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Digital transformation of the agrifood system: Quantifying the conditioning factors to inform

policy planning in the olive sector

1 Introduction

Digital transformation (DT) can be defined as the use of new digital technologies that enables
major business improvements and influences all aspects of customers’ life (Reis et al., 2018). The ability
of firms to join this so-called fourth industrial revolution, marked by the convergence of digital, physical
and biological technologies, may determine their chances of competing and surviving in the global
market in the medium term. At the organisational level, the concept of DT focuses on innovation
strategies that implement digital technologies and thus improve and boost the operation of the
organisation (Vial, 2019). The key areas that the DT can cover are business models, operational
processes and customer experience (Morakanyane et al., 2017).

Specifically, in the agricultural sector, DT is seen as a key transformative force, using concepts
such as digital agriculture and Agriculture 4.0 (Fielke et al., 2020; Klerkx et al., 2019; Klerkx and Rose,
2020; Rose and Chilvers, 2018). It has been argued that digital technologies can help farmers provide
safe, sustainable and quality food; not only do they help farmers ‘produce more with less’, but they can
also help combat climate change (Krishnan et al., 2020; Makate et al., 2019; Shepherd et al., 2018). For
example, it has been stated that DT can play a role in creating a better life in Europe's rural areas, as
highlighted in the Cork Declaration 2.0. This document states that the use of digital technologies will
increasingly be vital for farmers and other rural businesses to provide sustainable solutions to current
and future challenges (EC, 2018). Digital technologies related to sensorization, remote sensing, GIS,
drones, big data, artificial intelligence, machine learning, robotics, 10T, e-commerce, blockchain, etc.,
are radically changing the processes of production, marketing and consumption in the agrifood system
(Busca and Bertrandias, 2020; Helo and Hao, 2019; Klerkx et al., 2019; Koch and Windsperger, 2017;
Snow et al., 2017; Teece and Linden, 2017; Zhu et al., 2020). These technologies can lead to the
creation of new products and services (EC, 2018). Smart farming technologies (SFT), i.e. digital
technologies applied to the agrifood system, are multiple, including intelligent irrigation, prediction of
crops and pests, treatment of pests with robots, intelligent harvesting according to maturity, traceability

from field to table, logistics, and e-marketing, among many others (Bernhardt et al., 2018; El Bilali and
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Allahyari, 2018; Fleming et al., 2018; Meier et al., 2020; Pappa et al., 2018; Shamshiri et al., 2018;
Wolfert et al., 2017). Thus, the DT of the agrifood, forestry and rural sectors represents a new field of
opportunities (Beltran et al., 2017), but also engenders technological and institutional challenges and
barriers that can limit their development (EC, 2018; Shepherd et al., 2018). DT can also have risks and
disadvantages, which need to be analysed and taken into account, for example in relation to the ethical
issues of data ownership rights and their impact on rural employment, and the equitable sharing of the
benefits of digital agriculture, among other questions (Bronson, 2018; Bronson and Knezevic, 2016;
Carolan, 2017; Eastwood et al., 2017; Lioutas and Charatsari, 2020; Loebbecke and Picot, 2015;
Shepherd et al., 2018).

In this context, the role of science should be to evidence and support the design and use of
digital technologies to achieve the desired beneficial outcomes and avoid unintended consequences
(Shepherd et al., 2018). Comprehensive systematic analysis of DT processes in agriculture (Eastwood
et al., 2019; Eastwood et al., 2017; Fielke et al., 2019) can feed into policy planning. Despite the vast
literature on DT (Klerkx et al., 2019; Morakanyane et al., 2017; Reis et al., 2018; Vial, 2019), not much
is known about regional digital strategies towards proactive responses to rapid technological changes
(Alam et al., 2018). To inform policy planning, robust information is needed on what influences DT in
agrifood.

In the specific case of Spain, some previous works analysed the barriers and give
recommendations for the development of digitisation in the agrifood sector in the country, in general
(MAPA, 2018a, b), and in the agrifood cooperative sector, in particular (Vazquez et al., 2019). More
particularly, in Andalusia, some studies analysed the needs and barriers for the DT in the agrifood
sector, in general (Junta_de_Andalucia, 2019) and agricultural cooperatives, in particular (Ciruela-
Lorenzo et al., 2020). However, most of this work, both in Spain and elsewhere, are qualitative and
focuses on the analysis of some specific (often negative) factors. There is therefore a lack of quantitative
and more extensive information. Also, more consideration needs to be given to the views of different
stakeholders. Additionally, there is no specific work for the case of the olive sector in Andalusia.

This manuscript intends to contribute to filling this scientific gap, both on a theoretical and
practical level of policy planning. It therefore aims to propose and illustrate the implementation of a
integrated quantitative methodological framework, which can be applied to different policy planning

problems, with two objectives: 1) to identify, classify, structure, prioritise and compare the factors that
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are conditioning the DT of the olive sector (olive growing and industry) in the short and medium term in
Andalusia; and 2) to design public policy strategies to strengthen the DT of the Andalusian olive sector,
taking advantage of the potentialities (strengths and opportunities) and trying to alleviate the deficiencies
(weaknesses and threats) found. For the first objective, a SWOT/PESTLE model, in combination with
AHP, is developed. For the second objective, a quantitative TOWS analysis is proposed, taking
advantage of the previous prioritisation of factors with AHP. AHP is used as a methodology to make
SWOT/PESTLE and TOWS analyses quantitative and abandoning the conventional qualitative
approach to them. In all the analyses the knowledge of diverse groups of experts, i.e. stakeholders of

the sector, is essential, due to the lack of hard data and the complex nature of the issues analysed.

2  Study setting

2.1 The olive sector of Andalusia

Olive growing is an important economic activity in the countries of the Mediterranean Basin,
especially in Spain, which represented 22.36% of the world’s olive-growing area and 46.10% of world
olive oil production in 2017 (FAO, 2017; MAPA, 2019). Spain is also the world's leading exporter of olive
oil (I0C/COlI, 2019). The Spanish olive sector is mainly made up of a large group of small/medium olive
growers organised in cooperatives with an oil mill, representing more than 70% of the olive oil produced,
plus a minority of private oil mills belonging to large farmers (Sanz-Cafiada et al., 2014).

Andalusia, located in the south of Spain, is the most important olive-growing region in the world.
It represented 62.50% of the olive-growing area and 76.83% of the olive production in Spain in 2017
(MAPA, 2019). The olive sector plays an important socio-economic role in the region, as olive oil and
olives accounted for 18.1% of the total production of the Andalusian agricultural sector in 2020
(CAGPDS, 2020). Olive growing generates about a third of agricultural employment, half of which is
family-based (CAP, 2009), and has a wide territorial presence, covering 28.77% of the Andalusian
agricultural area (CAGPDS, 2018). Most of the olive grove is cultivated in a traditional extensive manner,
although an increasing growing area, around 17%, is cultivated more intensively with a massive use of

inputs (Hinojosa-Rodriguez et al., 2014b).
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The Spanish olive sector, in general, and the Andalusian sector, in particular, are currently
facing a critical situation, especially in the initial stages of the agrifood chain, due to 1) the atomisation
of the sector; 2) the low productivity of a significant number of olive growers, as 32.7% of them
(representing 26.8% of the surface) are above the 20% slope (CAPDR, 2015), limit above which an olive
grove cannot be mechanised and is managed mainly in a traditional way; 3) the fall in olive oil prices
from 2009 (CAP, 2011) and also in CAP subsidies; and 4) the tariffs of USA (currently on standby), one
of the main destinations outside the EU for Spanish exports, on Spanish olives and olive oil, among

other issues.

2.2 Innovation context in the olive sector

In the olive sector the available digital technologies are varied. Although there is a wide range
of SFT as mentioned above, the literature has mainly studied some related to the use of remote images
to predict the time of harvest, damage to it, irrigation needs, and disease monitoring (Garcia Torres et
al., 2008; Hornero et al., 2020; Jimenez-Jimenez et al., 2013a; Jimenez-Jimenez et al., 2013b; Kurucu
et al., 2015; Noori and Panda, 2016; Omara et al., 2004; Ram et al., 2010; Torres-Sanchez et al., 2018),
and the use of 10T for precision agriculture (Boursianis et al., 2020).

In the specific case of the olive sector in Andalusia, previous studies have analysed its capacity
for innovation linked to the technological packages of organic farming (Parra-Lopez and Calatrava-
Requena, 2006; Parra-Lopez et al., 2007), integrated production (Hinojosa-Rodriguez et al., 2014b) and
different certified quality systems such as PDO (Hinojosa-Rodriguez et al., 2014a; Parra-Lépez et al.,
2015a) and ISO 9001 (Parra-Lépez et al., 2016). Although there are several factors which make farmers
hesitant to adopt new technologies and practices, these studies highlight the scarce innovative attitude,
in general, of the olive growers in Andalusia, which behaves like a closed system with scarce
permeability to external sources of information. This traditional lack of initiative in developing innovative
business models may, in the case of DT, lead to the Andalusian olive sector lagging behind and losing
competitiveness in a context of increasingly globalised and competitive markets. As a positive aspect,
the DT has broad support at the administrative level, from the EU to the regional administration of

Andalusia, and a number of policy initiatives are beginning to be implemented.
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Material and methods

The proposed methodological framework consists of two phases, with different analyses and

data sources (Figure 1), which is detailed in the following sections.

4 Phase 1 Desi fPha:e 2 trategi
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Figure 1. Methodological framework

3.1 Prioritisation of conditioning factors

3.1.1 Identification, classification and structuring of factors
In order to prioritise the importance of the conditioning factors of DT in the Andalusian olive sector,
a structured model have been developed combining the AHP, PESTLE and SWOT methodologies. This
represents a relatively new methodological approach with respect to traditional PESTLE and SWOT
analyses, as AHP allowed these analyses to be more structured and quantitative.

AHP - Analytic Hierarchy Process (Saaty, 1980) is a multicriteria decision-making technique,
which represents a decision problem as a hierarchy of components, where the elements of the lower

levels of the hierarchy contribute to the elements of the upper level on which they depend. In our field
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of interest, AHP has been used to evaluate the underlying decision factors of cloud computing adoption,
and to identify the factors influencing the adoption of big data among Korean firms (Park and Kim, 2019).
The hierarchical decomposition of the factors in the developed AHP model followed the SWOT and
PESTLE methodologies. Thus, the factors have been identified and classified theoretically into different
categories according to the SWOT methodology. SWOT analysis is the process of exploring the internal
and external environments of an organisation and extracting convenient strategies based on its
Strengths, Weaknesses, Opportunities and Threats (Ghazinoory et al., 2011). Therefore, the
conditioning factors in our case were classified into: Strengths (positive factors within the olive sector),
Weaknesses (negative factors within the olive sector), Opportunities (positive factors outside the olive
sector), and Threats (negative factors outside the olive sector). The SWOT analysis has been widely
applied in diverse fields since the seminal work of Weihrich (1982), especially in the analysis of the
strategic position of a company. Ghazinoory et al. (2011) conducted a review of works. In our field of
interest here, SWOT has been used to assess regional digital competence in Australia (Alam et al.,
2018).

Recently, some proposals have emerged to refine or even replace the categories of SWOT into
the more granular categories of PESTLE (Srdjevic et al., 2012; Zalengera et al., 2014). The PESTLE
analysis is a methodological framework, similar to SWOT, for strategic planning in which the conditioning
factors are grouped into six categories: Political, Economic, Social, Technological, Legal, and
Environmental (Kolios and Read, 2013; Parra-Lopez et al., 2017). The objective of PESTLE is to identify
the factors that influence a system, their impact, and their positive or negative effects on the system
(Parra-Lopez et al., 2015b; Srdjevic et al., 2012). In our model, the classical categories of SWOT factors
have been internally divided into six subcategories according to the PESTLE classification.

For a preliminary identification of the specific conditioning factors, first of all, some studies on
digitalisation in the agrifood sector in Spain have been extensively reviewed. They stand out 1) those
carried out by the Spanish Ministry of Agriculture, Fisheries and Food (MAPA, 2018a, b) which, based
on a focus group with experts from the agrifood, forestry and rural sectors, identified barriers and
recommendations for the development of digitisation and big data in these sectors; and 2) that of the
Regional Government of Andalusia (Junta_de_Andalucia, 2019) which identified needs and barriers in

the field of digitisation in the agrifood value chain in Andalusia also through stakeholders and experts
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from the agrifood sector. It should be noted that no specific information has been found for the DT of the
olive sector of Andalusia.

This secondary information was combined and integrated into an initial AHP/SWOT/PESTLE
model. Subsequently, a group of 10 experts (stakeholders of the sector) related to the DT of the olive
sector in Andalusia reviewed this initial model individually: 2 from the public administration, 2 from digital
technologies companies and 6 from universities and innovation centres. The aim was to have as broad
a vision as possible. Finally, the information from all the experts was combined and integrated into a
final AHP/SWOT/PESTLE model (Figure 2), which consist of 4 levels with the following elements: 1) G
- Goal (or overall objective): Prioritisation of the conditioning factors of the DT of the olive sector in
Andalusia; 2) CF - Categories of factors: Types of factors grouped into SWOT categories; 3) SF -
Subcategories of factors: Internal subdivision of the conditioning factors into PESTLE categories; 4) F -
Factors: Specific issues conditioning the DT in the Andalusian olive sector. The detail of the Categories

of factors and Subcategories of factors will be provided in Table 1 in the Results and discussion section.

G - Goal (level 1)

Prioritisation of the conditioning factors of the DT of
the olive sector in Andalusia

!

CF - Categories of factors (level 2)

Weaknesses Opportunities
Strengths (S Threats
gths () W) ) (T)
SF - Subcategories of factors (level 3)
Political Economic Social Technological Legal Environmental
F - Factors (level 4)
Factor 1 Factor 2 Factor 3 Factor n

Figure 2. The AHP/SWOT/PESTLE model for the DT in the olive sector of Andalusia

3.1.2 Evaluation of factors
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Subsequently, the priority (weight or importance) of each category, subcategory and factor of
the model need to be evaluated. Both the SWOT analysis and the PESTLE analysis approaches, and
their combination, are qualitative, since valuations normally use categorical scales. This poses the
problem of the incommensurability and the impossibility of comparison of the elements (Parra-Lopez et
al., 2015b; Vanek et al., 2014). AHP, on the contrary, makes it possible to carry out a quantitative
evaluation of the decision-making elements, allowing the different types of elements (in our case
categories, subcategories and factors) to be prioritised on a ratio scale and making them
commensurable and comparable (Forman and Selly, 2001; Kurttila et al., 2000; Parra-Lépez et al.,
2009). Additionally, AHP allows the incorporation of qualitative, subjective and intangible information
into the evaluation process, for instance in the form of expert knowledge, as well as quantitative and
hard-data information when available (Parra-Lépez et al., 2008a).

For each node of the AHP model, i.e. one element and the sub-elements depending on it, the
local priorities of the sub-elements (w.) can be evaluated based on hard data, if available, or soft data
in the form of expert knowledge and/or stakeholder preferences. To evaluate the proposed model for
DT, expert knowledge was used due to the low availability of hard data for Andalusia and the complex
nature of the issues investigated (technical, environmental, social, economic, etc.). In particular, 31
experts/stakeholders with diverse profiles and experience in the subject were surveyed from October
2019 to January 2020: 5 from public administration, 7 from R&D organisations, 7 from agrifood
companies, 6 from digital technologies companies and 6 from other organisations supporting the olive
sector. The aim again was to have as broad a view as possible and to compare the assessments of
different groups. The survey was conducted from October to December 2019, following a structured
questionnaire presented face-to-face or submitted by email and with telephone support if necessary.
The experts were given a choice of format depending on what was most convenient for them. The
responses were verified in terms of possible invalid data and responses that differed from those of the
other experts in their group. Due to the high number of elements to be compared in some cases (higher
than 7+2, as recommended in AHP), the evaluation of the priorities by the experts was based on the
‘direct rating’ method (Bottomley and Doyle, 2001; Calabrese et al., 2019; Forman and Selly, 2001;
Larichev et al., 1995; Oliveira et al., 2018; Parra-Lopez et al., 2008b). The rating scale used ranged from
0, in the categories/factors with null priority, to 9, in those with very high priority (Carmona-Torres et al.,

2014; Carmona-Torres et al., 2016; Parra-Lopez et al., 2008b; Rodriguez Sousa et al., 2020). This scale
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is linear, as indicated to the interviewees, where 9 is 9/1 times greater than 1, 9/2 times greater than 2,
and so on. It is therefore to be expected that experts will think on this linear scale. This is a difference
with the Likert scale where problems of interpretation of the scale may arise (Carifio and Perla, 2008;
Jamieson, 2004; Pell, 2005).

It is necessary to indicate that in multi-criteria decision-making methods based on experts it is
not possible to speak of representativeness and confidence level of the results because the population
of experts is not known. Moreover, due to the requirement for in-depth technical knowledge and
availability to fill in long questionnaires, the number of experts to be consulted is usually small (usually
from 6 to 15 in AHP and its generalisation ANP) (Sanchez-Zamora et al., 2017; Villanueva Rodriguez
et al.,, 2014). In our case, it has indeed not been an easy task since the subjects dealt with (the
digitalisation of the olive grove) are very new and it is not easy to find people who are familiar with the
subject. In any case, 31 experts have been interviewed, as indicated above, over and above the usual
6-15. In addition, at the level of expert groups we have tried to have at least 5 experts of each type, as
indicated in the literature (De Luca et al., 2018; Parra-Lépez et al., 2008a). Due to the small number of
experts and the fact that on some topics they may not have knowledge, an analysis of intra-group
variation would be very weak.

Subsequently, the individual local priorities of experts were aggregated for each group of experts
and for all the groups of experts through the Weighted Arithmetic Mean Method (Ramanathan and

Ganesh, 1994), i.e. through the arithmetic mean of the priorities for each node:

X
Wi g = Z W /X
x=1

where wy () are the local priority of a given element for the group of experts g; w.) is the local priority of
this element for expert x pertaining to group g; and X is the number of experts of group g. The average
evaluation of the whole group of experts is considered to be more reliable than individual evaluation, as
individual biases and lack of knowledge of some individuals on a particular subject are minimised.
Subsequently the local priorities of all the groups is calculated in the same manner as the arithmetic

mean of the local priorities for each group of experts.
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After that, the priorities of the categories, subcategories and factors (for a group of experts or
all groups) must be synthesized according to their satisfaction of the goal (global priorities, wg), or any
intermediate node of the model (final priorities, we). The global/final priorities of the categories,
subcategories and factors in any upper element of an AHP model could be calculated by means of the
weighted sum of the sub-elements that depend on it (Saaty, 1980). For example, for an AHP model with

3 levels (goal, elements and sub-elements) one would have:

Wg(s) = Zgzl W1e/G) * WL(s/e)

where wgs) is the global priority of sub-element s (for a group of experts or all groups); wyec) is the local
priority of element e over the goal (for a group of experts or all groups); wysre) is the local priority of sub-
element s over element e dependent on the goal (for a group of experts or all groups); and E is the
number of elements within the goal.

Additionally, the heterogeneity of responses was analysed by the Relative Global Agreement
Index (RGA) among different groups of experts in a node. This RGA index is defined by Parra-Lopez et

al. (2008a) as:

RGA =1/ o e

where G is the number of decision groups, g is a particular decision group, w.g is the mean local
priority of the i element with respect to the element for the g group, w.im is the mean local priority of
the i element for the G groups and n is the number of child sub-elements or alternatives of the node.
RGA index is a measure of the differences of opinions of individual groups with respect to the mean of

all the groups. The greater the RGA Index in a node, the greater the consensus among all groups.

3.1.3 Identification of critical factors

Critical factors are defined as those that have a high global priority and their degree of

agreement, both at the category and subcategory from which they depend on, are high or medium.

10
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These critical factors will allow the definition of future lines of action that positively influence DT

processes, given their influence on the overall goal.

3.1.4 Comparison of positive vs negative categories of factors

Based on the prioritisation of the categories of factors (Strengths, Weaknesses, Opportunities
and Threats), three indicators have been developed that allow an overall comparison of positive versus
negative factors faced in the short and medium term by the DT of the olive sector in Andalusia. For this,
we have relied on the rationale of the BOCR (Benefits, Opportunities, Costs and Risks) merits used in
the cost-benefit analyses based on AHP (and ANP, which is a generalisation of AHP based on networks
rather than hierarchies) (Lee et al., 2009; Saaty, 2004). The positive aspects are supposed to be the
Strengths and Opportunities, comparable to the Benefits and Opportunities in BOCR, and the negative
aspects are the Weaknesses and Threats, similar to the Costs and Risks. The intention is to compare
the results of the three indicators for the priorities for the five expert groups. These SWOT indicators

are:

_ Wr(5)+Wr(0)

R. =
" WLW)*WL(T)

where Ry is the Multiplicative Ratio, very similar to a common indicator in the BOCR merits; and wys),
wyw), W), and wyry are the local priorities for each group of experts of the Strengths, Weaknesses,

Opportunities and Threats, respectively.

W1,(s)+WL(0)

R. =
: WL (w)+WL(T)

where R, is the Additive Ratio, which adds up rather than multiplying the priorities of the SWOT factors.
This alternative form considers that positive (or negative) effects have an additive rather than a

multiplicative effect on others.

Vi = 0p(5)+ W1(0)- OLwW)-OL(T)

11
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where V, is the Net Value of the DT status for each expert group; here the priorities of the positive
factors are added, wg(s) and we(o), and the priorities of the negative factors are deducted from the result,

wWaw) and we(m).

3.2 Design of policy strategies to strengthen the DT

Finally, the priorities obtained through the AHP/SWOT/PESTLE model have been analysed with
TOWS. TOWS is a methodology that combines external and internal factors (SWOT) analysis, and from
there develops four types of strategies and actions (Baudino et al., 2017; Weihrich, 1982). The TOWS
methodology develops a matrix to provide strategies based on the linkages between Threats,
Opportunities, Weaknesses and Strengths indicated by the SWOT (Baudino et al., 2017; Weihrich,
1982). TOWS analysis has been widely used to identify strategies based on previous SWOT/AHP
analysis (Gottfried et al., 2018; Haque et al., 2020). In our field of interest, it has been used to assess
the implementation of ICTs to boost E-government in Lebanon (Alaaraj and Hassan, 2014) and to
analyse strategies for the adoption of blockchain in the marketing sectors in India (Buvaneswari and
Swetha, 2019). Although AHP has been previously combined with SWOT analysis (Ghazinoory et al.,
2011; Kurttila et al., 2000; Solangi et al., 2019), with SWOT/PESTLE (Mishra, 2019; Srdjevic et al.,
2012), and with SWOT/TOWS (Gottfried et al., 2018; Haque et al., 2020), the combination of SWOT,
PESTLE, AHP and TOWS is new, at least in the case of the analysis of the agrifood and agricultural
sector.

The TOWS analysis can be applied to the development of tactics necessary to implement
strategies and to find more specific actions that support these tactics. The analysis examines Threats
(T) and Opportunities (O) first, followed by Weaknesses (W) and Strengths (S). TOWS proposes four

possible types of strategies (Weihrich, 1982):

e Growth strategies (SO strategies): They are based on the principle of maximising both Strengths
and Opportunities (Max—Max), enhancing merits and taking advantage of opportunities.
e Re-orientation strategies (WO strategies): they use the principle of minimising drawbacks and

maximising opportunities (Min—Max), decreasing Weaknesses and using Opportunities.

12
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e Defensive strategies (ST strategies): they use the principle of maximising Strengths and
minimising Threats (Max—Min), strengthening advantages and averting risks.
e Survival strategies (WT strategies): they are based on the principle of minimising both threats

and drawbacks (Min—Min), reducing Threats and overcoming Weaknesses.

Based on this, the policy strategies were developed as follows:

1) For each type of strategy (SO, WO, ST, WT), pairs of factors with common issues were
identified. For example, a pair of factors may be related to a very similar issue that is both a
Strength and an Opportunity, and therefore a potential SO strategy may be defined to address
the issue (an example is shown in Section 4.2).

2) For each pair of factors identified (potential strategy), the multiplication of their global priorities

was obtained:

St = 0g(x)«WG(y)

where S; is the multiplicative score between the global priorities of a pair elements, and wg) and
Wwa(y) are the global priorities of each factor, x and y, identified.
3) For each type of strategy, the three strategies with the highest S; score were selected.

4) Finally, among all the strategies identified, those with the highest S; score were selected.

4  Results and discussion

4.1  Priorities of conditioning factors

Table 1 summarises the results of the relative local priorities (importance) of the different
elements (categories, subcategories and factors) of the model (column “Local priorities”). It shows the
average prioritisation of the five groups of experts, not the separate priorities for each group. The
variance of opinions among the groups of experts is indicated in the columns ‘Agreement’. These data,
as well as their aggregate sums for calculating global and final priorities, will be discussed in the following

subsections.

13
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Local Agreement
G - Goal (level 1) priorities” RGA Agreement
CF - Categories of factors (level 2) index degree
SF - Subcategories of factors (level 3)
F - Factors (level 4)
G 1.0000 41.4069 el
CF1. STRENGTHS (S) 0.2445 18.5605 **
SF1.1. S - ECONOMIC (Ec) 0.2353 o kel
F1.1.1 Andalusia is a world leader in the olive sector 1.0000 - -
SF1.2. S-SOCIAL (S) 0.2258 11.9832 *
F1.2.1 There is a clear trend in the agricultural associations on the
. o h 0.4689 - -
importance of the digital transformation
F1.2.2 The olive sector is an important generator of employment in
. 0.5311 - -
Andalusia
SF1.3. S - TECHNOLOGICAL (T) 0.2674 26.4344 *
F1.3.1 Existence of technologies currently available in the sector 0.4784 - -
F1.3.2 Digital technologies application is key to a more transparent value
- ) P 0.5216 - -
chain and improved traceability
SF1.4. S - ENVIRONMENTAL (En) 0.2715 o el
F1.4.1 The application of digital technologies leads to greater environmental 1.0000 : }
efficiency in production processes )
CF2. WEAKNESSES (W) 0.2647 15.1470 *
SF2.1 W - ECONOMIC (Ec) 0.3268 10.2726 *
F2.1.1 Atomization of the olive growing and industrial sector 0.2617 - -
F2.1.2 Most of the olive grove is extensive, traditional and not very 0.2601 } }
professional ’
F2.1.3 Dependence on other actors in the value chain and digital 0.2060 } )
technology providers (loss of autonomy) :
F2.1.4 Lack of evidence on the economic viability of digital technologies
X L P 0.2721 - -
investment (cost/benefit ratio, etc.), especially in small farms
SF2.2 W - SOCIAL (S) 0.3497 10.9930 *
F2.2.1 Scarce innovative attitude of the olive sector 0.1955 - -
F2.2.2 Lack of a culture of collaboration among stakeholders 0.1916 - -
F2.2.3 Lack of digital culture and training in the sector (digital skills and
> ; 0.2308 - -
digital technologies personnel)
F2.2.4 Orientation of the sector towards digitisation (incorporation of
technologies) rather than digital transformation (cultural change). There
; ! e e ) 0.2175 - -
is no perception that digital transformation is a profound business
change
F2.2.5 Lack of confidence, certainty and/or ethical codes about how and by
: 0.1646 - -
whom the data will be used
SF2.3 W - TECHNOLOGICAL (T) 0.3234 11.1866 *
F2.3.1 Lack of technological integration in the agrifood chain (connectivity,
. = ] 0.2728 - -
interoperability and quality standards)
F2.3.2 Different rates of digitization between different stages in the value 0.2529 } )
chain (agriculture and industry) '
F2.3.3 Digital divide between large companies and SMEs in the agrifood 0.2202 . )
sector ’
F2.3.4 Lack of structured data and poor data quality in the sector 0.2541 - -
CF3. OPPORTUNITIES (O) 0.2708 14.1294 *
SF3.1 O - POLITICAL (P) 0.1635 20.9246 *
F3.1.1 High institutional interest to improve public-private collaboration for 0.2536 } }
digital transformation (e.g. DIH Andalucia Agrotech) ’
F3.1.2 digital technologies can contribute to the objective of simplification of
the CAP by enabling new forms of interoperability and accessibility of 0.2573 - -
data used in the management and control of the CAP
F3.1.3 Political interest in fixing population in rural territories by reducing the
> gt A LS 0.2558 - -
digital divide and supporting 'smart territories
F3.1.4 Policy interest in encouraging the generation and use of open and
h 0.2333 - -
public data
SF3.2 O - ECONOMIC (Ec) 0.1704 17.8951 **
F3.2.1 Potential for the development of new businesses and services 0.2353 - -
F3.2.2 Potential of digital transformation for value creation along the food 0.2478 } )
chain '
F3.2.3 Potential of digital technologies for improving economic efficiency
(cost reduction, productivity increase, etc.), competitiveness and 0.2732 - -
coordination of the value chain
F3.2.4 Existence of an important innovation ecosystem to support 0.2437 } }

agriculture in Andalusia (companies and public institutions)

364
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365
366
367
368

Agreement

G - Goal (level 1) riLoorﬁia(Ias*
CF - Categories of factors (level 2) P RGA Agreement
SF - Subcategories of factors (level 3) index degree
F - Factors (level 4)
SF3.3 0 - SOCIAL (S) 0.1628 14.5396 *
F3.3.1 Growing consumer demand for the use of digital technologies in
: o~ 0.3253 - -
agrifood (trade, traceability, etc.)
F3.3.2 Growing use of ICTs by the general population 0.3382 - -
F3.3.3 Potential for job creation related to the digital transformation of the 0.3364 } )
olive sector )
SF3.4 O - TECHNOLOGICAL (T) 0.1838 24.1877 *
F3.4.1 Potential of digital technologies for the control of pests and diseases
C - 0.3523 - -
in olive groves (Xylella fastidiosa, etc.)
F3.4.2 Some development of digital ecosystems in other sectors that may
- B > 0.3111 - -
favour digital transformation in the olive sector
F3.4.3 Implementation of new forms of interoperability and accessibility of
: 0.3366 - -
data used in CAP management
SF3.5 0 - LEGAL (L) 0.1393 o el
F3.5.1 Interest in developing a common interoperability strategy 1.0000 - -
SF3.6 O - ENVIRONMENTAL (En) 0.1803 o el
F3.6.1 Growing political and social interest in improving environmental
efficiency, the sustainability of agricultural production and the fight 1.0000 - -
against climate change
CF4. THREATS (T) 0.2200 9.4069 *
SF4.1 T - POLITICAL (P) 0.1587 11.1827 *
F4.1.1 Little or no correlation of the current CAP with digitisation or ICTs 0.2637 - -
F4.1.2 Scarce global vision of the chain in the planning of public policies. 0.2416 } }
Need for integration of funds and strategies in digital transformation ’
F4.1.3 Existence of public incentives for innovation, but low priority for
g ; 0.2523 - -
digital transformation
F4.1.4 Lack of training plans promoted by local and regional governments
e 0.2424 - -
for the digitization of the sector
SF4.2 T - ECONOMIC (Ec) 0.1908 47.4140 el
F4.2.1 High costs of digital transformation for the sector 0.4409 - -
F4.2.2 Insufficient coordination between actors of the innovation system
(agrifood companies, research centres, public administration, digital 0.5591 - -
technologies companies, support entities)
SF4.3 T - SOCIAL (S) 0.1833 9.3201 *
F4.3.1 Migratory flows towards urban centres. Shortage of labour and 0.6347 } }
young farmers ’
F4.3.2 Potential negative effects of digital transformation on agricultural 0.3653 } )
employment )
SF4.4 T - TECHNOLOGICAL (T) 0.1879 14.1998 **
F4.4.1 Lack of technological resources in rural areas (low connectivity, 0.1773 } )
broadband, infrastructure) '
F4.4.2 Lack of integral services and adapted to the olive companies in
o 0.1702 - -
digitalization issues
F4.4.3 Difficulty of farmers in transferring their needs to technology agents 0.1473 - -
F4.4.4 Shortage of support professionals with a multidisciplinary vision in
; 0.1726 - -
agriculture and ICTs
F4.4.5 Need to improve public and open data to enable the development of
g, - 0.1674 - -
digital business models
F4.4.6 Digital divide between urban and rural areas 0.1652 - -
SF4.5T - LEGAL (L) 0.1646 22.4517 **
F4.5.1 Legal confusion over ownership and exploitation of data 0.3228 - -
F4.5.2 Lack of definition of a clear legal framework allowing public
. . . A 0.3361 - -
collaboration with the private sector in digitisation
F4.5.3 Little legislation and dispersion of regulations on the use of digital
- . ’ 0.3410 - -
technologies and open access to data in the agrifood sector
SF4.6 T - ENVIRONMENTAL (En) 0.1148 0 il
F4.6.1 Potential unintended and unanticipated effects of the use of digital
technologies (change of varieties, effect on the landscape, effects on 1.0000 - -

wildlife, etc.)

+: According to the mean opinion of the five types of experts
Agreement degree: *** = High; ** = Medium; *= Low
-: Not applicable because there are not sub-nodes depending of the node

Table 1. Local priorities and agreements in the AHP/SWOT/PESTLE model
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4.1.1 Category priorities

The four categories of factors (CF) have different priorities (importance) with respect to the goal,
on which they depend, according to the average of all expert groups. The local priorities (w.) of
opportunities, weaknesses, strengths and threats are 0.2728, 0.2647, 0.2445, 0.2200, respectively, and
in descending order of importance (Table 1, level 2). It is remarkable that opportunities have the greatest
priority, being a category of factors external to the olive sector, although weaknesses, which are internal
to the sector, follow at a short distance. In addition, there is a high degree of agreement among experts
on these local priorities of the four categories with respect to the goal (RGA index = 41.4069, Agreement
degree = High) (Table 1, level 1).

The prioritisation by expert groups (Table 2) shows that the experts in R&D organisations and
agrifood companies keep up the tendency of the average of all expert groups, i.e. opportunities,
weaknesses, strengths and threats. In the case of public administration experts, the opportunities are
also highlighted first, but followed by the strengths, thus being more optimistic. However, for experts
from digital technologies companies and other support organisations, the first category that stands out
are the weaknesses, thus being more pessimistic. In all groups, threats are considered the least

important category.

Public R&D Agrifood Digital Other
administration organisations companies technologies organisations
companies
CF1. Strengths (S) 0.2491 (2) 0.2346 (3) 0.2531 (3) 0.2290 (3) 0.2566 (2)
CF2. Weaknesses (W) 0.2410 (3) 0.2724 (2) 0.2615 (2) 0.2746 (1) 0.2739 (1)
CF3. Opportunities (O) 0.2830 (1) 0.2765 (1) 0.2660 (1) 0.2726 (2) 0.2562 (3)
CF4. Threats (T) 0.2270 (4) 0.2165 (4) 0.2194 (4) 0.2238 (4) 0.2134 (4)

Table 2. Priorities (and ranking) of the categories of factors by expert groups

4.1.2 Strengths priorities

The final priorities of the subcategories of factors (SF) and factors (F) within the Strengths
category, i.e. the most important strengths for the DT in the olive sector, average for all expert groups,
are shown in Figure 3. The environmental subcategory SF1.4 stands out by its priority/importance

(0.2715), followed by the technological SF1.3 (0.2674), economic SF1.1 (0.2353), and social SF1.2
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(0.2258). There is a medium degree of agreement among the experts on the local importance of these
subcategories (RGA index = 18.5605) (Table 1, level 2). Among the factors, the most prioritised as
Strengths is F1.4.1 ‘The application of digital technologies leads to greater environmental efficiency in
production processes’ (0.2715) (Figure 3). In this line, other studies from Germany and Ireland in the
fruit and vegetable sectors highlighted that the use of smart farming technologies (SFT), i.e. digital
technologies applied to agriculture, would enable more efficient farming practices, leading to more
sustainability (Barnes et al., 2019; Knierim et al., 2019). Other important strengths identified are F1.1.1
‘Andalusia is a world leader in the olive sector’ (0.2353) and F1.3.2 digital technologies application is
key to a more transparent value chain and improved traceability (0.1395) (Figure 3). With regard to the
latter factor, Regan (2019) found that in Ireland consumers can specifically benefit from digital

technologies as a result of improved information flows and transparency introduced into food value

chains.
SF1.1. Economic F1.1.1:0.2353 0.2353
SF1.2. Social F1.2.1: 0.1059 F1.2.2: 0.1200 0.2258
SF1.3. Technological F1.3.1: 0.1279 F1.3.2: 0.1395 0.2674
SF1.4. Environmental F1.4.1:0.2715 0.2715
SF1.1. Economic  F1.1.1: Andalusia is a world leader in the olive sector
SF1.2 Social F1.2.1: There is a clear trend in the agricultural associations on the importance of the F1.2.2: The olive sector is an importantgenerator of employment in Andalusia
digital transformation
SF1.3 Technological F1.3.1: Existence of technologies currently available in the sector F1.3.2: ICT application is key to a more transparent value chain and improved traceability
SF1.4. F1.4.1: The application of ICT leads to greater environmental efficiency in production processes
Environmental

Figure 3. Priorities within Strengths

4.1.3 Weaknesses priorities

Within the Weaknesses, the social subcategory stands out, SF2.2 (0.3497), followed by the
economic SF2.1 (0.3268) and, finally, the technological SF1.3 (0.3234) (Figure 4). The degree of

agreement among the experts on this prioritisation is medium (RGA index = 15.1470) (Table 1, level 2).
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Among the factors F2.1.4 ‘Lack of evidence on the economic viability of digital technologies investment
(cost/benefit ratio, etc.), especially in small farms’ stands out (0.0889). In relation to this issue, some
studies highlight the perception of European farmers that the cost-benefit ration and added value are
not clear when adopting SFT (Kernecker et al., 2020; Knierim et al., 2019; Regan, 2019). Likewise,
Knierim et al. (2019) emphasises that economic farm size does matter because of the farms’ capacity
to invest and the resulting economy of scales. Thus, the farm size is an indicator of the innovation
adoption, and an increase in the surface area of an olive grove implies an increase in the likelihood of
adoption, as reported in Greece (Chatzimichael et al., 2014), in Iran (Allahyari et al., 2016), and in
Andalusia (Spain) (Calatrava and Franco, 2011; Rodriguez-Entrena and Arriaza, 2013). Other important
weaknesses identified are F2.3.1 ‘Lack of technological integration in the agrifood chain (connectivity,
interoperability and quality standards)’ (0.0882), and F2.1.1 ‘Atomisation of the olive growing and
industrial sector’ (0.0855) (Figure 4). In relation to lack of technological integration in the agrifood chain,
previous research has also identified these as issues of concern for the development of SFT in other
countries: low compatibility (Kernecker et al., 2020; Knierim et al., 2019), missing standards (Erdle,
2018; Knierim et al., 2019) and the lack of interoperability (Kernecker et al., 2020). Finally, F2.2.5 Lack
of confidence, certainty and/or ethical codes about how and by whom the data will be used, has a low
importance (0.0576). This finding is consistent with other studies, which conclude that data security has
an unexpectedly low importance in farmers' perception of SFT for farming systems across Europe

(Kernecker et al., 2020).
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SF2.1 Economic

SF2.2 Social

SF2.3 Technological

F2.1.1: 0.0855 F2.1.2: 0.0850 F2.1.3: 0.0673 F2.1.4: 0.0889 0.3268
F2.2.1: 0.0684 F2.2.2: 0.0670 F2.2.3: 0.0807 F2.2.4:0.0761 F2.2.5:0.0576
F2.3.1: 0.0882 F2.3.2: 0.0818 F2.3.3:0.0712 F2.3.4:0.0822 0.3234

0.3497

BF2.1. Economic

F2.1.1: Atomization of the olive growing and industrial sector

F2.1.2: Most of the olive grove is extensive, traditional and notvery professional

autonomy)

F2.1.3: Dependence on other actors in the value chain and digital technology providers (loss of

etc.), especially in small farms

F2.1.4: Lack of evidence on the economic viability of ICT investment (cost/benefit ratio,

BF2.2 Social

F2.2.1: Scarce innovative attitude of the olive sector

F2.2.2: Lack of a culture of collaboration among stakeholders

F.2.2.3: Lack of digital culture and training in the sector (digital skills and ICT personnel)

F2.2.4: Orientation of the sector towards digitisation (incorporation of technologies)

rather than digital transformation (cultural change). There is no perception that digital

transformation is a profound business change

F2.2.5: Lack of confidence, certainty and/or ethical codes about how and by whom the data will be used

standards)

(agriculture and industry)

BF1.3 Technological F2.3.1: Lack of technological integration in the agrifood chain (connectivity, interoperability and quality F2.3.2: Different rates of digitizationbetween different stages in the value chain

F2.3.3: Digital divide between large companies and SMEs in the agrifood sector

F2.3.4: Lack of structured data and poor data quality in the sector

41.4

Figure 4. Priorities within Weaknesses

Opportunities priorities

Figure 5 shows that, within the Opportunities, the technological subcategory SF3.4 stands out

(0.1838), followed by the environmental SF3.6 (0.1803), economic SF3.2 (0.1704), political SF3.1

(0.1635), social SF3.3 (0.1628), and legal SF3.5 (0.1393). The degree of agreement among experts on

these priorities is medium (RGA index = 14.1294) (Table 1, level 2). At the factor level, the most

important opportunities are F3.6.1 ‘Growing political and social interest in improving environmental

efficiency, the sustainability of agricultural production and the fight against climate change’ (0.1803) and

F3.5.1 ‘Interest in developing a common interoperability strategy’ (0.1393) (Figure 5). In line with the

first factor, society’s expectations and growing demand for quality products are seen as favouring the

adoption of SFT, especially in northern Europe (Knierim et al., 2019).
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453
454
455
456
457
458
459
460
461
462
463
464
465
466
467

SF3.1 Political F3.1.1: 0.0414 F3.1.2: 0.0421 F3.1.3: 0.0418 F3.1.4:0.0381 | 0.1635
SF3.2 Economic F3.2.1: 0.0401 F3.2.2: 0.0422 F3.2.3: 0.0465 F3.2.4:0.0415 0.1704
SF3.3 Social F3.3.1: 0.0530 F3.3.2: 0.0551 F3.3.3: 0.0548 0.1628
SF3.4 Technological F3.4.1: 0.0648 F3.4.2: 0.0572 F3.4.3: 0.0619 0.1838
SF3.5 Legal F3.5.1: 0.1393 0.1393
SF3.6 Environmental F3.6.1: 0.1803 0.1803
BF3.1. Political F3.1.1: High institutional interest to improve public-private collaboration for digital F3.1.2: ICT can contribute to the objective of simplification of the CAP by enabling new
transformation (e.g. DIH Andalucia Agrotech) forms of interoperability and accessibility of data used in the management and control of

the CAP

F3.1.3: Political interest in fixing population in rural territories by reducing the digital divide and  F3.1.4: Policy interest in encouraging the generation and use of open and public data
supporting 'smart territories'

F3.2 Economic F3.2.1: Potential for the development of new businesses and services F3.2.2: Potential of digital transformation for value creation along the food chain
F3.2.3: Potential of ICT for improving economic efficiency (cost reduction, productivity increase, ~ F3.2.4: Existence of an important innovation ecosystem to support agriculture in Andalusia
etc.), competitiveness and coordination of the value chain (companies and public institutions)

BF3.3 Social F3.3.1: Growing consumer demand for the use of ICTs in agrifood (trade, traceability, etc.) F3.3.2: Growing use of ICTs by the general population
F3.3.3: Potential for job creation related to the digital transformation of the olive sector

BF3.4 Technological F3.4.1: Potential of ICT for the control of pests and diseases in olive groves F3.4.2: Some development of digital ecosystems in other sectors that may favour digital
(Xylella fastidiosa, etc.) transformation in the olive sector
F3.4.3: Implementation of new forms of interoperability and accessibility of data used in CAP
management

F3.5 Legal F3.5.1: Interest in developing a common interoperability strategy
BF3.6 Environmental F3.6.1: Growing political and social interest in improving environmental efficiency, the sustainability of agricultural production and the fight against climate change

Figure 5. Priorities within Opportunities

4.1.5 Threats priorities

Within the Threats, the economic subcategory SF4.2 is highlighted (0.1908), followed by the
technological SF4.4 (0.1879), social SF4.3 (0.1833), legal SF4.5 (0.1646), political SF4.1 (0.1587) and
environmental SF2.6 (0.1148) (Figure 6). The degree of agreement among experts is low (RGA index
= 9.4069) (Table 1, level 2), unlike the other categories, where it was medium. At the factor level, the
most important threat that need to be countered is F4.3.1 ‘Migratory flows towards urban centres.
Shortage of labour and young farmers’ (0.1163) (Figure 6). This has been also highlighted by Knierim
et al. (2019), who noted that the limited availability of labour force may increasingly become a constraint
on farm management. Also, in Spain, evidence has been found that the adoption of innovation increases
if the olive grove is passed on to younger people (Parra-Lopez and Calatrava-Requena, 2005;
Rodriguez-Entrena and Arriaza, 2013). Other important factors assessed as having high priority are

F4.6.1 ‘Potential unintended and unanticipated effects of the use of digital technologies (change of
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482

varieties, effect on the landscape, effects on wildlife, etc.)’ (0.1148), F4.2.2 ‘Insufficient coordination
between actors of the innovation system (agrifood companies, research centres, public administration,
digital technologies companies, support entities) (0.1067), and F4.2.1 ‘High costs of digital
transformation for the sector’ (0.0841) (Figure 6). In relation to insufficient coordination between actors,
this has also been highlighted in previous research. For example, Knierim et al. (2019) found evidence
of a lack of effective interaction and knowledge flows, in particular between farmers and technology
providers. Weak links between actors in the agricultural knowledge and innovation system (AKIS) have
been recognised as an obstacle to the effective implementation of agricultural technology systems.
Finally, in line with the high costs of DT, Kernecker et al. (2020) found that the main obstacles to the
adoption of SFT on European farms are related to high costs. Similarly, Knierim et al. (2019) highlighted
that the factors driving the generation and adoption of SFT innovation were limited due to economic
challenges in the phase of prototype development. In the olive sector in Andalusia, it has been shown
the main obstacle is that the cost of adopting the innovation usually exceeds the short-term benefits,

even though they produce long-term benefits (Rodriguez-Entrena and Arriaza, 2013).
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490
491
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493
494
495
496
497
498

SF4.1 Political F4.1.1:0.0418 F4.1.2: 0.0383 F4.1.3: 0.0400 F4.1.4:0.0385 0.1587

SF4.2 Economic F4.2.1:0.0841 F4.2.2:0.1067 0.1908

SF4.3 Social F4.3.1:0.1163 F4.3.2: 0.0670 0.1833

SF4.4 Technological F4.4.1:0.0333 F4.4.2:0.0320 | F4.4.3:0.0277 | F4.4.4:0.0324 F4.4.5:0.0315 F4.4.6:0.0310 | 0.1879

SF4.5 Legal F4.5.1: 0.0531 F4.5.2: 0.0553 F4.5.3: 0.0561 0.1646
SF4.6 Environmental F4.6.1: 0.1148 0.1148
BF4.1. Political F4.1.1: Little or no correlation of the current CAP with digitisation or ICTs F4.1.2: Scarce global vision of the chain in the planning of public policies. Need for integration

of funds and strategies in digital transformation
F4.1.3: Existence of public incentives for innovation, but low priority for digital transformation F4.1.4: Lack of training plans promoted by local and regional governments for the digitization of

the sector
BSF4.2 Economic F4.2.1: High costs of digital transformation for the sector F4.2.2: Insufficient coordination between actors of the innovation system (agrifood companies,
research centres, public administration, ICT companies, support entities)
BF4.3 Social F4.3.1: Migratory flows towards urban centres. Shortage of labour and young farmers F4.3.2: Potential negative effects of digital transformation on agricultural employment
BF4.4 Technological F4.4.1: Lack of technological resources in rural areas (low connectivity, broadband, infrastructure) F4.4.2: Lack of integral services and adapted to the olive companies in digitalization issues
F4.4.3: Difficulty of farmers in transferring their needs to technology agents F4.4.4: Shortage of support pr i with a multidisciplinary vision in agriculture and ICTs
F4.4.5: Need to improve public and open data to enable the development of digital business F4.4.6: Digital divide between urban and rural areas
models
F4.5 Legal F4.5.1: Legal confusion over ownership and exploitation of data F4.5.2: Lack of definition of a clear legal framework allowing public collaboration with the

private sector in digitisation
F4.5.3: Little legislation and dispersion of regulations on the use of ICT and open access to data in the agrifood sector
BF4.6 Environmental F4.6.1: Potential unintended and unanticipated effects of the use of digital technologies (change of varieties, effect on the landscape, effects on wildlife, etc.)

Figure 6. Priorities within Threats

4.1.6 Critical factors

The critical factors are shown in Table 3. F1.4.1 ‘The application of digital technologies leads
to greater environmental efficiency in production processes’ (global priority of 0.0664) and F1.1.1
‘Andalusia is a world leader in the olive sector’ (0.0575), which are strengths (positive factors within the
olive sector), stand out. They are followed by F3.6.1 ‘Growing political and social interest in improving
environmental efficiency, the sustainability of agricultural production and the fight against climate
change’ (0.0488) and F3.5.1 ‘Interest in developing a common interoperability strategy’ (0.0377), which
are opportunities (positive factors outside the olive sector). Finally, they are F1.3.2 ‘digital technologies
application is key to a more transparent value chain and improved traceability’ (0.0341), and F1.3.1
‘Existence of technologies currently available in the sector’ (0.0313), which are also strengths.
Therefore, the most critical factors that condition the DT of the olive sector of Andalusia in the short and

medium term are positive.
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Factor Category Agreement degree Global
priority of
Category Subcategory the factor
F1.4.1 The application of digital technologies
leads to greater environmental efficiency in CF.1 Strengths Medium High 0.0664
production processes
F1.1.1 Andalusia is a world leader in the olive CF.1 Strengths Medium High 0.0575
sector ' '
F3.6.1 Growing political and social interest in
improving environmental efficiency, the o . .
sustainability of agricultural production and CF.3 Opportunities  Medium High 0.0488
the fight against climate change
F3.5.1 Interest in developing a common CF.3 Opportunities ~ Medium High 0.0377
interoperability strategy
F1.3.2 Digital technologies application is key
to a more transparent value chain and CF.1 Strengths Medium Medium 0.0341
improved traceability
F1.3.1 Existence of technologies currently CF.1 Strengths Medium Medium 0.0313

available in the sector

Table 3. Characterisation of critical factors

4.1.7 Positive vs negative categories of factors

Regarding the three indicators used to compare the priorities of positive and negative categories

of factors (Strengths, Weaknesses, Opportunities and Threats) by expert groups and the average of all

groups (Table 4), public administration has the highest ratios, while digital technologies companies have

the lowest. This indicates that for public administration, opportunities and strengths (positive factors) are

relatively more important than weaknesses and threats (negative factors) compared to digital

technologies companies. In other words, public administration is the most optimistic stakeholder group

whereas digital technologies companies are the most pessimistic. The group of other organisations can

be classified as neutral since their ratios are quite close to the average. Agrifood companies are slightly

optimistic and R&D organisations slightly negative. In any case, for all groups the positive factors faced

in the short and medium term by the DT of the olive sector in Andalusia are greater than the negative

ones (Multiplicative and Additive Ratios, Rm and Ra, are always greater than 1).

Indicator Formula Public R&D Agrifood Digital Other Average
administration organisations companies technologies organisations
companies
Rm SO/WT 1.2886 1.1000 1.1732 1.0162 1.1245 1.1371
Ra (S+O)/(W+T) 1.1370 1.0454 1.0793 1.0066 1.0522 1.0632
Vn S+O-W-T 0.0641 0.0222 0.0382 0.0033 0.0255 0.0306
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Table 4. Indicators of positive vs negative categories of factors by expert groups

4.2 Policy strategies to strengthen the DT

This section outlines some policy strategies to promote the DT of the olive agrifood sector in
Andalusia, using TOWS analysis, grouping pairs of factors with a common issue to define strategies,
and prioritising these strategies according to the global priorities of their factors. An example of the
definition of a policy strategy based on a pair of factors with a common issue is shown in

Figure 7.

Factor (Strength - S) Factor (Opportunity - O)
F1.4.1 The application of digital technologies F3.6.1 Growing political and social interest in
leads to greater environmental efficiency in improving environmental efficiency, the
production processes sustainability of agricultural production and
the fight against climate change

Growth (SO) strategy

Development of actions to improve
environmental efficiency and/or mitigate
environmental impacts through DT

Figure 7. Example of strategy design from a pair of factors

Table 5 shows the scores (St) of the potential strategies that can be followed, including the 3
strategies with the highest values for each type of strategy. By types of strategies, defensive strategies
are highlighted by their overall scores (0.00450), followed by growth strategies (0.00416). Defensive
strategies (ST strategies) try to maximise strengths and minimise threats. Growth strategies (SO
strategies) try to maximise strengths and opportunities. Next in importance, but far behind, are

reorientation strategies (0.00151) and, finally, survival strategies (0.00126).
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F1. STRENGTHS (S) F2. WEAKNESSES (W)

Growth strategies Reorientation strategies
F3. SO1 (F1.4.1*F3.6.1) 0.00324 WO1 (F2.3.4*F3.5.1) 0.00082
OPORTUNITIES Development of actions to improve (2) Development of a common interoperability 5)
(0) environmental efficiency and/or mitigate strategy for the sector (specific conditions on
environmental impacts through DT data structure and quality)
SO2 (F1.3.2*F3.3.1) 0.00049 WO?2 (F2.3.1*F3.4.3) 0.00039
Improved product traceability and (@) Encouraging technological integration based on (10)
customer communication the information managed by the CAP
SO3 (F1.2.2*F3.3.3) 0.00043 WO3 (F2.1.4*F3.2.3) 0.00030
Job creation in the olive sector linked to 9) Studies that evidence the economic viability of (11)
DT digital technologies projects and the real impacts
on the economic performance of organizations
> 0.00416 > 0.00151
Defensive Strategies Survival strategies
F4. THREATS ST1 (F1.4.1*F4.6.1) 0.00168 WT1 (F2.3.1*F4.2.2) 0.00055
(T Impact studies on the environmental 2) Fostering technological integration through (6)
efficiency of the use of technologies, coordination of innovation system actors

including possible undesirable effects on
the territories

ST2 (F1.1.1*F4.3.1) 0.00147 WT2 (F2.1.4*F4.2.1) 0.00044
Fostering employment of young people in ) Economic viability studies for DT, especially for (8)
the olive sector, generational relay and small farmers. Financing lines for the
keeping the population in rural territories implementation of DT projects for small farmers
ST3 (F1.1.1*F4.2.2) 0.00135 WT3 (F2.3.4*F4.5.3) 0.00027
Facilitate the coordination of actors in the (4) Legislation regulating the use of digital (12)
innovation system in Andalusia, especially technologies data, access, structure and quality
those linked to the olive sector
> 0.00450 > 0.00126

Table 5. Strategies to improve DT in the olive sector (St indicators and ranking)

Individually, the main strategies identified are SO1 ‘Development of actions to improve
environmental efficiency and/or mitigate environmental impacts through DT’ (0.00324), a growth
strategy, and ST1 ‘Impact studies on the environmental efficiency of the use of technologies, including
possible undesirable effects on the territories’ (0.00168), a defensive strategy. These two strategies are
linked to environmental issues. They are followed by ST2 ‘Fostering employment of young people in the
olive sector, generational relay and keeping the population in rural territories’ (0.00147). In fourth place
is ST3 ‘Facilitate the coordination of actors in the innovation system in Andalusia, especially those linked
to the olive sector’ (0.0135). The latter two are also defensive strategies. The following strategies by
importance are WO1 ‘Development of a common interoperability strategy for the sector (specific
conditions on data structure and quality) (0.00082), which is a reorientation strategy, and WT1
‘Fostering technological integration through coordination of innovation system actors’ (0.00055), which
is a survival strategy. Many of the strategies identified are consistent with the needs for the digitisation
of the agrifood sector in Andalusia identified by Junta_de_Andalucia (2019), such as clarifying the
benefit and return on investment that agrifood actors obtain by incorporating new technologies into their
processes and organisations (similar to WO3), standardise and regulate Big Data and the Organic Law

on Data Protection to generate trust (WT3), access to funding and financial support for investment in

25



557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586

equipment and technologies (WT2), and structure regional stakeholders around a cluster-type
organisation (ST3 and WT1). Similarly, evidence has been found that networks which represent social
capital (such as agricultural associations, irrigation communities or Protected Designation of Origin) play
a key role in the innovation adoption process in the olive sector in Andalucia (Parra-Lépez and
Calatrava-Requena, 2005; Rodriguez-Entrena and Arriaza, 2013), and therefore should be considered

to encourage these processes (similar to ST3 and WT1).

4.3 Methodological considerations

As seen in the previous sections, the results have been compared with those of other works in
the literature based on very different methodologies and approaches, both quantitative and qualitative.
These previous works are often partial, in the sense that they analyse only some parts of the problem,
i.e. the prioritisation of the factors that condition the digital transformation. In general, these results tend
to coincide with the integrated methodology proposed in this manuscript, as specifically discussed
above. Hence, one of the added values of the work carried out is the holistic vision of this evaluation by
applying a multi-criteria assessment approach, which allows for the integration of many partial aspects
that are usually analysed.

Particularly, the proposed integrated methodological framework combining AHP, SWOT,
PESTLE and TOWS methodologies, involves multi-criteria, multi-stakeholder problems with different
and conflicting interests, and the inclusion of quantitative and qualitative, objective and subjective
information, which makes it ideal for complex problems characterised by high uncertainty (lack of
information) and risk (what is at stake). The results achieved, however, cannot be understood as a
definitive and permanent prioritisation of digital transformation in the olive sector. The proposed
methodology captures the opinions and assessments of a specific moment of the reality of the study (as
if it were a snapshot). This indicates that the results obtained depend on the features of the experts
interviewed, on their number, and on the current reality of the subject matter. Therefore, changes in
some of these attributes could lead to changes in the obtained results. Thus, if the study is repeated in
the future, even with the same experts interviewed the first time, the results may be different, because
the reality of the olive sector and the digital transformation (in constant change) will be different.

However, this can be understood as a shortcoming, as the proposed methodology is useful for
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monitoring, control and evaluation of the same subject of study over time. Finally, the crucial point for
the results obtained with this framework to be a true reflection of the reality studied lies in the selection
of the experts to be interviewed. Here, participants are chosen according to criteria of
comprehensiveness (in-depth knowledge of the subject matter) and diversity (stakeholders), not
representativeness (CEO or high position in the organisations) or quantity.

According to Klerkx et al. (2019), five thematic clusters of the social science literature on DT in
agriculture can be identified: 1) Adoption, use, and adaptation of digital technologies on farms; 2) Effects
of digitisation on farmer identity, farmer skills, and farm labour; 3) Power, ownership, privacy, and ethics
in digitising agricultural production systems and value chains; 4) Digitisation and agricultural knowledge
and innovation systems (AKIS); and 5) Economics and management of digitised agricultural production
systems and value chains. This research is mainly framed in the thematic cluster 4, since it focuses on
the diagnosis of the DT in the innovation system of the olive sector. Despite, as SWOT/PESTLE/TOWS
are tools from the management sciences, it also considers methodological elements of cluster 5.

In the field of DT and innovation systems, the use of qualitative methods and quantitative
methods based on indicators and global statistics stands out. For this reason, the use of a multi-criteria
methodology, such as AHP, constitutes an innovation and an advance in the field of study. To start off,
AHP is known for obtaining quantitative results, but not from general statistics, but from the answers of
a group of experts with in-depth knowledge in the field of study. For this purpose, structured
gquestionnaires are answered by the experts. This phase of the process could be comparable to methods
used by other studies in the field of innovation in agriculture such as Busse et al. (2015) or Rijswijk et
al. (2019), where expert interviews with semi-structured questionnaires have been used. In the case of
AHP the processing and analysis of the information has been carried out as described in the Material
and methods section, in contrast to the procedures carried out with semi-structured questionnaires in
which specialised software for discourse analysis is used, such as MAXQDA software in Busse et al.
(2015) or ATLAS.ti in Rijswijk et al. (2019).

The combination of different methods to obtain primary information has been widely used in the
academic literature, and specifically in agricultural innovation. For example, Schut et al. (2015) propose
the use of the RAAIS methodology, as a set of methods that allow to verify and debug the information
obtained between each method used. This aspect is important to be highlighted in order to represent

accurately the reality of a research project. However, methodologies such as AHP have been designed
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and structured to reflect reliable information on their own, so in the first instance it would not be
necessary to triangulate information with other research methods if it is the same subject matter (as is
the case in this manuscript). However, if different aspects are explored in more depth, the use of different
methods may be appropriate. For example, Busse et al. (2015) made use of expert interviews for
analysis of technologies used in animal monitoring, and expert workshops and the Delphy survey for
animal production. However, it could be appropriate to implement a complementary method in a
subsequent research phase. This would allow to receive feedback on the results from the experts
consulted and expand elements for the interpretation of the results. Hence, for future research it would
be interesting to compare the results obtained with the proposed model with those obtained with other
more qualitative approaches, brainstorming, Delphi, vis-a-vis, traditional SWOT, PESTLE and TOWS,
etc. However, it is important to take into account the low response rate that this type of method achieves,
which can be around 20% (Busse et al.,, 2015). Thus, the scope of the research, time, economic

resources and response rate should be assessed in order to select the research methods.

5 Conclusions

The digital transformation (DT) is considered a key issue to boost competitiveness and meet
the current and future challenges in the agrifood sector. Despite the growing importance of DT on the
political agenda and its consequences for the economy, traditional policies implemented are not enough
to provide proactive responses to rapid technological changes and new approaches for policy planning
are necessary especially at regional level. In the specific case of the olive sector in the world's leading
region, Andalusia (Spain), taken as a case study, a number of public and private policy strategies have
been launched to accelerate DT. However, there are no studies in the scientific literature to rationally
design these strategies, and these new approaches for policy planning may help. In this context, this
study proposed a new integrated quantitative methodological framework to support and inform policy
planning for stimulating DT that innovatively combines AHP, SWOT, PESTLE and TOWS
methodologies. AHP made it possible to make the SWOT/PESTLE analysis to prioritise the conditioning
factors of DT, and the TOWS analysis to define strategies, more rational and quantitative than in
conventional approaches. The proposed theoretical framework may also be valid for other policy

planning in other regions and sectors. In the case study of DT in the Andalusian olive sector, the use of
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expert judgement is justified by the low availability of hard data and the scientific and technical nature
of the issues analysed. AHP allowed to transform expert knowledge and perception into quantitative
information. Methods based on expert knowledge are a good option if a decision has to be made in a
reasonable period of time with a relatively low consumption of research resources.

The results obtained show that the DT in the olive sector of Andalusia is currently in a situation
with optimistic perspectives, in which the positive aspects, i.e. opportunities and strengths, are in general
more prominent than the negative ones, i.e. weaknesses and threats. Representatives of the public
administration and agrifood companies acknowledged the DT situation more optimistically. On the other
hand, representatives of R&D organisations and digital technologies companies considered the situation
to be less optimistic.

In line with this optimistic vision, the most critical factors that condition the DT of the olive sector
of Andalusia in the short and medium term are positive. Environmental issues stand out as an
opportunity to boost a strength of DT in the olive sector, given the growing political and social interest in
improving environmental efficiency, the sustainability of agricultural production and the efforts to tackle
climate change. The olive sector in Andalusia should also take advantage of its strength as a world
leader to promote DT. There is also a growing interest in the administrative and private sector to develop
an interoperability strategy which is an opportunity to overcome the low technological integration of the
value chain. Furthermore, DT can enable a more transparent value chain and improved traceability,
which is a growing consumer demand for the use of ICTs in agrifood.

However, although the positive factors are very important, there are some negative ones, apart
from the aforementioned low technological integration of the value chain. Thus, the lack of evidence on
the economic viability of investment in digital technologies, especially for an atomised sector such as
olive growing and associated industries, is a major weakness. In addition, shortage of labour and young
farmers, as well as potential unintended and unanticipated effects of DT, are major threats for its
development.

Taking into account all these factors, the most important policy strategies that may be defined
to foster DT in the Andalusian olive sector are: 1) Development of actions to improve environmental
efficiency and/or mitigate environmental impacts through DT, in which measures against possible
undesired effects in territories are included; 2) Fostering employment of young people in the olive sector

through DT to counteract rural depopulation and keep people in rural areas; 3) Enhancing the
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coordination of actors in the innovation system in Andalusia, which promotes digital culture in the region;
4) Development of a common interoperability strategy for the sector; and 5) Fostering technological
integration through coordination of innovation system actors. The viability of the above-mentioned
strategies can be supported by actions at the level of public policies, such as agricultural policy,
environmental policy, rural policy and labour policy. However, the commitment of the sector to overcome

the intrinsic deficiencies is key to a true digital transformation.

Acknowledgements

The authors wish to express their gratitude for the financial support received from the Institute
of Agricultural and Fisheries Research and Training (IFAPA) through the research project “Digital
transformation of the olive sector in Andalusia: Systemic, structural and functional analysis to promote
its development (digitalOli)” (PR.AVA.AVA2019.009), being co-financed at 80% by the European

Regional Development Fund, within the Operational Programme FEDER of Andalusia 2014-2020.

References

Alaaraj, H., Hassan, S., 2014. Developing SWOT/TOWS Strategic Matrix for E-
government in Lebanon. International Journal of Multidisciplinary Research and
Development 1, 181-186.

Alam, K., Erdiaw-Kwasie, M.O., Shahiduzzaman, M., Ryan, B., 2018. Assessing
regional digital competence: Digital futures and strategic planning implications. Journal
of Rural Studies 60, 60-69.

Allahyari, M.S., Damalas, C., Ebadattalab, M., 2016. Determinants of integrated pest
management adoption for olive fruit fly (Bactrocera oleae) in Roudbar, Iran. Crop
Protection 84, 113-120.

Barnes, A., Soto, I., Eory, V., Beck, B., Balafoutis, A., Sdnchez, B., Vangeyte, J.,
Fountas, S., van der Wal, T., Gémez-Barbero, M., 2019. Influencing factors and
incentives on the intention to adopt precision agricultural technologies within arable
farming systems. Environmental Science & Policy 93, 66-74.

Baudino, C., Giuggioli, N.R., Briano, R., Massaglia, S., Peano, C., 2017. Integrated
Methodologies (SWOT, TOWS, LCA) for Improving Production Chains and
Environmental Sustainability of Kiwifruit and Baby Kiwi in Italy. Sustainability 9.
Beltran, A., Oslé, S., Ferrandiz, L., Gonzalez, E., Fernandez, S., 2017. La reinvencion
digital: una oportunidad para Espafia. Fundacion Cotec & Digital/McKinsey,
http://cotec.es/media/La-reinvenci%C3%B3n-digital-de-Espa%C3%B1a.pdf.
Bernhardt, H., Mederle, M., Treiber, M., Woerz, S., 2018. Aspects of digitalization in
agricultural logistics in Germany. Scientific Papers-Series E-Land Reclamation Earth
Observation & Surveying Environmental Engineering 7, 215-220.

30


http://cotec.es/media/La-reinvenci%C3%B3n-digital-de-Espa%C3%B1a.pdf

716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764
765

Bottomley, P.A., Doyle, J.R., 2001. A comparison of three weight elicitation methods:
good, better, and best. Omega-International Journal of Management Science 29, 553-
560.

Boursianis, A.D., Papadopoulou, M.S., Diamantoulakis, P., Liopa-Tsakalidi, A.,
Barouchas, P., Salahas, G., Karagiannidis, G., Wan, S., Goudos, S.K., 2020. Internet
of Things (loT) and Agricultural Unmanned Aerial Vehicles (UAVs) in Smart Farming:
A Comprehensive Review. Internet of Things.

Bronson, K., 2018. Smart Farming: Including Rights Holders for Responsible
Agricultural Innovation. Technology Innovation Management Review 8, 7-14.
Bronson, K., Knezevic, I., 2016. Big Data in food and agriculture. Big Data & Society 3,
1-5.

Busca, L., Bertrandias, L., 2020. A Framework for Digital Marketing Research:
Investigating the Four Cultural Eras of Digital Marketing. Journal of Interactive
Marketing 49, 1-19.

Busse, M., Schwerdtner, W., Siebert, R., Doernberg, A., Kuntosch, A., Konig, B.,
Bokelmann, W., 2015. Analysis of animal monitoring technologies in Germany from an
innovation system perspective. Agricultural Systems 138, 55-65.

Buvaneswari, P.S., Swetha, M.S., 2019. Blockchain Technology In Marketing Sector -
A Tows Matrix Analysis. International Journal Of Scientific Research And Review 8,
290-298.

CAGPDS, 2018. Anuario de estadisticas agrarias y pesqueras de Andalucia. Ano
2017. Consejeria de Agricultura, Ganaderia, Pesca y Desarrollo Sostenible. Junta de
Andalucia, Sevilla.

CAGPDS, 2020. Macromagnitudes agrarias de Andalucia. Renta Agraria de
Andalucia. Ano 2020. Avance. Consejeria de Agricultura, Ganaderia, Pesca y
Desarrollo Sostenible. Junta de Andalucia, Sevilla.

Calabrese, A., Costa, R., Levialdi, N., Menichini, T., 2019. Integrating sustainability into
strategic decision-making: A fuzzy AHP method for the selection of relevant
sustainability issues. Technological Forecasting and Social Change 139, 155-168.
Calatrava, J., Franco, J.A., 2011. Using pruning residues as mulch: Analysis of its
adoption and process of diffusion in Southern Spain olive orchards. Journal of
environmental management 92, 620-629.

CAP, 2009. Documento de reflexion: Ley del Olivar. Available at:
http://www.infaoliva.es/documentos/documentos/Documento%20de%20Reflexion%2
0Ley%20del%200livar%20Produccion%200livar.pdf. Consejeria de Agricultura y
Pesca (CAP). Secretaria general de Agricultura, Ganaderia y Desarrollo Rural. Grupo
de Produccién del Olivar.

CAP, 2011. Analisis del mercado del aceite de oliva. Campana 2009/2010. Consejeria
de Agricultura y Pesca (CAP). Junta de Andalucia. Secretaria General del Medio rural
y la Produccion Ecologica. Available in: http://www.cap.junta-
andalucia.es/agriculturaypesca/portal/export/sites/default/comun/galerias/galeriaDes
cargas/cap/servicio-estadisticas/Estudios-e-
informes/agricultura/olivar/oli11021400.pdf.

CAPDR, 2015. Plan Director del Olivar Andaluz. Consejeria de Agricultura, Pesca y
Desarrollo Rural. Junta de Andalucia, Sevilla.

Carifio, J., Perla, R., 2008. Resolving the 50-year debate around using and misusing
Likert scales. Medical Education 42, 1150-1152.

Carmona-Torres, C., Parra-Lopez, C., Hinojosa-Rodriguez, A., Sayadi, S., 2014. Farm-
level multifunctionality associated with farming techniques in olive growing: An
integrated modeling approach. Agricultural Systems 127, 97-114.

31


http://www.infaoliva.es/documentos/documentos/Documento%20de%20Reflexion%20Ley%20del%20Olivar%20Produccion%20Olivar.pdf
http://www.infaoliva.es/documentos/documentos/Documento%20de%20Reflexion%20Ley%20del%20Olivar%20Produccion%20Olivar.pdf
http://www.cap.junta-andalucia.es/agriculturaypesca/portal/export/sites/default/comun/galerias/galeriaDescargas/cap/servicio-estadisticas/Estudios-e-informes/agricultura/olivar/oli11021400.pdf
http://www.cap.junta-andalucia.es/agriculturaypesca/portal/export/sites/default/comun/galerias/galeriaDescargas/cap/servicio-estadisticas/Estudios-e-informes/agricultura/olivar/oli11021400.pdf
http://www.cap.junta-andalucia.es/agriculturaypesca/portal/export/sites/default/comun/galerias/galeriaDescargas/cap/servicio-estadisticas/Estudios-e-informes/agricultura/olivar/oli11021400.pdf
http://www.cap.junta-andalucia.es/agriculturaypesca/portal/export/sites/default/comun/galerias/galeriaDescargas/cap/servicio-estadisticas/Estudios-e-informes/agricultura/olivar/oli11021400.pdf

766
767
768
769
770
771
772
773
774
775
776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
807
808
809
810
811
812
813
814

Carmona-Torres, C., Parra-Lépez, C., Sayadi, S., Chirosa-Rios, M., 2016. A
public/private benefits framework for the design of polices oriented to sustainability in
agriculture: An application to olive growing. Land Use Policy 58, 54-69.

Carolan, M., 2017. Agro-Digital Governance and Life ltself: Food Politics at the
Intersection of Code and Affect. Sociologia Ruralis 57, 816-835.

Chatzimichael, K., Genius, M., Tzouvelekas, V., 2014. Informational cascades and
technology adoption: Evidence from Greek and German organic growers. Food Policy
49, 186-195.

Ciruela-Lorenzo, A.M., Del-Aguila-Obra, A.R., Padilla-Meléndez, A., Plaza-Angulo,
J.J., 2020. Digitalization of Agri-Cooperatives in the Smart Agriculture Context.
Proposal of a Digital Diagnosis Tool. Sustainability 12, 1325.

De Luca, A.l.,, Falcone, G., Stillitano, T., lofrida, N., Strano, A., Gulisano, G., 2018.
Evaluation of sustainable innovations in olive growing systems: A Life Cycle
Sustainability Assessment case study in southern Italy. Journal of Cleaner Production
171, 1187-1202.

Eastwood, C., Klerkx, L., Ayre, M., Dela Rue, B., 2019. Managing socio-ethical
challenges in the development of smart farming: from a fragmented to a
comprehensive approach for responsible research and innovation. Journal of
Agricultural and Environmental Ethics, 741-768.

Eastwood, C., Klerkx, L., Nettle, R., 2017. Dynamics and distribution of public and
private research and extension roles for technological innovation and diffusion: Case
studies of the implementation and adaptation of precision farming technologies.
Journal of Rural Studies 49, 1-12.

EC, 2018. Shaping the digital (r)evolution in agriculture. European Commission. EIP-
AGRI, https://ec.europa.eu/eip/agriculture/en/publications/eip-agri-brochure-shaping-
digital-revolution.

El Bilali, H., Allahyari, M.S., 2018. Transition towards sustainability in agriculture and
food systems: Role of information and communication technologies. Information
Processing in Agriculture 5, 456-464.

Erdle, K., 2018. Smart AKIS Regional Report. The German Innovation Hub.
Deliverable 3.2. https://www.smart-akis.com/wp-
content/uploads/2018/08/GERMANY RIW_Report.pdf.

FAO, 2017. FAOSTAT. Datos sobre alimentacion y  agricultura.
http://www.fao.org/faostat/en/#data/QC.

Fielke, S., Taylor, B., Jakku, E., 2020. Digitalisation of agricultural knowledge and
advice networks: A state-of-the-art review. Agricultural Systems 180, 102763.

Fielke, S.J., Garrard, R., Jakku, E., Fleming, A., Wiseman, L., Taylor, B.M., 2019.
Conceptualising the DAIS: Implications of the ‘Digitalisation of Agricultural Innovation
Systems’ on technology and policy at multiple levels. NJAS - Wageningen Journal of
Life Sciences.

Fleming, A., Jakku, E., Lim-Camacho, L., Taylor, B., Thorburn, P., 2018. Is big data for
big farming or for everyone? Perceptions in the Australian grains industry. Agronomy
for Sustainable Development 38, 24.

Forman, E.H., Selly, M.A., 2001. Decision by Objectives: How to Convince Others That
You Are Right. World Scientific.

Garcia Torres, L., Pefia-Barragan, J.M., Lopez-Granados, F., Jurado-Expdésito, M.,
Fernandez-Escobar, R., 2008. Automatic assessment of agro-environmental indicators
from remotely sensed images of tree orchards and its evaluation using olive
plantations. Computers and Electronics in Agriculture 61, 179-191.

32


https://ec.europa.eu/eip/agriculture/en/publications/eip-agri-brochure-shaping-digital-revolution
https://ec.europa.eu/eip/agriculture/en/publications/eip-agri-brochure-shaping-digital-revolution
https://www.smart-akis.com/wp-content/uploads/2018/08/GERMANY_RIW_Report.pdf
https://www.smart-akis.com/wp-content/uploads/2018/08/GERMANY_RIW_Report.pdf
http://www.fao.org/faostat/en/#data/QC

815
816
817
818
819
820
821
822
823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844
845
846
847
848
849
850
851
852
853
854
855
856
857
858
859
860
861
862
863

Ghazinoory, S., Abdi, M., Azadegan-Mehr, M., 2011. SWOT Methodology: A State-of-
the-Art Review for the Past, A Framework for the Future. Journal of Business
Economics and Management 12, 24-48.

Gottfried, O., De Clercq, D., Blair, E., Weng, X., Wang, C., 2018. SWOT-AHP-TOWS
analysis of private investment behavior in the Chinese biogas sector. Journal of
Cleaner Production 184, 632-647.

Haque, H.M.E., Dhakal, S., Mostafa, S.M.G., 2020. An assessment of opportunities
and challenges for cross-border electricity trade for Bangladesh using SWOT-AHP
approach. Energy Policy 137.

Helo, P., Hao, Y., 2019. Blockchains in operations and supply chains: A model and
reference implementation. Computers & Industrial Engineering 136, 242-251.
Hinojosa-Rodriguez, A., Parra-Lopez, C., Carmona-Torres, C., Sayadi, S., 2014a.
Protected Designation of Origin in the olive growing sector: Adoption factors and
goodness of practices in Andalusia, Spain. New Medit 13, 2-12.

Hinojosa-Rodriguez, A., Parra-Lopez, C., Carmona-Torres, C., Sayadi, S., Gallardo-
Cobos, R., 2014b. Certified Quality Systems and farming practices in olive growing:
The case of Integrated Production in Andalusia. Renewable Agriculture and Food
Systems 29, 291-309.

Hornero, A., Hernandez-Clemente, R., North, P.R.J., Beck, P.S.A., Boscia, D., Navas-
Cortes, J.A., Zarco-Tejada, P.J., 2020. Monitoring the incidence of Xylella fastidiosa
infection in olive orchards using ground-based evaluations, airborne imaging
spectroscopy and Sentinel-2 time series through 3-D radiative transfer modelling.
Remote Sensing of Environment 236.

IOC/COI, 2019. World olive oil figures. International Olive Council.
http://www.internationaloliveoil.org/estaticos/view/131-world-olive-oil-figures.
Jamieson, S., 2004. Likert scales: how to (ab)use them. Medical Education 38, 1217-
1218.

Jimenez-Jimenez, F., Blanco-Roldan, G.L., Marquez-Garcia, F., Castro-Garcia, S.,
Aguera-Vega, J., 2013a. Estimation of soil coverage of chopped pruning residues in
olive orchards by image analysis. Spanish Journal of Agricultural Research 11, 626-
634.

Jimenez-Jimenez, F., Castro-Garcia, S., Blanco-Roldan, G.L., Gonzalez-Sanchez,
E.J., Gil-Ribes, J.A., 2013b. Isolation of table olive damage causes and bruise time
evolution during fruit detachment with trunk shaker. Spanish Journal of Agricultural
Research 11, 65-71.

Junta_de_Andalucia, 2019. Implementacion de la Guia metodologica para la
identificacion de necesidades y barreras para la digitalizacion del sector
agroalimentario, para la elaboracion de mapas de capital relacional y para la
identificacion de buenas practicas y proyectos. Regions 4Food Proyect - Interreg
Europe; Consejeria de Agricultura, Ganaderia, Pesca y Desarrollo Sostenible, Sevilla.
Kernecker, M., Knierim, A., Wurbs, A., Kraus, T., Borges, F., 2020. Experience versus
expectation: farmers’ perceptions of smart farming technologies for cropping systems
across Europe. Precision Agriculture 21, 34-50.

Klerkx, L., Jakku, E., Labarthe, P., 2019. A review of social science on digital
agriculture, smart farming and agriculture 4.0: New contributions and a future research
agenda. NJAS - Wageningen Journal of Life Sciences 90-91, 100315.

Klerkx, L., Rose, D., 2020. Dealing with the game-changing technologies of Agriculture
4.0: How do we manage diversity and responsibility in food system transition
pathways? Global Food Security 24, 100347.

33


http://www.internationaloliveoil.org/estaticos/view/131-world-olive-oil-figures

864
865
866
867
868
869
870
871
872
873
874
875
876
877
878
879
880
881
882
883
884
885
886
887
888
889
890
891
892
893
894
895
896
897
898
899
900
901
902
903
904
905
906
907
908
909
910
911
912
913
914

Knierim, A., Kernecker, M., Erdle, K., Kraus, T., Borges, F., Wurbs, A., 2019. Smart
farming technology innovations - Insights and reflections from the German Smart-AKIS
hub. NJAS - Wageningen Journal of Life Sciences 90-91, 100314.

Koch, T., Windsperger, J., 2017. Seeing through the network: Competitive advantage
in the digital economy. Journal of Organization Design 6.

Kolios, A., Read, G., 2013. A Political, Economic, Social, Technology, Legal and
Environmental (PESTLE) Approach for Risk Identification of the Tidal Industry in the
United Kingdom. Energies 6, 5023-5045.

Krishnan, R.S., Julie, E.G., Robinson, Y.H., Raja, S., Kumar, R., Thong, P.H., Son,
L.H., 2020. Fuzzy Logic based Smart Irrigation System using Internet of Things.
Journal of Cleaner Production 252, 119902.

Kurttila, M., Pesonen, M., Kangas, J., Kajanus, M., 2000. Utilizing the analytic hierarchy
process (AHP) in SWOT analysis — a hybrid method and its application to a forest-
certification case. Forest Policy and Economics 1, 41-52.

Kurucu, Y., Esetlili, T., Erden, H., Oztirk, G., Given, A.l., Camasircioglu, E., 2015.
Digitalization of olive trees by using remote sensing techniques, 2015 Fourth
International Conference on Agro-Geoinformatics, pp. 121-124.

Larichev, O.l., Olson, D.L., Moshkovich, H.M., Mechitov, A.J., 1995. Numerical Vs
Cardinal Measurements in Multiattribute Decision-Making - How Exact Is Enough.
Organizational Behavior and Human Decision Processes 64, 9-21.

Lee, A.H.l.,, Chen, H.H., Kang, H.-Y., 2009. Multi-criteria decision making on strategic
selection of wind farms. Renewable Energy 34, 120-126.

Lioutas, E.D., Charatsari, C., 2020. Smart farming and short food supply chains: Are
they compatible? Land Use Policy 94.

Loebbecke, C., Picot, A., 2015. Reflections on societal and business model
transformation arising from digitization and big data analytics: A research agenda.
Journal of Strategic Information Systems 24, 149-157.

Makate, C., Makate, M., Mango, N., Siziba, S., 2019. Increasing resilience of
smallholder farmers to climate change through multiple adoption of proven climate-
smart agriculture innovations. Lessons from Southern Africa. J Environ Manage 231,
858-868.

MAPA, 2018a. Grupo Focal sobre digitalizacion y Big Data en los sectores
agroalimentario y forestal y el medio rural. Ideas para una aproximacion estratégica a
la digitalizacion del sector. Caja de herramientas de buenas Practicas. Ministerio de
Agricultura y Pesca, Alimentacién y Medio Ambiente, Madrid.

MAPA, 2018b. Resultados preliminares del Grupo Focal sobre digitalizacion y Big Data
en el sector agroalimentario, forestal y el medio rural. Priorizacion de ideas. Ministerio
de Agricultura y Pesca, Alimentacién y Medio Ambiente, Madrid.

MAPA, 2019. Avance del Anuario de Estadistica 2018 (datos 2017 y 2018). Ministerio
de Agricultura y Pesca, Alimentacién y Medio Ambiente, Madrid.

Meier, J., Mauser, W., Hank, T., Bach, H., 2020. Assessments on the impact of high-
resolution-sensor pixel sizes for common agricultural policy and smart farming services
in European regions. Computers and Electronics in Agriculture 169.

Mishra, S., 2019. Evaluating indicators for international manufacturing network under
circular economy. Management Decision 57, 811-839.

Morakanyane, R., Grace, A.A., O'Reilly, P., 2017. Conceptualizing Digital
Transformation in Business Organizations: A Systematic Review of Literature, Bled
eConference, pp. 118-144.

Noori, O., Panda, S.S., 2016. Site-specific management of common olive: Remote
sensing, geospatial, and advanced image processing applications. Computers and
Electronics in Agriculture 127, 680-689.

34



915
916
917
918
919
920
921
922
923
924
925
926
927
928
929
930
931
932
933
934
935
936
937
938
939
940
941
942
943
944
945
946
947
948
949
950
951
952
953
954
955
956
957
958
959
960
961
962
963

Oliveira, M., Fontes, D., Pereira, T., 2018. Evaluating vehicle painting plans in an
automobile assembly plant using an integrated AHP-PROMETHEE approach.
International Transactions in Operational Research 25, 1383-1406.

Omara, A.l, Irps, H., Sourell, H., Tack, F., Sommer, C., 2004. First experiences with
the wind energy plant MOWEC1 and its possible application on the North-west coast of
Egypt to irrigate orchards with a low-head bubbler irrigation system. Landbauforschung
Volkenrode 54, 153-162.

Pappa, I.C., lliopoulos, C., Massouras, T., 2018. What determines the acceptance and
use of electronic traceability systems in agri-food supply chains? Journal of Rural
Studies 58, 123-135.

Park, J.-H., Kim, Y.B., 2019. Factors Activating Big Data Adoption by Korean Firms.
Journal of Computer Information Systems 0, 1-9.

Parra-Lopez, C., Calatrava-Requena, J., 2005. Factors related to the adoption of
organic farming in Spanish olive orchards. Spanish Journal of Agricultural Research 3,
5-16.

Parra-Lopez, C., Calatrava-Requena, J., 2006. Comparison of farming techniques
actually implemented and their rationality in organic and conventional olive groves in
Andalusia, Spain. Biological Agriculture & Horticulture 24, 35-59.

Parra-Lopez, C., Calatrava-Requena, J., Haro-Giménez, T., 2008a. A systemic
comparative assessment of the multifunctional performance of alternative olive
systems in Spain within an AHP-extended framework. Ecological Economics 64, 820-
834.

Parra-Lopez, C., Groot, J.C.J., Carmona-Torres, C., Rossing, W.A.H., 2008b.
Integrating public demands into model-based design for multifunctional agriculture: An
application to intensive Dutch dairy landscapes. Ecological Economics 67, 538-551.
Parra-Lopez, C., Groot, J.C.J., Carmona-Torres, C., Rossing, W.A.H., 2009. An
integrated approach for ex-ante evaluation of public policies for sustainable agriculture
at landscape level. Land Use Policy 26, 1020-1030.

Parra-Lopez, C., Haro-Giménez, T., Calatrava-Requena, J., 2007. Diffusion and
adoption of organic farming in the southern Spanish olive groves. Journal of
Sustainable Agriculture 30, 105-151.

Parra-Lopez, C., Hinojosa-Rodriguez, A., Carmona-Torres, C., Sayadi, S., 2016. ISO
9001 implementation and associated manufacturing and marketing practices in the
olive oil industry in southern Spain. Food Control 62, 23-31.

Parra-Lopez, C., Hinojosa-Rodriguez, A., Sayadi, S., Carmona-Torres, C., 2015a.
Protected Designation of Origin as a Certified Quality System in the Andalusian olive
oil industry: Adoption factors and management practices. Food Control 51, 321-332.
Parra-Lopez, C., Holley, M., Lindegaard, K., Sayadi, S., Esteban-Lopez, G., Duran-
Zuazo, V.H., Knauer, C., Engelbrechten, H.-G.v., Winterber, R., Henriksson, A.,
Lamley, A., Nylander, A., Paulrud, S., Leonard, P., Daly, P., Drzewaszewski, L.,
Rzewuski, W., 2017. Strengthening the development of the short-rotation plantations
bioenergy sector: Policy insights from six European countries. Renewable Energy 114,
781-793.

Parra-Lopez, C., Sayadi, S., Duran Zuazo, V.H., 2015b. Production and use of biomass
from short-rotation plantations in Andalusia, southern Spain: Limitations and
opportunities. New Medit 14, 40-49.

Pell, G., 2005. Use and misuse of Likert scales. Medical Education 39, 970-970.

Ram, T., Wiesman, Z., Parmet, |., Edan, Y., 2010. Olive oil content prediction models
based on image processing. Biosystems Engineering 105, 221-232.

35



964
965
966
967
968
969
970
971
972
973
974
975
976
977
978
979
980
981
982
983
984
985
986
987
988
989
990
991
992
993
994
995
996
997
998
999
1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013

Ramanathan, R., Ganesh, L.S., 1994. Group preference aggregation methods
employed in AHP: An evaluation and an intrinsic process for deriving members'
weightages. European Journal of Operational Research 79, 249-265.

Regan, A., 2019. ‘Smart farming’ in Ireland: A risk perception study with key
governance actors. NJAS - Wageningen Journal of Life Sciences 90-91, 100292.
Reis, J., Amorim, M., Melao, N., Matos, P., 2018. Digital Transformation: A Literature
Review and Guidelines for Future Research, in: Rocha, A., Adeli, H., Reis, L.P.,
Costanzo, S. (Eds.), Trends and Advances in Information Systems and Technologies.
Springer International Publishing, Cham, pp. 411-421.

Rijswijk, K., Klerkx, L., Turner, J.A., 2019. Digitalisation in the New Zealand Agricultural
Knowledge and Innovation System: Initial understandings and emerging organisational
responses to digital agriculture. Njas-Wageningen Journal of Life Sciences 90-91.
Rodriguez-Entrena, M., Arriaza, M., 2013. Adoption of conservation agriculture in olive
groves: Evidences from southern Spain. Land Use Policy 34, 294-300.

Rodriguez Sousa, A.A., Parra-Lopez, C., Sayadi-Gmada, S., Barandica, J.M., Rescia,
A.J., 2020. A multifunctional assessment of integrated and ecological farming in olive
agroecosystems in southwestern Spain using the Analytic Hierarchy Process.
Ecological Economics 173, 106658

Rose, D.C., Chilvers, J., 2018. Agriculture 4.0: Broadening Responsible Innovation in
an Era of Smart Farming. Frontiers in Sustainable Food Systems 2.

Saaty, T.L., 1980. The Analytic Hierarchy Process. McGraw Hill, New York. Pittsburgh,
Reprinted in 1996 by RWS Publications.

Saaty, T.L., 2004. Fundamentals of the analytic network process — multiple networks
with benefits, costs, opportunities and risks. Journal of Systems Science and Systems
Engineering 13, 348-379.

Sanchez-Zamora, P., Gallardo-Cobos, R., Cena-Delgado, F., 2017. Analisis de los
factores de resiliencia en territorios rurales de Andalucia mediante técnicas de Proceso
Analitico en Red (ANP). Informacién Técnica Econdmica Agraria (ITEA) 113, 68-89.
Sanz-Cahada, J., Garcia-Brenes, M.D., Barneo- Alcantara, M., 2014. El aceite de oliva
de montafia en Jaén. Calidad y Cadena de Valor. Instituto de Estudios Giennenses,
165 pp.

Schut, M., Klerkx, L., Rodenburg, J., Kayeke, J., Hinnou, L.C., Raboanarielina, C.M.,
Adegbola, P.Y., van Ast, A., Bastiaans, L., 2015. RAAIS: Rapid Appraisal of
Agricultural Innovation Systems (Part |). A diagnostic tool for integrated analysis of
complex problems and innovation capacity. Agricultural Systems 132, 1-11.
Shamshiri, R.R., Weltzien, C., Hameed, |.A., Yule, |.J., Grift, T.E., Balasundram, S.K.,
Pitonakova, L., Ahmad, D., Chowdhary, G., 2018. Research and development in
agricultural robotics: A perspective of digital farming. International Journal of
Agricultural and Biological Engineering 11, 1-14.

Shepherd, M., Turner, J.A., Small, B., Wheeler, D., 2018. Priorities for science to
overcome hurdles thwarting the full promise of the 'digital agriculture' revolution.
Journal of the Science of Food and Agriculture 100, 5083-5092.

Snow, C.C., Fjeldstad, @.D., Langer, A.M., 2017. Designing the digital organization.
Journal of Organization Design 6, 7.

Solangi, Y.A., Tan, Q., Mirjat, N.H., Ali, S., 2019. Evaluating the strategies for
sustainable energy planning in Pakistan: An integrated SWOT-AHP and Fuzzy-
TOPSIS approach. Journal of Cleaner Production 236, 117655.

Srdjevic, Z., Bajcetic, R., Srdjevic, B., 2012. Identifying the Criteria Set for Multicriteria
Decision Making Based on SWOT/PESTLE Analysis: A Case Study of Reconstructing
A Water Intake Structure. Water Resources Management 26, 3379-3393.

36



1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040

1041

Teece, D.J., Linden, G., 2017. Business models, value capture, and the digital
enterprise. Journal of Organization Design 6, 8.

Torres-Sanchez, J., Lopez-Granados, F., Borra-Serrano, l., Pena, J.M., 2018.
Assessing UAV-collected image overlap influence on computation time and digital
surface model accuracy in olive orchards. Precision Agriculture 19, 115-133.

Vanek, M., Cerny, |., Hudecek, V., Krcmarska, L., Magnuskova, J., Sgem, 2014. SWOT
Analysis - Point of departure for strategic managers, Geoconference on Science and
Technologies in Geology, Exploration and Mining, Sgem 2014, Vol lii, pp. 591-598.
Vazquez, J.J., Chivite Cebolla, M.P., Salinas Ramos, F., 2019. La transformacion
digital en el sector cooperativo agroalimentario espanol: situacion y perspectivas.
CIRIEC-Espana, revista de economia publica, social y cooperativa, 39.

Vial, G., 2019. Understanding digital transformation: A review and a research agenda.
The Journal of Strategic Information Systems 28, 118-144.

Villanueva Rodriguez, A.J., Gomez-Limodn, J.A., Arriaza Balmon, M., 2014. Influencia
de los factores de gestion en la produccién de bienes publicos en el olivar de regadio.
Revista Espainola de Estudios Agrosociales y Pesqueros 237, 77-115.

Weihrich, H., 1982. The TOWS matrix—A tool for situational analysis. Long Range
Planning 15, 54-66.

Wolfert, S., Ge, L., Verdouw, C., Bogaardt, M.-J., 2017. Big Data in Smart Farming - A
review. Agricultural Systems 153, 69-80.

Zalengera, C., Blanchard, R.E., Eames, P.C., Juma, A.M., Chitawo, M.L., Gondwe,
K.T., 2014. Overview of the Malawi energy situation and A PESTLE analysis for
sustainable development of renewable energy. Renewable & Sustainable Energy
Reviews 38, 335-347.

Zhu, Z., Zhao, J., Bush, A.A., 2020. The effects of e-business processes in supply chain
operations: Process component and value creation mechanisms. International Journal
of Information Management 50, 273-285.

37



