceima-Taounate® region. These physical char-
acteristics combined with the Mediterranean-type
climate and oceanic influence, with a rainy season
that lasts from October to March, are favorable to
the production of this type of crops and explain
why the northern regions, with high production of
such crops, are surrounded by similar region with
high production.

5. Estimation Results and Discussions

This section presents the results of estimating
the impact of climate variability on agricultural
production across 12 Moroccan regions (5.1).
We then delve into a comprehensive discussion
of these results, exploring their implications and
highlighting the limitations of our study (5.2).

5.1. Interpreting Estimation Results

This section delves into a detailed interpretation
of the estimation results, examining the influence
of both climatic and economic factors on agricul-
tural production in Morocco. We begin by dis-
cussing the specification tests and model selection

* http://www.apdn.ma/index.php?option=com_content&view=article&id=233&Itemid=227&lang=fr.
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process employed to ensure the robustness and
validity of our findings. Subsequently, we analyze
the impact of climatic variables, particularly tem-
perature and precipitation, on the production of
both rainfed and irrigated crops, emphasizing the
significance of spatial autocorrelation in shaping
these effects. We then explore the role of eco-
nomic variables, including labor, capital, and land
area, in influencing agricultural production and
reveal any disparities across different crop types

5.1.1. Specification Tests and Selection
of the Appropriate Model

Following the practical bottom-up approach,
we begin our specification with a non-spatial or-
dinary least squares (OLS) regression model as
a reference (Elhorst, 2003). We performed a few
specification tests tailored to the spatial panel
data shown in Table 3 below. First, we used the
classical Lagrange Multiplier (LM) and Robust
Lagrange Multiplier (RLM) tests applied on the

Table 3 - Pooled OLS estimation and tests for spatial autocorrelation.

Dependent variable
LogRainf | Loglrrg Cer | LogRainf Loglrrg LogRainf" Loglrrg
Cer Ros Ros MarkG MarkG
) 2 () ) ) ©
LogLabor —1.275%** 0.059 -0.019 —0.056 —0.689 1.167***
(0.375) (0.389) (0.393) (0.420) (0.565) (0.241)
LoglLand 1.054%** 0.085 0.364*** 0.077 —0.033 0.037
(0.080) (0.083) (0.084) (0.090) (0.121) (0.052)
LogLivestock 1.013*** 1.206*** 0.201 0.865** 1.117** —0.065
(0.306) (0.317) (0.320) (0.342) (0.460) (0.196)
LogTmean —-0.928* —2.355%** 3.059*** —4.045%** 1.851** 1.240***
(0.550) (0.571) (0.576) (0.616) (0.829) (0.353)
LogRainf 0.231* —0.291** 0.588*** —0.244* 0.292 0.091
(0.125) (0.130) (0.131) (0.140) (0.189) (0.081)
Constant 16.529*** 17.013%** —11.247** 28.192%** 10.009 —8.669™*
(5.251) (5.444) (5.495) (5.874) (7.910) (3.370)
Observations 210 210 210 210 210 210
R2 0.835 0.689 0.621 0.545 0.253 0.689
Adjusted R2 0.831 0.681 0.612 0.534 0.234 0.681
(Fd?jt:tizco g | 2068767 | 90198 | 66.9BS™T | 4RS84 | 137997 | 90208
Hausman test: 14.697** 9.608* 749.47**%* 17.482%** 16.064*** 14.378**
Spatial test Tests for spatial dependence on residuals
LM test: Iml 0.626 15.219%** 6.022** 0.956 3.590** 52.266***
LM test: lme 20.33%** 3.962** 7.492%** 25.907*** 3.485* 2.108
RLM test: Rlml 2.987* 23.3%** 14.702*** 1.134 10.248*** 55.349***
RLM test: Rlme | 22.691*** 12.044%** 16.173%** 26.085%** 10.143%** 5.191**
tselz‘fial Hausman| o gqzer | 12345%% | 14.136" | 16274"*% | 194027 | 23.188%**

Note: * significant at 10% level, ** significant at 5% level, *** significant at 1% level.
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error terms (LM,,) and spatial lags (LMs) to de-
cide between the SEM, SAR, and the non-spatial
model (Anselin et al., 1996). Generally, these
tests reject the hypothesis of no spatial correla-
tion for the error terms and spatial offsets.

Indeed, the classical LME, and RLME, tests
showed that the null hypothesis of no spatially au-
to-correlated error term is strongly rejected at the
1% and 5% significance level while suggesting
that the SEM specification is the most appropriate
for all the crops studied. Next, the spatial Haus-
man test (SHT) was used to test the effectiveness
of the spatial random effects estimator. The coef-
ficients related to the SHT test were highly sig-
nificant and showed that the fixed effect model
is the most appropriate. Finally, all of these tests
suggested that the specification that considers
both spatial error autocorrelation and individual
heterogeneity in a fixed-effect model (FE-SEM)
is the most appropriate for our case study.

5.1.2. Impact of Climate Variability
on Agricultural Production

The results of the FE-SEM model estimation
for rainfed and irrigated crops are presented in
Table 4. Moreover, for robustness, the results of
the SAR estimator are also presented in Table 5

Table 4 - Estimation results of spatial error model (SEM).

in Appendix B. Examining the coefficients of the
meteorological variables in the FE-SEM model,
we observe a more significant impact of mete-
orological variables on agricultural production
in Morocco. Furthermore, the FE-SEM model
demonstrates that cereal production is highly sen-
sitive to temperature and precipitation. Indeed,
the temperature coefficients exhibit a negative
sign on the production of this crop. These coeffi-
cients indicate that, ceteris paribus, a 1% change
in temperature generates a decrease of 1.149%
and 2.469% in rainfed and irrigated production,
respectively. The negative sign of the temperature
variable coefficients is not surprising and signifies
that high temperatures have detrimental effects
on cereal production in Morocco. It is notewor-
thy that this sector still occupies nearly 60% of
the total useful agricultural area, of which 90% is
cultivated in rainfed areas (Ministry of Economy,
2019). This concentration of cereals, particularly
in unfavorable rainfed areas, makes it more vul-
nerable to climatic hazards, explaining the neg-
ative sign of the temperature coefficient. Conse-
quently, this vulnerability will persist.

Regarding precipitation coefficients, they ex-
hibit a positive sign for rainfed production and
a negative sign for irrigated production. These

Dependent variables
LogRainf | Loglrrg Cer | LogRainf | Loglrrg Ros| LogRainf Loglrrg
Cer Ros MarkG MarkG
LogLabor —-0.232* 1.330*** —1.030*** 2.080*** —-0.182 0.591%***
(0.067) (0.135) (0.258) (0.285) (0.195) (0.170)
LogLand 1.011*** 0.180™** 0.339*** -0.119 -0.070 0.044
(0.068) (0.069) (0.077) (0.082) (0.104) (0.050)
LogLivestock 0.257 0.352** 0.728*** —0.359 0.761%** 0.2952*
(0.157) (0.178) (0.249) (0.253) (0.251) (0.161)
LogTmean —1.149** —2.469** 2.911%** —4.346*** 2.505%** 1.208*
(0.487) (0.535) (1.063) (1.081) (0.764) (0.671)
LogRainf 0.578*** —0.434** 0.866™** 0.064 0.376** —0.002
(0.117) (0.123) (0.149) (0.143) (0.182) (0.101)
P —0.257*** —0.593*** —0.368*** —0.266*** —0.255*** —0.193**
(0.092) (0.093) (0.089) (0.062) (0.091) (0.092)
Observations 210 210 210 210 210 210

Note: * significant at 10% level,

** significant at 5% level, *** significant at 1% level.
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coefficients indicate that, ceteris paribus, a 1%
change in precipitation generates an increase of
0.578% in rainfed production and a decrease of
0.434% in irrigated production, suggesting low
efficiency of irrigation techniques. This ineffi-
ciency is partly linked to the issue of water re-
allocation. While drip irrigation is considered an
efficient technology, it does not guarantee water
savings at the watershed level, as it can affect
return flows and therefore water availability for
other users. Climate change, by accentuating the
decrease in precipitation and increasing evapo-
ration, risks exacerbating this situation, creating
increased competition for water and enhancing
the risk of groundwater overexploitation. This
overexploitation aggravates inequalities in access
to groundwater, as more affluent farmers can
continue to irrigate while others are forced to
reduce or abandon their production. Furthermore,
the lowering of groundwater levels makes drilling
more expensive and pumps less efficient, reduc-
ing farmers’ profitability.

The results for irrigated rosaceous crops are not
significantly different concerning climatic varia-
bles. For instance, irrigated rosaceous crop produc-
tion is highly sensitive to temperature, showing a
negative coefficient indicating that, ceteris paribus,
each 1% increase in temperature causes a decrease
of 4.346% in irrigated rosaceous crop production.
Conversely, the coefficient for the precipitation
variable is not significant. This result highlights
that irrigated rosaceous crops are more sensitive to
thermal conditions than to precipitation. Tempera-
ture directly affects crop growth and development,
and a rise in temperatures can lead to water stress,
decreased pollination, and an increase in diseases
and pests. Moreover, a rise in temperatures caus-
es an increase in plant transpiration as they seek
to cool themselves by releasing water as vapor
(Molle and Tanouti, 2017). Drip irrigation, while
optimizing water input, is not always sufficient to
compensate for this increase in transpiration, espe-
cially under water stress conditions. The depend-
ence of these crops on irrigation therefore makes
them more vulnerable to temperature variations, as
water availability is insufficient to offset negative
effects, particularly increased transpiration (Molle
and Tanouti, 2017).

On the other hand, the FE-SEM model shows

that rainfed rosaceous crop production and mar-
ket gardening (rainfed and irrigated) are less
vulnerable to climate change. Indeed, the coeffi-
cients of the “temperature” variable exhibit a pos-
itive sign for the agricultural production of these
crops. The positive sign indicates that, ceteris par-
ibus, each 1% increase in temperature generates
an increase of 2.911%, 2.505%, and 1.208% in
the agricultural production of rainfed rosaceous
crops and market gardening (rainfed and irrigat-
ed), respectively. This result can be explained by
the fact that the positive effect of the temperature
variable coefficient depends on other parameters
specific to the crop and its environment, and that
higher temperatures during the growing season
could have a positive effect on the growth of cer-
tain crops. This suggests that these crops thrive
in warm weather conditions and are therefore not
highly sensitive to global warming.

This result is partially explained by the adap-
tation of crops and agricultural practices follow-
ing the GMP. This program has encouraged the
adoption of more resistant and profitable crops,
such as rosaceous crops and market gardening,
and has promoted the use of drip irrigation. Drip
irrigation can contribute to crop growth despite
higher temperatures by ensuring optimal water
supply. Additionally, rainfed rosaceous crops and
rainfed market gardening naturally benefit from
a certain resilience to the semi-arid climatic con-
ditions of Morocco. However, it is important to
highlight that groundwater overexploitation and
rising temperatures can eventually negatively af-
fect these crops. It is crucial to continue research
and monitor the evolution of these crops in the
face of climate variability to anticipate risks and
adapt agricultural practices.

5.13. Spatial Error Autocorrelation
and Spillover Effects

The spatial error autocorrelation coefficient,
p, is negative and highly significant for all agri-
cultural productions, indicating the presence of
spillover effects between Moroccan regions. This
result supports the argument that unobserved fac-
tors are spatially correlated, even after controlling
for factors such as weather and agricultural inputs.
These unobserved factors include insufficient co-
hesion of agricultural public policies at the region-
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al level, creating disparities. The GMP has had a
significant impact on Moroccan agriculture by en-
couraging drip irrigation and easing access to land.
However, this policy, while aiming to modernize
and develop agriculture, has generated significant
negative effects on water resource management.
Take the example of the Gharb region. The GMP
has facilitated access to land owned by the state
and the privatization of collective lands, attracting
investors eager to develop intensive agricultural
projects based on drip irrigation. At the same time,
generous subsidies offered for drip irrigation have
encouraged many farmers to exploit wells without
authorization, increasing pressure on groundwater
and exacerbating the overexploitation of the Gharb
aquifer. This situation highlights a crucial prob-
lem of the impact of agricultural policies favora-
ble to one region on neighboring regions. Indeed,
the concentration of investments and subsidies
in the Gharb has led to increased competition for
water resources, negatively affecting neighboring
regions such as Loukkos and Doukkala. These
regions, already facing problems of groundwater
overexploitation, are seeing their situation deterio-
rate due to the decrease in return flows in aquifers,
originating from areas where drip irrigation is prac-
ticed intensively.

Furthermore, poor farmer organization can ex-
clude smallholders, who lack resources and have
unequal access to markets and modern agricultur-
al adaptation technologies. Certain unsustainable
agricultural practices, such as overgrazing and
deforestation, contribute to soil erosion and fertil-
ity loss. Moreover, excessive use of inputs, such
as pesticides and fertilizers, exacerbates these
problems. Furthermore, monoculture (cereals)
over vast areas reduces plant biodiversity, while
excessive irrigation and lack of drainage lead to
soil salinization. Recurrent periods of drought
put significant pressure on groundwater resourc-
es, making Moroccan agriculture more vulnerable
to climate change. In other words, spatial error
autocorrelation implies the possible presence of
measurement errors that tend to propagate across
aggregation unit boundaries, omitted variables,
or unobserved shocks following a spatial pattern.
Moreover, the existence of spatial autocorrelation
could be explained by the different data scales
and the aggregation process.

5.1.4. Impact of Economic Variables
on Agricultural Production

Concerning economic variables, capital and
labor factors have a statistically significant im-
pact on Moroccan agricultural production. The
FE-SEM model shows that regional agricultural
production is highly dependent on agricultural
labor in Morocco. Indeed, the coefficients of
this production factor exhibit a positive sign in-
dicating that, ceteris paribus, each 1% increase
in agricultural labor generates an increase of
1.330%, 2.080%, and 0.591% in the production
of cereal, rosaceous, and irrigated market garden-
ing, respectively. Unexpectedly, however, labor
seems to have a detrimental effect on some rainfed
crops. Indeed, ceteris paribus, each 1% increase in
agricultural labor generates a decrease of 0.232%
and 1.030% in the production of rainfed cereals and
rosaceous crops, respectively. This result appears
unexpected at first glance.

The unexpected impact of labor on the pro-
duction of some rainfed crops can be explained
by several factors. First, the structure of agricul-
tural employment in Morocco is dominated by
self-employed workers and family businesses,
often involving unpaid and unskilled labor. This
situation is reinforced by the fact that the agri-
cultural sector faces an aging workforce, with a
gradual decline in the working-age population
in rural areas. Moreover, the harvest of these
crops requires specific skills that workers do
not always possess, leading to low productivi-
ty. Finally, the use of inadequate or poor-quality
tools contributes to a decrease in production. It
is therefore crucial to invest in worker training
and improve the quality of tools used to increase
labor productivity in the agricultural sector. The
model predicts a significant positive impact for
livestock (Draught animals), indicating that, ce-
teris paribus, each 1% increase in this production
factor generates an increase of 0.352%, 0.728%,
0.761%, and 0.295% in the production of irrigat-
ed cereals, rainfed rosaceous crops, and rainfed
market gardening and irrigated market gardening,
respectively. This demonstrates the crucial role of
livestock in agriculture, explaining its traditional
aspect in Moroccan regions. While for irrigated
rosaceous crops, the model predicts a negative
but non-significant impact for livestock, indicat-
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ing that, ceteris paribus, each 1% increase in this
production factor generates a decrease of 0.359%
in irrigated rosaceous crop production. Several
factors can explain this negative impact. First,
the trampling of livestock can compact the soil,
reducing water infiltration and increasing runoff.
This can create waterlogged conditions around the
roots of rosaceous crops, promoting the develop-
ment of diseases and rot. Moreover, soil compac-
tion can degrade its structure, making rosaceous
crops more vulnerable to erosion and water stress.
Second, while animal manure provides nutrients
to the soil, compaction can limit their availability
for rosaceous crops. Excessive manure can also
create a nutrient imbalance, increasing competi-
tion between rosaceous crops and other plant spe-
cies, and promoting the development of diseases.
Finally, animal manure can contaminate irrigation
water, impacting water quality and the health of
rosaceous crops.

As for the contribution of the total useful ag-
ricultural area of Morocco, it has a positive
impact, showing that, ceteris paribus, each 1%
increase in this factor implies an increase of
1.011%, 0.180%, and 0.339% in the agricultur-
al production of rainfed cereals, irrigated cereals
and rainfed rosaceous crops, respectively. This
result is explained by the policies of the GMP,
which aimed to stimulate agricultural production
by promoting the expansion of cultivated areas.
The GMP has facilitated access to land, particu-
larly by encouraging the privatization of collec-
tive lands and allowing the purchase of public
lands, thus attracting investors eager to develop
intensive agricultural projects. Cereals and rosa-
ceous crops, being important crops in Morocco,
have benefited from this expansion of cultivated
areas. On the other hand, this result can be ex-
plained by the use of new technologies, selected
seeds, and fertilizers, as well as the cultivation of
virgin and fertile land such as forested areas and
pastures, in addition to the cultivation of certain
species intended for rainfed production in irri-
gated areas, such as cereals (Oulhaj ef al., 2013).
This expansion is directly linked to the adoption
of drip irrigation, and the National Program for
Irrigation Water Savings (PNEEI) has played a
crucial role in this process. The ambitious goal of
converting 550,000 hectares of gravity or sprin-

kler-irrigated land to drip irrigation in 15 years,
accompanied by massive subsidies and technical
support, has accelerated the transformation of
Moroccan irrigated agriculture.

However, the coefficients for market garden-
ing (rainfed and irrigated) and irrigated rosaceous
crops are not significant. This result can be ex-
plained by several factors related to the adoption
of drip irrigation. First, drip irrigation, while al-
lowing for better water use, does not necessarily
translate into a reduction in the amount of water
consumed at the field level. Indeed, crop intensi-
fication, increased tree density, and the adoption
of more water-demanding crops, often associat-
ed with this technology, can offset water savings
achieved. Second, field evapotranspiration is not
always affected by drip irrigation. The reduction of
soil evaporation may be limited, and the increase in
crop transpiration due to more frequent irrigation
may even lead to an overall increase in evapotran-
spiration. Finally, the expansion of vegetable culti-
vation towards rainfed areas, where water remains
the main limiting factor, can also play a role. In-
deed, the area dedicated to early market gardening,
an essential component of market gardening, has
increased by 42% between 2003-2007 and 2019,
reaching 40,000 hectares. Vegetable cultivation is
mainly concentrated in the regions of Souss-Mas-
sa, Rabat-Salé-Kénitra, Casablanca-Settat, and
Tangier-Tetouan-Al Hoceima. Access to water in
these regions is often a major obstacle, explaining
why an increase in area is not always synonymous
with an increase in production.

5.2. Discussion of Results

This section delves deeper into the discussion
of our study’s findings, analyzing the key factors
that determine agricultural production in Moroc-
co. We begin by examining the spatial interde-
pendence of agricultural production, highlighting
the presence of significant spillover effects be-
tween Moroccan regions (5.2.1). Next, we ex-
plore the sensitivity of different crops to climate
variability (5.2.2). Subsequently, we examine
the role of production factors and explore their
impacts (5.2.3). Finally, we discuss the limita-
tions of our study and identify avenues for future
research (5.2.4).
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5.2.1. Spatial Interdependence and Spillover
Effects

Our findings highlight the presence of strong
spatial interdependencies within the Moroccan ag-
ricultural sector, suggesting the need to consider
spatial spillover effects when analyzing the impact
of climate variability on agricultural production in
Morocco. Indeed, a geographical concentration of
agricultural production in the northern regions,
confirmed by positive spatial autocorrelation
(Moran’s I test) and the use of a FE-SEM mod-
el, which accounts for both spatial error auto-
correlation and heterogeneity between regions,
shows that integrating the spatial dimension into
econometric models and considering unobserved
factors and regional disparities are crucial for a
complete understanding of the Moroccan agri-
cultural sector and for developing more relevant
policies. These conclusions are consistent with
those obtained by other researchers (Chen ef al.,
2016; Karahasan and Pinar, 2023; Schlenker et
al., 2006; Vaitkeviciute et al., 2019). For exam-
ple, Chen et al. (2016) analyzed the impact of
climate variability on agriculture in China using
a spatial panel data model on crop yields, plant-
ed areas of major crops (corn and soybeans), and
meteorological data for the years 2000 to 2009.
Chen et al. (2016) showed that the presence of
spatial correlation between counties can be ex-
plained by the existence of several factors, such
as agricultural policies, production practices, and
local characteristics, that have influenced yields
similarly in neighboring counties.

More recently, Karahasan and Pinar (2023)
analyzed the impact of climate change on the
spatial distribution of agricultural production in
Turkey between 2004 and 2019, using fixed-ef-
fects panel models while taking spatial aspects
into account (SAR and SEM models). Kara-
hasan and Pinar (2023) showed that including
spatial effects significantly improves the under-
standing of agricultural dynamics, highlighting
the spatial heterogeneity of the impact between
regions. Indeed, their results indicated that cli-
mate change has a variable effect depending on
the region, with a greater impact in the northern
and central areas dominated by agriculture. This
finding highlights the inefficiency of “one-size-
fits-all” policies in mitigating the negative effects

of climate change in topographies exhibiting sig-
nificant spatial dissimilarities. Thus, they suggest-
ed that climate change will significantly threaten
the evolution of agricultural activities essential
to regional development. Moreover, Karahasan
and Pinar (2023) demonstrated that spatial spill-
over effects and heterogeneity will be crucial for
designing climate change policies for rural and
agricultural development. Therefore, local model
analysis is essential for understanding these re-
gional variations and implementing targeted and
effective solutions.

5.2.2. Sensilivity of Different Crops to Climate
Variability

The FE-SEM model highlights the high sensi-
tivity of rainfed cereal production to temperature
variations. These results align with the findings
of several studies that shed light on the challeng-
es associated with climate change and water re-
source management. Simulation studies on the
evolution of agricultural yields by Balaghi et al.
(2016) have indeed shown that climate change
will affect wheat and barley, which could expe-
rience a projected yield decrease of over 50% in
many provinces by 2050. In light of these chal-
lenges, the approach employed by the CALE-
SA project (Developing Promising Strategies
Using Analogue Sites in Eastern and Southern
Africa) proves particularly relevant (Leal Filho
and Mannke, 2011). This project, conducted in
sub-Saharan Africa, where, like Morocco, nearly
90% of basic food production comes from small
rainfed agricultural systems, offers an innovative
approach to agricultural adaptation to climate
change. Using analogue sites, defined as areas ex-
hibiting the projected future climate conditions,
the project has successfully identified promising
adaptation strategies for rainfed agriculture in
semi-arid and subhumid areas. Ex ante analyses
coupled with field research have enabled the eval-
uation of the effectiveness of these strategies un-
der real conditions, providing tangible solutions
for farmers grappling with the challenges of cli-
mate change (Leal Filho and Mannke, 2011). The
lessons learned from the CALESA project present
significant potential for Morocco, particularly in
terms of developing adaptation strategies for fu-
ture climate conditions and strengthening the re-
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silience of agricultural systems against droughts
and extreme temperatures.

Irrigated cereal and rosaceous crops are extreme-
ly vulnerable to climate variability, as they have
experienced a significant decrease in production
due to variations in temperature and precipitation.
According to Abdelmajid et al. (2021), this de-
crease is explained by the increase in groundwater
pumping and the risk of aquifer salinization. Addi-
tionally, the High Commission for Water, Forests,
and the Fight Against Desertification estimates
that soil salinization in Morocco affects almost all
major irrigated areas. Oulhaj et al. (2013) estimate
that 22,000 hectares of irrigated land in the prov-
inces of Zagora and Errachidia are affected by sa-
linization, which combines its effects with those of
wind erosion. Thus, Fader et al. (2016) confirmed
that Morocco could face difficulties in mitigating
precipitation deficits through irrigation due to the
projected decrease in water resources. Moreover,
Moutawakkil (2009) highlighted that irrigation
presents certain management shortcomings: dan-
gerous exploitation of groundwater, alarming
degradation of water and soil resources, a pricing
system that does not guarantee the balance of re-
curring water service costs, and a still low water fee
recovery rate. Thus, these results can be explained
on the one hand by the under-irrigation of nearly
63% of irrigated areas, mainly those based on the
gravity irrigation system that uses large amounts of
water, especially since a large part is lost through
evaporation, and on the other hand, by the low
efficiency of irrigation techniques in nearly 50%
of irrigated areas (Ministry of Economy, 2019).
Moreover, Schyns and Hoekstra (2014) show that
evaporation from storage reservoirs is the second
most important form of surface or groundwater
consumption in Morocco, after irrigated crop pro-
duction. Thus, the scarcity of surface or ground-
water on a monthly basis is severe in all river ba-
sins, and pressure on groundwater resources from
abstractions and nitrate pollution is considerable
in most basins (Schyns and Hoekstra, 2014). This
suggests the rationalization of water resources and
the adoption of water-saving irrigation techniques,
which is a vital option to accompany the climate
variability adaptation efforts undertaken as part of
the GPM in Morocco. Indeed, Yuan et al. (2022)
showed that the use of plastic mulch drip irrigation

in the mountain-oasis-desert system of northwest-
ern China has positive climate impacts. This tech-
nique enables better water use by reducing evap-
oration losses and providing targeted irrigation to
plants. This leads to increased crop productivity
and more efficient use of water resources. More-
over, Schyns and Hoekstra (2014) showed that
the most significant potential water savings can be
achieved through the partial relocation of crops to
basins where they consume less water and through
the reduction of the water footprint of crops.

Contrary to cereal production, the FE-SEM
model indicates that rainfed rosaceous crops and
market gardening (both rainfed and irrigated) are
less affected by climate change. These results
can be explained by the efforts made by policy-
makers within the framework of the GPM to con-
tain the negative influence of the cereal sector on
agricultural growth. Indeed, according to report
of Ministry of Economy (2019), the transforma-
tion of the agricultural sector structure originates
from the reorientation of agricultural strategies,
since the early 2000s, towards better adaptation
of agricultural production to the agro-climatic
context. This evolution was further consolidated
within the framework of the GPM, which rein-
forced support for crops more resilient to climate
hazards, such as market gardening and rosaceous
crops. For example, land-use projections for the
Gharb indicate a shift from 127,000 hectares
of cereals to crops such as olives, citrus fruits,
fruits, sugar beets, and fodder, which require
more water (ABH-Sebou, 2015). Thus, water
conservation policies, to combat water shortag-
es and groundwater overexploitation, have led to
a significant increase in the drip irrigation con-
version rate, from 10,000 hectares per year to
50,000 hectares per year (El Gueddari and Arri-
fi, 2009). Indeed, this trend is reinforced by the
fact that drip irrigation is often integrated into
intensification strategies, leading to an increase
in plantation density and a conversion to crops
requiring more water. Studies conducted in Tadla
(Kuper et al.,2012), Souss (BRLi et Agroconcept,
2013), Haouz (Molle and Tanouti, 2017), and
Saiss (Kuper et al., 2017) have confirmed this
link between drip irrigation, intensification, and
crop diversification, promoting the expansion of
market gardening and fruit trees.
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5.2.3. Economic Variables Analysis’s and Their
Impact on Moroccan Agricullure

Regarding economic variables, the FE-SEM
model analysis reveals a strong dependence of re-
gional agricultural production in Morocco on ag-
ricultural labor, with a positive effect observed for
irrigated crops and a negative effect observed for
rainfed crops. These results align with the find-
ings of other studies, which highlight the strong
dependence of farms on labor. Srairi et al. (2018)
distinguished two types of situations: small rain-
fed farms often favor livestock raising, which
requires little land and capital but with limited
gross margins, which could hinder the sector’s
attractiveness for younger generations. Large
irrigated farms, on the other hand, can diver-
sify their activities towards cash crops (market
gardening, fruit trees), which requires increased
reliance on external labor, positively impacting
production and profitability. However, this depend-
ence on labor faces an underlying trend: the con-
stant decline in agricultural employment since
1991, from 42.98% in 1991 to 32.36% in 2019,
with an acceleration of the decline in recent years
(Ministry of Economy, 2019). This situation can
be partially explained by the demographic evolu-
tion of rural areas. According to Harbouze et al.
(2019), the agricultural sector represented 72.9%
of jobs in rural areas in 2016. The working-age
population is expected to remain stable and then
decline in rural areas until 2030, while the num-
ber of people over 65 will increase, which could
weigh on the labor force available for agriculture.
Moreover, employment in the Moroccan agricul-
tural sector is dominated by self-employed work-
ers or family businesses, with over 85% of them
employing no or few employees. Additionally,
unpaid employment, consisting of family helpers,
accounts for over 50% of agricultural labor, high-
lighting the informal nature of work in the agricul-
tural sector and the blurred distinction between the
family environment and employment. Finally, the
harvesting of certain types of crops requires skills
that workers do not typically possess, highlight-
ing the need for appropriate training. Furthermore,
the use of inappropriate or poor-quality tools can
affect production, highlighting the low labor pro-
ductivity in certain crops and the need to improve
tools and worker skills.

Moreover, our FE-SEM model confirms the
significant contribution of the capital represented
by livestock (or draught animals) and the useful
agricultural area of rainfed and irrigated crops
to Moroccan agricultural production. The mod-
el highlights the importance of livestock for the
production of irrigated cereals, rainfed rosaceous
crops, and market gardening in Morocco, but sug-
gests a negative but non-significant impact on ir-
rigated rosaceous crops. These results align with
other studies conducted in Morocco, such as those
by Elhimdy and Chiche (1988) and Bansal et al.
(1992), which both evaluated the performance of
local animal breeds in single and double hitching.
These studies highlight the dependence of the
performance of livestock on several factors such
as age, genetics, diet, health status, and handling
during work (Elhimdy and Chiche, 1988). It is im-
portant to note that the results of these studies, as
well as our FE-SEM model, suggest that the use
of livestock can present challenges. For example,
the adaptation of smaller and slower animals to
faster and larger animals can lead to stress and re-
duced efficiency (Bansal et al., 1992). This could
explain the negative (non-significant) impact ob-
served in our model for irrigated rosaceous crops.
Further research could explore the economic and
environmental implications of using livestock
based on their types and agricultural techniques
used, taking into account these key factors that
influence their performance.

Regarding the useful agricultural area in Mo-
rocco, the FE-SEM model shows a positive
impact on the production of cereals and rainfed
rosaceous crops but not on market gardening and
irrigated rosaceous crops. This result, although
seemingly positive, is actually complex and can
be explained by several factors. The increase in
UAA in Morocco has mainly occurred on mar-
ginal lands previously used for livestock or for-
est (Oulhaj et al., 2013), which has contributed
to land degradation and a decrease in yields on
these lands brought into cultivation (El Jazouli et
al., 2019; Ghanam, 2003; Harbouze et al., 2019;
Simonneaux et al., 2015). The low productivity
of irrigated crops, despite the increase in UAA,
is due to poor water management, deficient pro-
duction techniques, and farm fragmentation
(Kusi et al., 2023; Oulhaj et al., 2013). The ma-
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jority of farms located on marginal lands practice
subsistence agriculture and are highly vulnerable
to drought (Harbouze ef al., 2019). Despite an in-
crease in UAA, Moroccan agriculture faces sig-
nificant challenges related to land degradation,
low yields, and farm fragmentation, highlight-
ing the need for mitigation strategies focused on
land and soil conservation, improving production
techniques, and consolidating farms.

As for irrigated crops (market gardening and
rosaceous), the productivity per hectare of irriga-
tion is low, and the cubic meter (m*) of water
is poorly valued (40% of the area of large ir-
rigation perimeters is cultivated in cereals). The
comparison of the productivity level per hectare
remains one of the lowest compared to other
countries (Oulhaj ef al., 2013). In addition to this
are deficient production techniques, the non-gen-
eralized use of selected seeds, and fertilization and
phytosanitary treatments that are not always used
optimally. Furthermore, this low productivity is
due to the predominance of small farms (near-
ly 70% of UAA has an area of less than 2.1 hec-
tares), which often coexist with large, modern,
more productive, and professionally organized
farms. This significant fragmentation is the result
of the multiplicity of legal regimes governing agri-
cultural land ownership (customary law, Islamic
law, and positive law) and inheritance (Oulhaj
et al., 2013). For its part, Ghanam (2003) high-
lights that in Morocco, the desertification process
affects vast areas (over 90% of the territory) and
is all the more pronounced as the climate is arid
and the soils are vulnerable to erosion. Simon-
neaux et al. (2015) showed that even though pre-
cipitation is expected to decrease by 10% by the
end of the 21st century, the change in temporal
distribution would induce an increase in erosion
of about 5 to 10%, assuming similar precipita-
tion intensities. El Jazouli et al. (2019) showed
that the annual soil loss varied from 0 to 400 per
pixel, with an average of 58, 66, and 142 t/ha/
an in 2003, 2013, and 2017, respectively. It is
therefore very important for watershed manag-
ers to implement mitigation strategies focused on
land and soil conservation, including their main-
tenance. Recent research by El Bakali er al.
(2023) highlights the crucial role of financial
incentives in promoting sustainable agricultural

practices. Their systematic review demonstrated
that financial incentives, such as subsidies for in-
puts and conservation practices, have a significant
positive impact on the adoption of conservation
agriculture (CA). These incentives contribute to
improving crop yields and nutritional quality. Fur-
thermore, Toumi ez al. (2021) studied the influence
of good governance on food security in Morocco.
Their study revealed that effective governance in
the agricultural sector is crucial to ensure access
to legumes. However, challenges related to coor-
dination and communication between stakehold-
ers hinder the full realization of its potential.

5.2.4. Study Limitations and Perspectives

The analysis of the impact of climate variabil-
ity on Moroccan agriculture is limited by a lack
of accurate and detailed data. The availability of
complete long-term historical data, particularly at
the regional level, is restricted. This lack of data
has forced us to focus on the production function
approach developed by Deschénes and Greenstone
(2007), which studies the short-term impact of cli-
mate variability rather than the long-term impact of
climate change on Moroccan agriculture.

Moreover, data on key factors such as agricul-
tural land prices, growing degree days, agricul-
tural technical progress, fertilizer use, and soil
fertility are uneven, limiting our ability to isolate
their impacts from exogenous shocks, thus com-
plicating a thorough analysis. Furthermore, future
projections of temperature and precipitation rely
on climate change scenarios developed at the
national level, lacking regional specificity. This
lack of detailed local data makes it difficult to
simulate the impacts of climate change and plan
for effective long-term adaptation in the Mo-
roccan agricultural sector. Future research using
data over a longer period to analyze the long-term
impacts of climate change (Lobell et al., 2011;
Nelson et al., 2010; Tao et al., 2006; Zhao et al.,
2017) would be valuable to better understand
and anticipate the challenges and opportunities
that the Moroccan agricultural sector will face in
the decades to come.

On the other hand, the use of a spatial econo-
metric model based on a Cobb-Douglas function,
which is limited by its rigidity of substitution and
its specific form, raises questions about its ability

60



NEW MEDIT N.1 2025

to capture the complexity of the agro-climatic sys-
tem. The limitations of the Cobb-Douglas function,
notably its restriction in terms of flexibility, lead
us to consider exploring more complex functions,
such as the CES or Translog, in future research.
While it offers a useful analytical framework for
quantifying the effects of key variables, the cur-
rent model does not capture the complexity of the
agro-climatic system in its entirety. For instance,
our model does not take into account the direct
influence of temperature on water availability in
the soil, evapotranspiration, plant growth, and sen-
sitivity to diseases, interactions often exacerbated
by periods of water deficit. Future research could
explore bio-economic models, integrating explicit
biological dynamics and a decision-making pro-
cess stemming from economic theory, as well as
a link between these two elements. These models
would allow for a better understanding of the com-
plex interactions between water use, agricultural
production, and socioeconomic factors (Lokonon
et al.,2019; Mouysset, 2023).

Finally, given that climate variability adap-
tation in agriculture is a complex process, it
requires a combination of actions at the farm,
market, institutional, and technological levels.
Regional-level data masks significant variations
at the farm level, which limits our analysis of the
implementation of effective adaptation strategies,
including crop diversification, water conservation,
and access to credit and other resources. Jeder et
al. (2021) showed, using a bottom-up approach,
that socio-economic factors such as education
level, land ownership, and membership in agri-
cultural development groups influence farmers’
perception and adaptation strategies. Future re-
search could explore the bottom-up approach in
the study of effective and sustainable adaptation
strategies to climate variability, considering the
needs and perspectives of farmers for the internal
and external environment of their activities.

6. Conclusion

This paper analyzes the impact of climate var-
iability on agricultural production in Morocco
between 1999 and 2019 using a production func-
tion approach based on spatial panel data. This
study is the first of its kind to employ recent and

disaggregated data, both at the regional level
(12 Moroccan regions) and by major agricultural
products (cereals, market-gardening crops, and
rosaceous fruits), as well as by production mode
(rain-fed and irrigated). To better understand the
impacts of climate variability on Moroccan agri-
culture and its regional variations, preliminary
spatial autocorrelation analyses were conducted.
This initial step was followed by an in-depth spa-
tial panel data analysis, enabling the identifica-
tion of specific climate and agricultural effects on
irrigated and rain-fed crops for all three agricul-
tural products. This approach allows for captur-
ing the spatial heterogeneity of climate variability
impacts on Moroccan agriculture across regions
and crop types.

Spatial clustering analysis, encompassing map-
ping and both global and local Moran’s I tests,
reveals a concentration of agricultural production
and rainfall in the northern regions of Morocco.
The Moran’s I tests consistently yielded positive
and significant results for all agricultural prod-
ucts, indicating a strong positive spatial auto-
correlation. This signifies that regions with high
agricultural production are spatially clustered
together, with neighboring areas also exhibiting
high production levels.

Spatial panel data specifications suggest that a
model considering both spatial error autocorrela-
tion and individual heterogeneity in a fixed effects
framework (FE-SEM) is most appropriate for this
case study. Results from our FE-SEM model
show at the regional level that Moroccan agri-
culture is heavily dependent on the direct effects
of temperature and precipitation for all goods
considered. Notably, these results confirm that
the impact of climate variability on agricultural
production differs across crops. Cereal produc-
tion (rain-fed and irrigated) is highly sensitive to
climate variability compared to other rosaceous
and market gardening (rain-fed and irrigated). Ad-
ditionally, these findings confirm that the impact
of climate variability on irrigated crops differs
from that on rain-fed crops. The latter are less
vulnerable to climate change, suggesting limited
effectiveness of irrigation techniques. This chal-
lenges the efforts made in the context of public
agricultural policies (GMP) in Morocco towards
climate variability adaptation in irrigation.
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Furthermore, spatial analysis offers novel in-
sights. It reveals the significance of explicitly
accounting for spatial effects between Moroccan
regions. The analysis demonstrates the presence
of significant spatial heterogeneity, indicating the
existence of unobservable factors that are nega-
tively spatially correlated, even after controlling
for variables such as weather and agricultural in-
puts. These unobservable factors, such as tech-
nology, agricultural policies, use of similar pro-
duction practices, existence of dams, organized
farmers, and economies of scale, may contribute
to spatial correlation.

In other words, spatial error autocorrelation
implies the possibility of measurement errors that
tend to spread across aggregation unit boundaries,
omitted variables, or unobserved shocks follow-
ing a spatial pattern. Additionally, the existence
of spatial autocorrelation might be explained by
varying data scales and the aggregation process.

The findings of this paper raise concerns about
the sustainability of agricultural production growth
in Morocco and question the interdependencies
between food availability and the policies adopt-
ed within the GMP framework. To mitigate the
impact of climate on agriculture, appropriate
measures should be implemented, such as imple-
menting water conservation policies by encour-
aging investments from the public and private
sectors targeting support for smallholder farmers,
specializing in high-yielding, water-efficient,
and drought-resistant crop varieties. Improving
workforce skills and capital efficiency through
the promotion of agricultural research and devel-
opment, and implementing appropriate fiscal and
environmental policies, as well as developing re-
gional policies to enhance the benefits of dams
and groundwater.
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Appendix A - Spatial-weight matrix
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Appendix B - SAR Model’s specification and results

Spatial Autoregressive Model (SAR): This
model is developed by Anselin et al. (2008) and
improved by Elhorst et al. (2010) to consider
directly the spatial dependence of the explained
variable on the explanatory variables and the er-
ror term for the case of panel data.

N
Yii=A sz‘jy}t + X+ pi + v+ €, (8)
j=1
where Y is the dependent variable for cross-sec-
tional i at time ¢t i =1, .., N ; t=1, .., 7).
Zgil wir Yy 18 the interaction effect of the de-

pendent variable Y, with the dependent variables
Y in neighboring units, where o is the i, jth
element of a prespecified non negative N x N
spatial weights matrix W describing the arrange-
ment of the spatial units in the sample, the response
parameter of these endogenous interaction effects,
and A: the spatial autoregressive coefficient. X
1 x K is the vector of exogenous variables. f is
matching 1 x K vector of fixed but unknown pa-
rameters. g is individual fixed effect, A, is time
fixed effect and &;, is vector of the idiosyncratic
error term.

Table 5 - Estimation results of spatial autoregressive model (SAR).

Dependent variables
LogRainf | Loglrrg Cer | LogRainf | Loglrrg Ros | LogRainf_ Loglrrg
Cer Ros MarkG MarkG
(1) 2 4) & (6)
LogLabor —1.259** 1.330%** —-0.526* 2.080*** —1.628™** 1.183%**
(0.317) (0.135) (0.393) (0.285) (0.405) (0.236)
LogLand 0.921%** 0.180™** 0.131* 0.040 —0.033 0.0014
(0.070) (0.069) (0.070) (0.084) (0.087) (0.053)
LogLivestock 1.055*** 0.352** 0.615** 1.281%** 1.738%** —0.082
(0.263) (0.178) (0.251) (0.302) (0.332) (0.191)
LogTmean —0.888* —2.469*** 7.746*** —7.650*** 2.897*** 2.630%**
(0.468) (0.535) (1.0009) (1.257) (0.602) (0.775)
LogRainf 0.444*** —0.434*** 0.687*** —0.332** —0.037 0.107
(0.124) (0.123) (0.134) (0.157) (0.156) (0.099)
Constant 19.208*** 15.348*** —15.959** 52.456%** 36.077*** —11.586***
(4.313) (5.152) (4.757) (5.872) (5.614) (3.681)
A —0.191*** 0.028 —0.492%** —0.139*** —0.864*** —0.163***
(0.059) (0.028) (0.071) (0.106) (0.079) (0.070)
Observations 210 210 210 210 210 210

Note: * significant at 10% level, ** significant at 5% level, *** significant at 1% level
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Abstract

We use multivariate copula models to assess the asymmetries in tail dependence between agricultural
commodity prices (i.e., cereals and meats) and production input prices (i.e., fertilizers, seeds, animal
feed and energy). We use monthly observations between January 2000 and May 2022 and split the time
in 2009 to assess the results of the financial crisis. We find upper tail dependence between cereals and
fertilizers in the pre-2009 period and upper tail dependence between seeds and fertilizers, and energy
and fertilizers post-2009. Furthermore, we find strong and symmetric tail dependence between cereals
and seeds in both periods. Our findings suggest that the protective nature of CAP has led to moral
hazard effects depriving farmers from the incentives that enhance the sector resilience. Furthermore,
agro-chemical companies do not seem to exploit the oligopoly market structure and raise prices ar-
bitrarily. Finally, based on our results, we infer on the economic resilience of the agricultural sector.

Keywords: Agricultural commodity prices, Input prices, Economic resilience, Price co-movement, Cop-
ula models.

1. Introduction

The food price rally in late 2021 and the sub-
sequent invasion of Russia in Ukraine have re-
newed interest in the price linkages between pro-
duction inputs including energy and agricultural
markets. Russia is the world leader in the export
of fertilizers and a key player in the global en-
ergy markets, whereas Ukraine is a major cere-
als producer and exporter. The specific conflict
combined with the adverse effects of climate
change jeopardize the food supply of wheat and

basic grains (Ibrahim, 2024). In this context, the
interrelations between agricultural commodity
and input prices such as fertilizers, seeds, ani-
mal feed and energy have drawn considerable at-
tention, especially given the concerns for many
countries, which dependent on food and imports
of crude oil, fertilizers, etc. Nevertheless, it is
worth noting that even though nominal grain
prices have risen dramatically since the 1960s,
in real terms they have actually fallen against
oil prices and to a lesser extent against the fer-
tilizer prices (Dorward, 2013), which may pose
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Innovation and Management Systems Laboratory, Thebes, Greece.
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threats relating to the economic resilience of
farms and agricultural communities. This paper
examines the impact of the 2008 financial crisis
on the price dependence relationships between
the prices of agricultural commodities (cere-
als and meats), energy and agricultural inputs
(fertilizers, seeds and animal feed) and subse-
quently discusses the implications on economic
resilience for the Greek agricultural sector. The
profound effects of the crisis combined with the
intrinsic characteristics of the food-energy-agri-
cultural inputs nexus, including the oligopolistic
nature of the inputs markets are expected to have
borne considerable changes on the Greek agri-
cultural sector and its economic resilience.

The food-energy-agricultural inputs price
nexus provides various prospects for empir-
ical research. The energy-intensive nature of
agriculture stems from the direct link between
energy and agricultural production (Koirala et
al., 2015). Increasing oil prices incur rises in
the agricultural input costs and thus yield ris-
es in the commodity prices. Nevertheless, the
intensity of such impacts is affected by various
factors, including the relative importance of oil
in the cost of production and the market power
in the agricultural sector (Koirala et al., 2015).
Furthermore, energy and agricultural markets
are closely connected on the demand side (Re-
boredo, 2012). Increased oil prices lead to sig-
nificant raises in the demand for biofuels. This
is particularly relevant in periods of increasing
biofuel production when the demand for agri-
cultural commodities is exacerbated (Chen et
al., 2010). Moreover, Chen et al. (2010) shows
that changes in the prices of corn, soybean, and
wheat are affected by increased crude oil pric-
es, especially when increased oil prices have
led to increased derived demand for corn and
soybean, and to more intense competition for
the areas cultivated with other grains. There-
fore, several studies show that oil prices are
critical in determining the agricultural com-
modity prices (e.g., FAO, 2008; Mitchell, 2008;
OECD, 2008; Piesse and Thirtle, 2009).

Furthermore, agriculture consumes energy
indirectly, through the production of fertilizer.
Manufacturing inorganic nitrogenous fertilizer
is an energy-intensive process, typically requir-

ing significant use of energy from fossil fuels
(World Bank Group, 2007) and despite the in-
creasing application of machinery in the agri-
culture of high-income countries, fertilizer still
accounts for almost half of agriculture’s demand
for energy (Dorward, 2013). Therefore, shocks
to fertilizer markets are expected to incur wide
economic impacts, which have not been ade-
quately acknowledged. With empirical research
so far focusing on direct oil cost-push or demand
shocks due to biofuel production, the fertilizer
channel is a new element on the food-energy-ag-
ricultural inputs nexus, which has been largely
overlooked. In this context, competition in the
fertilizer industry becomes highly relevant.
Gnutzmann and Spiewanowski (2016) point the
long history of cartel behavior in the specific
industry and relate this behavior to the lack of
competition for nitrogen, for mineral reserves
such as phosphorus and potash which are geo-
graphically concentrated and exploited by export
cartels, and for nutrients which are production
compliments. Furthermore, we emphasize the
importance of seeds and animal feed for agricul-
tural production. Seeds comprise a crucial and
expensive factor with the corresponding mar-
ket being highly concentrated on a global level
(USDA, 2023). Animal feed is the largest single
cost item for livestock and poultry production,
accounting for 60 to 70 percent of the total cost,
and what is more, animal producers cannot sim-
ply pass cost increases on to consumers, since
they act as price takers in competitive markets
(Lawerence et al., 2008). The respective index
involves cereals such as corn, barley, wheat, sor-
ghum, and oats but also includes pasture forage,
hay, silage, vitamin and mineral supplements,
the prices of which are not captured in the ce-
reals index.

The Greek agricultural sector contributes more
than 4.5 percent to the country’s GDP (European
Commission, 2021) and employs approximately
400,000 people, which is 10 percent of its total
employment (European Commission, 2023). The
sector comprises a total of 700,000 farms, which
are mainly small family holdings, averaging a size
of about 7 hectares, while more than 70 percent of
these farms occupy less than 5 hectares each (Eu-
ropean Commission, 2023). Furthermore, more
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than 70 percent of the agricultural area faces nat-
ural or other constraints including extreme slopes,
low temperatures, dryness of soil, unfavorable soil
texture, borderline areas, island regions, which
bears significant impacts in the farming process.
Rural areas account for 63 percent of the total
area and agricultural land amounts to 5.3 million
hectares. Regarding agricultural inputs, Greece
has very little indigenous oil production and the
demand for oil is covered by imports (OECD,
2020). According to Eurostat (2023) oil and pe-
troleum products (excluding biofuels) account
for 56 percent of the total direct consumption of
energy in the agricultural and forestry sector, and
even though this share is considerably lower for
the Greek agricultural sector, these factors still
remain important for agricultural production. Fur-
thermore, the Greek agricultural sector is heavi-
ly dependent on imports of fertilizers, seeds, and
animal feed. In 2019, the imports of fertilizers
amounted to 34000 tons (WITS, 2019), whereas
those of soybean and soybean meals (i.e., the main
ingredients in animal feed), raised above 300,000
metric tons (USDA, 2021). In addition, Greece is
a net importer of planting seeds, averaging im-
ports of $68 million (USDA, 2015). With ferti-
lizers bearing a cost share of 44 percent in food
commodity prices, which far exceeds the share
of direct energy (Gnutzmann and Spiewanowski,
2016), their prices are of strategic importance to
the producers. Moreover, the market of seeds is
highly concentrated with 5 firms dominating the
global market (USDA, 2023). Given this oligopo-
listic market structure, price formation exhibits
particular interest, especially since seeds are crit-
ical for agricultural production. In this context,
we seek to shed light into the interdependencies
between agricultural commodity prices and input
prices, in the Greek agricultural sector.

Bristow (2010) defines economic resilience as
‘the capacity of a system to absorb disturbance
and reorganize while undergoing change, so
as to still retain essentially the same function,
structure and feedbacks’ and associates it with
the firm’s ability to adapt so they maintain an
acceptable growth in output, employment and
wealth over time (Martin, 2012). It has typical-
ly been studied through employment indicators
(Martin and Sunley, 2015; Angelopoulos ef al.,

2023), macroeconomic and accounting meas-
ures such as gross value added (Sdrolias et al.,
2022) and gross agricultural output value (Yang
et al., 2022). Nevertheless, in the context of ag-
riculture, not much attention has been placed
explicitly on the cost factors, which are crucial
for agricultural production and may challenge
the farms and the agricultural sector in general.
Even though these costs are implicitly account-
ed for, these measures include several other
factors as well, making them unsuitable for our
cause. In this regard, we aim to assess the price
interrelations between agricultural inputs (i.e.,
fertilizers, seeds, energy, and animal feed) and
agricultural commodity prices (i.e., cereals and
meats), before and after the 2008 financial crisis
and subsequently, infer on economic resilience
of the Greek agricultural sector.

The interrelations between energy and food
prices have traditionally been examined via lin-
ear and nonlinear methods. Nazlioglu (2011) em-
ploys linear and nonparametric causality meth-
ods to examine the causal relationships between
world oil and agricultural commodity prices. This
study finds that oil and agricultural commodity
prices do not influence each other but there are
nonlinear feedbacks between them and there ex-
ists persistent unidirectional nonlinear causality
from oil to corn and soybeans prices. Nazlioglu
and Soytas (2011) investigate the short- and long-
run interrelationships between world oil prices,
exchange rates, and individual agricultural com-
modity prices in Turkey. This study employs
causality and impulse-response analysis, and its
findings support neutrality of agricultural com-
modity markets to both direct and indirect effects
of oil price changes. Zhang et al. (2010) examine
cointegration and multivariate short-run interac-
tions between fuels and agricultural commodities
and find no direct long-run and limited direct
short-run relations between fuel and agricul-
tural commodity prices. Cheng and Cao (2019)
investigate the dynamic relationship between
crude oil prices and food price indices applying
cointegration, linear Granger causality, threshold
vector autoregressive and threshold vector error
correction models and find nonlinear causal re-
lationship between the variables, concluding that
the adjustment of the food price indices towards
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equilibrium is persistent and grows faster than
oil prices when a threshold is reached. Howev-
er, studies employing causality analysis or linear
correlation-based methods pose certain limita-
tions. In more detail, the results of causality anal-
yses rely on arbitrarily calibrated price elasticities
(Reboredo, 2012). On the other hand, correlation
is considered an inadequate dependence measure
since it provides no information regarding the
dependence structure. Furthermore, linear corre-
lation is not invariant under nonlinear and strictly
increasing transformations, which implies that
returns may be uncorrelated even though prices
are correlated or vice versa (Koirala et al., 2015).
Therefore, studies applying non-linear methods,
including copula-based methods, are needed for
the analysis of commodity and resource prices,
the dependence structures of which typically ex-
hibit nonlinear traits.

In this context, copula-based studies include
Mensi et al. (2017) combining wavelets with
static and time-varying copulas to analyze the
dependence structure between the volatility indi-
ces of oil, wheat and corn and finding evidence
of asymmetric tail dependence between the ce-
reals and oil in different time horizons. Further-
more, Reboredo (2012) employs both static and
time-varying copulas to assess the co-movements
between Brent spot prices and global prices for
corn, soybean and wheat. This study finds weak
oil-food dependence but no extreme market de-
pendence, which indicates that food price spikes
are not caused by positive extreme oil price
changes. Koirala et al. (2015) employs the Clay-
ton and the Clayton—Gumbel copulas to investi-
gate the relationship between the prices of various
energy and agricultural commodity futures. They
find that agricultural commodity and energy fu-
ture prices are highly correlated and exhibit pos-
itive and significant dependence. This finding is
attributed to the connection between energy pric-
es and agricultural production costs, which for in-
creasing energy prices yields decreasing planted
acreage and reduced supply of agricultural com-
modities. Furthermore, this outcome implies that
significant utilization of agricultural commodity
inputs in the production of energy may lead to
greater energy self-sustainability. Finally, in a
broader context, Chavas ef al. (2022) use a quan-

tile autoregressive model to estimate univariate
yield distributions for corn and wheat in seven
regions of Italy and employ a nonparametric cop-
ula model to investigate the co-variability of yield
risk across the crops and across the regions. This
study finds that yield co-variability decreases be-
tween more distant regions, thus providing oppor-
tunities for regional diversification to reduce risk
in the global food supply.

The present study contributes to the empir-
ical literature towards at least three perspec-
tives. The effects of the 2008 financial crisis
have been studied via a wealth of methods and
in various contexts (e.g., Kapelko et al., 2017,
Zhu et al., 2021 and Ghazani ef al., 2023). Nev-
ertheless, the effects of the crisis with regards
to agricultural prices and their interconnections
with energy and inputs prices have been large-
ly neglected. To this end, this is the first study
applying copulas to analyze the changes in the
price linkages between agricultural commodities
and agricultural input prices, in the aftermath of
the crisis. Furthermore, to the best of our knowl-
edge, this is the only study including the price
indices of seeds and animal feed in analyzing
the food-energy-agricultural inputs price nexus.
Finally, relevant analyses regarding the Greek
agriculture are limited and we seek to fill this
gap. Our findings are of particular interest, given
that Greek producers are evidently price takers
regarding energy, fertilizers, seeds and to a large
extent animal feed. In this respect, the price in-
terplay between food, energy and agricultural
inputs is essential for understanding food mar-
kets. The rest of the paper is organized as fol-
lows: Section 2 presents the methods we apply
and discusses the main features of the data we
use, Section 3 outlines the empirical results and
provides a discussion of our findings, and final-
ly, Section 4 concludes the paper.

2. Materials and methods
2.1. The marginal models

Following the semi-parametric approach of
Chen and Fan (2006a; 2006b) we first speci-
fy a GARCH model which we fit to the price
changes, subsequently we convert the stand-
ardized residuals of the filtered data into cop-
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ula data (i.e., data lying on (0,1)), and finally
we estimate the copula models by applying the
maximum-likelihood estimator on the copula
data. We utilize ARMA(p,q)-GARCH(1,1) and
GJR(p,q)-GARCH(1,1) models, and select the
most appropriate models based on the usual in-
formation criteria (Akaike, Bayes, Shibata, and
Hannan-Quinn).

2.2. Copula models, selection, estimation
and testing

In order to investigate the price interdependen-
cies between the variables, we employ copulas.
The general idea underlying a copula is to sepa-
rate the dependence structure from the marginal
distributions. A copula depicts how the margin-
al distributions are linked in the joint distribu-
tion and therefore, copulas are applied to assess
dependencies between multivariate marginal
distributions and detect price co-movements. A
marginal distribution function is associated with
each of the components (prices) in a random
vector and the copula captures the dependence
structure between the individual components.

Vine copulas are a class of models which de-
compose a multivariate model into a group of
bivariate copulas. This decomposition is not
unique, but all possible decompositions can
be organized as a graphical model (i.e., a col-
lection of nested trees) called the regular vine,
where each of the edges corresponds to a pair
of random variables conditioned on some others
(Nagler et al., 2022). A D-vine is a special case
of regular vine where each tree is a path, that
is, each of the vertices is connected to at most
two other vertices. The specific structure is nat-
ural when there is a natural ordering of the vari-
ables. Another special case of regular vine is the
C-vine, where each tree is a star, that is, there is
one vertex which is directly connected to all oth-
er vertices. The specific structure applies when
there is a single variable driving the others.

Each pair-copula can be modeled separately
and therefore, regular vines are very flexible
in describing complex dependence structures
which capture asymmetries and extreme tail
dependence. Furthermore, analyzing the price
linkages based on bivariate copulas may lead to

misleading outcomes, especially in the case of
prices which are not directly connected, but for
which price co-movements exist given a con-
ditioning market. Aguiar-Conraria and Soares
(2014) demonstrate that the co-movement be-
tween two prices conditioned on a third price,
if modeled directly may be distorted and appear
more intense or weaker. Nevertheless, a positive
price association between separated markets
normally leads to weaker co-movement after
conditioning (Difmann et al., 2013; Kellner
and Rosch, 2016). Thus, higher numbered trees
usually involve the independence copula and be-
come redundant.

For the pair connections of the trees, we con-
sider various static bivariate copula models
which can capture diverse patterns of tail de-
pendence, including independence, symmetric,
and asymmetric upper or lower tail dependence.
More precisely, we apply elliptical (Gaussian
and Student’s t) and Archimedean bivariate
copulas (Clayton, Gumbel, Frank, Joe, Clay-
ton-Gumbel, Joe-Gumbel, Joe-Clayton, and
Joe-Frank). This battery of copulas provides suf-
ficient flexibility which allows effectively cap-
turing diverse non-zero lower- and upper-tail de-
pendence structures. Moreover, we consider the
rotated Clayton, Gumbel, Joe, Clayton-Gumbel,
Joe-Gumbel, Joe-Clayton, and Joe-Frank copu-
las. A 180 rotated copula corresponds to the re-
spective survival copula, while the 90 and 270
rotated copulas enable modelling negative de-
pendence structures.

To select the most appropriate copula model
for each of the pairs of price series we use the
Akaike information criterion (AIC). Further-
more, we apply the maximum likelihood esti-
mation method to obtain the parameters of each
specified copula model. Finally, we perform the
goodness-of-fit tests of Huang and Prokhorov
(2014) for the vine copulas we obtain, to confirm
the validity of the selected models.

2.3. Measuring dependence

We use Kendall’s 7 to assess the degree of over-
all dependence. This measure ranges between -1,
which indicates perfect dis-concordance, and +1,
which indicates perfect concordance. Further-
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more, we use the lower- and upper-tail coeffi-
cients, taking values in [0,1], to measure tail de-
pendence. If A, (1y) is positive, then there is lower
or left (upper or right) tail dependence, otherwise
there is lower (upper) tail independence.

2.4. Data

We empirically investigate the tail dependence
relationships between agricultural commodity
prices, that is cereals (wheat, corn, and barley)
and meats (beef and veal, pork, lamb and goat)
and input prices (energy, fertilizers, seeds, and
animal feed) using monthly data covering the pe-
riod between January 2000 and May 2022. We
utilize agricultural commodity prices instead of
consumer or processor prices, given our interest
in economic resilience in the agricultural sector
and thus, in the farmers’ income. The data for
cereals, meats, seeds, fertilizers, and animal feed
are monthly price indices obtained from the da-
tabases of the Hellenic Statistical Authority with
base year 2015 (2015=100). As a proxy for the
energy prices, we use Europe Brent crude oil
prices which are obtained from the official web-
site of the U.S. Energy Information Administra-
tion. These are free-on-board (FOB) spot prices
reported daily that are averaged on a monthly
basis. Moreover, they are initially expressed in
US dollars per barrel and are converted in EUR
per barrel using the exchange rates obtained from
the website of macrotrends. Cereals, meats, fer-
tilizers, seeds, animal feed and oil price returns
(7,) are computed on a continuous compounding
basis as r, = In(P,/ P..;), where P,and P, ; are the
current and one-period lagged monthly prices.
We use monthly observations instead of week-
ly given the nature of our variables (agricultur-
al commodities exhibit seasonal production and

Figure 1 - Development of log-prices for the agricul-
tural commodities and the production inputs.
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therefore their prices are usually recorded in low-
er frequencies) and because it is less noisy.

Figure 1 plots the price series under consid-
eration whereas the corresponding descriptive
statistics are presented in Table 1.

Table 1 - Descriptive statistics of price returns (raw price shocks).

cereals meats fertilizers seeds animal feed energy
mean 0.0014 0.0015 0.0048 0.0020 0.0028 0.0054
std. dev. 0.1099 0.0274 0.0184 0.0732 0.0119 0.1056
min -0.5511 -0.0678 -0.0738 -0.4124 -0.0430 -0.5674
max 0.4348 0.1062 0.1850 0.4641 0.0677 0.4636
observations 268 268 268 268 268 268

Note: Monthly data between 01/2000 and 05/2022.
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Table 2 - ADF and Phillips-Perron test results.
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cereals meats fertilizers seeds animal feed energy
Test statistic -10.9670 -9.9601 -3.1371 -11.3720 -3.9080 -6.5078
Z(alpha) -235.0800 -332.3400 -189.6700 -244.2700 -105.5900 -178.4200

Note: Null hypothesis: the series has a unit root. Test critical values: 1% level —2.58, 5% level —1.95, and 10%

level —1.62.

These figures highlight that it is not uncommon
for input price indices to surpass agricultural com-
modity price indices. Furthermore, energy clear-
ly exhibits larger price variation compared to the
indices. This is due to the volatile nature of crude
oil prices and to averaging when computing price
indices, which tends to reduce large variations.

We examine the stationarity properties of
the log-returns applying the augmented Dick-
ey-Fuller (ADF) and the Phillips-Perron unit
root test. The respective results are presented in
Table 2 and confirm that all the series are sta-
tionary on the first differences.

3. Results and discussion
3.1. Results for the marginal models

We initially obtain the filtered rates of the
price changes. To this end, we fit ARMA(p,q)-
GARCH(1,1) and GJR(p,q)-GARCH(1,1) mod-
els to each of the price series and select the most
appropriate among the different models based
on four information criteria (Akaike, Bayes,
Shibata, and Hannan-Quinn). The selected
models are ARMA(1,0)-GARCH(1,1) for the
prices of cereals, meats, fertilizers and seeds,
ARMA(2,0)-GARCH(1,1) for the prices of an-
imal feed and ARMA(2,3)-GARCH(1,1) for the
prices of energy. We then calculate the empiri-
cal distribution functions and obtain the copula
data, using the standardized residuals. We do not
present the results of the respective models in
full detail for the sake of brevity. However, they
are available on request.

3.2. Resulls for the copula models

In the first subperiod (2000 to 2008), we find
that the D-vine structure best captures the inter-
dependencies between the variables. The only
central market is cereals which establishes direct

connections with fertilizers and seeds. This im-
plies that the market of cereals receives/trans-
mits strong price signals from/to these markets.
The protective nature of the CAP measures in
place throughout the respective period could
have allowed farmers to determine the prices of
cereal considering both the cost-push and the de-
mand-pull effects. On the other hand, the prices
of fertilizers and seeds which are both import-
ed, have been determined on the global markets
and, to a large extent, irrespective of the domes-
tic demand. Therefore, the price interrelations
between cereals and fertilizers/seeds have been
stronger, making cereals the central market.
Furthermore, we find that the survival Clay-
ton copula best captures the price linkages be-
tween cereals and fertilizers, with Kendall’s
1=0.1014. This copula indicates asymmetric up-
per tail dependence, implying that the prices of
cereals and fertilizers boom together but they do
not crash together, and that price increases are
passed on to a larger extent than price decreases.
This finding is consistent with Chowdhury ef al.
(2021) which finds that positive price changes
of fertilizers bear larger effects on food (includ-
ing wheat and corn) prices than negative price
changes. To explain this asymmetry, we resort
to the EU intervention policies in place through-
out the period 2000 to 2008, which seem to have
provided some level of protection to the prices
of cereals against dropping below certain lev-
els. Therefore, during periods of price surges in
the fertilizers markets the prices of cereals in-
creased to accommodate the higher input costs,
but during periods of price falls the cereal prices
did not match the falls in the fertilizers markets.
More particularly, before 2003, support for the
production of cereals involved measures such as
coupled crop-specific payments, supply control
(e.g., set-aside obligation), production refunds
for starch processors, intervention buying, and
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border measures such as import tariffs, tariff
rate quotas for imports designed to protect the
internal market from lower-priced world market
imports, and export refunds (European Commis-
sion, 2012). Moreover, the 2003 Mid Term Re-
view introduced the decoupled Single Payment
Scheme, which provided income support regard-
less of the type or level of production in a spe-
cific year (European Commission, 2012). The
protective nature of these measures is likely to
have prevented the cereal prices from dropping
below certain levels during periods of price falls,
which in turn resulted in the positive asymmetry
we observe between cereals and fertilizers. Fur-
thermore, this asymmetry may be explained as
the outcome of the farmers’ incentives to use fer-
tilizers. In more detail, in case of high fertilizer
prices farmers may hold off from their use in the
hope of price decreases. This may result in pro-
ductivity reductions which in turn, lead to lower
productions and thus higher prices. Therefore,
we observe increased correlation in the high
tail. On the other hand, in case of low fertilizer
prices, farmers can use only a certain amount of
them without damaging soil health (e.g., altering
soil pH, acidification, soil crust, etc.). Therefore,
low fertilizer prices do not yield productions be-
yond, and in response, cereal prices below cer-
tain levels. Thus, the correlation in the low tail
of prices does not meet the one in the high tail.
Finally, this upper tail asymmetry highlights that
farms in Greece have not been exposed to po-
tentially low cereal prices, since they have been
protected by the respective measures. The agri-
cultural sector has largely relied on the EU sup-
port and did not have much incentive to develop
appropriate mechanisms to absorb disturbances
and reorganize after an external shock. There-
fore, economic resilience of the sector cannot be
warranted due to moral hazard effects.
Moreover, we find symmetric upper and lower
tail dependence for the pair cereals-seeds with
the Student-t copula being selected. We observe
a considerable degree of price dependence with
Kendall’s t=0.2917. This symmetry is unexpect-
ed given the high market concentration observed
in the specific sector. With six companies (i.e.,
BASF, Bayer, Dow Chemical, DuPont, Monsan-
to, and Syngenta) dominating the global markets

for seeds and agricultural chemicals and five of
them proceeding in mergers and acquisitions in
2015 and 2016 (USDA, 2023), the exercise of
some degree of market power followed by the
subsequent price asymmetries would be expect-
ed. However, OECD (2018) finds no significant
correlation between market concentration and
seed prices for field crops in European countries,
which is consistent with symmetric price trans-
mission and confirms our findings. This strong
and symmetric price association entails import-
ant implications for the resilience of the farms,
which on the one hand, are highly dependent on
the few providers of seeds but on the other hand,
do not seem to be threatened by the oligopoly of
the specific market. More precisely, the efficient
price transmission between seeds and cereals
implies that agro-chemical companies do not
exploit price asymmetries to materialize exces-
sive profits and farmers do not have incentives
to maintain seed stocks for future productions.
Therefore, the ability of farms to absorb distur-
bances and reorganize is not jeopardized by the
oligopolistic nature of this strategic market.

On the other hand, we find no tail dependence
(i.e., the Independence copula) in the pairs
seeds-energy, seeds-fertilizers, cereals-energy,
fertilizers-energy, meats-energy, animal feed-
energy, and meats-animal feed. The indepen-
dence we observe between energy and cereals
supports the neutrality hypothesis, which implies
that oil prices do not have a significant effect on
agricultural commodity prices and is consistent
with Reboredo (2012), Gardebroek and Hernan-
dez (2013), and Fowowe (2016). The results for
the first subperiod are summarized in Table 3.

In the second subperiod (2009 to 2022) a
C-vine structure is selected with seeds being the
central market establishing direct connections to
cereals and fertilizers. However, the 90 rotated
Gumbel copula is selected for the pair seeds-fer-
tilizers, with Kendall’s t=-0.0774. This copula
indicates discordance which is consistent with
no tail dependence.

Moreover, the Student-t copula is selected
for the pair cereals-seeds, which indicates sym-
metric upper and lower tail dependence. This
dependence is slightly lower than in the first
subperiod with Kendall’s t=0.2372, which may
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relate to the development of prices differing for
cereals and seeds. In more depth, between 1990
and 2020, prices paid for seeds increased by 270
percent, whereas the prices for seeds with genet-
ically modified traits rose by 463 percent, which
was substantially higher compared to the in-
creases in the commodity output prices (USDA,
2023). These increases in the seed prices are of
particular interest since they reflect productivity
gains from cultivating improved crop varieties,
which bring forth the return on investments for
research and development costs. Even though
cereal prices rose as well, their increases were
not on par with the increases in seed prices,
which may have led to the minor drop in the
price dependence between cereals and seeds we
observe from the first subperiod to second.
Furthermore, we find some level of upper tail
dependence selecting the Joe copula for the pair
fertilizers-energy, with Kendall’s t=0.0925. This
finding confirms, to a large extent, Khalfaoui
et al. (2021) who find evidence of price depen-
dence between energy and fertilizers in the high
tail, especially in the short and the long term.
The fertilizer industry is a prominent energy
user and will procure energy even at excessive
prices, to ascertain a level of production that
meets its demand. In a scenario of high energy
prices, the energy-dependent industry of fertiliz-
ers, will accommodate a significant surge in the
cost of production and in return, will increase
the fertilizer prices accordingly (Khalfaoui et
al., 2021). Thus, we observe increased depen-
dence between energy and fertilizer prices in the
high tail. Regarding the lower price tail, it has
been emphatically acknowledged that European
traders engage in dumping, especially with their
Russian and Ukrainian counterparts, which al-
lows the fertilizer prices to reach artificially low
levels (Fertilizers Europe, 2013; 2017; 2019;
2021), regardless of the energy prices, and thus
provides the grounds for the positive asymme-
try we observe. In terms of economic resilience,
both these agricultural inputs are covered mainly
by imports and therefore, the Greek agricultur-
al sector is vulnerable to price changes of both.
This implies that fluctuations of fertilizer or oil
prices may threaten economic resilience, with-
out the farmers being able to materialize profits

directly from the price interplay between them.
On the other hand, engaging in the trade of fertil-
izers during periods of price crashes could allow
farmers to benefit from the low fertilizer prices
and prepare for periods of price booms, thus en-
hancing economic resilience of the sector.

The Frank copula is selected for the pair
meats-animal feed, indicating intermediate price
dependence with Kendall’s t=0.0884. This price
dependence is increased compared to the first
subperiod when these prices were independent.
The 2008 financial crisis may have played a role
in strengthening the price linkages between meats
and animal feed through two mechanisms. First,
the meat industry agents were expected to over-
come the temporarily negative medium-term out-
look in the aftermath of the crisis, through focus-
ing on core business activities and cost controls,
which enhance efficiency (Lohmann Breeders,
2009). Second, the crisis severely restricted the
access to credit and capital markets. Even though
credit from banks was still available, banks be-
came more selective in lending or increasing
credit, and this resulted in increased costs for
borrowing and reduced available credit. Thus, the
risk profile of many agents in the meat industry,
including farmers was raised. Reduced availabili-
ty of financing led to difficulties in running or ex-
panding existing operations (Lohmann Breeders,
2009). Therefore, the crisis incentivized farmers
to reduce nonvalue adding activities such as stor-
age of animal feed, which reduced their capacity
to benefit from price decreases and realize pro-
duction based on cheaply obtained resources. This
in return, led to strengthening the price linkages
between meats and animal feed. Furthermore,
a symmetric price transmission process is con-
sistent with the notions of economic resilience,
since it does not offer opportunities for excessive
profits during price booms or crushes, to any of
the trading agents. In this respect, farmers are not
threatened by booming animal feed prices which
essentially are passed on to the meat prices.

Finally, we find no tail dependence (i.e., In-
dependence copula) for the pairs seeds-energy,
cereals-fertilizers, cereals-energy, meats-energy,
and animal feed-energy. The independence we
observe between cereals and energy in both pe-
riods is in contrast with the conclusion of Han
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Table 3 - Results for the copulas, subperiod 2000-2008.

pair Family Parameter(s) SE Kendall’s © | Tail dependence
cereals—fertilizers Sur. Clayton 0.2258 0.1289 0.1014 Au = 0.0464
cereals—seeds Student-t 0.4423,2.001 | 0.0000, 0.0000 0.2917 A=0.3604
seeds—energy Independence - - 0 -
seeds—fertilizers | Independence ) . 0 )
cereals

cereals—energy | seeds | Independence - - 0 -
fertilizers—energy | Independence . ) 0 .
cereals, seeds

meats—energy Independence - - 0 -
animal feed—energy Independence - - 0 -
meats—animal feed | Independence . ) 0 .
energy

Note: Parameters, standard errors, Kendall's t, and tail dependence coefficients are reported.

Table 4 - Goodness of fit tests for the vine copulas, subperiod 2000-2008.

AlC BIC ILIL, GoF test p-value
Vine copula -51.7626 -43.7441 28.8813 0.6555 0.8800

Note: The GoF test for bivariate copulas is introduced by Huang and Prokhorov (2014) and based on the
White s information matrix equality.

Table 5 - Results for the copulas, subperiod 2009-2022.

pair Family Parameter(s) SE Kendall's t | Tail dependence
cereals—fertilizers | Independence ) ) 0 )

seeds

cereals—seeds Student-t 0.3641,2.001 | 0.0908, 0.0000 0.2372 A =0.3222
seeds—energy Independence - - 0 -
seeds—fertilizers 90° rot. Gumbel -1.0839 0.0590 -0.0774 A=0.0000
cereals—energy | seeds | Independence - - 0 -

fertilizers—energy |

Joe 1.1781 0.0919 0.0925 Au=0.1990
cereals, seeds
meats—energy Independence - - 0 -
animal feed—energy | Independence ) ) 0 )
meats
meats—animal feed Frank 0.8035 0.4992 0.0884 A =0.0000

Note: Parameters, standard errors, Kendall’s T, and tail dependence coefficients are reported.

Table 6 - Goodness of fit tests for the vine copulas, subperiod 2009-2022.

Family AIC BIC JLL, GoF test p-value
Vine copula -60.9233 -48.5977 34.4617 1.5359 0.6650
meats—animal feed Frank -0.6015 2.4799 1.3007 0.0841 0.1200

Note: The GoF test for bivariate copulas is introduced by Huang and Prokhorov (2014) and based on the
White s information matrix equality.

78




NEW MEDIT N.1 2025

et al. (2015), which finds that the 2008 global
financial crisis exerted the most powerful impact
on the relationship between agricultural com-
modities (i.e., wheat, soybean, and corn) and
energy prices. We summarize the results for the
second subperiod in Table 4.

4. Conclusions

The food—energy—agricultural inputs nexus
is of crucial interest and entails various impli-
cations for the domestic economies as well as
for international trade. It involves several agents
along the agricultural supply chains and as such
it affects the welfare of large populations. In
this regard, the price linkages between agricul-
tural commodities and production inputs, and
between production inputs themselves have re-
ceived considerable attention amongst the re-
search community.

The present research investigates the price de-
pendence relationships between agricultural com-
modity and agricultural input prices, against the
2008 financial crisis, taking a further view on the
implications regarding agricultural economic re-
silience. To this end, we use static vine copulas
and split the time period in 2009, to investigate
the effects of the 2008 financial crisis. Our results
indicate (i) upper tail dependence in the pair cere-
als—fertilizers before 2009, (ii) upper tail depend-
ence in the pairs seeds—fertilizers and energy—fer-
tilizers after 2009, and (iii) strong and symmetric
tail dependence in the pair cereals—seeds in both
periods. Overall, our results suggest that the pro-
tective nature of the CAP has shielded Greek
farmers from high inputs prices, but at the same
time, it has created moral hazard effects depriving
them from the incentives to develop appropriate
mechanisms which enhance resilience of the sec-
tor; the few agro-chemical companies supplying
seeds, even though enjoy a predominant position
in the food supply chain, they do not seem to ex-
ploit this position and engage in price raises irre-
spective of the farmer income.

Our findings are largely in support of the
neutrality hypothesis between energy and cere-
als, and between energy and meats, implying
that oil prices do not significantly affect food
prices or in other words, fluctuations in agri-

cultural commodity prices are not driven by oil
price movements. This finding is of particular
interest to policy makers since it implies that
policies seeking to reduce food prices or price
variability, do not need to consider the dynam-
ics in the global oil market. Instead, the surges
in food prices should be addressed focusing on
the forces of supply and demand in the agri-
cultural markets. More particularly, oil price
spikes are not shown to be connected to food
price spikes, which in turn affect disproportion-
ally the lower incomes since a larger share must
be spent on food. Therefore, short-run policies
seeking to alleviate the corresponding adverse
impacts on the financially challenged, such
as food subsidies, should be implemented re-
gardless of extreme oil price shifts. Moreover,
food price stabilization policies which aim to
control price volatility, including price controls
and trade barriers, should differentiate between
average oil price movements, which probably
bear permanent impacts and extreme oil price
shocks, which probably bear no impact on
food prices. Furthermore, the independence
between energy and agricultural commodity
markets entails important implications for risk
management, especially regarding the agricul-
tural commodity markets which have gained
momentum in recent years. The tail independ-
ence shown both before and after the structural
break, suggests that risk-averse investors may
choose to include assets from both markets to
diversify their risk and hedge against it.

Finally, we note that our findings should be
further confirmed via different approaches.
This study uses exclusively static copula mod-
els which is a limitation. The application of
time-varying copula models may be more rel-
evant, especially in the case of dynamic price
linkages, and as such, it provides a promising
strand for prospective research.
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Abstract

Trade agreements between the European Union (EU) and developing countries are often used to pro-
mote sustainable development within economic cooperation. The EU-Tunisia trade relations have a
long history, starting with the Association Agreement in place and the ongoing negotiations for the
new Deep and Comprehensive Free Trade Area (DCFTA) agreement, for further liberalizing the ag-
ricultural sector. This study investigates the effects on sustainability of these bilateral relations, with
a focus on Tunisian olive oil value chain, considering both the current Free Trade Agreement (FTA)
impacts and the future DCFTA agreement expected effects. A two-steps qualitative process consisting
of a desk analysis and stakeholders’ consultations has been undertaken to report socioeconomic and
environmental effects, suggesting policy interventions to be considered within the negotiations frame-
work. Main actions needed encompass an inclusive renovation of Tunisian olive oil sector, a rethinking
of exports’ tariff quota system to the EU, with special attention to organic olive oil, and water-efficient
cultivation systems interventions.
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to include provisions that cover a wide range
of trade-related policy, including policy are-
as such as labour rights, environment, invest-
ments, intellectual property rights, and migra-
tion. These provisions are widely recognized as
possible targeted policy tools to step forward

1. Introduction

Preferential Trade Agreements (PTAs) are
designed to promote trade and economic co-
operation between participating countries by
offering advantages such as reduced tariffs

or other trade-related benefits. Having nota-
bly increased their prominence over the past
few decades, PTAs have progressively started

in reaching the United Nations Sustainable De-
velopment Goals (SDGs) (Diir & Elsig, 2015;
Baccini, 2019; Berger ef al., 2020).
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International trade is seen as a promoter of
sensitive sustainability issues also at the EU lev-
el, where agreements are used as tools to pro-
mote sustainable development, especially with
developing countries, through the regulation of
their exporting performances to the EU (Euro-
pean Commission, 2006, 2012, and 2015). In-
deed, sustainable development provisions have
become an essential component of the EU’s new
generation of Free Trade Agreements (FTAs),
which foresee a specific Trade and Sustainable
Development (TSD) Chapter. FTAs with devel-
oping countries differ mainly in terms of bind-
ingness, enforceability, and transparency (Adri-
ansen and Gonzalez-Garibay, 2013; Poletti and
Sicurelli, 2018; Harrison et al., 2019).

Trade agreements between the EU and Tuni-
sia have a long history, starting with the Coop-
eration Agreement (CA) signed in 1976. This
was then replaced by an Association Agree-
ment (AA) focused on the liberalization of
trade, particularly industrial goods, regulatory
framework harmonization, and enhancement
of financial and economic cooperation (Jbili
and Enders, 1996), signed by the two parties in
1995, applied from 1996, and ratified in March
1998. This agreement also served as a reference
in negotiations with other countries in the EU’s
Southern Neighbourhood, including Algeria,
Egypt, Jordan, Lebanon, and Morocco, among
others (Ghesquiere, 2001). Since then, continu-
ous negotiations about liberalizing agricultural
trade have been proposed, seeking greater and
reciprocal market access. To date, only prod-
ucts like dates and spices benefit from duty-free
access, while others, such as olive oil, are sub-
ject to preferential access with tariff rate quo-
tas. Those negotiations stopped with the polit-
ical upheavals in 2010 and were only resumed
in 2015 with the proposal of the new Deep and
Comprehensive Free Trade Area (DCFTA)
agreement (Rudloff and Werenfels, 2018), aim-
ing at further liberalizing the agricultural and
other sectors, removing customs barriers, and

harmonizing standards, creating new trade and
investment opportunities to better integrate the
Tunisian economy into the EU market and sup-
port the local economic reforms underway (DG
Trade, 2024).

Starting from a study developed within the
Trade4SD Horizon2020 project', this research
investigates the effects on sustainability di-
mensions of the EU-Tunisia bilateral trade re-
lations, with a focus on the Tunisian olive oil
value chain. The analysis is carried out through
a comparison of the current FTA and the future
DCFTA, encompassing also the views of a rep-
resentative group of stakeholders of the Tunisian
olive oil sector. For its analysis, the study fol-
lows a qualitative approach that compares the
actual outcomes of the current agreement and
projections of the future one, while also using
the perceptions of local olive oil sector actors to
understand their feelings about current factual
developments and what they expect from the fu-
ture agreement under negotiation.

The qualitative approach, despite its clear
limits, suits particularly well this type of anal-
ysis since it allows to investigate through the
opinions of expert stakeholders’ collected by
face-to-face interviews of the effects of specif-
ic trade agreements on a key sector, like olive
oil in Tunisia, considering all the main relevant
sustainability dimensions. These kinds of ap-
proaches have been quite successful in other
contexts, mainly because they allow to identi-
fy the key actors of a local value chain and re-
duce, in this way, the number of questionnaires
to submit and to elaborate further (Battisti et al.
2014; Hennink et al., 2017; Townsend, 2021).
However, one of the main limits of qualitative
approaches is, in fact, their cost and their effec-
tiveness in covering all the sensitive parts of the
value chain. Therefore, the best way is to find a
reasonable balance between the numerosity of
the sample and representativeness, considering
that the aim is to reach expert representatives of
the productive sector.

! The project TRADE4SD - Fostering the positive linkages between trade and sustainable development has re-
ceived funding from the European Union’s Horizon 2020 Research and Innovation programme under grant agreement

No. 101000551.
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The study is based on two main questions: 1)
Is the DCFTA expected to be coherent with the
effects of the already implemented EU-Tunisian
FTA? ii) How are the actual and future effects on
non-product dimensions perceived by stakehold-
ers from the agricultural and olive oil sector?

The research first delves into a literature re-
view on DCFTA expected impacts, deepening
then the analysis with the comparison of two
primary documents: the ex-post evaluation of
the FTA impacts published by the European
Commission (EC) in 2021 and the Trade Sus-
tainability Impact Assessment (TSIA) produced
in 2013 by Ecorys?, focused on assessing the
potential socio-economic and environmental ef-
fects of the future DCFTA. This first step is fol-
lowed by a confrontation of different stakehold-
ers’ consultation, comparing the views collected
in 2023 within the Trade4SD project activities
on the DFCTA possible impacts on non-related
products in the olive oil sector (i.e. resource use
or workforce conditions) and those collected
and underlined in the FTA ex-post evaluation
of 2021. The paper is structured into six main
sections: a context analysis delving into the Tu-
nisian agricultural sector and EU bilateral trade;
a literature review on the impacts of the future
DCFTA; a methodology paragraph describing
the comparison of both the assessments and the
stakeholders’ consultations; a results section
presenting the primary outcomes coming from
the previous desk analysis. Finally, the discus-
sion and conclusions sections are dedicated to
a structured analysis of results and formulating
policy recommendations given the future nego-
tiations scenario.

For its aims and scope, this research wishes
to contribute to the existing literature on the
EU-Tunisia trade relations and related socioec-
onomic and environmental impacts, bringing to
the table the visions of some crucial stakehold-
ers of the olive oil sector involved in the polit-
ical-economic processes related to the agree-
ment’s effective implementation path. Also, the
comparison between the expected impact of the
future DCFTA and the current FTA’s effects

brings to light whether the expectations of the
future agreement have already been partly ful-
filled by the agreement in force to date, what dif-
ficulties persist and what is missing. The work
thus enriches the debate on EU-Tunisia trade
relations and may be of particular interest to
policymakers and other actors involved in the
negotiations to gain a more detailed overview in
terms of actions to be pursued in line with the
socio-economic and environmental sustainabil-
ity of the parties involved.

As mentioned, the qualitative approach fol-
lowed could be seen as limiting the potential of
the research, albeit justified by the desire to bring
out stakeholders’ views on EU-Tunisia trade
agreements. Building on these initial results, fu-
ture analyses could involve quantitative analyses
of the sustainability indicators framework, inte-
grating and enhancing the current results, which
we consider quite solid and satisfying.

2. Background

The Tunisian agricultural sector faces several
socioeconomic and environmental challenges.
As reported by Rudloff (2017, 2020), Tunisian
agriculture is responsible for 10% of GDP and
plays a stabilising role in economic crises by se-
curing the population’s food supply. In the past,
Tunisia has witnessed violent demonstrations
against rising food prices (e.g., bread), which
gave the agricultural sector great economic and
social significance with direct social stabiliza-
tion effects.

The last 30 years have seen a distinct fall in
the agricultural employment share, from 23%
(1991) to 14% (2022), with the fruit and vege-
table sector being pivotal in terms of employ-
ment due to its labour intensity (ILO, 2024a; EC,
2021). In rural areas, it still represents a major
employer for young people (CFYE, 2022), half
of which are, however, day labourers without a
proper contract (Rudloff, 2020) reflecting the
sector’s seasonality and precarity in a country
with a general youth unemployment rate at al-
most 38% in 2019 (ILO, 2024b).

2 Ecorys is an economic research and consulting company based in Europe (https://www.ecorys.com/).
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Agricultural productivity seems to be poor for
technical and demographic reasons, such as low
mechanisation, scarce quality seed and a grow-
ing older rural population. The sector growth is
limited by a series of market structure character-
istics, including export monopolisation by some
farms and limited access to market possibilities
for traditional small ones. Also, production and
marketing infrastructure is reported to need to be
improved in some areas, turning into addition-
al criticalities along the supply chains (Rudloff,
2020). In 2023, according to the last World Bank
Economic Monitor (2024), Tunisia’s economic
recovery almost stopped. This was due to rigid
financing conditions, slow reform implementa-
tion processes and a severe drought highlighting
the country’s urgency to adapt to climate change,
which forced the government to implement irri-
gation restrictions.

The agricultural sector was, indeed, the main
driver of this general slowdown, with a decline
of 11% resulting in reduced harvest and signif-
icant production losses, like the case of wheat,
one of the key elements of the local diet. With
import compression and reduced supply in do-
mestic food markets, inflation remains high,
especially for food. It is then evident that, in ad-
dition to several economic challenges, Tunisian
rural areas must deal with the increasing conse-
quences of climate change affecting the agricul-
tural sector, in terms of water-scarcity, vulnera-
bility to droughts and overall rainfall variability
(Verner et al., 2018). These threats could reflect
in the long run into the interruption of some
main agricultural products’ cropping cycle and
in the worsening of Tunisia’s food security in
terms of quantity and quality of agrifood (Oues-
sar et al., 2021). As underlined by the World
Bank Group (2023), the agriculture sector, being
the main consumer of water plays a pivotal role
in improving irrigation efficiency to reduce wa-
ter demand, also through nature-based solutions
and climate-smart practices.

Among the main sectors of Tunisian agricul-
ture, olive oil makes the country the 3™ most im-

portant exporter in the world (FAO, 2023), fol-
lowing other Mediterranean countries like Spain
and Italy. A study by Kurtoglu er al. (2023)
aimed at predicting countries leading olive oil
production globally between 2024-2027 shows
that Spain, Greece, Turkey, Morocco, and Italy
will lead, accounting for 65.96% of the world’s
production level, followed by other exporting
countries, Tunisia included, with 7% estimated
production contribution.

The cultivation of olive trees in the country
represents 20% of the workforce in the agricul-
tural sector, with olive oil production account-
ing for 80% of local exported food production,
with 2 billion TND (638.844.000 USD)? in ex-
port income on average per year (CFYE, 2022).
Tunisian olive area occupies one-third of the
country’s total arable land, with increasing ex-
pectations over the coming years (USDA, 2023;
FAO, 2023). Olive oil exports play a crucial role
in Tunisia’s trade balance. Over the last decade,
Tunisia exported on average 168,000 tons of ol-
ive oil, contributing to nearly 40% of the prima-
ry sector’s export revenue (Jouili, 2023). At the
end of April 2024, the National Observatory of
Agriculture (ONAGRI) estimates show that ol-
ive oil represents 65.7% of the share in total food
exports. The average export price reached 27.37
DT/kg (7,40 USD/Kg)*, recording a growth of
81.0% compared to the previous year.

Olive oil, considered as a “sensitive” Mediter-
ranean product by the EC, stands out as a prime
example of intensive trade interactions between
the EU and Tunisia (European Commission,
1997). The EU has been by far the largest olive
oil importer from Tunisia in the last decade: from
April 2022 to March 2023, EU imports from
Tunisia amounted to 119,804 tonnes, 77.9% of
total extra-UE imports of olive oil (I0C, 2023).
Tunisian olive oil enters the EU market through
three main export channels, notably Inward
Processing Traffic (IPT), most-favoured-nation
(MFN) tariff and tariff quota. With the IPT, Tu-
nisian olive oil is used as a cost-effective addi-
tive to increase the volume of bulk goods in Eu-

3 Exchange rate as at 30/12/2022 corresponding to the data publication date.
4 Exchange rate as at 30/04/2024 corresponding to the data publication date.
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Figure 1 - EU imports of virgin olive oil from Tunisia from 2001 to 2017 (tons).

Source: CREA 2019.

ropean olive oil. Since European importers have
no obligation to add the specific olive source
on labels, the Tunisian origin is lost. This chan-
nel is then preferred by importers who can use
bulk oil, adding value through their bottling and
branding (Grumiller ef al., 2018a; Raza et al.,
2022), even though this represents the cause of
the low European consumer awareness of Tuni-
sian olive oil quality (Arfaoui et al., 2022) which
affect market preferences. The MNF, rarely used
due to IPT preference, is the channel for exports
falling outside the established quota or IPT, with
a tariff ranging from 31-32% depending on olive
oil quality (Grumiller et al., 2018a; GIZ, 2019).
The preferential tariff quota governing olive oil
exports to the EU has a zero-duty rate for the
first 56,700 tons of virgin other than lampante
olive oil arriving in the EU. On exported quan-
tities exceeding this limit a tariff of €1.245 per
kg applies (Grumiller et al., 2018b; CBI, 2024).
Only oil produced entirely in Tunisia and from
olives grown locally benefits from these tariffs,
meaning that Tunisia cannot import Algerian or
Libyan olive oil and reexport it to the EU.
Autonomous emergency trade measures have
also been introduced by the EU after 2015 to
support the local economic slowdown, provid-

ing for an additional annual zero-duty tariff
quota of 35,000 tons for both 2016 and 2017,
provided that the annual quota of 56,700 tons
was previously fully allocated. Only 30% of the
additional quota was allocated during 2016 (ap-
proximately 10,400 tons), whereas in 2017 the
temporary quota was not allocated at all. Nota-
bly, the allocation of quotas does not necessarily
correspond to actual imports. Indeed, in 2016
only 2,557 tons were imported under the addi-
tional quota, that is 7.3% of 35,000 tons, and 0%
in 2017 (Ben Rouine, 2018a). Considering im-
ports under quotas, those subject to the payment
of the duty (outside the quota), and those that
occurred in IPT in both years, the total imports
of Tunisian virgin olive oil stood at only 76,000
tons and 57,300 tons respectively, a quantity
significantly lower than the average imports of
the previous 15 years (96,000 tons, period 2001-
2015) (Figure 1).

It thus emerges that the additional quota did
not increase EU imports, as these are influenced
by other factors, such as the level of domestic
production both in the EU and Tunisia, which
affects imported volumes, and relative prices,
which affects the choice of the customs regime
utilized (CREA, 2019). Additionally, the EU
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Table 1 - Partial list of regulations applicable to olive oil import in the EU.

Regulation s name Target Reference
EU-Tunisia Agreement (Euro-Mediterranean) (1998) Tariff L97/2
Commission Regulation (19/12/2006) Contaminants (EC) 1881/2006
Commission Delegated Regulation (18/05/2016), ( ﬁlﬁllzgafg:?gﬁpm . |(BU)2016/1237,
Commission Implementing Regulation (18/05/2016) from third countries) (EU) 2016/1237
Commission Delegated Regulation o

(29/07/2022) Oil origin (EU) 2022/2104

Source: Authors’ elaboration.

legal provisions are applied to imported goods,
including contamination criteria (EC, 2006) re-
lated to pesticide residue, microbiological con-
taminants, and other chemical substances. In this
context, EU regulations are essential because
of their direct effect over the national rights of
members states (Boutayeb, 2020).

Some of the existing EU regulations for ol-
ive oil import have been collected to provide
an overview of applicable standards. Comply-
ing with these rules is a challenge in terms of
production, which, on the one hand, encourages
Tunisian olive oil exporters to improve product
quality but, on the other hand, deals with the
technical difficulties and structural capacity of
local exporting companies (Table 1).

In line with those identified by Grumiller ef al.
(2018b), various challenges faced by the Tuni-
sian olive oil sector can be found at the upstream
and downstream of the supply chain, touching
the three sustainability dimensions in different
ways. Environmental issues are mainly relat-
ed to climate change affecting the region with
weather and temperature variations which auto-
matically affect water and arable land use (Lavie
et al., 2023). It is worth noting that almost the
entire Tunisian olive grove matures through
rainwater and without fertilizers, suggesting the
need for developed and innovative irrigation
technologies which could efficiently prevent the
unpredictability of the harvest (Fernandez-Lo-
bato et al., 2022; Radhouane, 2018). This kind
of difficulty, together with the lack of proper
equipment and reliance on adequate agricultur-
al methods, also contributes to low productivi-
ty rates and high volatility of olive production,
which causes an even stronger dependence on
the EU market. Social challenges are particu-

larly pronounced among smallholder farmers,
who make up the majority of the workforce but
struggle against competition from large mon-
oculture olive farms, which account for over
60% of the total olive cultivation area (Jouili,
2023). Smallholder farmers often face precari-
ous working conditions, limited access to social
protections, and inadequate incomes, which are
compounded by the unpredictability of olive
production and low productivity levels (Rud-
loff, 2020; Raza et al., 2022). Economically, the
sector remains highly dependent on exports to
the EU market. Tunisian exporting companies
struggle to increase export value added because
of the predominantly purchase of Tunisian oil in
bulk without a proper indication of origin, as set
by the EU regulation N. 29/2012, which allows
European olive oil manufacturers to label bottles
containing Tunisian olive oil simply as “not of
European origin” which cause the lack of Euro-
pean consumers’ awareness regarding Tunisian
olive oil value (Jouili, 2023).

3. Literature review on DCFTA’s
estimated impacts

Negotiations between the EU and Tunisia for
the establishment of the new trade agreement
were launched in Tunis on 13" of October 2015.
Procedures have been implemented so far (Table
2), and talks are still ongoing to move towards
a complete and official agreement, even though
the signature is still missing (DG Trade, 2024).

Agricultural trade liberalization is then still far
from being achieved, placing tariff liberalization
and non-tariff measures (NTMs), sanitary and
phytosanitary standards (SPS), as well as tech-
nical barriers to trade (TBT) at the centre of the
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Table 2 - DCFTA negotiations procedures from 2015 to date.

Year | Achievement Scope
2015 Launch of negotiations | Creation of new trade and investment opportunities and better integration
between EU-Tunisia | of the Tunisian economy into the EU single market.
. Discussion on asymmetry of liberalization; progressivity of liberalization
First round of . . AT
2016 e and relative local economic support; regulatory approximation in the
negotiations P . . .
priority areas identified by Tunisia.
2017 | Technical round Further technical discussion carried out in Brussels.
2018 Second and thqu f}lll Discussions carried out in Tunis and Brussels (May and December).
rounds of negotiations
Discussions covered a wide range of issues including agriculture, services,
2019 Fourth round of and sustainable development. Tunisia reiterated its request to provide
negotiations urgent measures in favor of some of its strategic sectors, such as olive oil
and textiles, among others.
. In the new EU Trade Policy Review, the modernization of trade and
EU Trade Policy . . . .. .
2021 Review investment relations with Tunisia are discussed to better adapt them to
today’s challenges.
2024 | Talks Consultations are still on going in view of a future agreement signature.
Source: Authors’ elaboration from DG TRADE (2024 and 2024a).

DCFTA negotiations since the first round (Raza
et al.,2022). The EU proposal for a TSD Chapter
within the DCFTA wishes to ensure that sustain-
able development commitments are aligned with
multilateral governance on these issues by incor-
porating them into the international consensus.

Numerous studies have then investigated the
possible trade liberalization impacts arising from
a future DCFTA effective implementation. Some
of these are presented hereby, grouped according
to the topics covered in terms of economic, so-
cial and environmental impacts. For exhaustivi-
ty and specificity of analysis, the authors added
two further categories found in the analysed lit-
erature: one related to the socioeconomic con-
cerns raised by local civil society organizations
and groups of interest and another concerning
the link between trade and SDGs.

In terms of economic impacts, an overall local
growth for Tunisia is predicted by most studies
considered by Rudloff (2020), arising mainly
from tariff reduction. In these scenarios, the agri-
cultural sectors most benefitted seem being olive
oil and fruit and vegetable, while cereals, milk
and meat would be those negatively affected.
When considering the positive effect of trade lib-
eralization, the role of NTMs in stimulating trade
should also be considered, the effects of which are
often sidelined in studies because of the difficulty
in modelling them. In this regard, only one study

(Gasiorek and Mouley, 2019), among those cited
in Rudloff’s work, explicitly considers the dis-
mantling of NTMs through a partial equilibrium
model to picture the separate and aggregate effect
of tariffs and NTMs changes. Results highlight
that liberalisation based only on tariffs reduction
would likely to put more burden on Tunisia with
declining outputs, since the EU has already lib-
eralised its tariffs. Whereas, as also stressed by
Grumiller et al. (2018), potential significant gains
would arise for the African country if the DCTFA
significantly reduces non-tariff barriers between
the two parties, implying adjustment costs that
specific structural and adjustment policies should
accompany.

Different opinions come from the study of
Ben Rouine and Chandoul (2019) according to
which in both tariffs and NTMs interventions,
the greatest liberalization effort would be borne
by Tunisia. Indeed, from the tariff point of
view, the EU protects its internal market most-
ly through internal support policies which keep
internal prices artificially low compared to the
tariff regime. On the other side, the rapproche-
ment of Tunisian legislation with the community
acquis has prohibitive costs. The European SPS
system is one of the most complex and rigorous,
more stringent than international standards. Tu-
nisia should, therefore, comply with internation-
al standards to allow a better diversification of
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the market and favour an approach more suited
to the real local agricultural sector’s conditions.

A CGE model powered by interviews with Tu-
nisian exporters to the EU and agricultural pro-
ducers has been used by Raza et al. (2022) to as-
sess the regulatory approximation under DCFTA,
estimating the costs of compliance with the new
standards and simulating the effects on the agri-
cultural and food sectors in Tunisia. A full har-
monization with EU standards seems to bring a
negative impact on local agricultural value added,
with greater effects on sectors serving mainly the
internal market, even if accompanied by bilateral
tariff liberalization. These circumstances could be
changed by a strong productivity increase which,
at the same time, would also put pressure on oth-
er sectors and on natural resources, for example
for the absorption of the workforce abandoning
agriculture or the greater demand for water in ex-
port-oriented production. This aspect also relies
on the need to well understand “the trade-offs
between agricultural trade liberalization and the
goals demanded by SDG 2” (Raza et al., 2022)
and brings us to the other impact categories on
environmental and social effects.

In fact, the same authors also underline the
need to build a Tunisian negotiation position co-
herent with a strategic vision of sustainable agri-
cultural development, aiming at achieving SDG
2 objectives of ending hunger, achieving food
security and improved nutrition and promoting
sustainable agriculture. In these terms, a critical
vision is offered by Ayeb (2018) who stress how
the already evident food import dependency of
Tunisia would be worsened by the DCFTA and
the exposition to the European competitors on
a freer market, invoking radical reforms to Tu-
nisian agricultural policies based on achieving
food independence, reducing rural and urban
social marginality and decreasing local environ-
ment exposure to climate change consequences.

A combination of positive and negative envi-
ronmental effects of DCFTA implementation are
stressed by Rudloff (2020), reporting ambiguous
outcomes in terms of trade-ecology relations.
In fact, if an increase in CO, emissions, water
and plastic consumption and use of pesticides
is underlined by the available literature, on the
other hand, a loss of profitability could possibly

result in the abandonment of crops in ecological-
ly fragile and/or low-yielding areas. This would
lead to, for example, a decrease in Tunisian ce-
real production and a consequent valuable push
for the ecosystem, since it represents one of the
main factors of soil degradation.

Delving into the social sphere, Lejmi (2020,
2021) stresses the need to better include the pro-
tection of socio-economic rights in the DCFTA
and, in relation to the SPS harmonisation, under-
ly its possible role as a lever for human capital
improvement through the training of farmers,
farm workers and qualified personnel, but also a
chance to move towards a more digitalized agri-
culture. The importance of pursuing the creation
of structured accompanying policies, underlined
by Grumiller et al. (2018) in economic terms, is
also mentioned in terms of social impact since the
adjustment process resulting from trade liberali-
zation produces negative effects for the less com-
petitive agricultural sectors and their workers.

The same authors also give some important
insights regarding linkages between trade and
sustainable development, a topic examined by
Troster et al. (2018) as well. Studies highlight
the need to consider the geopolitical specifici-
ties of Tunisia and adapt trade policy accord-
ingly. Short-term benefits and safeguarding of
socio-territorial cohesion should be central to
Tunisian trade liberalization to help the coun-
try’s political transition and contribute to its
economic and democratic consolidation. What
is underlined is that the EU currently favours
the dialogue approach over hard conditional-
ities when promoting human rights and labour
standards. According to the authors, for econom-
ic growth to be truly inclusive and consider the
rights of the most vulnerable groups of workers
(especially women), greater ownership of the EU
institutions in the SD chapter within the DCFTA
would be needed, together with greater support
for cooperation between the EU and the civil so-
ciety of the partner country. Another aspect to
consider is the promotion of employment that
pays decent wages and promotes good working
conditions. In this regard, trade policymakers
need to assess the impact of trade liberalization
on public budgets, since tariff liberalization re-
duces public income precisely at the time when
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additional funds are needed to alleviate the costs
of social adjustment in sectors most negative-
ly exposed to structural changes, for example
those who have been displaced by the increase
in imports. This is possible, again, through spe-
cific social and employment policies in partner
countries, which often do not exist or do not
have adequate resources, like the Tunisian case.
Therefore, temporary budgetary support should
be provided if needed, as well as domestic re-
source mobilization promoted.

Tying in with the aspect of civil society inclu-
sion in the dialogue on DCFTA, the current anal-
ysis allowed the identification of Tunisian scepti-
cism towards a DCFTA that hinders reaching an
agreement considered unbalanced and trapping
Tunisia in low value-added activities, accord-
ing to Rudloff and Werenfels (2018) and the
Deutsche Gesellschaft fiir Internationale Zusam-
menarbeit (GIZ, 2019). The authors note a lack
of knowledge about the agreement itself and its
content both in civil society and business, as well
as a lack of participation of Tunisian academics in
public discussion to assess the possible impacts
of the DCFTA. “Tunisia is not ready for the DCF-
TA” is the title of a joint position document signed
in May 2018 by a group of NGOs® and again
“DCFTA risks reducing Tunisia’s political lee-
way to face its social and economic challenges”
(FTDES et al., 2018), suggesting taking time to
reflect and evaluate, while recommending several
possible adjustments to the negotiation process.
Yemmen & Marzouki (2024) also highlight how
the DCFTA has raised concerns in Tunisia with
some groups feared about the European product
competition coming from the liberalization, as
well as about the impact on some economic sec-
tors, jobs and state sovereignty.

4. Methodology

Since the agreement is still under negotiation,
this study aims at delving deeper into sustaina-
bility effects of EU-Tunisia trade relations, un-
derstanding if and how the new DCFTA is ex-

pected to be coherent with the registered effects
of the current agreement, and how stakeholders
evaluate its impacts specifically on non-related
products in the olive oil sector. The methodolo-
gy of research is focused on a two-step qualita-
tive analysis.

The first step consists of a desk analysis com-
paring two main documents: the TSIA produced
in 2013 by Ecorys — focused on assessing the
potential economic, social and environmental
impact of the future DCFTA — and the Ex-post
Evaluation of the impact of the current agree-
ment published by the EC in 2021 — focused
on assessing trade chapters’ main objectives’
achievement. The comparison among the main
results is the baseline on which this study builds
its conclusions on specific policy interventions
to be implemented in the DCFTA negotiation
framework and key aspects that should be con-
sidered within the future agreement.

According to the OECD (2010), the Sustaina-
bility Impact Assessment (SIA) is a process for
assessing the effects of proposed policies, strat-
egies, plans, or programs before they have been
formulated (ex-ante). Considered by the EU as a
strong method to evaluate trade negotiations (Eu-
ropean Union, 2016), SIA methodology is based
on the full integration of the three sustainability
aspects, the use of a variety of tools and meth-
odologies to capture qualitative features, and
stakeholders’ involvement. The TSIA produced in
2013 was based on two methodological elements:
quantitative and qualitative analyses for econom-
ic, environmental, and social assessments and
stakeholder consultations. To assess the impact of
the DCFTA, a Computable General Equilibrium
(CGE) model was developed based on a tariffs’
reduction simulation scenario effects for the ag-
ricultural sector (an 80% reduction in tariffs in
Tunisia on imports from the EU and a 95% reduc-
tion on agricultural tariffs in the EU on imports
from Tunisia) as tariffs on industrial goods were
previously eliminated under the AA. Moreover,
the expected impact of the DCFTA assumes reg-
ulatory approximation in sectors such as SPS and

> Forum Tunisien pour les droits économiques et sociaux (FTDES) — CNCD-11.11.11 — International Treatment
Preparedness Coalition (ITPC) MENA — Euromedrights — Transnational Institute (TNI).
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Table 3 - Tunisian stakeholders interviewed in the framework of the Trade4SD project.

Stakeholder typology Category

Small-scale farmer

Smallholder producers
Agricultural holdings

(Agricultural advisor at the Olive Institute)

(Director)

Large olive oil producer

Public company (ONH)

(Chief Executive and Director)

Private retailer
(Commercial)

Supply chain operators Packtech (CEO)

Olive oil exporter
(Business)

Exporters’ union
(CEPEX)

(FAO Tunisia)

International organization

Stakeholders dealing
with sustainability issues

Irrigation systems expert
(Agriculture expert at the Ministry of Agriculture)

Academic researcher
(Agronomist)

Representative of the Minister’s office
(Chief of Staff at the Ministry of Agriculture)

Policymakers of Agriculture, Director

Development and production departments
(Director General of the Development Department at the Ministry

the Ministry of Agriculture)

of the Plant Production Department at

Organic production department
(Director of the Organic Production Dept at the Ministry of Agriculture)

Total

16

Source: Authors’ elaboration.

TBT. The results of the CGE model were comple-
mented by additional quantitative and qualitative
social and environmental analyses.

The study conducted in 2021 by the Center
for Social and Economic Research (CASE),
Ecorys, and the Euro-Mediterranean Forum of
Institutes of Economic Sciences (FEMISE) cov-
ers the ex-post impact evaluation of the trade
chapters of the Euro-Mediterranean Association
Agreements (Euro-Med FTAs) with six partners,
Tunisia included, to deeply investigate trade per-
formances between those countries and the EU,
observing specifically economic, social, and
environmental aspects. Various methods have
been used to conduct the analysis, from litera-
ture review to descriptive statistics, economic
modelling and case studies on specific sectors,
together with stakeholders’ consultations. The
second step of the research is based on an evalu-

ation of inputs coming from a group of olive oil
sector stakeholders interviewed in 2023 as part
of the Trade4SD project activities and the con-
sultations’ results collected in the EC document
0f2021. To maintain the homogeneity of results,
the authors only focus on agricultural stakehold-
ers’ inputs coming from the ex-post evaluation
as well. Tunisian agricultural stakeholders in-
terviewed by the Trade4SD team have been
identified in collaboration with the Tunisian Ol-
ive Oil Board (ONH). In-person meetings have
been organized with 16 stakeholders (Table 3)
during the first months of 2023 (Jan-Feb). With-
in the interviewed group, the research team has
reached the so-called thematic saturation (Hen-
nink et al., 2017), a concept developed by Gla-
ser and Strauss (1967) as theoretical saturation
(Hennink & Kaiser, 2022), used in qualitative
research as an indicator establishing that a sam-
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ple is adequate for the studied phenomenon and
that data collected have captured the diversity,
depth, and nuances of the topics studied, demon-
strating content validity (Francis et al., 2010).
The objective of the survey conducted in Tunisia
within Trade4SD was, indeed, to analyse views
of stakeholders mainly involved in export activ-
ities and the relationship with the EU.

Table 3 provides a detailed list of the stake-
holders interviewed, classified by typology,
category, and number. Participants were asked
about different topics, including olive value
chain challenges and organic olive oil evolu-
tion, the current agreement and the next DCFTA
discussions, trade relations, and sustainability.

Because of this study’s aim, only inputs related
to the last two topics have been considered for
comparison with stakeholders’ outcomes com-
ing from the ex-post evaluation.

5. Main results from evaluations and
stakeholders’ views comparisons

This section outlines the main outcomes com-
ing from the compared analysis of the two as-
sessments (Table 4) and the stakeholders’ con-
sultations’ comparison (Table 5).

Table 4 presents three macro categories, each
one collecting the main key findings coming
from the FTA ex-post evaluation and the ex-an-

Table 4 - Comparison of main results of DCFTA ex-ante effects and FTA ex-post impacts for Tunisia, divided

by sustainability’s macro-category.

Macro category | Specificities

2013 2021

Increase in national income (GDP, Total Welfare) X X

Increase in vegetable oil exports

X X

Improvement in citizens’ purchasing power X X

Economic
Impact

Transition from a traditional agriculture-oriented structure
to a modern industrialized economy

Growth in export diversification

Increase in live animals import from EU

Increase in agricultural products tariffs

Increase in air pollution in the long run (emissions pollutants) X

Small impact on GHG emissions

Environmental

Difficulties in assessing waste and water issues (with both positive
and negative effects depending on sectors)

Impact p
p Increase in land use

Decrease in land use

Worsening of animal welfare

Increase in welfare

sector included)

Negative turn in female employment and gender gap (agricultural

bl
>

Positive but modest impacts on income and consumer prices

Increase in workers purchasing power

Decrease in wage distribution

Social

Marginal increase in skilled wages compared to low skilled ones

Impact

No significant impact on social security and social dialogue

Reallocation of jobs among sectors

R RN

Stable employment trends

Increase in access to food

E T T B BT I B i

Decline in general poverty

Increase in employment and labor standards

Source: Authors’ elaboration.
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te DCFTA expected impact evaluation. The sign
“x” in the last two columns of the table indicates
if the topic found is covered in both assessments
or in one of them only.

Concerning the first macro category, even if
some essential aspects have been investigated,
both as current effects of the FTA and expect-
ed impacts of the future agreement, like the in-
crease in national income in terms of GDP and
welfare, the ex-post evaluation presents some
inputs not identified in the ex-ante assessment
of the new agreement. This suggests some im-
provements made in these years, for instance,
in export diversification growth, but at the same
time, some worsening like the increase in live
animal imports from the EU and a rise in agri-
cultural products tariffs experienced by Tunisia.

The latter aspect is of particular interest, since
after the FTA implementation, Tunisia did not
negotiate additional protocols on agricultural
products exported to the EU, contrary to what
other countries did, so charges imposed have
increased from 3.8% in 1996 to 4.1% in 2018,
making the African country the one with the
highest remaining tariffs on agricultural prod-
ucts. This is crucial to be considered in new
agreement negotiations, as the expected gain in
national income coming from the future DCFTA
is primarily based on the reduction of NTMs in
commodities and the decrease in agricultural tar-
iffs. At the same time, third countries importing
goods from Southern Mediterranean Countries
(SMCs) have lowered tariffs, representing a po-
tential basis for exports reorientation.

Also, EU exports of live animals to SMCs have
increased following FTA’s implementation, with
a +71% for Tunisia. This turns into a drawback in
animal welfare, with poor transport and slaugh-
tering conditions on site, the effects of which are
also to be found at the environmental level.

The agricultural sector was expected to be the
biggest winner of the new agreement, especially
with the vegetable oils sector, projected to gain
the most significant effect in value added. Work-
ing in the same direction as these estimations,
the current FTA effects show increased Tunisian
vegetable oil exports, with additional benefits
in processed food and fishery. Both exports and
imports from the EU have expanded, with an ex-

ception during the years of crisis. They followed
a huge increase in 2015 due to the exceptionality
of the olive crop year and the subsequent turning
of Tunisia into the major exporter of olive oil
worldwide.

Overall, the country emerges as being the
most stable in terms of exports compared to the
other SMCs assessed, performing well in terms
of primary agricultural products, processed agri-
food goods and fishery, with a volatile growth
registered in all categories and with the horticul-
tural sector acting as the most promising.

In both assessments, the Tunisian economy ap-
pears to be transitioning from a traditional agri-
culture-oriented structure to a modern industrial-
ized paradigm. This paradigm should include an
increase in the production and export of processed
agricultural goods, which were not yet registered
in the analysed period and should, therefore, be of
key importance in the current negotiations.

Both the current and future agreements seem
to register positive and negative environmental
effects simultaneously. First, the long-run fore-
casted increase in air pollution due to the possible
implementation of the DCFTA. Even though the
FTA ex-post evaluation confirms this progress,
population growth and economic-energy devel-
opment are identified as the main drivers of it,
whereas the contribution of the FTA in this sense
is considered slight. In fact, its role is tough to
be calculated, also because both reductions and
increases of pollutants depend on the type and en-
tity of sectors which have been impacted the most
by the agreement in these years.

The new DCFTA is also expected to cause an
increase in land use intensity, whereas the current
effects on land and biodiversity pressures seem
register a decrease due to the contraction faced by
most of primary sectors, an analogous situation to
what happens also in Morocco and Egypt.

The general economic activity improvement
in Tunisia could imply more household waste
production. As it happens for the emissions cal-
culations, the net effect of the future DCFTA
on waste production is challenging to estimate,
considering the several driving forces at play.

The same happens when assessing the effects
ofthe current agreement on waste and water scar-
city, about which stakeholders also have mixed
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opinions. Indeed, what emerges is a commonly
positive idea of the current agreement’s effects
on the environment, despite some negative im-
pacts, mainly due to the increase in production
and development of some sectors. Nonetheless,
the interactions with the EU spark a series of
technological and policy improvements that
could positively change the local picture.

Deepening the social dimension, on average,
the effects of the current agreement seem to have
matched the expected positive and negative im-
pacts of the future DCFTA. Findings make clear
the bond that social aspects have with economic
ones, bringing out issues that can easily be ad-
dressed to the economic dimension as well.

Despite an increase in welfare of about 1.5%
(corresponding to 600 million EUR or more than
679 million USDS), a reported decline of around
0.3% of consumer prices, and an increase in work-
ers’ purchasing power, female employment and the
gender gap seem to have worsened after the Arab
Spring years, also in the agricultural sector.

Although remarkably similar, high-skilled wag-
es in the country seem to have increased margin-
ally more compared to low-skilled ones, which
has implied a worsening in wage distribution.

The effect of the current agreement on employ-
ment and labour conditions is expected to be small.
In fact, total employment remained constant over
the period analysed, even though job realloca-
tions occurred among sectors. This was also fore-
casted in case of a DCFTA implementation, with
expected reallocation of workers between sectors
and related difficulties for vulnerable groups. The
issue of cross-sectoral reallocation is a key point
to be monitored and addressed.

The current and future agreements do not seem
to have specific effects on social dialogue and
social protection. Concerning poverty, instead,
while a general reduction through the increase
in income levels is expected after the DCFTA
implementation, no evidence regarding the link
with the agreement in place is registered to date.
Regarding human rights, the overall effect of the
DCFTA in Tunisia is expected to be small, but
positive.

Agricultural and olive oil sector stakehold-
ers’ views have been gathered to complement
the theoretical considerations with direct opin-
ions, allowing the identification of issues and
priorities to be addressed and giving more clar-
ity to the study. Table 5 summarizes the main
stakeholders’ outcomes in terms of bilateral
trade relationships and perceived impacts of the
current FTA and the future DCFTA. It is worth
noting that the stakeholders directly interviewed
in 2023 represent actors closely involved with
economic and political activities related to the
ongoing negotiations on the new agreement not
yet in force, thus not including other actors in
the olive oil supply chain — such as the labour
force — who will encounter specific impacts once
the agreement will enter into force. As done in
Table 4, the sign “x” in the last two columns of
the table indicates if that opinion is found both
in Trade4SD interviews and in the FTA ex-post
assessments, or only in one of them.

Concerning the EU-Tunisia trade relation-
ships, Trade4SD interviews find correspondence
with almost all the issues raised by stakeholders
from the FTA ex-post evaluation.

Major impediments to European market ac-
cess for Tunisian olive oil refer to quota govern-
ance and distribution of import licenses among
European importers (notably Italian and Span-
ish), identifying the EU as the partner applying
the most constraining NTMs. What additionally
emerges from Trade4SD interviews is that ex-
port volumes vary according to climatic fluctua-
tions in both Europe and Tunisia, as well as sev-
eral other factors that conditionate the olive oil
sector’s development. Examples are the fluctu-
ations in prices and quantities demanded on the
Italian and Spanish markets, since Tunisian oil
has long been regarded as a mean to adjust quan-
tities produced in Europe. To expand market
horizons also for bottled olive oil, some young
Tunisian entrepreneurs are developing new mar-
kets which demand high quality, and which are
positioned on the high-end.

Agricultural stakeholders generally agree on
the EU’s importance as a major and strategic part-

¢ Exchange rate as at 31/12/2021 corresponding to the publication year of the document.
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Table 5 - Tunisian agricultural stakeholders’ engagement results coming from the analysis of the ex-post eval-
uation of 2021 and the interviews conducted in TRADE4SD project framework in 2023.

Main stakeholders’results collected through desk analysis and interviews 2021 | 2023
Quota governance and distribution of import licenses are considered major impediments

to EU market access for Tunisian olive oil. X x
Export volumes vary according to climatic fluctuations in Europe and Tunisia. X
The olive oil sector is conditioned by several factors, including fluctuations in prices

and quantities demanded from the EU side. *
Young entrepreneurs are developing new markets for bottled oil. X
The EU market is considered a major and strategic one, representing a potential element

for ecological transition. * *
Tunisian oil is not fully recognized by consumers because it is not mentioned on the labels

of the sold olive oil bottles. *
Environmental concerns on water scarcity and desertification, with the request of adopting

new water-efficient irrigation methods. X
Need to improve agronomic strategies encouraging the adoption of crop adaptability

techniques. X
Production intensification is seen as the main liberalization risk, for resources use and small

producers’ marginalization. x
Skepticism among farmers about DCFTA and feeling that the agricultural sector has not

fully benefitted from the FTA. X X
Stakeholders are unsure about environmental impact of the increased agricultural

production. *
DCFTA should contain measures supporting a sustainable transition and climate change < X
adaptation techniques.

Need to enlarge the export market, which may represent an opportunity for modernizing

production techniques. X
Need an expansion of quota and/or the introduction of a specific quota for organic olive oil;

the EU market demand can be a driver for investment in this sense. * x
Policymakers pointed out that often EU control, permission, certifications, importation

licenses and administrative procedures are heavy and time-consuming obstacles to EU X X
market access.

Awareness about the DCFTA’s potential for sustainability investments and minimization

of environmental impact which reflects the views on the current FTA contributions on the X X
same topic.

Competitiveness based on compliance with voluntary sustainability standards and

regulations; the most problematic NTMs in place for agricultural sector are Sanitary X X
and Phytosanitary (SPS) standards.

Valorization of sustainability efforts, in particular certified organic production systems,

is needed together with national efforts in supporting organic and quality labels.

Source: Authors’ elaboration.

ner for Tunisia, and this relation could represent
a potential vector for a needed ecological transi-
tion. Despite the exported volumes, the lack of a
fully recognition among European stakeholders
of Tunisian oil due to the missing information on
oil origin in labels remain an issue.
Environmental concerns deriving from a possi-
ble DCFTA implementation emerge particularly
with water scarcity and desertification, according
to the interviewed stakeholders, who advocate for

new water-efficient irrigation methods and the
improvement of agronomic strategies to offset the
loss of productivity and possible changes in fruit
and oil quality, at the same time encouraging the
adoption of techniques able to enhance crop ad-
aptability. Starting from the fact that some stake-
holders believe that the agricultural sector has not
fully benefitted from the current FTA because of
the strict standards imposed by the EU, not per-
fectly fitting within the local agricultural context,
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production intensification coming from a DCFTA
implementation is seen as negatively affecting
natural resources use and small-holders farmers’
market position. The skepticism of farmers about
the effects of DCFTA is accompanied by the idea
that supportive measures will be needed once the
agreement is adopted.

Other measures needed from stakeholders’
point of view relate to climate change adaptation
techniques for the olive oil value chain. Accord-
ing to the ex-post assessment opinions, Tunisian
farmers lack the resources to invest in developed
equipment that would allow increased produc-
tivity and fair competition with European coun-
terparts. The expansion of the export market
seems to also be an opportunity for the modern-
ization of production techniques.

Other inputs have been collected in the inter-
view in relation to the need for an expansion of
the quota and/or the introduction of a specif-
ic quota for organic olive oil. This aspect also
emerged from the ex-post evaluation consulta-
tions, where a stakeholder observed the invest-
ment in organic olive oil because of the Europe-
an market demand.

Policymakers pointed out that all the procedures
including controls, permissions, certifications, li-
censes and other administrative procedures are
reported as heavy obstacles to market access. In
fact, health and safety certifications enabling ex-
ports to the EU are conceived as time and money
consuming for local businesses. The most prob-
lematic NTMs remain the Sanitary and Phytosan-
itary standards for the agricultural sector.

Some regrets emerge from companies about
the commercial relations with European import-
ers, which do not allow to value sustainability
efforts in production, particularly for organic
production systems. This aspect is reflected in
the ex-post evaluation consultations, which un-
derline that quality and organicity of Tunisian
olive oil needs to be better supported at state
level in terms of policies and labels.

There is also awareness about the significant
opportunity for sustainability enhancements
and investments to improve production and
minimize environmental impact that DCFTA
could offer, for instance reducing the impact of
waste and finding reuse solutions or optimizing

the use of irrigation water. This feeling is also
stressed by independent experts on the current
FTA effects who assumed that its environmental
impact has been mostly positive, because of the
improved local management systems and modi-
fications in operational strategies.

Concerning waste, mixed views are collected:
some stating an increase due to more activity and
transport, others identify some reductions due to
environmental and efficiency performance.

6. Discussion

Tunisian-EU liberalization of agricultural
trade presents issues which are not limited to the
inadequate upgrading of the sector in general but
lie above all in the almost total asymmetry (nat-
ural and structural) between the two competing
agricultural economies. Although some signifi-
cant steps forward have been made thanks to the
current FTA, the proposed DCFTA could offer
greater opportunities for integrating sustainable
development considerations thanks to its broad
regulatory scope of many economic sectors, ag-
riculture included. In this process, the participa-
tion of all stakeholders, civil society included, is
pivotal to ensure a comprehensive inclusion of
not only economic but also social and environ-
mental needs to be addressed.

For the olive oil sector, as suggested both by
literature and stakeholders, the major risk of
liberalization lies in the needs to intensify spe-
cific production processes, leading to two main
issues: a strong and growing pressure on already
compromised natural resources, like water, and
the marginalization of small farmers and pro-
ducers, who already face problems due to the
competition from major exporting companies
and lack of proper technical and financial means.

Based on the desk study and stakeholders’
consultation analysis, some policy interventions
or sector strategies covering all three sustain-
ability dimensions are needed in the Tunisian
olive oil sector. These should be considered in
the framework of the ongoing negotiations for
the establishment of the new DCFTA.

Looking at the economic dimension, it is evi-
dent that the current tariff quota system, together
with the preference on other channels, especially
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IPT, is affecting the potential of the olive oil sec-
tor, hindering production exports and value-add-
ed benefits. Even though the EU remains the main
destination for olive oil exports, as resulted both
from literature and interviews, one of the major
challenges arises with the predominantly pur-
chase of Tunisian olive oil in bulk and then blend-
ed with European oils. This severely limits Tuni-
sia’s ability to add value and creates consumers’
ignorance about the origin of the olive oil they
use, mixed with the European originating one.

Moreover, as Grumiller et al. (2018a) point-
ed out, a part of the bottles used for packaging
are imported for quality maintenance reasons,
burdening producers’ costs. This is also under-
lined in Trade4SD interviews, where young
producers who are trying to upgrade production
and increase the share of branded products face
difficulties and advocate for support. The elim-
ination of quota could then enhance an increase
of both bulk exports and bottled oil exports to
the EU, ensuring an increase in value-added also
from this market and not only from exports to
third or emerging countries importing Tunisian
oil. Furthermore, the increase in domestic con-
sumption of olive oil should be an aspect not to
be ignored.

As stressed by Ouertani and Dhraief (2022),
the domestic use of olive oil in Tunisia is much
lower than the average in the other major pro-
ducing countries like Italy or Greece, and this is
due to the historical attitude of Tunisia to focus
on olive oil promotion primarily on foreign mar-
kets. At the same time other vegetable oils are
imported and locally refined, packed and then
sold on the market at a lower price compared to
the olive one, which remains purchased mainly
in bulk based on family reserves or directly from
olive mills. Promoting domestic sell of bottled
oil could serve as a lever for building a solid
domestic formal olive oil trade, boosting qual-
ity assurance, meeting local consumers’ needs
in terms of taste and food safety, increasing cit-
izens fair access to high-quality olive oil and
local distribution companies added value, thus
reducing the reliance on imported vegetable oils.

It is worth remembering that, as underlined by
Fernandez-Lobato et al. (2022) Tunisian olive
plants are cultivated with reduced inputs use,

without irrigation, and with only small quantity
of fertilizers, most of which are organic and used
in extensive cultivation. Thus, as also stressed
by stakeholders, the organic quality of Tunisian
agricultural products is high and should receive
a more robust support at State level as well as
in the envisaged DCFTA, focusing on ensuring
compliance with required standards throughout
the entire value chain.

For these reasons, three main economic policy
recommendations have been developed:

1. Deep reform of the tariff quota system for
olive oil exports to the EU, with special
attention to Tunisian organic oil, for in-
creasing the overall volume of exports and
enhancing the proportion of higher-value
and processed export products.

2. Promotion of national marketing and
branding strategies for bottled oil exports
and domestic selling as a lever for build-
ing a solid formal olive oil trade, boost-
ing quality assurance, meeting local con-
sumers’ needs in terms of taste and food
safety, increasing citizens fair access to
high-quality olive oil and local distribution
companies added value, thus reducing the
reliance on imported vegetable oils.

3. Strengthened efforts in promoting the or-
ganicity and quality of Tunisian agricultur-
al products through certification schemes,
to drive olive oil exports and meeting the
rising demand and attention among Euro-
pean consumers for organic products.

From an environmental perspective, as
stressed in the previous sections, the impacts of
climate change in Tunisia mainly concern ara-
ble lands and water resources, with a rising inci-
dence of drought.

Water scarcity, in particular, is a critical issue
that threatens the long-term sustainability of ag-
riculture in Tunisia. The country’s water resourc-
es are being depleted at an alarming rate, with
the country already classified as experiencing
absolute water scarcity and groundwater levels
continuing to decline due to over-extraction
(Chebil et al., 2019). These challenges affect
farming activities in terms of profitability.

Several strategies and actions have been im-
plemented in the country to deal with water
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scarcity, such as precise and alternative irriga-
tion techniques (DGPA, 2020; UNDP, 2022),
sustainable high-density planting methods
(Larbi et al., 2017), wastewater treatment sys-
tems (MA, 2018; FAO, 2015), as well as farm-
ers’ participation in water resource governance
(Bied-Charreton et al., 2006; Ballet et al., 2009).
The National Water Program (MA, 2022), which
encompasses desalination plants powered by so-
lar energy, dam construction, water reservoirs,
and urban water collection, is a step in this direc-
tion. However, additional efforts are needed to
promote water-efficient cultivation systems and
ensure the inclusion of all farmers in the value
chains (Chebil et al., 2019), as emphasized by
stakeholder consultations and interview results.
Addressing these aspects within the framework
of the new DCFTA would contribute to over-
coming farmers’ scepticism about its effects at
the farm and local market levels.

In this regard, three environmental policy ac-
tions have been elaborated:

1. Global transformation of the Tunisian ag-
ricultural and food trade model should be
encouraged, leveraging both larger and
smallholder farmers through specific pub-
lic policies in support of locally sustaina-
ble agricultural development.

Focused interventions on water-efficient
cultivation systems dedicated to farms of
all sizes.

Nationally supported measures enabling ol-
ive oil value chain stakeholders to manage
the sustainable transition required for the
sector with the appropriate financial, tech-
nical, and marketing-related resources.

The social dimension is deeply intertwined
with both the economic and environmental chal-
lenges faced by Tunisia’s agricultural sector,
particularly the olive oil supply chain. The trans-
formation of this sector has occurred within a
sociopolitical context marked by instability and
ongoing processes of democratic consolidation
(Grumiller et al., 2018a). As Tunisia continues
its path toward democracy, it is crucial to rec-
ognize the vulnerabilities of rural communities,
which often bear the brunt of these economic
and environmental shifts. As highlighted in the
interviews, small producers struggle with lim-

3.

ited resources and market access, leaving them
ill-equipped to manage the ecological transition
necessary for sustainable farming practices.
Stakeholders emphasized that any reform must
promote not only economic growth but also ter-
ritorial and social cohesion, with specific atten-
tion to rural areas and small producers who lack
the means for managing a sustainable food sys-
tem transition. This requires policies that bridge
the rural-urban divide, ensuring that rural areas
benefit from improved infrastructure, education
and market access (Grumiller et al., 2018a).
Furthermore, empowering smallholders through
capacity-building initiatives, access to financial
resources and technical training would enable
them to engage fully in ecological and techno-
logical advancements to cope with the effects of
climate change (Ballet et al., 2009).

Thus, three social policy recommendations
have been drafted:

1. Promotion of a national stable econom-
ic growth, based on territorial and social
unity.

Counteract of spatial inequalities in terms
of production and food security, with a
bottom-up approach, inclusive of all farm-
ers and producers’ needs, avoiding risks of
marginalization.

Olive oil sector’s transformation into an
inclusive segment, driven both by exports
and domestic production, with an equita-
ble benefits’ sharing.

7. Conclusions

The topic of sustainability in trade relation-
ships is dominating the international debate for
fairer links among areas and countries. A broad-
er renewed multilateral approach is advocated,
since environmental and social aspects of sus-
tainability cannot be solved on a unilateral or bi-
lateral basis. Indeed, only through the diffusion
of fairer and more inclusive commercial rules,
attentive to the diversity of local agri-food sys-
tems, domestic economies and social systems,
we could avoid the upheaval of the socio-eco-
nomic and environmental unbalances with
which many territories coexist today (Ferroni,
2024; World Economic Forum, 2021; Gallagher
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and Kozul-Wright, 2019). Stakeholders perceive
them as being further undermined by uneven
international trade relations, which remain in
place to maintain economic and political inter-
ests, often at the expense of the local dimension
of production.

From the analysis conducted in this study,
several challenges can be easily traced back to
all three areas of sustainability. Economic, envi-
ronmental and social issues of the Tunisian agri-
food system and, in particular, of the agricultural
sector, must necessarily be taken into consider-
ation so that a future bilateral trade agreement
defined as “deep and comprehensive” can lead
to tangible benefits for both the parties involved.
The current DCFTA negotiations should be then
seen as the great opportunity to promote the
EU’s commitment in establishing trade relations
based on multilateral needs and interests, to en-
hance the European market access for Tunisian
olive oil and to comprehensively upgrade the lo-
cal olive oil sector.

In this context, the EU’s role could be pivot-
al in areas where cooperation can provide the
greatest benefits to the local olive oil industry.
By meeting the needs raised by the value chain
stakeholders, the EU could contribute to de-
creasing the disparities that generate the current
asymmetry of the two sector economies.

Sustainable and affordable agricultural prac-
tices working on the efficient use of water, the
reuse of wastes and appropriate cultivation
methods could be promoted also by conducting
field studies and context research envisaging the
direct collaboration of smallholder farmers and
local value chain stakeholders. This would serve
as leverage both for farmers, who would be ac-
tive participants in the process of changing their
sector and local economy, and for local govern-
ment, which would have additional information
at its disposal to enable the shaping of need-
based sectoral policies. These terms also include
all the efforts in terms of economic and technical
support needed by farmers to cope with the eco-
logical transition required to face the ongoing
climate issues that are challenging the Mediter-
ranean and North African regions.

The transformation of the local olive oil sector
into an inclusive and structured one could be also

supported by fostering the coordination of farmers
into groups or cooperatives. Farmer-based organ-
izations could serve as opportunities for foster-
ing interests at both local and national political
levels, bringing to attention the challenges of the
sector and especially the great opportunities that
high-quality local production can seize. Establish-
ing connections among various stakeholders in the
value chain could bring positive impacts not only
on productivity and quality standards of olive oil,
but also in terms of brand promotion and strength-
ening of the identity of Tunisian oil. Because of
its importance to the national economy, boosting
the sector would generate spillover effects on the
country’s overall economy, taking Tunisia a step
closer to the SDGs alignment and contributing to
reaching a symmetrical participation in bilateral
trade with the EU.

Considering a framework of sustainability
indicators and studying the causality between
trade agreements’ effects and the three dimen-
sions of sustainability, this study could open
further developments and perspectives, which
could include quantitative analyses of the im-
pacts of EU-Tunisia trade agreements on the
olive oil sector, but also a broader involvement
of sector’s stakeholders through interviews or
questionnaires aimed at investigating the views
of female and male workers, for instance, not
included in the current analysis for the afore-
mentioned reasons. By employing appropriate
methodologies that combine quantitative and
qualitative data analysis (such as text mining
and sentiment analysis), the perceptions of lo-
cal actors involved in the reference supply chain
could be utilized to validate what has been quan-
titatively analysed.
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Abstract

A large part of society remains unaware of agri-food blockchain traceability s value as an additional
certification for ensuring the authenticity, safety and quality of several food products through their
life cycle processes. Consequently, communication can help consumers by informing them about
blockchain advantages orienting their trust, acceptance and purchase intentions. Communication of
blockchain traceability can also help the agri-food sectors to differentiate their food products in their
supply chain and consumer markets by mitigating the existing information asymmetry. Identifying the
blockchain attributes communicated by olive oil organizations’ websites, this study aims to analyze
specific profiles of these agri-food operators who adopt this technology. Through a fuzzy set Quali-
tative Comparative Analysis (fsQCA) we analyze the blockchain attributes in order to determine the
business drivers that influence the extent to which food traceability communication is associated with
the corresponding strategic and business profile of olive oil organizations. Being that olive oil is one
of the most counterfeited Mediterranean foods in global trade with a recent boost in global demand,
our findings can help orient the management of the olive oil sector towards setting up a business and
communication strategy with adoption of blockchain traceability system, thus capitalizing the added
value of its certification. Filling a lack of literature in olive oil blockchain communication, this study
offers an extended framework of blockchain attributes that can be applied to other agri-food sectors,
thus opening up a new line of research.

Keywords: Blockchain, Traceability, Communication, Websites, Olive oil, FsQCA.

safety and hygiene regulations have generated
five global consequences: lack of consumer trust
(Rainero and Modarelli, 2021), reduction in con-

1. Introduction

Olive oil is one of the most counterfeited foods

in global trade (Alkhudary et al., 2022). Repeat-
ed cases of fraud regarding the origin of olive oil
by misleading and false labeling claims (Gen-
tile et al., 2020; Rifna et al., 2022), adulteration
and misconduct, or incidents in compliance with

sumption (Meerza and Gustafson, 2019), trans-
mission of diseases in the population with social
costs (Di Girolamo et al., 2015), reputational
damage and losses in the agri-food sector and
supply chains (Yan et al., 2020). Even if there
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are multiple sources of information, consumers
are often scared of food knowledge and wary of
certified-labeled foods without understanding
their concept (Borda et al., 2021). Moreover,
consumers are unable to control the transparen-
cy of food-labeling information (Zhang, 2023).

From the offer side, olive oil organizations
are facing the following global challenges (In-
forme Annual de Conjuntura del Sector Oleicola
2022, Caja Rural Jaén - Espafia): super-inten-
sive plantations that assure low prices altering
the markets’ competition; the environmental
impact in terms of sustainability, extended to
social and economic issues; asymmetrical infor-
mation in the global trade supply chains; a more
administrative complexity due the increasing
data requirements imposed by several controls
from multiples nationals and international pub-
lic bodies and certification authorities; healthier
lifestyle habits of consumers with an increas-
ingly demand of organic food products; large
request of more information and transparency
about food origin, quality and safety from sup-
ply chain operators and society; misinformation
on the Internet media that devalues the healthy
olive oil value.

Therefore, in this context agri-food traceabili-
ty has become one of the most strategic societal
concerns and challenges worldwide, particularly
for olive oil (Tseng et al., 2022) and the adoption
of blockchain TS in the area of agri-food trace-
ability can solve the previously indicated prob-
lems (European Commission, 2021; Castafieda
and Fejo, 2023; Chiaraluce et al., 2024). This
innovation allows consumers, farmers, supply
chain operators and public authorities to connect
directly in real time and to monitor food and in-
formation regarding its life cycle process in a
public, transparent, and auditable digital regis-
ter, eliminating the need for third-party certifica-
tion and avoiding the risk of fraud, counterfeit-
ing and negligent behavior (Tiscini et al., 2020).

However, most global consumers remain un-
aware of the concept of food Blockchain Trace-
ability System (Blockchain TS hereinafter) and
its digital tools for accessing traceability infor-
mation (FMCG-GURUS, 2020). On the offer
side, 58% of agri-food companies worldwide
declare marketing and commercial objectives as

their main priorities in the adoption of a block-
chain Traceability System (TS) (Aparicio-Ruiz
et al., 2022; Politecnico di Milano, 2023). Only
two surveys of European olive oil producers and
operators have revealed different results regard-
ing the adoption of innovative TS and related
objectives (Guido et al., 2020; Corallo et al.,
2020). Effective communication is crucial to ad-
dressing global information asymmetry and pro-
moting blockchain traceability in the olive oil
sector (Muniz-Gonzales and Muiiiz de la Torre,
2018). This helps to convey the blockchain’s
unique value to consumers, thereby improving
their understanding, acceptance, and purchasing
decisions (Cozzio et al., 2023).

In the context of blockchain communication,
the website is an essential tool to consider. Web-
sites play a crucial role in bridging the informa-
tion gap between organizations and consumers,
particularly in the context of emerging technol-
ogies (Chaffey and Ellis-Chadwick, 2019). By
serving as centralized platforms for information,
they enable organizations to control the narra-
tive surrounding their technologies, ensuring
that accurate and relevant information reaches
potential users (Kumar and Reinartz, 2016; Sha-
hid et al., 2020). This controlled environment
is especially important for technologies that re-
quire consumer trust and understanding, such as
artificial intelligence and blockchain (Zarba et
al., 2024). Focusing on communication through
websites allows for a nuanced analysis of how
organizations strategically position themselves
in relation to these innovations, providing valu-
able insights into their marketing approaches
and priorities (Kingsnorth, 2022). This multifac-
eted perspective underscores the importance of
website analysis in understanding the dynamics
of communication surrounding blockchain in
the agri-food sector, offering essential insights
for fostering adoption and trust in these technol-
ogies (Ferreira da Silva and Moro, 2021).

In this study we have focused the blockchain
communication on websites of agri-food orga-
nizations to consumers due to the current lack
of literature (WOS and Scopus, 2016-2024) and
fragmented and scarce communication on dif-
ferent web channels (FB, YouTube, Instagram,
TikTok and others) (Ancin et al., 2022). Sec-
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ondly, most of the agri-food organizations mar-
ket their products as traced through blockchain
on the e-commerce webpage as on a traditional
retail channel (Zen et al., 2017). In this dimen-
sion the website page can help the consumers
to understand how to use blockchain tools (QR
code, batch code, applications, etc.) and explain
to them the value of blockchain traceability
adoption, supporting the differentiation mar-
keting strategy to promote and sell these foods
whatever the sale channel is (Borsellino et al.,
2018; Violino et al., 2019; Reitano et al., 2024).
To address this gap, our study explores the fol-
lowing questions: Which profile variables and
key business factors of olive oil organizations
influence their website communication regard-
ing blockchain traceability systems? To answer
this, we first consolidated the communication at-
tributes from the existing literature and then ap-
plied fuzzy set qualitative comparative analysis
(fsQCA) to organizations identified as using this
technology. Consequently, this study identifies
the profiles of olive oil organizations to under-
stand whether blockchain technology (TS) is ad-
opted solely to reduce costs in the supply chain
and agri-food processes, or whether it is also
used to gain a competitive advantage in the con-
sumer market with appropriate strategies (e.g. to
trace by blockchain TS organic Extra Virgin Ol-
ive Oil (EVOO hereinafter) or premium — PDO
—olive oils).

This research is particularly relevant in today’s
market, where transparency and traceability are
essential to building consumer trust (Dionysis
et al., 2022). By identifying the profile variables
and key business factors that influence website
communication, we provide insights that can help
organizations tailor their messaging in order to
better engage consumers. Additionally, this study
offers a framework of blockchain TS attributes
for evaluating the effectiveness of communica-
tion strategies, which is crucial for companies
looking to differentiate themselves in a competi-
tive agri-food landscape. Ultimately, our findings
contribute to the broader discourse on how digital
communication can enhance the adoption of in-
novative technologies in the sector.

The remainder of this paper is organized as
follows. After the introduction, we present the

contextual framework, detailing the propositions
of the study. The material and methods section
outlines the technical aspects of our research.
Subsequently, we present the results and con-
clude the study with a discussion of the findings
and their limitations.

2. Theoretical background

2.1. Agri-food traceability concept
and challenges

The concept of agri-food traceability encom-
passes the ability to record and control five key
historical dimensions: identifying the animal,
agricultural, or food product and its correspond-
ing owner; ensuring safety at each stage of the
process to prevent contamination or disease
risks for both the population and animals; guar-
anteeing product quality for stable business re-
lations; and preventing adulteration, fraud, and
theft (Martinez, 2022). Technically, the identifi-
cation of a unit method known as the Traceable
Resource Unit (TRU) (Moe, 1998) has been ex-
tensively discussed in the literature to elucidate
the traceability concept, involving three factors:
the object of measurement and a mechanism for
identifying, documenting, and recording agri-
cultural food attributes. In the olive oil sector,
EU traceability regulations and much of the in-
ternational legislation are grounded in policies
and standards established by the International
Olive Council (I0C).

Currently, agri-food traceability presents a sig-
nificant global challenge, particularly in sectors
such as olive oil, meat, fish, and wine, because
these foods are the most unsafe and counterfeit-
ed in the global supply chains with a significant
% of uncertainty and not declared origin (Yan et
al., 2020). To prevent these concerns there are
a wide range of agri-food certification authori-
ties from public regulations (e.g., PDO - Protect
Designation of Origin or PGI -Protect Geograph-
ical Indication of European Union, EC Reg.
510/20006), private bodies (e.g., [SO), and other
international food council bodies (e.g., IOC for
olive oils), and others. This poses various ques-
tions within global agri-food supply chains, in-
cluding compatibility issues with standards and
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legal requirements, data inconsistency, trustwor-
thiness concerns, security vulnerabilities, dimin-
ished effectiveness, interoperability, scalability
issues, and increased certification costs (Has-
soun et al., 2020; KPMG, 2022).

Consequently, public authorities have difficul-
ty controlling the food origin, safety, and quality
traceability from different countries (von Ruth
et al., 2018; Rocchi et al., 2020). On the other
hand, the limitations placed on labelling by cur-
rent regulations limit consumers’ ability to verify
the authenticity of food information provided by
external intermediaries or central authorities us-
ing traditional third-party certification systems,
reducing food risk perception (Montecchi ef al.,
2019). To maintain transparency information
and trust through the value chain operators, con-
sumers and central certification authorities the
adoption of blockchain technology for agri-food
traceability can resolve these issues by enabling
tracking of the origin, its history in transforma-
tion and logistic processes, ensuring the quality
of food product (Yele et al., 2024).

2.2. Blockchain traceability system
in the agri-food sector

Blockchain responds to visionary research and
human aspirations to communicate and conduct
transactions without intermediaries and central
authorities (Tang et al., 2019).

Technically, blockchain is a technology com-
posed of both digital and physical components,
serving as an open-source dataset or a digital,
shared, distributed, and decentralized network of
ledger systems (blocks) (Ben Ayed et al., 2022;
Gligor et al., 2022). It facilitates various transac-
tions, including assets, money, intellectual prop-
erty, contracts and data management (Clohessy
and Acton, 2019). Developed to tackle historical
algorithmic challenges in digital environments,
blockchain operates within peer-to-peer web-
based systems, enabling the real-time recording
and verification of each transaction. This system
maintains an immutable and reliable database
without relying on central authority (Dujak and
Sajter, 2019). Every participant in the network
bears the responsibility of disseminating accu-
rate information (Chen ef al., 2018).

Because of the attributes of blockchain, includ-
ing transparency, data integrity, and immutabili-
ty, coupled with the absence of central controls
or intermediaries, this technology was initially
proposed for integration into the agri-food supply
chain in 2016 (Demestichas et al., 2020; Tessitore
et al., 2021; Politecnico di Milano, 2023). Block-
chain technology applied to agri-food sector, by a
new traceability certification system, can revolu-
tionize and contribute to solving and contrasting
the problems of fraud and adulteration, miscon-
duct in the production and distribution processes,
and recalls for damaged stocks that negatively in-
fluence the operators of the supply chain and cus-
tomers’ trust and their relationship with the prod-
uct (Sestino et al., 2022; Martinez-Castafieda and
Fejioo, 2023; Chiaraluce et al., 2024). Consumers
who buy food products with this traceability cer-
tification will know that they are not only con-
suming a product that complies with food safety
and quality regulations, but that the farmers and
mills are operating with good farming and pro-
duction practices in line with the SDGs (Sgroi,
2022). Consequently, this innovation responds to
society’s considerable interest in obtaining more
transparent traceability information, reducing the
perception of food risk (Montecchi et al., 2019)
and encouraging a new customer relationship
(Rainero and Modarelli, 2021) in order to reas-
sure consumers and protect them from possible
counterfeits and fraud (Bandinelli ez al., 2023).

One of the key topics associated with block-
chain TS is its potential to promote sustainabili-
ty (Friedman and Ormiston, 2022). In particular,
the growing demand for organic products has
highlighted the need for more transparent and
reliable systems that ensure the authenticity of
these products. In a globalized market, where
organic products are sold on a large scale, con-
sumers require assurances that what they are
purchasing truly meets the environmental and
health standards that define such products (Sa-
hoo et al., 2024). In this context, blockchain
technology emerges as a crucial tool for ensur-
ing traceability and compliance with the stand-
ards established by organic certifications

On the other hand, blockchain TS provides a
significant boost to Protected Designations of
Origin (PDOs), which serve as a certification

108



NEW MEDIT N.1 2025

mechanism ensuring that certain products orig-
inate from a specific geographic region and ad-
here to traditional production methods character-
istic of that area (Scuderi et al., 2019; Vasileiou
et al., 2024). This type of certification is com-
monly associated with food products and holds
immense value for both producers and consum-
ers, as it is closely linked to cultural identity and
product quality. Blockchain offers an innovative
solution to enhance consumer confidence by
guaranteeing the authenticity and provenance of
these products (Tran ef al., 2024).

Furthermore, a considerable increase in food
and agricultural products including traceability
is expected in the coming years, as stated by all
public and private international sources (FAO,
OECD and others). In the supply chain, in the
agri-food industry, blockchain traceability appli-
cations are providing new models for improve-
ment and automation (Kramer et al., 2021). This
allows easy and direct identification and gener-
ation of the certificate of origin of organic food-
stuffs in international maritime transports and
all stages of processing and distribution (Bet-
tin-Diaz et al., 2018) In this line, some studies
point out how traceability can increase the intrin-
sic value of the product (quality and profitabili-
ty), establishing a new relationship of trust with
the consumer (Lezoche et al., 2020; Boschi et
al.,2021; Yadav et al., 2022). For these reasons
blockchain TS redefines the trust paradigms into
operators of agri-food supply chain and in con-
sumer markets developing new business models
(Galanakis et al., 2021).

Presently, eighty-five percent of the existing
blockchain platforms are deployed for tracea-
bility solutions, with 40% dedicated to the agri-
food sector (KPMG, 2022). According to the
data of the WOS platform, approximately 2,673
studies on blockchain traceability systems ap-
plied to the agri-food sector have been published
between 2015 and 2024. Computer technology
and various supply chain applications have been
the most researched topics, comprising 65% of
all studies, owing to the versatility of blockchain
traceability systems with different configura-
tions (Kohler and Pizzol, 2020). This keen in-
terest stems from researchers, companies, and
organizations seeking novel alternatives and

opportunities offered by blockchain TS across
various agri-food sectors.

As the costs of management control, informa-
tion systems, waste, and food recalls continue to
increase, compliance with regulations and stand-
ards for traditional agri-food traceability has
become increasingly complex throughout the
supply chain (Bumblauskas et al., 2020). Conse-
quently, agri-food and olive oil companies seek
to minimize intermediary costs and certifications
by transitioning to a new business model based
on trust relationships (Zhang, 2023). Blockchain
traceability systems have gained traction in the
agri-food supply chain owing to their ability
to provide full transparency in food products
and processes, reduce information asymmetry
(Sestino et al., 2022) and ensuring data privacy
and safety for operators and consumers (Ghose,
2009), as well as facilitating regulatory over-
sight (Martinez-Castafieda and Fejioo, 2023).

2.3. Blockchain traceability system
in the olive oil sector

As stated by WOS and Scopus data, there are
only 20 publications on olive oil blockchain
traceability, with a broader range of 231 stud-
ies in related areas. Most studies on the olive
oil sector have focused on technical aspects
(Marchesi et al., 2021; Bistarelli et al., 2022)
and in the supply chain management (Caro et
al., 2018; Guido et al., 2020; Fricka et al., 2023)
with limited research exploring marketing di-
mensions (Bonetti ez al., 2023; Treiblmaier and
Petrozhitskaya, 2023).

In general terms, the blockchain traceability
certification system applied to the olive oil sector
allows the following advantages: 1) It dissemi-
nates good practices in the cultivation and extrac-
tion processes of EVOO by identifying technical
quality standards, and consequently of the prod-
uct (Stranieri et al., 2021); 2) It favors environ-
mental sustainability and the circular economy,
with good practices that respect and preserve
the environment (Dal Mas et al., 2023); 3) It
achieves cost savings throughout the value chain
by reducing areas of risk and inefficiency (Caro
et al., 2018); 4) It qualifies the differential value
of indigenous EVOO, premium and organic pro-
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duction, with fair and appropriate trade (Elfkih et
al.,2021; Chiaraluce et al., 2024); 5) It favors the
adhesion of distribution agents in the platform,
who also benefit compared to large supermarkets
(Antonucci et al., 2019; Shahid et al., 2020).

From a market perspective, blockchain TS
can contribute to building loyalty among current
consumers and conquers new consumer groups:
‘Millennials’, organic, online shoppers, and
others (Bonetti et al., 2023). In this context, the
blockchain has developed as a changeover value
in the existing social, economic and governance
models, (Zutshi et al., 2021) as well as in the
sustainability area (Dal Mas ef al., 2022), mov-
ing from the traditional controlled value-chain
orientation to a network orientation based on
participation, interaction and a trusting relation-
ship with customers (Sahut ef al., 2019).

Considering that olive groves are one of the
most important plantations throughout the EU
and in other emerging countries, the correct im-
plementation of an adequate traceability system
in the olive oil field that respects the environ-
ment contributes to soil sustainability and to
counteracting greenhouse gases and optimizing
the water regime (Tripoli et al., 2018; Ben Ayed
et al., 2022). It is an aligned green forest that if
properly cared for would lead to the conserva-
tion of biodiversity at soil and landscape scale.
In addition, research has shown that olive groves
act as a sink for CO2, one of the main green-
house gases (Kamilaris et al., 2019; Lezoche et
al., 2020).

3. Propositions

There is a lack of studies on the communica-
tion and marketing of blockchain traceability
websites in the olive oil and agri-food sectors.
The scarcity of studies in these areas also con-
cerns olive oils and foods traced by traditional
third-party certifications (Rossi, 2017; Mascio et
al., 2024). These studies confirm the relevance
of European PDOs and PGIs olive oil certifi-
cation against frauds and safety concerns and a
favorable consumers purchase orientation. How-
ever, there are some interesting points that can
be applied to this emerging technology in olive
oil website communication. Websites are among

the most common online references for brands
and image companies and are among one of the
first contact channels for consumers and Internet
users (Garaus et al., 2022). This medium allows
a strong online position to be achieved by com-
bining the informative, community, relational,
and transactional functions associated with so-
cial media and e-commerce (Galati et al., 2016).

In the olive oil sector with traditional third-par-
ty certification, only a low percentage of online
organizations exploited the opportunities offered
by Web 2.0 (Fransi et al., 2020; Fernandez-Uclés
et al., 2023). These website functions facilitate
purchase orientation and the purchase process of
olive oil consumers on e-commerce pages (Bor-
sellino et al., 2018; Elfkih et al., 2021). Con-
sidering the consumer interaction, participation,
involvement, and brand experience provided by
blockchain TS, website communication functions
can also develop Strategic Experiential Modules
(SEM) for brand-land olive oil (Taia et al., 2018).

However, the literature reveals a limited num-
ber of studies analyzing agri-food blockchain
topics within the realm of business strategy and
communication dimensions for agri-food orga-
nizations (Bonetti et al., 2023; Treiblmaier and
Petrozhitskaya, 2023). Using a configurational
approach (Fiss, 2011), we aim to identify the
combinations of organizational characteristics
related to blockchain traceability systems asso-
ciated with increased information dissemination
on an organization’s website.

A quality website helps reinforce consum-
er trust (De Vries et al., 2022) and transfers
the perceived value of a product to the market
(Muiiz-Gonzales and Muiiiz De La Torre, 2018;
Landeta-Echeberria, 2021). According to Re-
sources and Capabilities Theory (Barney and
Mackey, 2005), intangible resources such as
having a website with useful and abundant in-
formation can lead to a competitive advantage.
A successful commercial strategy in the online
channel is to be present on different platforms
with a close relationship with the consumer; this
is known as inbound marketing (Patrutiu-Baltes,
2016). Having a website reinforced by social
networks, chats, blogs, or other types of plat-
forms facilitates information and communica-
tion with consumers, and increases trust (Zeng
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et al., 2017). Companies with a stronger focus
on online channels tend to offer more informa-
tion through these platforms, which enhances
their relationships with consumers and fosters
customer loyalty (Fernandez-Uclés et al., 2023).

Similarly, agri-food companies operating on-
line are expected to provide a significant amount
of information, as digital platforms reduce trans-
action costs and consumers increasingly rely on
this information to make informed purchasing
decisions (Caiazza and Bigliardi, 2020). Ac-
cording to Kaplan and Haenlein (2010), as or-
ganizations expand their presence across diverse
digital platforms, they create more opportunities
to share not only product-related information
but also details about emerging technologies. In
this context, organizations with a stronger online
presence are expected to offer more comprehen-
sive communication about both their products
and technological innovations, including ad-
vancements in blockchain. Based on this, the
following proposition can be made:

Proposition 1. Organizations with a more prom-
inent presence across diverse online platforms
are expected to provide greater communication
about blockchain (TS).

Although digital technologies have increased
tools for improving their commercial position in
the market, company size remains a relevant attri-
bute associated with greater performance and im-
pact in this medium (Kiang and Chi, 2001). There
is a clear consensus that small companies bene-
fit from operating in an online environment, but
large organizations still have a greater capacity
for investment, both human and technological, to
strengthen their positioning on the internet (Wang,
2020; Fernandez-Uclés et al., 2023). However, in
the agri-food sector, small organizations are in-
creasingly active in providing transparency and
data, and larger companies have more possibili-
ties and lower costs for managing the collection,
processing, and communication of information
(Bernal-Jurado et al., 2018). With this in mind,
we make the following assertions:

Proposition 2. Increased communication on block-
chain TS is linked to the size of the company.

Technological development positively in-
fluences the competitive, differential, advan-
tageous, and structural aspects of the sector in
which it operates. Consequently, the communi-
cation and marketing areas in the adoption of
innovative technology are central to the market
strategy of organizations, especially in a digiti-
zation context (Kotler ef al., 2016), which pro-
duces strong digital interaction with consumers
and society (Marlene, 2019). Consistent with
Hobbs et al. (2005), consumers show a strong
interest in food traceability when the perceived
transferred added value is associated with this
communication content (Rainero and Modarelli,
2021). Communication in blockchain technol-
ogy can also contribute to solving information
asymmetry with consumers through QR or batch
codes on food packaging or olive oil labeling
(Mohammed et al., 2023). This information is
provided to consumers to improve their trust,
perceptions of quality, and purchase intentions
(Liu et al., 2022; Treiblmaier and Garaus, 2022).
This makes it necessary to implement blockchain
TS, because key strategic communications and
information commitments on digital platforms
are relevant (Huijbregts-Jaén, 2021). However,
it is expected that, in this process of technolog-
ical integration, as this innovation develops the
communication and information provided by the
company to the consumer will be strengthened.
Thus, we propose the following hypothesis:

Proposition 3. Further communication on block-
chain TS is determined by the degree of techno-
logical development within a company.

Consumers of organic products need more
information to purchase this type of product,
partly because of a lack of knowledge about its
characteristics and compensation for its higher
price (Marozzo et al., 2023). Vega-Zamora et
al. (2016) demonstrates that consumers have
more positive attitudes and purchase intentions
toward organic olive oil in the presence of ad-
equate communication. In the case of olive oil,
with cheaper substitute products, its marketing
benefits from online communication, which
opens doors to international markets and pro-
vides a greater amount of information about the
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company, products, and production (Carzedda
et al., 2021). Thus, organizations offer organic
products that present a greater amount of infor-
mation on digital platforms (Fernandez-Uclés et
al., 2020). The above arguments lead us to pro-
pose the following hypothesis:

Proposition 4. The increased communication about
blockchain TS is explained by the offer of organic
products to the company.

As with the organic attribute, the Protected
Designation of Origin (PDO) has been widely
used in the agri-food sector as a differentiation
strategy, adding value to certified products by
highlighting their quality and authenticity (La-
jara et al., 2022). This label influences consum-
er satisfaction, loyalty, and purchase intentions,
underscoring the importance of effectively
communicating these attributes through digital
channels (Violino et al., 2019). Proper com-
munication of information about PDO products
strengthens companies’ reputations and builds
consumer trust, making digital communication
a key tool for commercial success (Scuderi et
al., 2019). In this context, particularly for prod-
ucts with a PDO, where there is an expectation
for greater transparency and detailed informa-
tion about product traceability (Fotopoulos and

Krystallis, 2003), the communication regarding
blockchain is expected to be more extensive.

Proposition 5. Increased communication on block-
chain is associated with the presence of products
with a designation of origin.

4. Material and methods
4.1. Population

We compiled a comprehensive list of interna-
tional olive oil companies that have developed
blockchain traceability technology, or are in the
process of doing so, identifying a total of 38
companies. This figure aligns with data from
prominent Blockchain Distributed Ledger Tech-
nology Working Groups, including those in Ita-
ly, which hold particular significance in the ol-
ive sector. Table 1 captures the information from
these companies.

The data were gathered through an exhaustive
review of the information available on leading
Internet search engines, such as Google, reports
from esteemed university centers, digital block-
chain observatories (e.g., Politecnico di Milano,
University of Federico II of Napoli, and Wagen-
ingen University), and scientific and popular
articles in the specialized press dedicated to in-
novation and olive oil. Upon reviewing the liter-

Table 1 - Descriptive statistics of the olive oil organizations analyzed.

Profile of olive oil organizations Italy Spain E.U. Non E.U.
Country of origin 25 8 33 5
Other private certifications 19 7 26 4
Social media blockchain TS communication 24 9 33 5
Olive oils sold through e-commerce 2 1 3 2
Sustainability 10 3 13 2
Integration by other digital technologies 4.0. 7 2 9 2
Company profile: private 24 4 28 5
Company profile: cooperative 0 2 2 0
Company profile: consortium 2 3 0
Producer 20 6 26 2
Distributor 4 0 4 3
Consc.)rFium, European P.D.O. .(Protec'.[ed Designa’Fion | ) 3 0
of Origin) and G.I. (Geographical Indication) bodies

Source: own compilation.
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Figure 1 - Blockchain traceability attributes framework.

Source: own compilation.

ature on the agri-food and olive oil sectors, we
identified several attributes of blockchain TS 1,
along with their respective justifications (refer-
ences and concepts). Figure 1 synthesizes infor-
mation from the research study by referencing
initial propositions.

4.2. Method

Qualitative comparative analysis (QCA),
based on Boolean algebra, uses verbal, con-
ceptual, and mathematical language to make it
a simultaneously qualitative and quantitative
approach, combining the main advantages of
both (Ragin, 2014). Specifically, QCA allows
a systematic analysis of a set of cases in order
to determine causal patterns between a set of
conditions and a given outcome in the form of
necessity and sufficiency relationships (Schnei-
der and Wagemann, 2010). Unlike conventional
(symmetric) statistical approaches such as multi-
ple regression and structural equation modeling,
QCA has greater explanatory power and can be
used on its own to provide rich insights into the
relationships of interest (Gligor and Bozkurt,
2020). This is because QCA assumes that asym-
metry, equifinality, and causal complexity may
exist, mitigating some of the limitations of mul-
tiple regressions (Ragin, 2006).

QCA is a highly objective technique for deriv-
ing predictive conclusions, assuming the appli-
cation of the complexity theory to scientific re-
search (Kumar et al., 2022). QCA provides one
or more antecedent combinations sufficient for
the attainment of a particular outcome, such as
X1*-X2*X3, which is sufficient for an outcome
(Y). Using the symbology of this technique
(X1*~X2*X3—Y) and X1, X2 and X3 are an-
tecedents; Y, the result; * is the union, and ~ is
the absence or negation, in this case the opposite
value to X2 (1- X2).

The development of fuzzy sets (fSQCA) is one
of the most widely used QCA variants, because
it resolves one of the main drawbacks and criti-
cisms of the initial csQCA approach, its strictly
dichotomous approach (Sehring ef al., 2013). It
is a valid and reliable method that has the ad-
vantage of being developed for small samples
or population settings, unlike other traditional
quantitative methods (Pappas and Woodside,
2021), (Rihoux and Ragin, 2008).

4.3. Outcome and conditions

The outcome of this research represents the
amount of information that organizations pro-
vide about the traceability of products linked to
blockchain and traceability. Reviewing the liter-
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Table 2 - Variables used in the fsQCA.

QOutcome Description Type of variable
Blockcha}in TS Number of attribut;s reported in the digital environment Continuous
communicated linked to blockchain TS.

Antecedents Description Type of variable
Innov Digital platforms on which the company operates Categorical*

Size Company size according to EU Legislation Categorical**
Stage of Project Level of development of blockchain TS Categorical***
Organic olive oil The company markets organic products Dichotomous™***
PDO The company offers products with designation of origin Dichotomous****

Notes: Continuous variables were calibrated using fsSQCA 4.1 software, according to the recommended thresholds. Although the
literature recommends avoiding automatic calibration, it is most appropriate when there are no previous references to the variable
(Pappas and Woodside, 2021).

* Categorical variable with four levels according to the number of digital platforms on which the company operates (website,
blog, social media and mobile app).

** Categorical variable with four levels according to the size of the organization: micro, small, medium and large enterprises.
Calibrated from Rihoux and Ragin, (2008).

**% Categorical variable with three levels according to the status of development of the blockchain dlt technology (Companies
that have announced the implementation of this technology, companies that are currently developing it and companies that have

this traceability system already running).

***% Dichotomous variables indicate the presence of the condition with a value of 1 and 0 its absence.

Source: own compilation.

ature, we identified several blockchain attributes
of olive oil on the different digital platforms of
the companies analyzed. This outcome measures
the amount of traceability information linked to
traceability attributes and values according to the
corresponding literature and to the laws of food
safety, quality, and origin requirements valued by
the consumer. The main value attributes cited in
the literature are transparency and consumer trust
(Reieb et al., 2020; Rana et al., 2021), safety, ori-
gin authentication, quality, sustainability and sup-
ply chain efficiency (Thompson and Rust, 2023).

Five conditions have been established that al-
low us to delimit the profile of an organization
that performs more complete communication
about attributes by integrating blockchain trace-
ability into the olive sector. Table 2 lists all the
variables considered in this study.

5. Results

In an initial approach to the study’s results, the
averages of the values and attributes communi-
cated on the websites of the companies analyzed
are presented (Figure 2). These attributes, serv-
ing as the foundation for the study’s outcomes,
indicate that the current total quantity of web-

site communication, provided by 81.8% of olive
organizations, falls short of encompassing even
50% of the blockchain TS attributes.

Regarding fsQCA, necessity tests were per-
formed in which the necessary conditions were
detected if they exceeded the consistency thresh-
old of 0.9 (Pappas and Woodside, 2021). Simul-
taneously, we conducted the same analysis for
non-occurrence of the detected phenomenon.
It should be noted that the fSQCA technique is
not symmetrical, and it is convenient to study
which combinations (or configurations) of fac-
tors lead to a low level of reported information.
An assessment of the triviality of conditions was
also conducted using the Relevance of Necessi-
ty (RoN) indicator (Schneider and Wagemann,
2010). The literature advises checking for RoN
values below 0.5, because they are the cause of
concern. In none of the cases was the consisten-
cy equal to or above the recommended limit of
0.9, and no coverage was too low (<0.5) (Ragin,
2006) (Table 3).

The next part of the study required the use of
fsQCA software 4.1. The truth table is calcu-
lated by considering these variables. The main
findings of this analysis are presented in Table 4,
which shows the various combinations that lead
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Figure 2 - The most communicated attributes of blockchain TS.

Source: own compilation.

Table 3 - Analysis of necessary conditions.

Blockchain communicated ~ blockchain communicated [
Consistency Coverage Consistency Coverage
Innov 0.7390 0.5935 0.7006 0.7475 0,6816
~innov 0.6857 0.6329 0.6190 0.7591
Size 0.6183 0.7387 0.2454 0.3895 0.8381
~size 0.4890 0.3279 0.8353 0.7440 ’
Progress 0.6863 0.5333 0.4871 0.5029 06333
~progress 0.3603 0.3459 0.5480 0.6988
Eco 0.6134 0.5561 0.3685 0.4439 07145
~eco 0.3866 0.3155 0.6315 0.6845
Pdo 0.3977 0.4056 0.4387 0.5944 0.6982
~Pdo 0.6023 0.4468 0.5613 0.5532 ’
Source: own compilation.
Table 4 - Analysis of sufficiency results.

Configurations 1 2 3 4 5
Innov ® X X X
Size ° (] () (]
Progress [ ] ° ° °
Eco () ° ® ®
Pdo ® ® ®
Raw coverage 0.3879 0.2022 0.1942 0.1795 0.1127
Unique coverage 0.2469 0.0196 0.0000 0.1078 0.0411
Consistency 0.9738 0.8616 0.9031 0.8772 0.9154
Model coverage 0.6697
Model consistency 0.9093

Source: own compilation.
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to greater communication regarding traceability
of a company’s products. Specifically, four solu-
tions were identified and presented in order from
highest to lowest gross coverage. Using the usual
terminology in this type of study, black circles (®)
denote the presence of a condition, while crossed-
out circles () indicate its absence. A blank indi-
cates that the condition is irrelevant. The distinc-
tion between central and peripheral conditions is
denoted by large and small circles, respectively
(Fiss, 2011). The following table includes the
set-theoretic consistency values for each config-
uration and the overall model solution.

The results show that, considering the pro-
posed variables, different combinations lead to a
greater amount of information on the traceability
of the products offered by the company. Table II
includes the set-theoretic consistency values for
each configuration, as well as the global solu-
tion of the model. The global solution exceeds
the recommended threshold of 0.80 (Pappas and
Woodside, 2021). The global model obtained
from this analysis reflected a total coverage of
0.6697. Thus, in 66.97% of the olive oil organ-
izations analyzed, this set of causal configura-
tions explains the amount of information. The
core conditions of the model obtained are two:
innov*progress*eco and size*~innov. The first
configuration, with a gross coverage of 0.3879,
establishes that the combination of innovation,
state of progress, and offering organic products
explains 38.79% of the cases with a greater
amount of information. The corresponding con-
sistency shows that 97.38% of the cases present-
ed results of interest.

6. Discussion

Analyzing the communication of blockchain
TS attributes in the olive oil sector, this study
tries to identify the profile of olive oil organi-
zations that adopt this certification technology
and to understand the key drivers that move the
business strategy. To achieve this objective, we
have focused on the website communication
channel for the following reasons: expands two
foundations of the value of blockchain tracea-
bility transparency: visibility and disclosure
(Duan et al., 2017; Kohler and Pizzol, 2020);

explains to consumers how to use blockchain
labelling tools (QR or batch code) to obtain a
value information about the olive oil food prod-
uct and processes (Violino et al., 2019; Liu et
al., 2022); helps consumers to develop their de-
cision-making abilities, engagement, and physi-
cal product experience (laia et al., 2018); build
a direct trust-customer relationship with an olive
oil brand company improving a competitive ad-
vantage (Singh and Sharma, 2022; Bonetti et al.,
2023). Moreover, this blockchain TS attributes
communication analysis allows us to understand
if the adoption of this traceability technology
is only a cost-saving on processes objective in
their supply chain (Zheng et al., 2023) or hides
an effective market strategy responding to glob-
al consumers’ concerns about sustainability,
trust and health (Dal Mas et al., 2022; Treiblmai-
er and Garaus, 2023; Giganti ef al., 2024). Re-
garding the profile of olive oil organizations that
trace their food products by blockchain TS we
have found the following dimensions and corre-
sponding strategies.

The size of the company influences the level
of blockchain TS communication on the web-
sites of olive oil organizations. Companies with
larger dimensions can absorb rising communica-
tion costs because their operational and organi-
zational structures can communicate more on the
websites to thus achieve commercial and mar-
keting objectives focused on consumers (Caiaz-
za et al., 2020; Sgroi, 2022). This relevance has
been confirmed in other traditional traceability
certification systems used in the olive oil sector
(Fernandez-Uclés et al., 2023). Through the dig-
ital communication of blockchain technology
the biggest companies of olive oil sector can de-
velop a corporate and territorial competitiveness
allowing a greater efficiency in management of
agri-food supply chain (Antonucci ef al., 2019;
Zhao et al., 2019).

The blockchain technology project progress
status at the announcement, ongoing develop-
ment, and operation stages in the adoption of
agri-food blockchain TS are also related to the
level of blockchain TS communication on the
websites of olive oil organizations. On the other
hand, olive oil organizations that have complet-
ed the blockchain TS project are more sensitive
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to communicate their results into a Corporate
Social Responsibility (CSR) website content
(Rainero and Modarelli, 2021) and to a consum-
er values and attributes when differentiating their
brands and products traced by this technology to
achieve a competitive advantage (Gazzola et al.,
2023).

Organic olive oil is another relevant variable
that impacts blockchain TS website communica-
tion and plays a significant role in the business
strategy of olive oil sector. Producers of organic
olive oil are highly oriented toward using Inter-
net channels to promote and sell their products,
maximize their economic performance, and ob-
tain positive interest, acceptance, and purchase
orientation from consumers (Carzedda et al.,
2021; Pérez-Pérez and Gracia, 2023). This study
confirms that olive oil organizations, especially
those from Italy and Spain, trace their organic
olive oils by blockchain TS adding an addition-
al certification value to their premium olive oil
productions (EVOO and or PDO) The corre-
sponding website communication content aims
to achieve the following business objectives: to
reinforce the value labelling information of a
previously organic traceability certification from
European Union (Polenzani et al., 2020; van
Hilten et al., 2020); to assure more familiarity
with blockchain TS labelling tools (QR and batch
code) and its usefulness to consumers (Georges-
cu et al., 2022); increasing a willingness to pay
a premium price offering an extensive range of
information about quality, safety and origin of
organic olive oils because consumers of organic
olive oil need more information than consumers
of conventional olive oil products and need to
be assured of the higher price of organic olive
oils (Borsellino et al., 2019; Fernandez-Uclés et
al., 2020; Brusset ef al., 2024). Organic olive oil
communication is also associated with the social
environmental sustainability concern. Consum-
ers show a favorable purchase intention for olive
oil organizations that certify their sustainability
in the cultivating and mill processes by block-
chain TS (Violino et al., 2019; Fernandes et al.,
2022; Zhang, 2023).

Even if PDO and PGI offer to the agri-food
and olive oil organizations a distinctive protec-
tion of origin, quality and practices of local pro-

duction methods in the global supply chain trade
on meet repeated cases of fraudulent activities
that can damage the reliability of these entities
and sectors (Scuderi et al., 2019; Vasileiou et al.,
2024). In our study we have observed that sev-
eral organizations that trace olive oil (especial-
ly the organic EVOO) via blockchain TSs are
PDO and PGI entities, and this variable greatly
influences the level of website communication
because it has a positive impact on the consumer
preferences (Violino ef al., 2019; Contini ef al.,
2023). Consequently, this communication rein-
forces the value that PDO and GI olive oil offer
to consumers: additional certification through
blockchain regarding origin, safety, quality, and
process compliance (Aparicio-Ruiz et al., 2022).
Blockchain TS communication could be also a
further asset for small-to-middle-size local or-
ganizations that belong to PDO and PGI olive
oils entities in the consumer market, increasing
company reliability to achieve a differential
competitive advantage (Sanjuan-Lopez and Re-
sano-Ezcaray, 2020).

7. Conclusions

The aim of this study has been to conduct an
exploratory investigation of olive oil organiza-
tions that have implemented the new 4.0 digital
blockchain traceability system (TS) and evaluate
its impact on online communication using this
innovative technology. This study addresses a
gap in the literature and contributes to the con-
solidation of knowledge concerning blockchain
within organizational profiles and communica-
tion attributes in the olive oil sector. Specifical-
ly, it investigates how the profile variables of
olive oil organizations influence blockchain TS
communication, and examines how and to what
extent olive oil organizations communicate the
values and benefits of blockchain on their web-
sites. This analysis has aimed to determine the
corresponding correlations and key business fac-
tors that impact the consumer market.

The results of this study reveal that communi-
cation of olive oils traced through blockchain TS
is not perceived as a priority in olive oil organ-
izations, contradicting their declarations, where
the commercial objective was the main goal
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in the adoption of blockchain technology. Our
findings identify two different profiles of olive
oil organizations: those with a larger dimension
and those with an advanced blockchain TS pro-
ject. These organizations are present on several
digital platforms selling organic olive oils, and
belong to a PDO organization that enforces the
authenticity of the origin and quality of olive oil
with a focus on sustainability. To be effective,
the blockchain TS communication of organic
olive oil should consider and be aligned with
different consumer profiles in different coun-
tries and continents, such as “organic seekers,”
expanding web content to other groups, such as
“organic indifferent,” “quality and origin lov-
ers,” and “local consumers.”

The organic food strategy in olive oil profile
organizations is a key factor in explaining the
adoption of blockchain as a strategy product and
agri-food production process. This evidence in-
dicates a clear strategic choice by olive oil com-
panies to coherently develop this market chan-
nel with sustainability trends and consumers’
expectations in order to achieve a competitive
advantage.

However, current website content communica-
tion remains inadequate for mitigating the infor-
mation asymmetry in the olive oil market traced
by blockchain. The lack of clear and concise in-
formation explaining blockchain concepts and
tools to consumers and online users impedes their
perception and acceptance of this innovation,
thereby limiting their purchase intentions and
sustained usage. This communication gap hin-
ders consumer awareness and familiarity with the
newly-labeled blockchain TS tools. Additionally,
the absence of differentiation, both visually and in
content, as well as in price and sustainability at-
tributes, between olive oils traced by blockchain
TS and those traced by other certification systems
sold via e-commerce channels, may negate the
potential competitive advantages generated by
blockchain TS adoption, particularly for premium
olive oil categories.

Furthermore, our study highlights that this
communication gap extends to professional
clients and supply chain operators, potentially
impacting olive oil-producing countries and or-
ganizations focused on bulk production, such as

Spain and other emerging countries, where busi-
ness clients represent a significant market value
in global trade.

7.1. Practical implications

This study offers a complementary and en-
riching perspective for interpreting data from
agri-food organizations that adopt blockchain
traceability systems. Specifically, website com-
munication about blockchain traceability sys-
tems (TS) for olive oil organizations can be ex-
tended in three dimensions:

First, supply chain operators can mitigate in-
formation asymmetry in global trade.

Second, transparency is a key factor in devel-
oping consumer trust.

Finally, a social dimension aligned with the
Principles of Digital Development promoted
by international entities (e.g., UNICEF, FAO,
WHO, and the World Bank) and foundations
(e.g., the Bill and Melinda Gates Foundation)
can be integrated, contributing to the develop-
ment of a local sustainability production, better
farmer inclusion, shared values, health discase
prevention, and development goals. For these
reasons, some governments have invested exten-
sively in agri-food blockchains as consumers are
increasingly concerned about their health and
product quality.

This study also addresses the management of
olive oil organizations to support their website
communication strategies in the blockchain TS
area. These findings provide valuable informa-
tion for managers emphasizing blockchain adop-
tion to enhance consumer issues and require-
ments and help them establish a competitive
advantage. Our work encourages organizations
to align their blockchain agri-food traceability
objectives with their communication strategies,
especially for the European Protected Designa-
tion of Origin (PDO) and Geographical Indi-
cation (GI) or consortium associations in other
countries.

From a business perspective, the study’s find-
ings highlight the strategic role that effective
blockchain communication can play in helping
agri-food operators differentiate their products
within both the supply chain and the broader
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market. Clear communication about blockchain
traceability can mitigate information asymme-
try, a persistent issue in food markets, particu-
larly for products prone to fraud, such as olive
oil. Ultimately, the study provides a valuable
framework for agri-food businesses to assess the
effectiveness of their communication strategies.
This solution will also enable the use of key per-
formance indicators (KPIs) in commercial, mar-
keting, and digital web metrics to benchmark
other olive oil categories.

The results of this study underscore its useful-
ness and need for significant investments in IT
technical areas, organizational processes in the
supply chain, and consumer communication.
The framework of values and attributes identi-
fied in this study can be used to implement the
information that the blockchain distributed ledg-
er technology (DLT) platform needs to trace in
the cultivation and mill production processes,
integrating machinery and sensors.

7.2. Limilations and future directions

Although our findings address this study’s
research question, certain limitations should be
acknowledged. First, the blockchain traceability
system examined is specific to the olive oil sec-
tor rather than the entire agri-food sector. Due
the difficulty of accessing the entire agri-food
blockchain data, the focus was on analyzing the
olive oil sector for its economic significance in
several emerging countries, its recognized val-
ue food impact on health and nutrition for con-
sumers, and the sustainable productions offering
ecological premium olive oils coherently to the
market trends and society concerns. Second,
the study sample is confined to the offer side,
analyzing the profiles of olive oil organizations
rather than consumer behavior in order to un-
derstand the objectives and strategies behind the
adoption of blockchain traceability systems.

As an exploratory study, our results were de-
rived from a literature review and data compiled
from various sources. This was necessitated by
the lack of a pre-existing common model to serve
as a guideline for this nascent research area. These
limitations highlight areas for future research,
particularly the need to examine consumer be-

havior to better understand market interactions in
blockchain-based agri-food traceability.

Future research should include an analysis of
the organizational profiles and website commu-
nication indices of agri-food organizations that
have adopted blockchain technology. This find-
ing can be used to compare the impacts and rela-
tionships between the supply and market sides.
Further studies should develop and test compre-
hensive models in order to facilitate a holistic
understanding of blockchain adoption in the
agri-food sector.
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Abstract

The aim of this study is to determine the most effective irrigation systems for agricultural enterprises
producing maize due to decreasing water resources. The study was conducted on 95 agricultural en-
terprises producing corn in Gumra District of Konya Province. In the study, the importance levels of
10 criteria determined in the decision process were analyzed by Entropy method. The results revealed
that the most important criteria are Energy Cost, Labor Requirement and Price, respectively. Irriga-
tion system alternatives were evaluated using the COPRAS method, one of the Multi-Criteria Decision
Making (MCDM) methods. In the study, linear irrigation systems were identified as the most suitable
irrigation system for the study area. The rapid increase in input costs has led agricultural enterprises
to implement cost saving measures. The potential of modern irrigation systems to reduce energy costs
has made this criterion a priority factor in irrigation system selection. In this context, the importance
of irrigation systems that provide energy efficiency and labor saving plays a critical role for the sus-
tainability of agricultural production.

Keywords: Maize, Irrigation Systems, MCDM, COPRAS, Entropy.

1. Introduction

Water is a vital natural resource for living
things to survive. However, due to the increas-
ing population and the effects of global warm-
ing, water resources are decreasing and access to
these resources is becoming increasingly diffi-
cult. These challenges cause people to search for
ways to save water and develop more efficient
water use methods. This necessitates the imple-
mentation of more informed and effective strat-

* KTO Karatay University, Konya, Tiirkiye.

egies for the sustainable management of water.
While 97.5% of the world’s water is saltwater,
only 2.5% is freshwater. Water consumption is
distributed in different ways across different ar-
eas such as the sustainability of people, animals
and natural life, agricultural irrigation, energy
production and industrial activities.

Looking at the sectoral distribution of water
consumption in the world, 69% of water is used
for agricultural activities, 19% for industrial sec-
tors and 12% for drinking water and daily use
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(WWF, 2014). Despite many technological and
biological innovations, agriculture is considered
one of the most vulnerable sectors to the negative
impacts of climate change (Oguz ef al., 2024). If
this situation is ignored and the necessary meas-
ures are not taken, there is a risk of a serious
water crisis in the coming years. In this context,
it is of great importance to develop urgent and
effective strategies for the efficient management
and the conservation of water resources (Ozsoy,
2009). In Turkey, 77 % of water (Ministry of En-
vironment, Urbanization and Climate Change,
2023) is used for agricultural irrigation. While
the irrigation systems determine how the water
is applied to the soil, the irrigation system in-
cludes all the tools and equipment necessary to
apply these systems (Eryilmaz, 2022). Irrigation
systems are an important factor for agricultur-
al development and food security (Haffaf et al.,
2021). The high water consumption in agricul-
tural irrigation requires the development of care-
ful strategies for the management and sustaina-
ble use of water resources. Planning is necessary
in many areas, such as the structure of crops de-
pending on the amount of water, modern irriga-
tion systems, the selection of seeds, the method
of tillage and the analysis of plant water needs.
The cultivation pattern is of great importance for
agricultural businesses because it is both adapted
to the climatic conditions and enables high profit
margins; as the right product selection supports
both efficient production processes and econom-
ically sustainable success. The diversity of cli-
matic conditions in Turkey makes it possible to
grow different crops in different regions. Precip-
itation, one of the climatic factors, has a direct
impact on the productivity of agricultural activi-
ties and the health of ecosystems. The 2023 areal
precipitation average in Turkey was 641.5 mm,
about 12% above the long-term average (573.4
mm for the 1991-2020 period) (MGM, 2023a).
In Konya province, which accounts for 7.86%
of Turkey’s agricultural area, the average annual
precipitation between 1929 and 2023 was 329.7
mm, which is lower than the national average
(MGM, 2023b).

Despite the low rainfall in Konya province,
farms favour water-intensive crops such as
maize, alfalfa, sugar beet and potatoes for rea-

sons of profitability. In 2023, 10.03 million quin-
tals of cereals and 1.85 million quintals of maize
were grown in Konya (TurkStat, 2023).

Although cereal crops generally require less
water, water-intensive crops such as maize re-
quire careful management of water resources
and careful planning of irrigation strategies due
to the low average rainfall in the region. The wa-
ter requirement of the maize plant under region-
al conditions is 788 mm, which is significantly
higher than the current amount of precipitation
(TAGEM, 2017). This situation emphasizes the
importance of water efficiency solutions and ef-
fective irrigation systems to increase crop yields
and make agricultural production sustainable
through the effective use of limited water re-
sources. The research area is one of the driest
provinces of Turkey and also constitutes one of
the most important grain production areas. Al-
though some studies have discussed the extent to
which investments will be made in the products
produced in the region (Kaya, 2017; Oguz and
Yener, 2017; Oguz et al., 2024). Since produc-
ers are not trained on water use and restrictions,
profitability in production comes to the fore. It
would be beneficial for the state, universities and
local governments to be sensitive about this is-
sue and to provide training to farmers on water
scarcity and usage. Otherwise, there will not be
much change in the region.

It is important to select suitable irrigation
systems for efficient utilization of water re-
sources. Multi-criteria decision making meth-
ods (MCDM) are one of the methods used to
determine the most suitable irrigation system
considering various criteria. Since these meth-
ods are able to find the best solution by evalu-
ating different factors, they attract a lot of in-
terest and are widely used. The MCDM method
helps to determine the most appropriate option
among the available solution alternatives by tak-
ing into account multiple criteria (Ciftci, 2024).
The impact of MCDM on theories and models
that contribute to more systematic and reason-
able decision-making processes has increased
significantly (Manos et al., 2009). MCDM is an
intelligent and effective method that helps deci-
sion makers determine the best option accord-
ing to various criteria (Tian et al., 2023). This
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approach aims to increase both resource effi-
ciency and support sustainable agriculture as an
important tool in optimizing water management
and irrigation strategies. In the literature, many
studies on water and irrigation systems have
conducted comprehensive and effective analy-
ses used MCDM methods. Some of these stud-
ies; (Duckstein et al., 1994) and (Raju and Pillai,
1999) used MCDM to evaluate the performance
of irrigation systems, (Salgado et al., 2009)
evaluated water supply system alternatives with
MCDM method, (Sun et al., 2017) used MCDM
to evaluate the performance of irrigation sys-
tems, (Hosseinzade et al., 2017) proposed a
decision-making model to select an appropriate
channel structure in the irrigation system, used
the Entropy method to determine the weights
of the criteria, and the TOPSIS method to rank
the alternatives, (Sapkota et al., 2018) evalu-
ated water supply system alternatives with the
MCDM method and (Assefa et al., 2018) used
the MCDM technique and geographic informa-
tion system (GIS) to evaluate potentially irriga-
ble areas. (Karleusa ez al., 2018) stated that AHP,
PROMETHEE and ELECTRE are suitable
MCDM methods for decision making on irriga-
tion systems. (Elshaikh ez al., 2018) stated that
AHP, which is a MCDM method, is one of the
four most widely used methods for evaluating
irrigation system performance. (Hadelan, 2020)
used the AHP method to compare and rank three
possible locations for constructing an irrigation
system in different regions of Croatia. (Karleusa
et al., 2019) used MCDM to solve various wa-
ter management problems. (Veisi, 2022) used the
AHP method in sustainable water management
by developing a set of indicators to determine the
most suitable irrigation system that has an impact
on agricultural sustainability. (Tork et al., 2021)
used the AHP and COPRAS methods for weight-
ing and ranking criteria for the modernization of
the surface water distribution system.

The aim of this study is to determine the
most effective method among the irrigation
systems of the enterprises producing maize
and to determine the weights of the criteria
that are effective in choosing this method and
to make policy recommendations according to
these results. The COPRAS method, one of the

MCDM methods, was used in determining the
irrigation system preferences of the agricultural
enterprises producing maize in the Cumra dis-
trict of Konya province. The Entropy method
was preferred in the weighting of the criteria in
the mentioned method. This approach provides
a comprehensive analysis to evaluate the effi-
ciency of irrigation systems and to select the
most appropriate system.

2. Material and methods

Primary data were used in the study and these
data were collected using survey technique. The
data were collected at the end of the 2024 harvest
and were obtained by the researcher himself.
Cumra district of Konya province was selected
as the research area. The reason for choosing this
district is that it ranks first in maize production
in Konya province. While maize production is
carried out in a total area of 185,505 hectares
in Konya province, 35.20% of this area, that is,
35,200 hectares, is in Cumra district (TurkStat,
2023). By using these data, a total of 6000 maize
producing enterprises were identified for the
main sampling frame in the region. It emphasiz-
es the share and importance of Cumra in maize
production. The research data were obtained us-
ing survey technique and the surveys were con-
ducted face to face with agricultural enterprises
producing maize on a voluntary basis.

In the study, the sample size volume was cal-
culated according to the formula below using
simple random probability sampling based on fi-
nite main population ratios (Miran, 2003; Oguz
& Karakayaci, 2017).

= Nxpx(1-p)

(N-Dxo’, +px(1-p)

()

Formula;

n= Sample volume

N= Number of maize producing agricultural
enterprises in the sampling frame (6000 units)

O';X = Variance

p=0.50

q=1-p

Using the formula in Equation (1), the sample
volume was calculated as 95 with a 10% margin
of error and 95% confidence interval.
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2.1. The methods applied in the selection of
the most appropriate irrigation systems for
maize production enterprises

In order to determine the decision-making
factors that are important in the selection of irri-
gation systems to be used in maize production,
the opinions of corn (grain) producers as well as
subject matter experts working in universities,
public institutions and other organisations were
taken. In addition, other studies conducted in the
study area were also utilized. In a study conduct-
ed in Cumra district of Konya province, it was
reported that 85% of the producers used sprin-
kler and drip irrigation methods (Kaya, 2017).
In another study conducted in the same region,
it was stated that sprinkler, drip irrigation, cir-
cular moving irrigation and linear moving irri-
gation systems were widely used for 9 different
crops and the internal profitability of these sys-
tems were calculated (Agizan, 2018). In another
study conducted by Oguz ef al. (2021) in Cumra
district, it was revealed that the rate of adoption
of innovations in modern irrigation systems by
producers was high, and the effects of sprinkler
irrigation, drip irrigation and pivot irrigation
systems on yield and profitability in corn pro-
duction were determined. The aim of this pro-
cess was to better understand the factors that
will increase the effectiveness and efficiency of
irrigation systems and to offer the most appro-
priate options to producers. The data obtained
in this context will help to make informed and
effective decisions on the selection of irrigation
systems. The 10 criteria to be considered in the
selection of irrigation systems were determined
as brand, price, quality, product type, durabil-
ity, labour requirement, economic life, energy
cost, service facility and water saving. These
criteria were evaluated on a 7-point scale (Very
Poor (1), Poor (2), Somewhat Poor (3), Medi-
um (4), Somewhat Good (5), Good (6) and Very
Good (7)) for 5 alternative irrigation systems
namely Sprinkler Irrigation, Drip Irrigation,
Pivot Irrigation, Linear Irrigation and Drum Ir-
rigation. COPRAS method was used to select
the most appropriate irrigation system and en-
tropy method was used to weight the criteria.
These methods are given below.

2.1.1. Entropy Method

The entropy theory developed by Shannon in
1948 emphasizes that the quality and quantity of
information in decision-making processes play a
critical role in determining correct and reliable
solutions. According to the entropy theory, the
amount of information available determines the
effectiveness in solving the problem and is a tool
used to realize different evaluation situations in
the decision-making process and helps to meas-
ure the amount of information provided (Wu et
al., 2011). The entropy method is not based on
the subjective judgement of decision makers;
instead, it functions as an objective weighting
method and usually consists of five stages.

Step 1 - Determining the decision matrix: To
construct the decision matrix, if you have & se-
lection criteria and / alternatives, this matrix is
usually presented with k criteria organized as
columns and / alternatives as rows. In the ma-
trix, x;;, represents the performance value of the
i. alternative according to the j. criterion.

Xy Xy e Xy
X. X. X.
21 22 A 2k
4, =| . . . 2
Xy Xy e Xy

In the study, 10 (k&=10) criteria (brand, price,
quality, product type, durability, labour require-
ment, economic life, energy cost, serviceability
and water saving) and 5 (/=5) alternatives (sprin-
kler irrigation, drip irrigation, pivot irrigation, line-
ar irrigation and drum irrigation) were determined.

Step 2 - Decision Matrix Normalisation: In
order to use different scale dimensions together,
the initial matrix elements need to be standard-
ized. This is done by using Equation (3) for nor-
malisation of benefit-based criteria and Equa-
tion (4) for normalisation of cost-based criteria.
These standardization steps ensure comparabili-
ty of data at different scales.

Y (=12 =12k 3
7= =1,2,..,j=12,..
i maxx!j (l 2 b b ’] & & b ) )
J
minx,.j
r = xj , ming7&0(i:l,2,...,l;j:1,2,...,k)
H ' 4)
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i = Alternative value,

j = Criterion value,

ry = Normalized value.

After the indices are standardized, they are
shown in the normalized index matrix R = [i;j ]/xk'

In this study, while normalizing the decision
matrix for weighting the criteria, price and ener-
gy cost criteria were determined as cost criteria.
On the other hand, brand, quality, product type,
durability, labour requirement, economic life,
serviceability and water saving criteria were
considered as benefit criteria.

Step 3 - Calculation of Entropy: In this step,

first the values are calculated using Equation 5,
7.

f _ i

/]
Zrij
i=1

The values obtained in Equation (5) are used
in Equation (6) to calculate the entropy value for
each criterion. In this formula #; #=1/In (m) the
constant value used represents a value obtained
by a specific calculation method.

®)

k
ej:—tzlfij.lnﬁj (i=12,...5;j=12,...k) (6)
=

Since there are 5 decision alternatives in the
above equation, the value of m is determined as
5. By substituting this value in the formula, the ¢
value was calculated and used in Equation (6) as
t=1/In(5)=0.621.

Step 4 - Determining the entropy weight of the
criteria: The magnitude of the entropy weight
of the criteria indicates how effective that cri-
terion is in the decision-making process and
clarifies the importance of each criterion in the
decision-making process. These weights were
determined by calculating as specified in Equa-
tion (7).

1-e, k
w, zk—', ij =1, (j=1,...

Z(l_ej) a

J=1

k) (D)

w; = Weight value,

e; = Entropy value.

The entropy method is an evaluation method
that can be easily applied by calculations made
directly on the data, independent of subjective

evaluations, and provides completely objective
results, and the criteria weights obtained from this
method are then used in the COPRAS method.

2.1.2. COPRAS Method

The COPRAS (COmplex PRoportional AS-
sessment) method, developed by Zavadskas et
al. in 1994, helps to determine the most appropri-
ate option by providing an effective comparison
of alternatives in multi-criteria decision-making
problems. The method determines the appropri-
ate solution by calculating the direct and indirect
ratios of each alternative with the best and worst
solutions while choosing the best one among
many alternatives (Yiicenur et al., 2019). The
basic calculation steps of the COPRAS method
are as follows (Zolfani et al., 2018).

Step 1: When constructing the decision ma-
trix, if there are k selection criteria and / alter-
natives, this matrix is usually presented with k
criteria organized as columns and 1 alternatives
as rows. In the matrix a;;, the performance value
of the i. alternative according to the j. criterion
is represented.

a“ alz alk
a a e a
21 22 2k
4= [% ]lxk .. ®)
a“ a,2 a,k

Step 2 - Constructing the Standardized Deci-
sion Matrix: After the decision matrix 4 is ob-
tained, the normalization process is performed
using equation (9) and the normalized decision
matrix 4 specified in equation (10) is reached.

= (i=1,20]5j=1,2,0k)  (9)
24
i=1
i = Alternative value,
j = Criterion value,
a;; = Normalized value.
a4, N
- = _ Ay Gy . Gy
A - |:aij :|l><k - : . : :
a, a, ay
(i=1,2,..0j=1,2,...k) (10)
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Step 3 - Constructing the Weighted Standar-
dized Decision Matrix: Each element of the de-
cision matrix standardized by Equation (11) is
multiplied by the relevant criteria weights. This is
done to obtain the weighted performance values
of each alternative with respect to the criteria.

&iizc_lijxw/' (11)

After this process is completed, the 4 weight-
ed standardized decision matrix is obtained as
shown in Equation (12).

Gy G e Gy
N a, Gy .. a
. 21 9p 2%k
A= I:a:| =
i ik . L
a, a, .. a;

(=121 =1,2,...,k) (12)

In the study, a weighted standardized deci-
sion matrix was obtained by using the criteria
weights obtained by Entropy method.

Step 4 - Calculation of Svi and S.1 values: Ac-
cording to whether the criteria are of benefit or cost
type, the total weighted standardized values are
calculated by S+, and S.;. Here, Si; represents the
sum of benefit criteria and S represents the sum of
cost criteria. With the help of Equations (13) and
(14), d+; and d.; represent the performance values
with benefit and cost criteria, respectively.

S,=Ya, (=120 =12.,v) (13)

J=1

k

Ma, (i=1200j=12,,k) (14)
=1

J

S,

Step 5 - Calculation of Relative Importance
values: The relative importance value Q; of the
i. alternative is calculated using equation (15)
and this value reflects the level of satisfaction
achieved by the alternative. A higher value of O;
indicates that the alternative is closer to the ideal
alternative. Each alternative has a value between
0 and 100 per cent.

!
S—i
0 =8, +—"—

(15)
S . x !

M-~
=

Step 6 - Calculation of performance index
values and obtaining rankings: The perfor-
mance index value is calculated by dividing
the Q; value of each alternative by the maxi-
mum Q; value. The proportional similarity of
any alternative to the ideal alternative is found
in this step.

i
‘max

P {&}100% (i=12..01)  (16)

Finally, the preference ranking of the alterna-
tives is determined by ranking the calculated P;
values from largest to smallest.

3. Research findings and discussion

At this stage of the study, irrigation systems
were evaluated and ranked according to the
criteria determined by using the Entropy and
COPRAS methods. Firstly, an initial decision
matrix was formed by taking the arithmetic
mean of the scores given for each criterion for
the determination of irrigation systems in maize
producing enterprises. In the next step, the im-
portance coefficients of the criteria were calcu-
lated with the Entropy method and the ranking
of the irrigation systems was carried out with the
COPRAS method. Calculations were made in
Microsoft Excel.

3.1. Oblaining Criteria Weights with
Entropy

Step 1 - Creating the Decision Matrix: In the
construction of the decision matrix; the answers
of 95 agricultural enterprises for each criterion
were summed and averaged and the decision
matrix in Table 1 was obtained.

Step 2 - Decision Matrix Normalization: The
values determined as cost criteria are standard-
ized by dividing by the maximum value. Other
values determined as benefit criteria were nor-
malized by dividing by the minimum value. The
standardized values obtained are presented in
Table 2.

The rows of the standardized values of the de-
cision matrix contain the evaluation criteria and
the columns contain the decision alternatives.
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Table 1 - Decision Matrix for irrigation system.

Irrigation System

CRITERIA Sprinkler Drip Pivot Linear Drum .

Irrigation | Irrigation | Irrigation | Irrigation | Irrigation — g
Brand 4 4.4 5,2 5,7 5,2 5,7 4
Price 35 3.8 5,6 5,7 6 6 35
Quality 3,7 39 5,2 6,1 52 6,1 3,7
Product Type 49 5 49 5 4.8 5 4.8
Durability 3,6 3,5 5,2 5.8 5.4 5,8 35
Labour Requirement 2,9 5,1 6,2 6,8 6,2 6,8 2,9
Economic Life 3,4 3,2 5 5,1 4,9 5,1 3,2
Energy Cost 4.6 29 1,6 1,3 1,6 4,6 1,3
Service Facility 4.5 4.6 4.8 4.8 4.8 4.8 4.5
Water Saving 3,8 5,1 6,1 7 6 7 3,8

Table 2 - Standardized values for irrigation system.
Irrigation System
CRITERIA Sprinkler Drip Pivot Linear Drum Total
Irrigation Irrigation Irrigation Irrigation Irrigation

Brand 0,701 0,771 0,912 1,000 0,912 4,298
Price 1,000 0,921 0,625 0,614 0,583 3,743
Quality 0,606 0,639 0,852 1,000 0,852 3,951
Product Type 0,980 1,000 1,000 0,980 0,960 4,920
Durability 0,621 0,603 0,896 1,000 0,931 4,051
Labour Requirement 0,426 0,750 0,911 1,000 0,911 4,000
Economic Life 0,666 0,627 1,000 0.981 0,961 4,235
Energy Cost 0,282 0,448 0,812 1,000 0,812 3,355
Service Facility 0,937 0,958 1,000 1,000 1,000 4,895833
Water Saving 0,542 0,728 0,871 1,000 0,857 4,000

Step 3 - Calculation of entropy: In this step,
fij 1s first normalized using equation (4). These
values can be seen as the re-standardization of
the standardized matrix elements. When cal-
culating the values, the values in each row in
Table 2 are normalized by dividing them by
the sum of the rows to which they belong. The
decision matrix obtained after normalization is
shown in Table 3.

Then In fj; is obtained for the realisation of the
operations in Equation (5). After calculating this
value, f;; x In f; is found. Moreover, the k val-
ue in Equation (5) is the entropy coefficient and
represents the logarithmic form of the number of

alternatives in the decision matrix. The entropy
values (e;;) obtained with the help of Equation
(5) are presented in Table 4.

Step 4 - Calculation of entropy weight: Using
the entropy values (e;;) obtained in Equation (5),
the weight value for each criterion obtained in
Equation (6) is obtained in Table 4.

The obtained weight values (w;) will be
used as weight values in the COPRAS meth-
od to be used in irrigation system selection.
While selecting the most suitable irrigation
system in the study, the standardized values in
Table 3 were calculated by using the pairwise

133



NEW MEDIT N.1 2025

Table 3 - Normalized decision matrix.

Irrigation System
CRITERIA Sprinkler Drip Pivot Linear Drum
Irrigation Irrigation Irrigation Irrigation Irrigation
Brand 0,163 0,179 0,212 0,232 0,212
Price 0,267 0,246 0,166 0,164 0,155
Quality 0,153 0,161 0,215 0,253 0,215
Product Type 0,199 0,203 0,203 0,199 0,195
Durability 0,153 0,148 0,221 0,246 0,229
Labour Requirement 0,106 0,187 0,227 0,250 0,227
Economic Life 0,157 0,148 0,236 0,231 0,226
Energy Cost 0,084 0,133 0,242 0,297 0,242
Service Facility 0,191 0,195 0,204 0,204 0,204
Water Saving 0,135 0,182 0,217 0,250 0,214
Table 4 - Entropy and weight values of the criteria.
Criteria | Brand | Price | Quality | Product | Durability| Labour | Economic | Energy | Service | Water
Tipe Requirement | Lifetime | Cost | Facility | Saving
e 0,995 | 0,983 | 0,989 | 0,999 0,986 0,977 0,987 0,947 | 0,999 | 0,987
Wi 0,033 | 0,114 | 0,074 | 0,0004 | 0,091 0,154 0,0831 | 0,361 | 0,002 | 0,0835

comparison matrix in Table 1 and the weights
were determined by using the Entropy values
in Table 4. According to the data obtained in
Table 4, it was determined that the most im-
portant criterion in irrigation system selection
was ‘Energy Cost’ with a weight of 36.16%.
The increase in agricultural production and the
development of agricultural technology have
increased the need and demand for energy all
over the world (Moghaddasi and Pour, 2016).
Energy consumption has increased with the ef-
fect of increasing demand, especially with the
use of fossil fuels, bringing both economic and
environmental challenges. As a matter of fact,
in addition to preventing environmental pol-
lution by reducing the consumption of fossil
fuels, it has become a necessity to use energy
effectively and efficiently in agriculture in or-
der to save energy and reduce input costs (Mo-
hammedi ef al., 2008). When modern irrigation
systems are designed for energy efficiency,
they can provide lower energy costs and better
performance. This can benefit both econom-
ically and environmentally. Keeping energy
costs low allows farmers to sell their products

at more competitive prices and increase profits.
Furthermore, energy sources used for agricul-
tural irrigation are limited and can be difficult
or costly to access in some regions. Therefore,
energy efficiency and cost are critical to the
sustainability of the irrigation system.

After the Energy Cost criterion, ‘Labour
Requirement’ ranks second and has an impact
of 15.49% in decision making. Systems that
require more labour often require more time
and effort, and in recent years there have been
difficulties in accessing sufficient and skilled
labour. The average age in agricultural enter-
prises is increasing day by day. The decrease
in the number of people participating in the
labour force in rural areas, the increase in
migration from rural to urban areas, finding
temporary workers due to the intermittent na-
ture of agricultural production, and the inad-
equate wages of workers have led enterprises
to employ migrant and asylum-seeker workers
(Fuglie, 2018). As a matter of fact, these prob-
lems play an important role in the fact that la-
bour requirement takes the second place in the
criteria weighting. Automated irrigation sys-
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tems used to reduce labour requirements gen-
erally require less manpower, which reduces
operating costs. Automation can make irriga-
tion processes more efficient by minimising
the need for labour.

Among the decision criteria, ‘Price’ criterion
ranks third with a weight of 11.43%. It is an
expected result that the price ranks third in the
preference criteria of the enterprises to increase
the level of equipment. Agricultural enterpris-
es usually work with limited budgets and price
directly influences the choice of an irrigation
system by the agricultural enterprise. Price in-
fluences farmers or agribusinesses to choose
according to their initial investment budget. An
affordable system can shorten the return on in-
vestment period and reduce start-up costs. Es-
pecially for small-scale enterprises, investment
cost is very important in terms of sustainability.
In countries where small-scale agricultural en-
terprises are widespread, it is necessary to meet
capital needs from foreign sources (Isikli et
al., 1994). Investment in tools and equipment
in agriculture is critical to increase productivi-
ty and optimise the workforce. However, price
plays a major role in these investments, not
only in terms of initial cost, but also in terms of
long-term productivity and cost-effectiveness.
High quality and correctly priced equipment
can save time and labour at every stage of the
farming process. In addition, choosing afforda-
ble yet reliable equipment can reduce the total

cost of ownership by minimising maintenance
and repair costs. Therefore, price is a strategic
factor in agricultural equipment investments in
terms of both initial expenditure and long-term
economic efficiency. As a matter of fact, price
is very important in terms of investment cost,
product performance, operating profitability
balance and sustainability.

In other criteria, ‘Durability’ ranks fourth with
9.16%, “Water Saving’ ranks fifth with 8.35%,
‘Economic Life’ ranks sixth with 8.31%, ‘Qual-
ity’ ranks seventh with 7.47%, ‘Brand’ ranks
eighth with 3.39%, ‘Service Facility’ ranks
ninth with 0.15% and ‘Product Type’ ranks last
with 0.04%. In the study region, where the se-
verity of drought has increased due to climate
change, a significant withdrawal of groundwa-
ter is observed. (Chebil ef al., 2024), in a study
conducted in Tunisia, found that providing
training on new technologies and water saving,
providing financial support and incentives con-
tributed to early adoption by providing access to
these technologies.

As seen in Figure 1, the importance weights
of the 10 criteria are listed as follows: Energy
Cost > Labour Requirement > Price > Durabi-
lity > Water Saving > Economic Life > Quality
> Brand > Service Facility > Product Type. The
sum of the weight values assigned to each of
these criteria is equal to 1. This ranking shows
the relative importance of each criterion in the
total evaluation.
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3.2. Irrigation Systems Ranking with
COPRAS Method

Step 1 - Creating the Decision Matrix: In the
first step of the COPRAS method, the decision
matrix is created. This step is the same as the first
step of the Entropy method. The values in Table 1
will also be used in the COPRAS method.

Step 2 - Constructing the Normalized Deci-
sion Matrix (R): Equation (8) in the COPRAS
method was used in the normalization process
to convert the criterion values of the alternatives
into fixed units. The normalized decision matrix
is shown in Table 5.

Step 3 - Constructing the Weighted Normal-
ised Decision Matrix: The weighted normalized
decision matrix in Table 6 was obtained by mul-
tiplying each i.alternative value over the normal-
ized decision matrix in Table 5 by the criteria
weights determined in Table 4 obtained in the
last step of the Entropy method.

Step 4 - Obtaining Sy, and S.; values: In this
step, the total weighted standardized values of
the decision alternatives according to whether
the criteria are of benefit or cost type are cal-
culated using Equation (12) and Equation (13).
The solution sets obtained as a result of the cal-
culations are presented in Table 7.

Table 5 - Normalized decision matrix according to COPRAS method.

Irrigation System

CRITERIA Sprinkler Drip Pivot Linear Drum

Irrigation Irrigation Irrigation Irrigation Irrigation
Brand 0,163265 0,179592 0,212245 0,232653 0,212245
Price 0,142276 0,154472 0,227642 0,231707 0,243902
Quality 0,153527 0,161826 0,215768 0,253112 0,215768
Product Type 0,199187 0,203252 0,199187 0,203252 0,195122
Durability 0,153191 0,148936 0,221277 0,246809 0,229787
Labour Requirement 0,106618 0,1875 0,227941 0,25 0,227941
Economic Life 0,157407 0,148148 0,231481 0,236111 0,226852
Energy Cost 0,383333 0,241667 0,133333 0,108333 0,133333
Service Facility 0,191489 0,195745 0,204255 0,204255 0,204255
Water Saving 0,135714 0,182143 0,217857 0,25 0,214286

Table 6 - Weighted normalized decision matrix values.
Irrigation System
CRITERIA Sprinkler Drip Pivot Linear Drum

Irrigation Irrigation Irrigation Irrigation Irrigation
Brand 0,00552 0,006072 0,007176 0,007867 0,007176
Price 0,01619 0,017578 0,025904 0,026367 0,027755
Quality 0,011423 0,01204 0,016054 0,018832 0,016054
Product Type 9,82E-05 0,0001 9,82E-05 0,0001 9,62E-05
Durability 0,013965 0,013578 0,020172 0,0225 0,020948
Labour Requirement 0,016437 0,028907 0,035141 0,038542 0,035141
Economic Life 0,013781 0,012971 0,020267 0,020672 0,019861
Energy Cost 0,137966 0,086979 0,047988 0,038991 0,047988
Service Facility 0,000297 0,000303 0,000316 0,000316 0,000316
Water Saving 0,011285 0,015145 0,018115 0,020788 0,017818

136



NEW MEDIT N.1 2025

Step 5 - Calculation of Relative Importan-
ce Values: In this step, the relative importance
value of the i. alternative, Q,, is calculated using
Equality (14). The obtained Q; value is shown
in Table 8.

Step 6 - Calculation of performance index
values and obtaining rankings: In the last step
of the COPRAS method, the performance index
value of each alternative is calculated. This val-
ue is obtained by dividing the O; value of each
alternative by the highest Q; value and is ex-
pressed using Equality (15). The P; performance
index values obtained as a result of the applica-
tion are presented in Table 8.

As seen in Table 8, the system with the highest
performance index score is linear irrigation. The
linear irrigation system is followed by pivot irri-
gation with 89.51 in the second place, drum irri-
gation with 88.47 in the third place, drip irriga-
tion with 65.69 in the fourth place and sprinkler
irrigation with 49.41 in the last place. The results
obtained in Table 8 support the findings of Nei-
si et al. (2020) and determined that linear and
drip irrigation systems were generally the most
suitable systems. In addition, Veisi et al. (2022)
emphasized that pressurized irrigation systems
are the best systems for developing sustaina-
ble water management in agriculture. Bigdeli
(2021) revealed that the linear irrigation system
is more effective than the wheel-moving (pivot)
irrigation system in terms of water distribution
in different climatic conditions. Rahmani et al.
(2017) stated that pressurized irrigation systems
can be an effective technology for improving
production and reducing input costs by reducing
water consumption by 17%.

The data obtained as a result of the survey con-
ducted with agricultural enterprises in the study

Table 8 - Alternatives Q;, scores and rankings.

Table 7 - S&1 and S.; values of alternatives.

Irrigation System St1 S

Sprinkler Irrigation 0,07280 0,15415
Drip Irrigation 0,08911 0,10455
Pivot Irrigation 0,11734 0,07389
Linear Irrigation 0,12961 0,06535
Drum Irrigation 0,11741 0,07574

Figure 2 - Score obtained according to the COPRAS
method (%).
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area were analyzed using the COPRAS method.
As a result, the order of preference among ir-
rigation system alternatives was determined as
Linear Irrigation > Pivot Irrigation > Drum Ir-
rigation > Drip Irrigation > Sprinkler Irrigation
(Figure 2).

In the study, it was determined that modern
irrigation systems are widely used. It has been
determined that agricultural enterprises in the
research region are open to innovations and are
aware of the contributions of modern irrigation

Irrigation System Si1 S 1/, Oi P; Ranking
Sprinkler Irrigation 0,072807 0,154157 6,486907 0,125708 49.41 5
Drip Irrigation 0,089117 0,104557 9,56418 0,167113 65.69 4
Pivot Irrigation 0,11734 0,073893 13,53314 0,227704 89.51 2
Linear Irrigation 0,129617 0,065357 15,30048 0,254394 100 1
Drum Irrigation 0,117412 0,075743 13,20255 0,22508 88.47 3
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systems to energy, water and labor efficiency.
The fact that these systems ensure the effective
use of water resources and reduce input costs
has made a significant contribution to increas-
ing the awareness of producers. Additionally, it
has been stated that modern irrigation systems
increase the profitability of businesses by reduc-
ing input costs (Oguz et al., 2021). Factors such
as the increase in the average age in agricultural
enterprises, the problem of finding foreign labor,
energy costs, the closed basin of the region and
the decrease in groundwater in recent years have
played an important role in the spread of modern
irrigation methods.

4. Conclusions and recommendations

In recent years, increasing competition con-
ditions, developing seed technology, deepening
of the current labor force problem in agriculture
with the increase in the average age of enterpris-
es, drought that has increased in severity with
the effect of climate change, increase in input
costs, technological developments in equipment
and machinery used in agriculture, equipment
and machinery incentives of the Ministry of Ag-
riculture and Forestry, subsidized loans of banks
have made significant contributions to the devel-
opment of technology usage level of enterprises.
In the recent period, the provision of some sup-
ports on the condition of economical irrigation
systems has been an important factor in prefer-
ring modern irrigation systems. It is known that
certain criteria as well as the capital power of
enterprises play a role in the preference of these
systems. Therefore, the MCDM model has been
proposed in this study in order to determine the
important factors in the selection of irrigation
systems for agricultural enterprises.

In the first stage, criteria for irrigation system
selection were determined by literature review,
then ten criteria were included in the study
based on expert opinions. The Entropy method
was used to determine the weights of the crite-
ria and irrigation systems were evaluated with
COPRAS method. The findings show that ener-
gy cost ranks first and labor requirement ranks
second in the order of weight of irrigation sys-
tem criteria. According to the study results, it

was understood that the most preferred system
among the determined irrigation systems is the
linear irrigation system.

The most important criterion in determining
the criteria affecting irrigation systems was de-
termined to be energy cost. The rapid increase
in input costs and the increase in energy costs
forced operators to take saving measures. The
potential of modern irrigation systems to re-
duce energy costs has made this criterion a
priority factor in irrigation system selection.
At the same time, the fact that these systems
minimize the need for human labor has been
determined as the second choice criterion for
labor. In regions where maize is cultivated in-
tensively due to its high profitability, the fact
that these two basic criteria are at the forefront
and the linear irrigation system stands out as
the most preferred system shows that the Min-
istry of Agriculture and Forestry’s increasing
incentives to support this area and the banks’
offering subsidized loans to these systems are
critical for the sustainability of production in
the study region. In addition, since the require-
ment of only drip irrigation in the maize Differ-
ential Payment Support of the Ministry of Agri-
culture and Forestry and the fact that producers
who irrigate with pivot irrigation systems are
not allowed to benefit from the support restricts
the use of this modern irrigation system, it is
thought that the scope should be expanded and
producers who irrigate with pivot (pivot, line-
ar, drum) irrigation systems should also bene-
fit from the differential payment support. It is
noteworthy that water saving ranks fifth among
the criteria; irregularities in rainfall and the de-
crease in groundwater require producers to be
more careful in this regard. Farmers who grow
grain, sugar beet, carrot, sunflower and forage
crops for cattle in the region should be trained
on water conservation and use, and the region’s
water availability should be taken into account
within the scope of production planning. It is
recommended that the Ministry of Agriculture
and Forestry switch to a planned production
model starting from the 2025 production sea-
son, and that irrigation systems that will save
water be expanded in the study area, which is in
the water constraint region, and that more farm-
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er meetings, public service announcements and
symposiums be organized to raise awareness
among producers.

References

Agizan S., 2018. Tarimsal sulama sistemlerinin
karsilastirmali yatirim analizi; Konya ili Cumra
ilgesi 6rnegi. Selguk Universitesi Fen Bilimleri
Enstitiisii.

Assefa T., Jha M., Reyes M., Srinivasan R., Worqlul
A.W.,, 2018. Assessment of suitable areas for home
gardens for irrigation potential, water availability,
and water-lifting technologies. Watermark, 10(4):
495. https://doi.org/10.3390/ w10040495.

Atalik A., 2005. Kiiresel Isinma, Su Kaynaklar: ve
Tarim Uzerine Etkileri. Ankara: Ziraat mithendis-
leri odasi yayinlari.

Bigdeli Z., Ojaghlou H., 2021. Performance Assess-
ment of Wheel Move and Linear Moving Irrigation
Systems in Different Climatic Conditions. /rriga-
tion Sciences and Engineering, 44(2): 11-24.

Chebil A., Thabet C., Rached Z., Koussani W., Souis-
siA., Setti M., 2024. Explaining drivers of farmers’
willingness for early adoption of enhanced irri-
gation technologies: Case of Tunisia. New Medit,
23(1): 95-102.

Ciftci F., 2024. Determination of Factors Affecting
the Cumin Production Decision of Agricultural
Enterprises: The Case of Konya Province. Turkish
Journal of Agriculture-Food Science and Techno-
logy, 12(8): 1281-1286.

Duckstein L., Treichel W., Magnouni S.E., 1994.
Ranking ground-water management alternatives by
multicriterion analysis. Journal of Water Resour-
ces Planning and Management, 120(4): 546-565.
https://doi.org/10.1061/(ASCE)07339496(1994)
120:4(546).

Elshaikh A.E., Jiao X., Yang S.H., 2018. Performance
evaluation of irrigation projects: Theories, metho-
ds, and techniques. Agricultural Water Manage-
ment, 203: 87-96.

Eryillmaz G.A., Kili¢ O., Giilser C., 2022. Sinop ilinde
ciftcilerin sulama yontemleriyle ilgili tercihleri. 7iir-
kiye Tarimsal Arastirmalar Dergisi, 9(2): 209-215.

Fuglie K., 2018. Is agricultural productivity slowing?
Global Food Security-Agriculture Policy Economi-
cs and Environment, 17: 73-83.

Hadelan L., Jez Rogelj M., Gugic J., Crncan A., Zra-
kic M., 2020. Multi-criteria evaluation of locations
for irrigation system implementation. [rrigation
and drainage, 69(5): 1022-1032.

Haffaf A., Lakdja F., Meziane R., Abdeslam D.O.,
2021. Study of economic and sustainable energy
supply for water irrigation system (WIS). Sustai-
nable Energy, Grids and Networks, 25: 100412.

Hosseinzade Z., Pagsuyoin S.A., Ponnambalam K.,
Monem M.J., 2017. Decision-making in irrigation
networks: Selecting appropriate canal structures
using multi-attribute decision analysis. Science of
the Total Environment, 601: 177-185.

Isikli E., Uzmez Y., Giiler S., Ath F., Pekince O.,
1994. Tiirkiye Tariminda Sermaye Sorunlari, Tarum
Haftas: Sempozyumu. Ankara: Ziraat Mithendisleri
Odasi.

Karleusa B., Hajdinger A., Tadi¢ L., 2018. Use of
multicriteria analysis method DEXi to define pri-
orities in implementation of irrigation plans. MDPI
- Proceedings, 11(2): 663.

Karleusa B., Hajdinger A., Tadic L., 2019. The app-
lication of multi-criteria analysis methods for the
determination of priorities in the implementation
of irrigation plans. Water, 11(3): 501. https://doi.
org/10.3390/w11030501.

Kaya N., 2017, Konya ili sulama birliklerinin tarim-
sal sulama isletmeciligindeki yeri; Cumra Sulama
Birligi 6rnegi, Selguk Universitesi Fen Bilimleri
Enstitiisi.

Manos B., Moulogiann: C., Papathanasiou J., Bour-
naris T., 2009. A fuzzy multicriteria mathematical
programming model for planning agricultural regi-
ons. New Medit, 8(4): 22-27.

MGM (General Directorate of Meteorology), 2023a.
2023 Yili Yillik Yagis Degerlendirmesi, https://
www.mgm.gov.tr/FILES/arastirma/yagisdegerlen-
dirme/2023yagisdegerlendirmesi.pdf.

MGM (General Directorate of Meteorology), 2023b.
T.C. ¢evre, sehircilik ve iklim degisikligi bakanli-
g1 - Meteoroloji Genel Miidiirliigii (accessed: 9
November 2024) https://www.mgm.gov.tr/veride-
gerlendirme/il-veilceleristatistik.aspx ?k=undefine-
d&m=KONYA.

Ministry of Environment, Urbanization and Climate
Change, 2023. Cevresel Gastergeler. https://cev-
reselgostergeler.csb.gov.tr/su-kullanimi-i-85738,
Ankara.

Miran B., 2003. Temel Istatistik, Ege Universitesi Ba-
stmevi. [zmir: Bornova.

Moghaddasi R., Pour A A., 2016. Energy consump-
tion and total factor productivity growth in Iranian
agriculture. Energy Reports, 2: 218-220.

Mohammedi A., Tabatabaeefar A., Shahin S., Rafiee
S., Keyhani A., 2008. Energy use and economical
analysis of potato production in Iran a case study:

139


https://doi.org/10.3390/
https://doi.org/10.1061/(ASCE)07339496(1994
https://doi.org/10.3390/w11030501
https://doi.org/10.3390/w11030501
https://www.mgm.gov.tr/FILES/arastirma/yagisdegerlendirme/2023yagisdegerlendirmesi.pdf
https://www.mgm.gov.tr/FILES/arastirma/yagisdegerlendirme/2023yagisdegerlendirmesi.pdf
https://www.mgm.gov.tr/FILES/arastirma/yagisdegerlendirme/2023yagisdegerlendirmesi.pdf
https://www.mgm.gov.tr/veridegerlendirme/il-veilceleristatistik.aspx?k=undefined&m=KONYA
https://www.mgm.gov.tr/veridegerlendirme/il-veilceleristatistik.aspx?k=undefined&m=KONYA
https://www.mgm.gov.tr/veridegerlendirme/il-veilceleristatistik.aspx?k=undefined&m=KONYA
https://cevreselgostergeler.csb.gov.tr/su-kullanimi-i-85738
https://cevreselgostergeler.csb.gov.tr/su-kullanimi-i-85738

NEW MEDIT N.1 2025

Ardabil Province. Energy Conversion and Manage-
ment, 49(3): 566-3570.

Neissi L., Albaji M., Nasab S.B., 2020. Combination
of GIS and AHP for site selection of pressurized
irrigation systems in the Izeh plain, Iran. Agricultu-
ral Water Management, 231: 106004.

Oguz C., Ciftci 1., Ciftci F., 2021. The effects of diffe-
rent irrigation techniques on the cost of production
of maize: sample case from Cumra District of Kon-
ya, Turkey. Custos e Agronegocio Online, 17(1):
286-302.

Oguz C., Karakayaci1 Z., 2017. Tarum ekonomisinde
aragtirma ve drnekleme metodolojisi. Konya: Atlas
Akademi, 183 pp.

Oguz C., Ors A., Ogiir A.Y., Celik Y., 2024. Determi-
ning the factors affecting the climate-friendly inno-
vative technology usage levels of sheep farms. New
Medit, 23(1): 55-72.

Oguz C., Yener A., 2017. Economic analysis of dairy
cattle enterprises: The case of Konya Province.
European Countryside, Sciendo, 9(2): 263-273.
DOI: 10.1515/euco-2017-0016, Mendeliu Univer-
sity.

Ozsoy S., 2009. Su ve yasam: suyun toplumsal énemi.
Ankara: Ankara Universitesi Sosyal Bilimler Ensti-
tiisti. Yiiksek lisans tezi.

Rahmani S., Yazdani S., Mahmoudi A., Shokat Fa-
daei M., Souri A., 2017. An investigation into the
economic benefits and savings resulting from the
pressurized irrigation system development in Arda-
bil province. J. Hydrol. Sci. Environ., 1(2): 1-11.
https://doi.org/10.22111/JHE.2017.3353.

Raju K.S., Pillai C.R.S., 1999. Multicriterion decision
making in performance evaluation of an irrigation
system. European Journal of Operational Rese-
arch, 112(3): 479-488. https://doi. org/10.1016/
S0377-2217(98)00007-1.

Salgado P.P., Quintana S.C., Pereira A.G., del Moral
I.L., Mateos, B.P., 2009. Participative multi-crite-
ria analysis for the evaluation of water governance
alternatives. A case in the Costa del Sol (Malaga).
Ecological Economics, 68(4): 990-1005. https://
doi.org/10.1016/j.ecolecon.2006.11.008.

Sapkota M., Arora M., Malano H., Sharma A., Mog-
lia M., 2018. Integrated evaluation of hybrid wa-
ter supply systems using a PROMETHEE-GAIA
approach. Watermark, 10(5): 610. https:/doi.
0rg/10.3390/w10050610.

Sun H., Wang S., Hao X., 2017. An improved anal-

ytic hierarchy process method for the evaluation
of agricultural water management in irrigation
districts of North China. Agricultural Water Ma-
nagement, 179: 324-337. https://doi.org/10.1016/].
agwat.2016.08.002.

TAGEM (Tarimsal Arastirmalar ve Politikalar Genel
Midirligi), 2017. Tiirkiye'de Sulanan Bitkilerin
Bitki Su Tiiketimleri. https://www.tarimorman.gov.
tr/TAGEM (accessed: 12 August 2024).

Tian G., Lu W., Zhang X., Zhan M., Dulebenets M.A.,
Aleksandrov A., Fathollahi-Fard A.M., Ivanov M.,
2023. A survey of multi-criteria decision-making
techniques for green logistics and low-carbon
transportation systems. Environmental Science and
Pollution Research, 30(20): 57279-57301.

Tork H., Javadi S., Shahdany S.M.H., 2021. A new
framework of a multi-criteria decision making for
agriculture water distribution system. Journal of
Cleaner Production, 306: 127178.

TurkStat, 2023. Bitkisel Uretim Istatistikleri, https:/
www.tuik.gov.tr (accessed: 20 July 2024).

Veisi H., Deihimfard R., Shahmohammadi A., Hydar-
zadeh Y., 2022. Application of the analytic hierar-
chy process (AHP) in a multi-criteria selection of
agricultural irrigation systems. Agricultural Water
Management, 267: 107619.

Wu J., Sun J., Liang L., Zha Y., 2011. Determinati-
on of weights for ultimate cross efficiency using
Shannon entropy. Expert Systems with Applicati-
ons, 38(5): 5162-6165. https://doi.org/10.1016/j.
eswa.2010.10.046.

WWF (Dogal Hayat1 Koruma Vakfi Tiirkiye), 2014.
Tiirkiye 'nin Su Riskleri Raporu, https://www.wwf.
org.tr/?4180/turkiyenin-su-riskleri-raporu  (acces-
sed: 20 July 2024).

Yiicenur N.G., Senkan C., Kara G.N., Tiirker O.,
2019. Birlestirilmis SWARA-COPRAS yaklagimini
kullanarak triif mantar1 yetistirilmesi i¢in bolge
secimi. Erzincan University Journal of Science and
Technology, 12(3): 1232-1253.

Zavadskas E.K., Kaklauskas A., Sarka V., 1994. The
new method of multicriteria complex proportional
assessment of projects. Technological and Econom-
ic Development of Economy, 1(3): 131-139.

Zolfani S.H., Pourhossein M., Yazdani M., Zavads-
kas E.K., 2018. Evaluating construction projects of
hotels based on environmental sustainability with
MCDM framework. Alexandria Engineering Jour-
nal, 57(1): 357-365.

140


https://doi.org/10.22111/JHE.2017.3353
https://doi.org/10.1016/j.ecolecon.2006.11.008
https://doi.org/10.1016/j.ecolecon.2006.11.008
https://doi.org/10.3390/w10050610
https://doi.org/10.3390/w10050610
https://doi.org/10.1016/j
https://www.tarimorman.gov.tr/TAGEM
https://www.tarimorman.gov.tr/TAGEM
https://www.tuik.gov.tr
https://www.tuik.gov.tr
https://doi.org/10.1016/j.eswa.2010.10.046
https://doi.org/10.1016/j.eswa.2010.10.046
https://www.wwf.org.tr/?4180/turkiyenin-su-riskleri-raporu
https://www.wwf.org.tr/?4180/turkiyenin-su-riskleri-raporu

NEW MEDIT .+

Bologna

University Press

Why is there a shortage of agricultural
labor in Algeria? Evidence from M’ziraa,
southern Algeria’s leading vegetable
market

MAROUANE CHAAMI* SLIMANE BEDRANI* ABDELWAHAB BESSAAD**
FATIMA LAMBARRAA-LEHNHARDT***

DOI: 10.30682/nm2501h
JEL codes: J24, J42, J43, Q10

Abstract

The amplification of labor shortages has become an inescapable reality for many Algerian farmers in re-
cent years. To study this issue, systemic surveys were conducted in 125 farms in the vegetable crops pole of
M’zirda (southern Algeria). A labor shortage is reported on 56.80% of farms. The primary causes, as iden-
tified by respondents, are poor working and living conditions (76.67%) and low wages, which are consid-
ered insufficient by both workers and new settlers (70.67%,). On the other hand, employment opportunities
in the tertiary sector offer more interesting incomes compared to agricultural activity, which is becoming
less remunerative and less attractive. Furthermore, the employment policies help the unemployed to create
their micro-enterprises (78.67%). However, human capital (62.67%), personal behavior (76.00%,) and the
socio-economic situation of the young workforce (55.33%) explain their negative work perception of work
in agriculture. The logistic regression results show that remuneration and incentives, employment oppor-
tunities and youth personal behavior affect significantly the likelihood of a labor shortage. Policymakers
should focus on improving labor conditions, incentivizing wages, and promoting labor-saving technologies
to address agricultural labor shortages and enhance the sectors appeal, particularly for youth.

Keywords: Agricultural labor market, Labor shortage, Labor segmentation, Human capital, Vegetable
crops, Algeria.

trast to employment growth in the service sector
(40% to 50%) and a slight increase in industry

1. Introduction

Over the past 20 years, agricultural employ-

ment has declined from 40% to 27% of total world
employment. Highly contrasting variations have
been observed between low-income countries
(59%) and high-income countries (3%). In con-

(20% to 23%), unemployment rates fluctuate be-
tween 6.1% and 6.9%, with unemployment among
young people aged 15 to 24 rising from 13.1% to
17.2% (ILO, 2021). Research on agricultural labor
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issues has captured the attention of various scien-
tific disciplines such as sociology, ergonomics, and
economics. These fields have introduced diverse
research methodologies and analytical approaches,
covering topics such as occupational health in ag-
riculture, immigration trends and the dynamics of
agricultural and rural labor markets, gender dispar-
ities and wage discrimination, working conditions,
household strategies for allocating family labor,
organizing farm work, and the management of em-
ployment within global value chains (Malanski et
al., 2019; 2021; 2022).

1.1. Understanding the global phenomenon
of agricultural labor shortage

The agricultural labor shortage is attributed to
a perceived hysteresis in certain qualifications
and the reluctance of agricultural workers who
migrate to non-agricultural sectors due to the sig-
nificant wage gap disparities between the two sec-
tors. This evidence is confirmed in Richards and
Patterson’s (1998) study of the farm labor mar-
ket in Washington State. The shortage is evident
in the United States across various agricultural
productions such as arboriculture, vegetable and
livestock farming, and across several states, par-
ticularly California (Taylor, 2010; Hertz and Zah-
niser, 2013; Richards, 2018; Taylor and Charlton,
2019a). In France, non-agricultural employment
in rural regions has grown faster than agricultur-
al employment since the 1980s (Blanc and Per-
rier-Cornet, 1999). Industrialization has led to a
significant rural exodus as high wages attract the
poorest rural residents to urban areas. The work-
ers’ shortage is evident in cities, but more so in
rural areas, particularly for manual and low-paid
arduous work (Darpeix, 2013). Even in develop-
ing countries such as Togo and Benin, farmers
complain about labor shortages during peak pe-
riods due to inadequate family support and the
scarcity and high cost of manual labor (Batawila
and Pleines, 2010). In Ethiopia, labor shortages
are associated with transportation delays and the
cancellation of coffee production contracts. Local
labor shortages forced cocoa producers in Ghana,
tea producers in India and Kenya to increase
working hours (ILO, 2022).

The problem of agricultural labor shortage

stills relevant in high-income countries with a
long tradition of importing foreign labor. In the
United States, migrant worker acquisition pro-
grams - mainly Mexican - have been in place
since 1917 for seasonal (Martin, 2007; Taylor,
2010; Martin, 2014; Charlton and Taylor, 2016;
Taylor and Charlton, 2019a). Despite immigra-
tion restrictions, Western European countries
in particular (France, Spain, Italy, Germany,
Great Britain) have continued to import seasonal
workers from Eastern Europe (Albania, Poland,
Romania, Bulgaria) and North Africa (Morocco,
Tunisia) (Morice and Michalon, 2008). Farmers
in these countries face challenges in attracting
migrant workers due to precarious employment
and working conditions, which are denounced
by farmworker advocates who urge govern-
ments to strictly enforce labor laws. However,
these unfavorable conditions, characterized by
low wages, lack of social security and informal
contracts with labor organizations, are indispen-
sable to maintain the profitability of fruit and
vegetable farming activities, which are the main
sectors for hiring immigrant workers (Morice
and Michalon, 2008).

1.2. Algeria’s labor markel context: major
challenges for agricultural employment

In the Algerian labor market context, the over-
all labor market situation highlights a decrease
in the unemployment rate from 28.9% in 2000 to
11.4% in 2019, marked by a very slight increase
over the last decade, but it remains higher among
young people in the 16-24 age group, ranging
from 54.9 t0 26.9% (ONS, 2021a). These chang-
es are the result of demographic mutations, in
particular the evolution of the active population,
mainly young people, and their activity patterns,
with still low female participation, as well as
economic development and various employ-
ment policies (Musette, 2014). Moreover, a third
of Algeria’s active population (around 12.3 mil-
lion workers) was located in rural areas in 2017,
with an unemployment rate of 9.4% compared
to a rate of 12.9% recorded in urban areas (ONS,
2017). In fact, apart from the high concentration
of unemployed people in urban areas, living in
rural areas facilitates access to agricultural em-
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ployment, often as family workers, but restricts
opportunities for informal urban employment
(Hammouda and Souag, 2012; Lassassi and
Hammouda, 2012a). The rural labor force has
no alternative but to engage in several off-farm
activities to earn substantial external income, or
to settle in small farms due to the limited promo-
tion of rural employment (Bessaoud, 2006). The
share of agricultural labor in total employment
has been steadily declining, falling from 14.1%
to 9.6% over the past 20 years (ONS, 2021a),
compared to 51% in 1966 (Bedrani and Cheri-
et, 2012). The service and trade sectors strongly
attract more than 60% of total employees (ONS,
2021a). Although agriculture is the main sector
providing employment in rural areas, its share
of the total employed population declined from
39.5% to 22.3% between 2001 and 2017. At the
same time, trade and services captured more
rural workers, increasing from 39% to 46.4 %
(ONS, 2001; 2017). This paradoxical evolution
can be explained by the improving life quality of
the rural residents, made possible by the redis-
tribution of oil rents, which simulates their pref-
erence for non-agricultural jobs (Bedrani and
Cheriet, 2012). Rural exodus has undoubtedly
contributed to the reduction of agricultural work-
force, boosted by the expansion of the industrial
sector in the early 1970s, which promised ad-
vantageous incomes. Agriculture, previously the
largest employer with 48% of the workforce in
1970, fell to 40% by 1973. Meanwhile, under-
employment disproportionately affected those
remaining in rural areas, impacting 31.7% of
wage earners (Lassassi and Hammouda, 2012b).

In parallel to long-term unemployment — 63%
of the unemployed (ONS, 2019) — there is talk
nowadays of a shortage of agricultural labor.
Rather, it is a question of a labor force that re-
fuses to work, particularly young people (Bes-
saoud et al., 2019). When discussing this point,
it would be interesting to mention that the NEET
rate in Algeria — referring to young people aged
16-24 who are neither employed nor in educa-
tion or training — reached 26.2% in 2019 (ETF,
2021). This high rate, as in the MENA region
(Middle East and North Africa), can be partly
explained by youth discouragement, stemming
from poor working conditions in the formal sec-

tor and high unemployment due to a mismatch
between high education levels and employabili-
ty in the labor market, as highlighted in the same
report. Researchers have observed a number of
reasons for the labor shortage, fundamentally
due to the arduous living conditions in rural ar-
eas: hard agricultural work, low wages, insecure
jobs outside the scope of employment legisla-
tion, weak professional qualifications and train-
ing, and more underemployed rural population
with low education levels (Bessaoud, 2006; Om-
ari et al., 2012; Bessaoud et al., 2019).

1.3. Research hypotheses

This paper presents an analysis of the agri-
cultural labor market, as well as the extent of
labor shortage and its causes. We formulate the
following hypotheses in response to the research
question.

Hypothesis 1. Farm labor reveals the char-
acteristics of a secondary segment of the labor
market: low real wage levels, less-skilled, pre-
carious, unprotected jobs and poor working
conditions.

Since the pioneering work of Doeringer P.B.
and Piore M.J. in the 1960s and 1970s on the
dual labor market theory (Zajdela, 1990), the
labor market is no longer considered as homo-
geneous as the neoclassical orthodoxy assumes.
Dualism explains wage inequalities and work-
ing conditions that are not directly related to hu-
man capital by identifying two opposing labor
markets. The first is the primary market, char-
acterized by stable, skilled, and well-paid jobs
with favorable working conditions and strong
employee bargaining power. In contrast, the sec-
ondary market consists of unstable, low-skilled
jobs with poor working conditions, often occu-
pied by young people, women, and immigrants.
Mobility between these two markets is notably
limited (Perrot, 1992).

Hypothesis 2. Young people’s preferences,
based on their human capital and their personal
and socio-economic characteristics, tend towards
alternative employment opportunities. These in-
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clude accessible urban jobs in the tertiary sector
and government-supported initiatives for estab-
lishing their own micro-enterprises.

Although they constitute the basis of the duality
of the labor market, the macroeconomic model of
Lewis (1954) and the microeconomic model of
Harris and Todaro (1970) elucidate the inter-sec-
toral mobility of workers: from agriculture or
rural areas (unprotected sectors) to industry and
services (protected sectors), which further ex-
plains the wage differentials that encourage these
transitions. These classic models do not, though,
overlook the urban informal sector (Hammouda
and Souag, 2012; Adair and Bellache, 2018).

2. Materials and Methods
2.1. Study area

We have chosen a market-gardening region
for our study because of the diversity of labor
contracts and market configurations, probably
segmented, that can be observed there. The
vegetable crops pole of M’zirda in the Algerian
Sahara, cast of Biskra (about 480 km from Al-
giers), is dominated by a greenhouse and field
vegetable production, as shown in Figure 1.
Added to a small existence of date palm farm-
ing representing 0.7% of the total production of
dates in Biskra (DSA, 2017). A large part of the
population of M’ziraa (65.3%) lives in dispersed

housing, while 34.7% live in the chief town and
secondary agglomerations. In 2016, the popu-
lation was primarily young people aged 15-29
(32%) and children (32.8%), with the 30-59 age
groups representing 29% (DPSB, 2017).

In the wilaya (province) of Biskra, 52.5% of
total employees work in agriculture, 24.1% in
administration, and 11.6% in trade and servic-
es. In 2017, official statistics recorded an unem-
ployment rate of 5.18%, lower than the national
figure of 11.7% (ONS, 2017). The wilaya has
experienced a major boom in market gardening
at the national level, characterized by inten-
sive greenhouse production (Bouammar, 2010;
Daoudi, 2016; Laouar et al., 2023). It comes in
first place, accounting for 52% of national plas-
ticulture production in 2019 (MADR, 2021).
The commune of M’zirda is the largest in the
wilaya in terms of plasticulture and open field
area (22% and 18%), accounting for 22% and
17% of the wilaya’s total production, respective-
ly (DSA, 2017). This commune alone contrib-
utes 11.23% of national plasticulture production,
with 1,216,996 quintals in 2016. Since 2009, the
plasticulture system with canary greenhouses
has characterized this region, occupying more
than 70% of the total area under canary green-
houses in Biskra. This hyper-intensive system is
enjoying a remarkable dynamism, thanks to the
young sharecroppers (Naouri ef al., 2015), but
also to the qualified migrants.

Figure 1 - General characteristics of farms and their production systems in the different localities of M’ziraa
(photos taken in 2019): (@) Dominant occupation of agricultural land with a strong activity of plasticulture and
field vegetable production, and a low existence of date palm culture; (5) Tomato crop (7ofane hybrid variety) in
canary greenhouse of one hectare before the first harvest.
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2.2. Empirical approach

To study supply and demand labor on farms,
we developed a cross-analysis between em-
ployer and employee trajectories, i.e. inter-
viewing farmers and their family workers
as well as salaried employees. This method
was used in the case study by Madelrieux et
al. (2009) on the itineraries of employees on
livestock farms in the northern Alps (France).
For our empirical analysis, primary data were
collected during the 2018 and 2019 crop years
through questionnaires with 132 operators and
co-operators, and 18 employees present on 125
farms. Only on 12 farms it was possible to in-
terview both the employer and his employee.
The operators and co-operators represent 88%
of the respondents, including 54 owners, 28
tenants, one associate and 49 sharecroppers,
i.e. one respondent per farm, except for seven
farms with two respondents. On the other hand,
the employees interviewed (12%) are constitut-
ed of seven wage earners, nine sharecroppers
and two family workers. The sharecropper is
the person who essentially takes charge of the
work on the farm, and is remunerated by a per-
centage of the achieved production (Daoudi et
al.,2017). He may also be involved in another
type of arrangement, such as land tenure (ac-
cess to land and contributions of the rest of the
factors of production) or partnership as (equili-
brated association) (Colin, 2003).

Two questionnaires have been developed: the
first one with farmers, it covered four parts: 1)
individual farmer characteristics; 2) farm la-
bor supply and demand and labor shortages; 3)
working conditions, bargaining conditions, and
other aspects; and finally, 4) managing farm la-
bor shortage and understanding its causes. The
second questionnaire was submitted to seasonal
and permanent workers. It was divided into four
sections: 1) individual worker characteristics;
2) qualifications and career path inside/outside
the agriculture; 3) occupations on the farm and
working conditions; and finally, 4) employment
ambitions and opinions on labor shortage. We
started with exploratory surveys, conducting
semi-structured interviews with a dozen expe-
rienced large-scale farmers, resource persons,

an inputs supplier, and officials from agricul-
tural institutions and administrations involved
in employment sector in the wilaya of Biskra.
Farmers were selected via snowball sampling
and chance encounters. The Surveys coincided
with various farm activities, avoiding peak pe-
riods like transplanting to prevent disruption. It
should be noted that it was difficult to interview
casual workers organized in groups during peak
periods, as well as illegal migrants and women
workers, given that requires the organization of
homogeneous focus groups.

We divided the study region into four large
zones, close to secondary agglomerations and
distinguished by their vegetable crops potential.
Farmers were selected using a stratified random
sample and proportional to farm size, drawn us-
ing Excel’s “Rand” function from lists of farm-
ers available from the department Chamber of
Agriculture. We took into account replacements
for unavailable individuals who were absent or
registered under different names, or who had
changed zones of activity or farm size. Two cat-
egories of vegetable crops producers were then
distinguished in each zone according to their
main activity: plasticulture and open field pro-
duction, each with three classes of vegetable
crops producers according to the size of their
farms: small (<0.5 ha of greenhouses or <2 ha),
medium (0.5-1 ha of greenhouses or 2-5 ha),
and large (14 ha of greenhouses or 5+ ha). With
no reference for farm economic size, farmers
were classified according to regional standards;
for instance, a farm with fewer than six green-
houses is considered small.

The number of farms surveyed is determined
using Bernoulli’s formula:

n=2Z*xN/Z*+ L N-1)

where: 7 is the sample size to be surveyed; N is
the total number of vegetable crops producers,
equal to 733 farmers selected from 1,103 farm-
ers of all productions; Z is the deviation cor-
responding to a 95% confidence level accord-
ing to the reduced normal distribution, equal
to 1.96; L is the width of the range expressing
twice the margin of error, equal to 0.16 (margin
of error of 8%).
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3. Results and Discussion

3.1. General configuration of the farm labor
market in M’siraa

Labor analysis moves away from orthodox
analysis, which postulates a general market equi-
librium and full employment, by embracing het-
erodox approaches to explore issues relating to
unions and wage bargaining, employment policy
intervention, etc. (Cahuc et al., 2014; Vercherand,
2014). Or a more detailed analysis using histori-
cal facts from the 19" century and hypotheticals
targeting the framework of Juglar and Kondratieff
crisis cycles (Vercherand, 2014). Figure 2 out-
lines the general configuration of the agricultural
labor market in M’zirda', wrought by institutions
like social conventions of sharecropping, setting
it distinct from other markets.

Farm labor demand comes from diverse fig-
ures: landowners, tenants, and sub-tenants those
who rent entire parcels of land and lease out loca-
tions for greenhouse tunnels sites. Sharecropper
designed as co-operator, is part of the “one-third
production partnership” may lack full range of
decisions regarding the technical itinerary and
commercialization. Experienced sharecroppers
from wilayas such as Batna and Khenchela (<150
km from M’ziraa), or those from Tipaza (510 km
from M’ziraa) who have long experience in plas-
ticulture can take the initiative in managing the
farm with the owner’s agreement. Labor demand
depend on several factors such as input and prod-
uct prices, technological progress and changes in
farming practices (Huffman, 2001; 2014).

Farm labor supply is principally sourced from
family labor, i.e. members of the farm manager’s
family and other relatives, and external labor, i.e.
employees and sharecroppers classified as “work
relationships”, remunerated as associated at one-
third of production. Facing difficult local condi-
tions and limited job opportunities, sharecroppers
join farms as permanents, given to initial financial
constraints, and often arriving with their families.
Schematically, two prevalent work contractual
arrangements are deciphered in Biskra: salaried

employment for seasonal workers and sharecrop-
ping for permanent workers assisting owners,
tenants and subtenants switching between market
gardening and date palm cultivation (Amichi et
al., 2015; Ouendeno et al., 2015).

Permanent and seasonal skilled Moroccan mi-
grants were present on 18% of surveyed farms,
but only 5% actively recruited them in 2018-
2019. Since 2009, this migration has impacted
the availability of skilled labor and brought a
new know-how in canary greenhouses produc-
tion, imported from the Souss region of Agadir
(Morocco) (Naouri et al., 2015), itself of Span-
ish origin. The specific tasks that encourage the
employment of Moroccan workers include in-
stalling canary greenhouses, tomato trellising
techniques and fractioning fertilizer units. Their
shrinking numbers stems from absence of work
permits while they used tourist visas and the
search for opportunities closer to home.

Some owners reported the presence of Sahe-
lians from Mali and Niger, refugees coming from
conflict zones, and Tunisians sought for special-
ized tasks in large holdings producing high-value
crops such as cherry tomatoes under multi-span
greenhouses. The working conditions of Sahe-
lian migrants are under-researched due to limit-
ed access to these workers, as with other migrant
groups. They often work discreetly in groups for
several days or months, performing unskilled
tasks like surveillance, weeding and harvesting.
In constant labor scarcity, large owners can train
them for more skilled jobs. Thus, labor migration,
fueled by economic prospects, bears reminiscent
economic and social implications for both send-
ing and receiving regions, and is often influenced
by wage differentials, skills requirements and
immigration policies (Taylor, 2010; Taylor and
Charlton, 2019b). The categories of full-time or
part-time wage earners, local or foreign, under
various contracts, are underscored in contempo-
rary literature concerning their responsibilities
and skills, which are crescendo replacing family
labor in many countries around the world (Bigne-
bat ez al., 2019; Dedieu, 2019).

! The applied wage range is | EUR = 1.12 USD = 133.67 DZD (Algerian Dinar) at the average official exchange
rate and 200 DZD on average on the parallel market in 2019.
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Figure 2 - General configuration of farm labor market in M’ziraa.
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Female labor demand is almost nonexistent
in tunnel greenhouses due to the hard atmos-
phere, while in canary greenhouses it is main-
ly for harvesting legumes and sporadically for
leaf removal and disbudding. To address daily
laborers shortages, some farmers consider hir-
ing only women for lighter tasks. Though their
productivity may be lower for urgent harvesting,
they perform tasks with patience and precision.
Women from sharecroppers’ families may also
undertake harder work, like spreading and bury-
ing manure, hoeing and weeding. Women'’s rural
employment in Algeria is often misrepresented,
as it requires specific tools to measure seasonal
and part-time work (Musette, 2014).

Hourly wages for casual workers differ between
men and women particularly where farms are far-
flung or where the work is difficult. Hourly/daily
wages remain benchmarks, offering a fixed salary
when task duration is unknown in the absence of
agricultural minimum wage laws. Workers pre-
fer piece-wages, as they generate flash income
based on physical quantities achieved, and so do
employers, as they do not have to supervise the
workers. The dilemma is that the work is done
quickly, but may damage the plants. Seasonal
workers native from the same province as their
employers (Tipaza) are recommended to rein-
force farm’s activities for 2 to 3 months and are
rewarded by a fixed daily wage, even on off days.
Permanent Moroccans receive monthly salaries
in euros at the parallel market exchange rate.
Family members generally work together, except
for a few specific tasks assigned to one of them,
such as commercialization, fertigation and root-
ball plants preparation. Unpaid family work can
be reimbursed by a share of profits in the case of
operators living in compound households.

The sharecroppers agree with the operators
for a third of the net production, and very rare-
ly for a quarter of the gross production. The
sharecropping convention, in sense of a non-ne-
gotiable contract that determines the local con-
tractual arena (Colin, 2002) or in sense of social
and wage negotiations (Cahuc et al., 2014), is
a locally entrenched tribal institution, whereas
the formation of a committee named “Djemda”,
made up of notables and farmers from the re-
gion, acting as an enforcement mechanism of

the agreement. From August to June, the share-
cropper handles: nursery work, greenhouse cov-
ering, manure spreading, transplanting/seeding,
irrigation, crop maintenance tasks and harvest-
ing. For more responsibilities, he contributes a
third of the costs of: tillage, manure, seeds or
rootball plants, fertilizers, phytosanitary prod-
ucts, agricultural twines, mulch, drip lines and
commercialization. The sharecropper assumes
no fixed costs or climatic or production risks,
but is in charge of paying casual workers. This
whole process of arranging sharecropping terms
and enforcement mechanisms mirrors practic-
es in the west of Biskra, with differences in the
proportions of costs and benefits, the linked con-
tracts and the range of decisions (Amichi et al.,
2015; Ouendeno et al., 2015; Ouendeno, 2022).
The wage-earning and sharecropping contracts
are exclusively verbal, and trust and reputation
remain the capital values that manages these
arrangements. Similar to other transactions be-
tween partners or with input suppliers (Daoudi,
2016; Laouar et al., 2023). In 2014, collective
negotiations took place between sharecroppers,
employees, local landowners and the Djemda to
uplift labor conditions, boost wages and amend
the sharecropping agreement. Exemptions in la-
bor contract pursued to streamline processes and
curtail transaction costs, i.e. the costs of nego-
tiation, control and supervision, as happens in
large oil palm plantations in Indonesia where the
paternalistic control dominates (Barral, 2014).
These adjustments reflect the labor market seg-
mentation, where workers are treated differently
as per their productivity, bargaining power, and
pursuit of improved status on a primary market:
skilled daily workers aspire to be sharecroppers
or permanents in large holdings, in analogy with
the antagonisms between insiders and outsiders
(Perrot, 1992; Cahuc et al., 2014).

3.2. Wages and remunerations: trends and
incidences on the availability of labor force

The study of wage trends helps to assess labor
costs and the increased labor demand, and there-
fore the possibility of shortages, or the response
to collective bargaining or employment policies
aimed at increasing workers’ purchasing pow-
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Figure 3 - Evolution of average current and real wages for different manual and mechanized agricultural works

between 2010 and 2019 (2010 = 100).

er (Cahuc et al., 2014). Figure 3 examines the
evolution of wages for different farming tasks
(2010-2019), after calculating real wages using
the consumer price indices in Algeria provid-
ed by the International Monetary Fund (2022),
which have a base 100 for the year 2010 and a
value of 151.36 for the year 2019.

M’ziraa’s average current remunerations —
excluding salary costs — saw significant growth
between, raised from 42.9% for sharecropper’s
part/tunnel greenhouse to 72.7% for training-de-

cente. Only installing canary greenhouses, at
first done by seasonal skilled Moroccan mi-
grants, witnessed a sharp decline (-38.7%). This
drop is attributed to a shift to trained locals and
increased competition among service providers.
Real wages tell a different story, particularly for
sharecroppers and permanents, which declined
by -5.6% and -3.9% respectively. Moroccan mi-
grants, initially the highest earners given their
mastery of the entire technical itinerary, also
faced low real wage growth of -0.3%.
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Real piece-wages rose sharply in activities
requiring teams of workers, like field harvest-
ing (10.1% to 12.7% increase) and greenhouse
preparation (5.1% to 10.1%). The same for
one-off tasks like weeding before mulching and
greenhouse cleaning and hoeing and ridging
(4.3% to 8.1% increase). Additionally, moving
the greenhouses replaced the activity of assem-
bling/disassembling which is a costly operation,
especially for tenants who change their farms
location. Legume harvesting wages favored for
easily picked crops always in bags like broad
beans and peas compared with beans. Harvest-
ing in greenhouses, not requiring large teams,
registered a 13.3% real wage increase, com-
pared to simultaneous sorting (12.3%) generally
handled by the employer. Rootball plants prepa-
ration and training-decente remained the most
profitable tasks, with an increase in real terms of
13.9% and 14.1% respectively, because of their
time-sensitive nature and rigorous monitoring.
Before the demand in canary tomato greenhous-
es increased, training and knowledge exchange
were primarily mutual aid acts among former
Moroccan workers. Mechanized tasks, which
only include tillage operations, i.e. ploughing,
disking, digging furrows and an optional mill-
ing, tend to increase remuneration slightly more
than manual operations (except piecework), av-
eraging 1,000 DZD/tunnel and 1,200 DZD/hour
in open field. Both hourly and per-task real rates
show positive trends. Mechanization per hour
has increased, since the mechanization service
provider can work on more than one greenhouse
at the same time. Most operations remain manu-
al, minimizing mechanization’s impact on over-
all wages.

By offsetting the striking effect of inflation,
the increases of different remunerations may in-
dicate the existence of a local farm labor short-
age. As echoed in U.S. farms, evinced by wage
adjustments for hired workers, mostly immi-
grants (Martin, 2007; Hertz and Zahniser, 2013).
Hourly wages in California fluctuated seasonally
from 9 to 14 USD between 2002 and 2014, de-
spite the availability of advanced mechanization
and migrant labor (Taylor and Charlton, 2019a).
Some equilibrium models predicted higher wag-
es by 22% if even half of illegal farm workers

leave (Richards, 2018). Some greenhouse grow-
ers may offer sharecropping contracts to quali-
fied permanent migrants with relief from some
charges, or even propose sharecropping at s of
the gross of production, owing to the high trans-
action costs of remunerating them. Future remu-
neration in both sharecropping and wage-earn-
ing contracts may evolve in line with working
conditions and labor shortages. Similarly for
sharecropping at % of the gross production in the
western region of Biskra from which some fam-
ers will propose sharecropping at 2 to remedy
the lack of arms (Ouendeno, 2022).

3.3. Labor shortages in vegetable crops
farms: where does the situation stand?

The scarcity of workers has been a source of
concern for 56.80% of surveyed farms. Its ex-
tent differs from year to year and is illustrated
in Figure 4. Estimating labor shortage poses
challenges without quantitative data on labor de-
mands and available workforce. Arrival delays
of workers after lengthy search process or pend-
ing appointments, unsatisfactory qualifications
and insufficient or uncertain crews’ availability
during intensive operations are the major facets
of farm labor shortage.

Labor shortage intensified since 2010 fol-
lowing the development of modern greenhouse
techniques, and peaked between 2012 and 2014
when many sharecroppers achieved good cam-
paigns, leading some of them to subsequently
become tenants. The situation worsened the last
five years after the collective sharecropping ne-
gotiations and the rises in inputs prices, and be-
came permanently dire for more than ten years
in the farms of the large and old producers. The
farms suffering with labor shortage during the
2018 and 2019 campaigns are experiencing a
serious consequences. Activities like open field
vegetable crops were abandoned, with the possi-
bility of returning to the activity. Vital tasks such
hoeing, ridging and the last 2-3 tomato harvests
suffered delays or even stoppages.

Of 61 afflicted farms, the labor shortage ap-
pears from a plasticulture area equivalent to ten
greenhouses or a canary greenhouse of 0.5 ha,
cultivated mainly with tomatoes (31%), chili and
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Figure 4 - The extent of the labor shortage on the 125 farms surveyed from the expression of the labor shortage

by affected farmers to the process of finding workers.

peppers (39.6%), melons (10.61%), eggplants
(6.72%) and zucchinis and beans (4.42%), ro-
tating with melon cultivation (7%), whether ac-
companied by open field gardening or not. From
an area of 3.5 ha of open field crops alone, the
farmer is exposed to labor shortage, especially for
pea and green bean harvesting by daily laborers,
or for onion planting and harvesting by teams of
more than ten men. Small greenhouse growers
with less than nine greenhouses, who cultivate
open field crops on 0.5 to 4 ha, also suffered from
labor shortage due to their lack of seniority in the
region or the absence of family workers.

All farms in short supply need seasonal work-
ers instead of permanent workers, who account
for 10.40% of total demand. The seasonal nature
of farm work imposes internal and external labor
flexibility to meet demand variations (Mundler

and Laurent, 2003). However, sharecropping is
an important way to compensate for family la-
bor deficiency and is preferred to hiring perma-
nent labor. The ex-ante demand for sharecrop-
pers is made in one-third of farms. The demand
for technical managers remains weak (4.80%),
even among large-scale producers. In this respect,
technicians and engineers from agro-supply firms
and local input suppliers play a key role in the
dissemination of technical innovations and agri-
cultural advice in the wilaya of Biskra. This ap-
proach reinforces private extension mechanisms
and builds customer loyalty (Laouar ef al., 2023).

Qualification is not linked to professional
training or higher education, but it is translated
to years of experience (1+ year). Multi-skill-
ing is imperative in all farms affected by labor
shortage, because it showcases workers’ ability
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to acquire new skills and his availability in the
event of breakdowns or missing/absent posts.
Compared to a simple worker, a multi-skilled
worker has a degree of autonomy to work un-
supervised and can participate in future farm
decisions (Vincq and Granié, 2014). In 30% of
farms, specialized skills are indispensable from
highly skilled tasks like tomato maintenance to
meticulous work without paying too much atten-
tion to the qualifications, as in harvesting leg-
umes by female laborers.

Quantifying working time helps to clarify the
organization of farm work and its efficiency and
flexibility, and to predict the availability of la-
bor on/off the farm (Dedieu, 2019). A quarter of
the farms are looking to hire less than 0.33 FTE?
and 8% for more than 1 FTE, of which produc-
ers cultivate open fields between 3.5 and 6 ha or
mainly under canary greenhouses. We calculat-
ed 65,977 needed work hours on farms in labor
shortage. Harvesting tasks consume 61% of the
work volume from winter until early summer,
followed by greenhouse and soil preparation op-
erations in summer (25%) and crop maintenance
in autumn until spring (11%). Nursery plants be-
gin in late July and August, and transplanting,
which can extend to the end of September for
some late season varieties, make up 3%.

In the absence of formal recruitment mecha-
nisms, farmers tap first and foremost personal
networks through contacts with previous work-
ers, team leaders, input suppliers, etc. Employ-
ers harness their social capital to uphold trust
and reputation of workers, as well as work-
ers who inquire about good employers fearing
moral hazards. Secondly, farmers resort to the
spot market to find seasonal labor in specif-
ic locations like cafeterias, wholesale markets,
etc. Thirdly, neighborhoods constitute proximi-
ty networks for legume harvesting and mutual
assistance during transplanting. Intermediaries
can mitigate high labor transaction costs when
information is asymmetric. These intermediaries
can be: 1) specialized individuals usually linked
to workers by family, territory or ethnicity, sim-

ilar to Senegalese agropastoralists (Wane et al.,
2018); 2) enterprises that place workers under
numerous contracts, as in France (Darpeix,
2013); or 3) Farm Labor Contractors (FLC) to
hire and move teams of seasonal workers in the
United States (Martin, 2014).

3.4. Determinants of farm labor shortage
and low youth participation in agricultural
activities

We examine the causes of labor shortage in
M’ziraa’s vegetable crops farms using a binary
logistic regression model. We analyze the im-
pact of proposed hypotheses on the likelihood of
labor shortage. Studies on the segmentation and
functioning of the Algerian labor market em-
ployed diverse econometric analyses as multi-
nomial/binary logit/probit models, etc., correct-
ed by statistical methods and tests (Heckman,
Fisher test...) to explain occupational choices in
the different employment segments (Hammou-
da and Souag, 2012; Adair and Bellache, 2018;
Merouani et al., 2021). As also found in studies
demonstrating on-farm versus non-farm work
choices (Tocco et al., 2012). The binary logistic
model in Table 1 tests six nominal predictor var-
iables based on respondents’ declarations affect-
ed or not by labor shortage, in addition to a cause
considered obvious. We added a nominal control
variable related to the expression of cryptogamic
disease and pest risks in all types of farms.

The likelihood ratio test for the dependent var-
iable, annexed by the degrees of freedom, Wald
chi2 and p-value statistics, compares the fit of
the full model to a model without the predic-
tor variables, and evaluates the significance of
the independent variables in explaining the vari-
ation in the outcome, as shown in Table 2.

The model demonstrates a good predictive ca-
pacity, with a reliability test confirming 72.67%
of correct predictions. The results of the logistic
regression model show that the model as a whole
is significant, indicating that the predictors col-
lectively have a significant effect on the likeli-

2 Full-time equivalent, determined at 1800 h/year as the legal working time on farms defined in the 1996

Labor Code.
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Table 1 - Logit model of main causes of labor shortage and low participation in farm labor market.

Labor shortage Coef. | Std. Err. z P>z| | [95% Conf. | Interval]
Remunerations- -1.602 | 0.495 | -3.23 | 0.001 -2.573 -0.631
—
conditio -0.547 | 0491 | -111 | 0265 | -1.508 0.415
Job opportunities 1.146 0.560 2.05 0.041 0.049 2.242
. Personal behavior 1.208 0.485 2.49 0.013 0.257 2.159
Hypothesis 2 -
Human capital 0.013 0.418 0.03 0.976 -0.807 0.833
Socioeconomic situation | 0.321 0.420 0.76 0.445 -0.502 1.144
Evident cause | Increase in area-farm size | 0.591 0.782 0.76 0.450 -0.941 2.123
_cons -1.249 | 0.843 -1.48 0.139 -2.903 0.404
Disease-pest risks 1 (offset)
Table 2 - Logistic regression parameters of full and reduced model.
Full model
Wald chi2 (7) | Prob > chi2 1ik§f§1%od LR chi2 (7)leehh00d_rauo teStProb > chi2
24.88 0.0008 -80.8106 42.47 0.0000
Reduced model
Number of obs = 150
LR chi2(0) = -0.00
Prob > chi2 = .
Pseudo R2 = -0.000
Log likelihood = -102.044
S}I;(f‘r?;’;e Coef. Std. Err. z P>z| [95% Conf. | Interval]
_cons 0.323 0.165 1.95 0.051 -0.001 0.647

hood of labor shortage. The Wald chi2 value is
24 .88 indicates a statistical significance of the
model at 1%.

3.4.1. The obvious cause of the labor shortage
It is evident to 90.67% of respondents that
as farm area and size increase, the demand for
labor rises, making the labor shortage more se-
vere. Between 2007 and 2016, vegetable crops
areas in M’zirda expanded from 126 to 1,249
ha for plasticulture and from 1,424 to 2,600 ha
for open field (DSA, 2017). Their average an-
nual growth rate was 10.2% (DSA, 2017), sur-
passed the wilaya and national averages, with
rates of 8% and 4.2%, respectively (MADR,
2019). The extension of the areas of irrigated
farms in Biskra has been spurred by the ag-

ricultural policies implemented (Bouammar,
2010), but also by the burgeoning of a tenan-
cy land market that is inclusive of both native
and non-native farmers (Daoudi ef al., 2017).
As for the variable “Increase in the area and
size of the farm” in the logistic regression,
its coefficient (0.590) is not statistically sig-
nificant (p-value = 0.450), yielding its limited
impact on labor shortage probability. The low
coefficient may reflect the fact that this evi-
dent cause may have a greater impact in other
contexts (newly introduced crops and tech-
niques, large farm models, etc.). Interestingly,
in developed countries showing positive agri-
cultural economic growth due to factors pro-
ductivity growth driven by technical progress,
farm size expansion is a fact, accompanied by
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a decline in the share of agricultural employ-
ment and seasonal labor shortages, largely mi-
grants (Christiaensen ef al., 2021).

3.4.2. Causes of the first hypothesis

Dual agricultural model in oil palm planta-
tions in Indonesia leads to the segmentation of
the local labor market between temporary and
permanent workers. The latter benefit from su-
perior advantages and remuneration, including
social protection, access to credit, housing and
a degree of autonomy in work organization.
This segmentation fades due to a labor shortage,
forcing employers to accept the conditions of
seasonal workers, including their participation
in other informal activities, which is the same
thing sought by permanents in the absence of an
adequate retirement system (Barral, 2017).

In comparison to our case, 70.67% of respond-
ents perceived actual remuneration and incentives
as low, with 62.67% attributing low agricultural
wages to declining purchasing power and the in-
frequent use of efficiency incentives to encour-
age youth in particularly difficult conditions and
time-sensitive tasks. Real wage increases have
been positive only for piece-rate wages (section
3.2). In 2019, the gross monthly salary of a per-
manent employee in M’zirda, without taking into
account benefits and advance payments, averaged
40,000 DZD (27,500 DZD in 2010) for all quali-
fications, below the national average net salary of
41,800 DZD (26,893 DZD in 2010) in the public
and private non-agricultural sectors, excluding
administration (ONS, 2021b). All received re-
munerations are never declared to the social se-
curity or employment authorities. This is because
employers do not declare their workers, who
are themselves unaffiliated. Workers also would
rather benefit from direct contributions than have
them deducted from their wages to pay into an
uncertain insurance. The reasons expressed are
consistent with those cited by workers excluded
from social security or who chose voluntary the
informal employment in the Maghreb countries,
determined by individuals’ risk aversion and
temporal preferences (Merouani et al., 2021). In-
terestingly, a few part of respondent believed in
wage discrimination against Sahelian migrants,
who are unaware of the terms of the social con-

vention and the wages offered. Skilled migrants
are the best paid, close to the national “executives”
who receive 81,000 DZD net, without a high level
of education, but some workers hold vocational
training diplomas in agriculture. Along with other
benefits (housing, food, etc.), they effectively oc-
cupy a niche in the primary segment of M’zirda’s
local labor market.

The poor living and working conditions are
relatively high in the study area, as 76.67% of
the respondents affirmed. Laborious work is
not the least reason for refusing to work in ag-
riculture, that is tiring and requires considerable
physical effort in relation to the workload and
the acceleration in the rhythm of some tasks,
which sometimes complicates the organiza-
tion of work on the farm for those who do not
have enough workers in quickly transplanting,
harvesting green beans to avoid hardening the
fruit after ripening, carrying out several crop
maintenance tasks at the same time, etc. The
agricultural profession is considered risky given
the recurrence of accidents at work, the lack of
hygiene and health protection measures (espe-
cially in tomato and eggplant greenhouses), and
numerous climatic (heat waves, frost) and nat-
ural (scorpion and snake attacks) hazards. For
62.67% of the respondents, the precariousness
and seasonality of the work are not conducive
to attracting more workers. The examination of
working conditions on farms is a pivotal social
factor in attracting and retaining labor. It is the
focal point of numerous of scientific publica-
tions, particularly in ergonomics and agricultur-
al medicine, which delve into the study of health
problems in the agricultural workplace, such as
musculoskeletal disorders, workload, occupa-
tional accidents, mental health, stress, job satis-
faction, and pesticide exposure, etc. (Malanski
etal.,2019;2021;2022).

Working conditions in greenhouses could de-
pend on other factors that significantly influence
safety knowledge and practices, notably age,
gender, education, health and safety training,
work experience, tasks implemented and use
of personal protective equipment, as relevant
for many vulnerable groups of workers han-
dling hazardous pesticides in extreme weather
in the Ethiopian floriculture sector (Geleta et
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al., 2021). In our study, 39% of the respondents
reported that agricultural work is carried out
with inadequate hygiene and safety protocols
for phytosanitary applications that could make
respiratory or allergy-related issues. Additional-
ly, 62% believe they work in harsh conditions
and environments fraught. Of these, 8% have
experienced direct encounters with scorpions or
snakes. During our surveys, the average maxi-
mum temperatures recorded between May and
September ranged from 39.51 to 42.91°C, with
a peak of 48.80°C in July 2019 (NASA, 2023).
Hot periods coincide with critical tasks like
harvesting, transplanting, etc. restricting green-
house access after 10 AM.

An in-depth study is recommended to under-
stand female day laborers’ market, focusing on
their social profiles, negotiations with team lead-
ers, and working conditions. Quantifying their
farm contributions and estimating their domestic
workload could use methods like the “work bal-
ance” approach applied in Morocco’s oasis sys-
tems (Srairi and Naqach, 2022). Female agricul-
tural workers in the Global North face strenuous
physical and mental stress due to the dual farm
and family responsibilities and limited health-
care access. Exposure to chemicals and chal-
lenging climates also puts their reproductive and
overall health at risk (Wheeler and Nye, 2024).
Women’s contributions on Greek family dairy
and small ruminant farms have been crucial for
economic resilience. Their extensive farm work
reduces the need for hired labor and boosts pro-
ductivity, allowing husbands to pursue off-farm
income (Ragkos et al., 2018). These findings un-
derline the need to recognize and address wom-
en’s needs in agricultural policies to promote
equity, well-being, and job satisfaction.

On the basis of official data from various ad-
ministrations up to 2016 (DPSB, 2017), we can
put into perspective some of the reasons of poor
living conditions cited by 44.67% of respondents.
M’ziraa is the last commune in terms of school
enrolment for children under 15 years (73.50%)
and the second last for high school students aged
15-19 (20.7%). No secondary school was built
before 2016. The children of sharecroppers are
vulnerable to abandoning school and being hired
at an early age owing to the long distance or the

absence of schools. Household connections to the
potable water and sanitation networks are 95%
and 93%, respectively, mainly in the peri-urban
areas. There are no sports or youth facilities in the
municipality. However, the level of progress of
various vital structures and facilities in the com-
mune improved after 2017. Farmers offer lodg-
ings to their sharecroppers and permanent work-
ers, and even to tenants, but these appear to be in
modest or moderately acceptable condition.

In our logistic model, any decrease in remu-
nerations and incentives, or working-living
conditions, increases the probability of labor
shortage. Wages are good predictors with a co-
efficient of -1.602 and p-value of 0.001, more
so than the coefficient of the conditions (-0.546)
with a p-value of 0.265, which means there is no
strong evidence to conclude that working-living
conditions have a significant effect on the likeli-
hood of labor shortage (-80.810). Separating the
working conditions variables from living condi-
tions using longitudinal analysis methods could
provide more solid evidence for the explanatory
variable in question. For the participants sur-
veyed, the working conditions are surmountable,
since they all suffer the same difficulties, and it
will be more difficult for outsiders to the sec-
tor, who make an occupational arbitrage based
principally on remuneration; a problem that re-
quires ergonomic solutions. Working conditions
are also considered acceptable/livable in terms
of demands for free time and reduced work-
ing hours for both farmers and workers (Ded-
ieu, 2019). In 2019, 34.3% of the unemployed
in Algeria declared that they accept arduous or
unhealthy jobs, 54.3% accept jobs outside their
wilayas and 81.6% of the unemployed are will-
ing to work in low-paid jobs (ONS, 2019).

3.4.3. Causes of the second hypothesis

For our logit model, the coefficient of “em-
ployment opportunities” is positive (1.145) and
statistically significant (p-value = 0.041), indi-
cating that an increase in opportunities to work
in other non-agricultural sectors, as well as op-
portunities to create micro-enterprises and own
jobs, are associated with an increase in the prob-
ability of labor shortage. This result accounted
for 78.67% of responses. If we consider that
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agricultural wages in M’zirda are net, deducting
only the social security contribution without any
other taxes or allowances, and compare them
with wages in other economic sectors in 2019
(ONS, 2021b), agricultural workers are under-
paid in relation to workers in other sectors, since
the average net wage (36,400 DZD/month) is
80% of the average net wage in trade, 34% and
85% in extractive industries (hydrocarbons and
mining) and manufacturing, 59% in financial
activities and 78% in transport and communica-
tions, but 1.14 times higher than in construction,
1.04 times in hotels and restaurants and 1.05
times in real estate. Furthermore, agriculture is
becoming increasingly less profitable and less
attractive, particularly for new entrants with
less than five years of experience in the region.
In 2019, faced with a low share of agricultural
employment, only 4.1% of the unemployed who
have previously worked answered that their last
job was in agriculture, but 65% of them left the
service and administrative sectors (ONS, 2019).

The other cause of the labor shortage, accord-
ing to 65.33% of the respondents, is the recourse
of young people to government subsidies for the
creation of their own jobs, especially credits for
the creation of micro-enterprises through the
National Youth Employment Support Agency
“ANSEJ” (now known as ANADE). Agricul-
ture has become the leading sector attracting
more projects financed by ANSEJ than any other
sector in the wilaya of Biskra since 2011, peak-
ing in 2014 (72% of projects) (ANSEJ, 2018);
period of a critical labor shortage in the region.
Here is an example of how young people are
attracted to these projects. In a successful sce-
nario, a sharecropper working in six chili or bell
pepper greenhouses can generate a gross margin
of 360,000 DZD/10 months. After paying his
debts, he is left with a net income of 210,000
DZD, equivalent to what a daily laborer could
earn in a year. This income allows him to buy
a greenhouse (used metal frame + new plastic
film). Therefore, ceteris paribus, he can invest in
six full greenhouses after six years of work, sav-
ing, in the best cases, a rental lease for one year
that is 1/8 to 1/10 of the acquisition value of the
greenhouses. The ANSEJ in Biskra can finance
six new greenhouses in the first year at a value of

1,500,000 DZD and offer additional support. A
sharecropper or a simple worker will shorten the
number of years he spends paying off his debts,
without having to follow the professional ladder
to create his own job.

The coefficient for “personal behavior” is pos-
itive (1.208) and statistically significant (p-val-
ue = 0.013), which means that certain personal
characteristics are associated with an increased
probability of youth labor shortage; it is consid-
ered inevitable cause by 76% of respondents.
The demotivation of young people given the
examples of the failure of new farmers, the re-
fusal to work the land for subjective reasons, the
attraction to easy, urban jobs even if they are less
well paid and the fact that agricultural work is
seen as temporary and financially uncertain and
poorly esteemed, are factors contribute largely
to this outcome. The attitudes towards the low
social perception of agricultural are also influ-
enced by the low recognition and undervalu-
ation of agricultural work by some employers,
and the bad employment relationships condu-
cive to labor conflicts. These issues are a priority
for authors who are interested in improving of
workers’ personal development in terms of skills
and social relations, and who propose evaluation
grids for job satisfaction on the farm (Dedieu,
2019). Finally, a quarter of respondents claimed
that young people demand more than employ-
ers’ capabilities and the advantages offered in
the social agreement, such as food, transport to
home, payment worth half the harvest in difficult
conditions at the end of the season, remunera-
tion of sharecroppers at one-third of the gross
production, etc. It symbolizes implicit collective
negotiations, where syndicate representation and
government intervention are absent (Cahuc et
al., 2014), or where bilateral negotiations domi-
nate over profit-sharing resulting from employee
dissatisfaction (Perrot, 1992).

Job fulfillment often goes beyond improv-
ing working conditions, as demonstrated by
dairy farmers in the Puy-de-Dome department
(France), who adopt agroecological practices
not only to reduce chemical exposure and en-
hance environmental and human health, but
also to achieve economic and decision-making
autonomy, optimize work organization, produce
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high-quality goods and ensure animal welfare,
ultimately to foster a positive professional image
(Duval et al., 2021). Our study lacks a detailed
analysis of wage earners’ feeling and job satis-
faction, but insights from Sabillon et al. (2022)
offer useful perspectives. This research exam-
ines how working conditions affect European
farmers’ well-being and job satisfaction, empha-
sizing factors such as working hours, age, finan-
cial status, and community engagement. Four
key dimensions of job satisfaction in farming
were identified: daily tasks, work-life balance,
professional identity, and decision-making au-
tonomy, all of which influence quality of life.

The coefficient of “human capital” is very low
(0.0128) and not statistically significant (p-value
=0.976). This indicates that human capital factors
(such as age, education, social capital, qualifica-
tions outside agriculture...) do not have a signifi-
cant impact on the probability of labor shortage
in our model. The impact of education is low
relative to skill specialization on agricultural la-
bor market participation, typically in the context
of technical change (Huffman, 2001). In reduced
form models, education has a minimal improve-
ment effect on wages in the United States, with
each additional year of education contributing to
an increase in average hourly wages of less than
1% (Richards, 2018). Compared to what was re-
ported by 62.67% of respondents, the shortage
of young laborers in agriculture is mainly due
to the fact that farm management skills are less
prevalent amid people from non-agricultural en-
vironment, and the more educated individuals are
less willing to work in agriculture. Late entry into
farming diminishes the desirability of agricultur-
al work for youth. It is noteworthy that 88% of
our surveyed individuals began working in agri-
culture as family workers or wage earners before
the age of 19, with over 2/3 started before the age
of 15. However, people with qualifications or ex-
perience outside agriculture have little chance of
working in agriculture.

The coefficient of “socio-economic status”
(0.320) is low and statistically insignificant
(p-value = 0.445), suggesting that socio-eco-
nomic characteristics of the youth labor force,
do not have a significant effect on the probabil-
ity of labor shortages rather than what 55.33%

of respondents indicated. Married individuals,
particularly heads of households or eldest sons
within compound households, are more inclined
to engage in agricultural activities. The share-
cropper with his family, whose children attend
school, is preferred because he will stay for the
whole season. Nevertheless, the lack of stabil-
ity due to the movement of workers, especial-
ly with their families, reduces the chances of
participation in agricultural work. It should be
remembered that 54% of our respondents came
accompanied, outside the municipality. Declin-
ing interest of youth in agriculture for reasons
of other financial resources (pension from par-
ents, rent of premises, etc.) and challenges of
access to land seem to be unconvincing reasons.
Econometric models analyzing wage disparities
between different segments in the Algerian labor
market and the employment prospects therein
divulged the following findings: women, young
people under 30, single people and the less edu-
cated (below secondary level) participate much
more in urban informal labor market as self-em-
ployed, undeclared workers, home-based active
women or family workers, and to a lesser extent
in agricultural employment (Hammouda and
Souag, 2012; Lassassi and Hammouda, 2012a;
Adair and Bellache, 2018). Including variables
related to socio-economic characteristics into
the human capital variable could improve our
logistic model, as realized in these studies.

4. Conclusion and Perspectives

The results of the logistic regression amalgam-
ating insights from 150 employers and employees
suggest that: the level of agricultural remunera-
tions and incentives, employment opportunities
in other sectors and government support for the
creation of self-employment, and the personal be-
havior of the youth labor force are the central fac-
tors influencing the probability of labor shortage.
The disparity in wages and incentives delineate a
segmentation that thwarts workers from achiev-
ing a good professional status, who in turn change
their qualifications or move to other sectors. Fac-
tors such as working and living conditions, human
capital and the socio-economic status of young
people, as well as the increase in the area and size
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of farms in the region, which is considered an ev-
ident cause, do not appear to have significant ef-
fects. If young people are demotivated and refuse
to work in agriculture, preferring easy urban jobs,
it is because they also consider agricultural work
to be precarious, arduous and with no social secu-
rity cover. These factors explain why more than
three-quarters of respondents believe that young
people find agricultural work repellent and insuf-
ficiently valued.

As with the development of labor-saving tech-
nologies, work in the greenhouses or open fields
at M’zirda is highly hand-dependent, given the
numerous maintenance activities that do not al-
low easy access to large equipment. Ergonomic
improvements to a number of tools (e.g. seed-
ing/transplanting equipment, rolling elevators
to facilitate trellising and harvesting at height)
could be a springboard for other innovations,
helping to respond efficiently to the uncertain
labor availability. Today, the robotization of ag-
ricultural tasks is a new agricultural revolution.
These intelligent technologies still pose the chal-
lenge of combining three fundamental functions
as long as human pickers can do it naturally:
1) the discernment (detection capacity); 2) the
speed of task execution; and 3) the dexterity
(avoiding damage to delicate fruit) (Taylor and
Charlton, 2019c). Policy implications can also
play a part in remedying labor shortage or un-
deremployment through modification of labor
regulations and social protection tailored to the
agricultural sector; enhancement of more incen-
tivized agricultural remuneration as offered in
employment support programs; and encourage-
ment of employer groups or private enterprises
for intermediation and provision of labor servic-
es, handling or new mechanization technologies.
These structures can provide a better framework
for the formation of worker’s human capital,
which responds to good work organization on
the farm and synchronization of labor demands
and helps to minimize discrepancies between
different segments of the agricultural labor mar-
ket. At the same time, self-organization of ac-
tors around ad hoc labor market arrangements
should be guaranteed.

The perspectives gleaned from the Interna-
tional Symposium on Work in Agriculture (2™

version in 2021) showcase pertinent issues
weathering the future of work in agriculture in
developing and developed countries, particular-
ly in the OECD countries: 1) the transition to
more sustainable agriculture via agro-ecology
and digitalization; 2) internal and international
migration flows in rural areas and protection
of migrants; 3) the role of agricultural policies
and labor regulations; 4) ethnic inequalities and
working conditions; 5) the active emergence of
women in the workplace and the social recogni-
tion of agricultural professionals; 6) the devel-
opment of value chains that influence changes
in agricultural practices and exchanges with
other sectors; 7) bolstering labor productivity,
especially in sub-Saharan countries, by offer-
ing attractive and decent working conditions to
the young population that will have the highest
growth rates in the world between 2030 and
2050 (Dedieu et al., 2022).

Multiple key limitations hinder deeper anal-
ysis of the agricultural labor market, highlight-
ing the need for future research on topics such
as worker behavior through qualitative methods
within a behavioral economics framework, and
labor contracts for women, migrants, and vul-
nerable groups within the segmented agricul-
tural labor market. The concepts of decent work
and job satisfaction represent a significant ave-
nue for exploration, helping to identify factors
that could enhance the attractiveness of agricul-
tural employment for youth. Santhanam-Martin
et al. (2024) provide a framework for applying
decent work principles to enhance employee
satisfaction and retention in the Australian or-
chard industry amid labor shortages. Ground-
ed in psychological contract theory, the study
evaluates employees’ perceptions of employer
promise fulfillment across six major items, com-
pared to the International Labour Organization
(ILO) decent work domains, including safety
and security, autonomy, resources to perform
quality work, opportunities for training and skill
development, employee benefits and increased
responsibilities. The authors suggest broadening
this framework to other dimensions like equal
opportunity and social dialogue to better align
with the Global Sustainable Development Agen-
da’s commitment to decent work.
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Food loss and waste in Mediterranean cities

TEODORO MIANO, ROBERTO CAPONE, SANDRO DERNINI
CIHEAM

The technical webinar “Coordinating local and national actions to reduce food loss and
waste in Mediterranean cities,” organized by the SFS-MED Platform as part of the Food is
Never Waste Coalition, was one of a series of technical webinars initiated in 2022. These
webinars focused on topics crucial to achieving a sustainable food systems transformation
in the Mediterranean region. The primary goal of the series was to utilize the extensive
knowledge and expertise of the SFS-MED network, which comprises researchers, devel-
opment practitioners, and decision-makers.

The SFS-MED Platform has achieved positive results from 2020 to 2024, including dia-
logues within the UN Food Systems Summit and the World Conference on the Mediterra-
nean Diet, the network has reached up to 3500 contacts across 98 countries, and our joint
effort with FAO to support food security and sustainable development has been recognized
by the UfM and CIHEAM Member Countries during the recent Ministerial events.

The Mediterranean region faces a significant challenge with Food Loss and Waste
(FLW), threatening global food security and environmental sustainability. With over 70
percent of the region’s population living in urban areas — a figure expected to grow in the
coming decades, cities are major food consumers and waste generators, but they can also
innovate and create systemic change. Reducing and repurposing food waste benefits the
environment, society, and the economy and contributes to the transition towards sustain-
able food systems.

In 2022, the European Union recorded 59 million tons of fresh food lost or wasted, aver-
aging 132 kilograms per person, with households accounting for 54% of this total (71 kilo-
grams per person). By comparison, this figure is lower in Eastern Europe, with an average
of 53 kilograms per person at household level, and considerably higher in the Near East
and North Africa region, with food waste at household levels averaging 114 kilograms per
capita annually.

To achieve these benefits, we need coordinated action and multi-stakeholder collabora-
tion, including municipalities, civil society, research networks, and national governments.
The SFS-MED Platform provides a crucial space for this collaboration.

Recent studies and events emphasized the importance of multiple stakeholders in ad-
dressing food loss and waste: Municipalities are directly implementing sustainable food
governance and waste reduction initiatives, often collaborating with international organ-
izations. Civil society organizations are taking the lead in promoting sustainability and
reducing food loss in the restaurant industry and agricultural sector. Research networks are
essential for facilitating knowledge exchange and collaboration between cities to prevent
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food loss and waste. National governments play a crucial role by establishing support-
ive frameworks and providing legislative and financial incentives to drive waste reduction
strategies at the city level and within the private sector.

The loss of human resources and knowledge, particularly traditional farming practices
and local wisdom passed down through generations, poses a significant barrier to sustaina-
ble development. Additionally, it is crucial to emphasize that food loss and waste represent
a squandering of vital natural resources, including water, land, and energy, which are essen-
tial for food production and overall environmental well-being.

Food Loss and Waste (FLW) occurs throughout the food supply chain and requires mul-
tifaceted solutions such as infrastructure, technology, and training to reduce it. Cities are
major contributors to FLW, and tackling this issue demands a holistic approach encompass-
ing the entire urban food system.

Transitioning to a circular economy model is essential, where food waste is repurposed
into valuable resources, promoting sustainability and job creation. Additionally, scientific
research, innovation, and education are pivotal in driving the transformation towards sus-
tainable food systems and reducing FLW.

We must move beyond blaming consumers solely and recognize the shared (distributed)
responsibility among all stakeholders, including retailers. Addressing food waste necessi-
tates a broader discourse on sustainable consumption.

Taking immediate action is imperative, as reducing food loss and waste is fundamental
for achieving sustainable food systems and ensuring food security for all. Public Food
Procurement programs play a significant role in supporting local producers, promoting
sustainable agriculture, and enhancing nutrition in public institutions. Cities are crucial in
implementing policies that foster sustainable food consumption and minimize waste, and
their initiatives must be integrated into national and global strategies. Therefore, cities need
to be empowered with the necessary tools and authority to effect meaningful change.

The SFS-MED platform is a vital tool for fostering regional collaboration and formulat-
ing effective strategies to combat food loss and waste. Our continued engagement in initi-
atives like the Food is Never Waste coalition is essential for achieving broader sustainabil-
ity objectives. As previously highlighted, education is key to shifting consumer behavior,
particularly among younger generations. Together with simple and practical solutions, we
would be able to produce substantial impacts in reducing household waste.

CIHEAM reaffirms its commitment to supporting the SFS-MED Platform and its Co-
ordination Desk, in line with the novel 2030 strategic vision on sustainable food systems.
We will maintain close collaboration with FAO, UfM, and PRIMA, while expanding our
partnerships to encompass other countries, organizations, and the private sector.

A successful and sustainable food system hinges on a network of interconnected stake-
holders, collaborating across multiple levels and perspectives to build a shared understand-
ing of the intricate dynamics within the food system itself. This collaborative approach
fosters a holistic view, enabling the development of comprehensive and effective solutions
to address the complexities of food sustainability.
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