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Abstract: Risk identification and management are essential in innovation projects in the rural context,
where cultural differences and relations between actors are decisive for assuring a project success.
Risk management is especially important when considering innovation processes in rural areas
that experience conflict or are lagging in development. Although there are studies focusing on
the interaction of actors, there are only a few that approach the risks associated with stakeholders.
This research aims to identify the risks and the associated stakeholders and draws on a risk map
in order to develop effective risk management and action plans to mitigate risk. A rural project
optimizing irrigation in Spain was taken as a case study and conduct semi-structural interviews with
key actors were conducted. Social Network Analysis (SNA) was applied to recognize and investigate
the network of stakeholder-associated risk factors. The main risks identified in the project were
associated with technical, economic, and time problems and with irrigation communities and project
developers. These findings offer a new visual perspective of risk management in rural innovation
projects, improving the ability to assess and efficiently mitigate the risks.

Keywords: rural innovation; social network analysis; risk identification and management;
rural actors

1. Introduction

From the start of the project design stage, risk management is a key component of the
decision-making process, with the goal of effectively reducing or preventing conflicts [1].
In rural innovation settings, various disputes related to stakeholders arise, which, having
not been correctly identified beforehand, result in problems that can threaten the success of
the project. Among the most evident problems in the literature about the materialization of
risks associated with rural projects are social conflicts [2], limited funding [3], time delays
in deliveries [4], poor construction methods [5] and, political problems associated with
corruption [6]. Therefore, risk identification and management are crucial to prevent and
reduce negative effects on the project and its main beneficiaries.

In rural innovation, projects related to an interactive multi-actor process involving
researchers, developers, technical experts, farmers with different knowledge [7], where
people with practical experience and scientific understanding, and related to several
dimensions of agriculture mobilize resources needed for innovation [8]. Rural innovation is
therefore dependent on interactions that foster the inclusion of actors and their wellbeing [9].
Innovation processes are essential, not only because they allow solving social conflicts [10]
but also because it enables new development processes [11]. However, rural regions
face challenges to attractive, competitive, and maintain sustainable economic growth [12],
mainly due to their low level of R&D and innovation due to geographic isolation and
the slow industrial development [13,14]; nevertheless, researchers have defined social
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innovation as an opportunity to find solutions to this kind of societal challenges [15],
that prevent rural development from progressing. Through connected initiatives, social
innovation is stimulated by society, creating economic, social, environmental, and technical
challenges [16,17].

In rural areas, innovation is characterized by the pursuit of development strategies,
with an emphasis on social welfare and rural region development [18]. One example with
this approach is the Agricultural Knowledge and Innovation Systems (AKIS), focused on
supporting farmers in Europe to obtain access to reliable and relevant knowledge through
the interaction of people and organizations [19]. Another example is LEADER, a European
initiative supporting rural growth that sees innovation as an opportunity to foster social
relations and new cultures of collaborative learning in areas where expertise is typically
scarce [20]. However, interaction among the different institutions and agents operating in a
territory is characterized by being conflictive and entails risks that can be crucial to explain
the success or failure of a project [21].

Institutions and individuals involved in the project are deemed as essential parts of
the project since they generally control the information, skills and resources, and therefore
have the potential to help or hinder their progress [22]. In innovation projects with many
interactions between actors or institutions, risk management task are the most difficult in
project management due to a significant degree of uncertainty regarding future results [23].
Nonetheless, social innovation can give an adaptive response, reacting to the various
conflicts faced by the project [24].

One method to avoid the failure of innovation projects caused by the materialization
of risks is to use tools to manage conflicts related to interactions between actors, analyzing
the risks associated with them. These tools make it possible to develop a complete list
of risks and identify their causes, contributing to effective decision-making throughout
the project [25]. In recent years, bearing this in mind is important for analyzing the role
of actors within projects, considering that the most relevant challenge for a project is
communication and coordination in a multidisciplinary team [26]. Understanding the
importance of managing risks between social groups, political arenas, geographical scales,
research groups and industrial sectors can considerably simplify the negative impact of
risks within innovation projects. Nonetheless, risk approaches associated with rural project
actors have not been frequently applied, leaving the need for further research in this area,
which deals with identifying and analyzing information relevant to rural development [27].

For risk management associated with actors to be carried out correctly, the sources
of risk must be analyzed by each actor within a project, and measures must be taken to
mitigate the consequences [28]. This way, it is feasible to detect the interactions of various
actors involved within the project, providing an overview of risks. Previous studies on risk
management and focusing on diverse research fields suggest a classical framework that
identifies, evaluates, and responds to risks [29,30]. However, in terms of risks associated
with stakeholders, this classical framework does not consider stakeholders effectively
during assessment and analysis processes [31]. A tool that has the potential to contribute
to identifying the risks associated with the actors happening within the project is the Social
Network Analysis (SNA). Researchers have integrated the traditional risk management
framework with SNA, stating that this tool can analyze risks based on stakeholders [31,32].
Some examples of its use are found in research contexts such as ecology construction [25],
urban redevelopment projects [33], public engineering projects [34].

The main aim of this study is to investigate the social risks and their inter-relationship
during the development of a rural innovation project from the perspective of stakeholders.
Three specific objectives were established: (a) identify the risks affecting the develop-
ment and management of rural projects; (b) analyze the relationship between risks and
project stakeholders through applying SNA; and (c) generate strategies to manage the
identified risks.

This research is based on one Spanish innovation project at the national level, focusing
on irrigation in rural areas. In this project, there are many interactions between urban and
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rural actors involved and face various risks during its development. Integrating the actors
involved from both rural and urban perspectives means treating industry and agriculture
as an integrated whole rather than as isolated parts, allowing for a better articulation
identifying the main conflicts that rural innovation projects face.

Among the results found in this research, the risks associated with changes in the
project scope, additional costs, lack of access to funds, and excess project time and lack of
compliance in applying environmental measures stand out. The main actors associated
with risks were the irrigation communities and project developers, especially the project
coordinator groups, water efficiency and energy efficiency. As an alternative, a series
of strategies are proposed, which can simplify the network attained by applying SNA,
and therefore, facilitate risk mitigation. The risk mitigation plans are effective financial
management, control of the project quality standards and scope, and monitoring of the
project schedule and delivery times.

The document is organized as follows: the first section reviews the risks that are most
frequent in rural projects identified in the literature; the second describes methodological
steps and case study of the research; the third presents and discusses the results; and the
fourth is a compilation of conclusions.

2. Risk Review in Literature

Risk is the chance of something happening that has an impact upon objectives [35],
a combination of exposure and hazard [36], or simply as the potential for the reaction of
unwanted, negative consequences of an event [37]. According to the 5th Edition of the
PMBOK® Guide, project risk is an uncertain event or condition that, if it occurs, affects one
or more project objectives such as scope, schedule, cost, and quality [38]. A list of risks
associated with the development and management of rural projects is presented (Table 1).
Although currently, each innovation project is unique and there is no uniform classification
of risks within projects [23], authors have decided to categorize them according to social,
technical, economic, environmental and political components, as has been done in similar
investigations [25,39].

Social risks are related to society, social groups, or individuals [40], such as conflicts
related to limited communication, displacements, culture, human rights violations, and
conflicts of interest. The technical component considers risk factors associated with a lack
of technology, a shortage of skilled labor and management errors [41], non-compliance
with specified standards, and changes in the initial design. Economic factors are related
to economic policy, inflation, price fluctuations, interest rates and exchange rates [39].
Among the political risks, there are all those changes of government, including laws,
regulations and policies, and the inadequate management of administration systems [41].
Environmental risks also play a fundamental role in unfavorable weather conditions, force
majeure events, and adverse environmental impacts [42]. Failure to properly manage these
types of risks can result in negative impacts on rural projects.

Table 1. List of risks associated with development and management projects through
literature review.

Categorization Types of Risks References

Social risks Thefts [43]
Social exclusion [44]

Rural depopulation [45]
Lack of knowledge and experience [46]

Conflicts between cultures [47]
Internal armed conflicts [48]

Limited access to information and communication [48,49]
Displacement and resettlement [50]

Protest actions [51]
Violation of human rights [52]
Lost access to the property [53]
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Table 1. Cont.

Categorization Types of Risks References

Technical risks Poor machine operation [43]
Contractor performance [43]

Poor construction methods [5]
Poor communication and coordination [54]

Material shortages [54]
Supply chain breakdown [47]

Limited accessibility [55]
Economic risks Liquidity problems [56]

Economic disadvantages [57]
High energy and water costs [43]

Cost overruns [54]
Late payments [43]

Change in interest rates [56]
Limited funding [3]

Fluctuation in currency and interest rates [58]
Inflation [59]
Crop loss [60]

Protectionism [61]
Political risks Political instability [62]

Changes in policies and regulations [56]
Corruption [6]

Agricultural policies [56]
Governance conflicts / Conflicts of Interest [47,63]

Environmental
risks Climate change [64]

Adverse weather conditions [42]
Natural risks (droughts, floods, cyclones and storms) [65]

Quality of soil [60]
Degradation and loss of habitats and landscapes [66]

In general, a set of risks is associated with determined actors, depending on the
latter impact within the project. Additionally, it has been shown that there is an interde-
pendence between the different types of risks regardless of which category they belong
to [39]. All these relationships of reciprocal dependence between risks and actors can
be explained through the right tools, being it possible to analyze the actors, risks, and
interrelation simultaneously.

3. Methodology

This research proposes the use of SNA as a tool for analyzing risks associated with
actors. Although SNA has not been explicitly used in the development of rural innova-
tion projects, it has been used in risk analysis within contexts such as ecology construc-
tion [25,31], prefabrication projects [32], urban redevelopment projects [33] and public
engineering project [34]. However, there is broad support for using SNA to analyze in-
teraction patterns between farmers and actors present in a network, allowing a better
understanding of rural innovation processes [12,67,68].

SNA detects and interprets patterns derived from the relationships established be-
tween nodes, allowing a social structure to be described in terms of a network intended to
interpret the existing relationships between them, taking into account their position within
the structure. [67,69]. A network is made up of nodes bonded through a series of links,
representing a specific type of relationship [70]. In this study, nodes have distinctive char-
acteristics, commonly called attributes, and are defined as a combination of an actor and a
risk; thus, each node has dual properties. All network interpretations must be performed
from this definition, considering that nodes represent an actor and a risk simultaneously.
Links are bonds that join two nodes distinguished by their magnitude, determined from
the value of impact and probability (assessed by respondents in rating scale) that an actor
and its associated risk may have on another actor. The fact that links are connected through
common nodes (for example, link A → B shares a node in common with link B → C)
creates chains or routes of nodes and links whose endpoints are indirectly connected. This
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structuring is what can be considered a network [69]. A similar methodology has been
used in other studies [25,31,32,34].

There are two main benefits to stakeholder analysis using SNA: firstly, the quantitative
assessment of links and the general network structure provides a rigorous analysis of the
impacts of node interaction; secondly, it enables the visualization of complex and abstract
relationships of stakeholders [71].

In Figure 1, the investigation procedure is presented, which was applied in four
steps grouping. (1) preparation and application of questionnaire; (2); actors identifica-
tion; (3) identification of risks and their interrelations; and (4) network modeling and
analysis. Finally, as a result of the investigation, a set of strategies is proposed to mitigate
identified risks.
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3.1. Methodological Steps
3.1.1. Preparation and Application of Questionnaire

All actors are subjected to a semi-structured interview based on a previously pre-
pared questionnaire. The questionnaire is the primary tool of this study since it allows
to determine the existing risks in the project and how they are related to the actors. In
the questionnaire, each actor is requested to identify from his or her perspective: (1) the
risks present in the project, (2) the magnitude of that particular risk, and (3) the actors with
whom the identified risks are related to.

To avoid ambiguities when filling out the questionnaire, the questions and their
purpose are briefly explained. Additionally, the questionnaire is previously sent by email
to each actor to be prepared when answering the questions. Interviews are carried out
online or through telephone calls. Due to the sensitivity of the information that the actor
provides, consent agreements are set for data processing. It is essential to bear in mind that,
before starting with the data modeling, one of the tasks that must be carried out carefully
for each of the questionnaires is reviewing the gathered information, debugging those
incomplete or irrelevant data within the case study.
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3.1.2. Actors Identification

The methods proposed by Yang and Zou (2014) were used to implement a robust list
of actors who could contribute information to the research: the classical method and the
snowball method.

The classical method is considered the most popular way to identify actors. Through
this method, key actors are identified based on previous knowledge of the project. On
the other hand, the snowball method allows the sampled actors to provide information
about other actors, allowing researchers to increase the sample size exponentially [72]. In
general, this approach does not allow assessors to map the entire network but rather to the
networks surrounding the actors interviewed in the classical method [73]. In the research,
the classical method has been used initially, requesting the project managers to designate
an internal group of key stakeholders with whom to start the process. As interviews are
conducted and questionnaires are filled out, new actors are identified through the snowball
method added to the research process.

3.1.3. Identification of Risks and Their Interrelations

At his or her disposal, the respondent has a pre-established list with the most common
risks within the development of projects, identified in Table 1. However, if necessary, they
may include additional risks from his or her experience and knowledge. For each risk
identified, the respondent is asked for an assessment of the impact and the probability:
the assessment is made through a quantitative scale: “1” symbolizes an extremely low
rate of occurrence and “5” extremely high of occurrence [25,33]. This step allows defining
the magnitude of the links within the network, representing the relationships between
different nodes [74]. Finally, each of the identified risks must be associated with the
corresponding actor. The study is not limited to evaluating certain types of risks or actors
but rather assesses and analyzes risks in general that may arise during the management
and development of the rural innovation project according to the actors perspective.

3.1.4. Network Modeling and Analysis

Once the data on the actors, the associated risks, and the magnitude of each one had
been collected, a matrix with the information on the values associated with the risk and
the involved actors is generated. The matrix is imported into UCINET, a software package
for analyzing social network data that allows graphing and quantitative analysis of the
information entered [69]. The analyzed parameters that provide a general knowledge of
the network and the nodes that compose it are described in Table 2.

3.2. Case Study

In Spain, 3.5 million hectares of irrigated land consume 16,000 hm3 of water per year
(30% comes from underground sources), with 48%, 22% and 30% from micro-irrigation,
sprinkling and surface irrigation systems, respectively, generating consumption above 68%
of water consumption in the country [78]. This initiative is established, an I+D+I project,
developed with public resources that seek to optimize the water and energy efficiency
of irrigated areas in Spain, achieving their technification and increasing their economic
profitability. Figure 2 describes how the actors in the project are structured and the main
roles of each of them. The government is the financier of the project, which, through a
public entity, manages and develops the project through five work blocks: (1) project coor-
dination; (2) implementing renewable energies; (3) energy efficiency; (4) water efficiency,
and (5) purchase and sale of energy. Additionally, some actors provide technical advice
and support in construction activities through researchers from various universities and
builders, respectively.
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Table 2. Description of parameters used for the analysis of results.

Parameter Description

Density of the network

Density is defined as the proportion of ties existing in the social network to all probable ties
[75]. The density of the network varies between 0 and 1. The higher the density, the more
links there are in the network and the greater the complexity. For the calculation of this
parameter the information of the matrix must be dichotomized, converting the valued data
into binary data [69]. Cells with a value equal to or greater than one will be assigned a value
of 1, while for the remaining cells a value of 0 will be set.

Node degree

It is the number of vertices adjacent to a given vertex in a symmetric graph is the degree of
that vertex [76]. Two nodes are said to be adjacent when they are directly connected by a
link. The degree of nodes is not proportional to the centrality of the node. As for density,
this parameter is calculated from a binary matrix.

Degree centrality

The number of vertices adjacent to a given vertex in a symmetric graph is the degree of that
vertex, that is, the index at which a single node dominates a network. There are input and
output centralization indices: the input index refers to the sum of the magnitude of each of
the links that a node receives; the output index is the sum of the magnitude of each of the
links that a node sends to the other nodes [70]. This indicator exclusively depends on the
magnitude of the sum of links associated with each node, so for this case the analysis is
performed directly with the valued data given by the actors.

Betweenness centrality

It is measured based on the frequency with which a node is located between the (shorter)
geodetic paths connecting pairs of other nodes in the network [76]. A node or link with a
high value of betweenness centrality has a high level of control over the magnitude that
crosses it. Since the magnitude of the sum of the links affecting the nodes varies according
to their incidence, it is calculated from the valued data.

Closeness centrality

Defines the ability of a node to reach all other members of the network independently [76].
One can measure a node closeness centrality by summing the shortest paths (geodesic)
lengths to all other nodes [77]. The higher its value, the closer it is to the other nodes on the
network
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On the other hand, rural coordinators play an intermediate role between the actors
named above and irrigation communities. They serve as facilitators between the various
strategies carried out, especially those who require more technical knowledge and present
disagreements between actors. Finally, and as the project primary beneficiaries, are the
irrigation communities, who are the direct beneficiaries of the project, characterized by
being those who carry out agricultural activities, generally through traditional methods.
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The project focuses on the irrigating communities of Virgen del Aviso and Toro-
Zamora in the province of Zamora (Figure 3), located in the community of Castilla y Leon,
in the northwestern part of the Iberian Peninsula; which is a region where agricultural
employment is twice as much as that in EU-15 on average [79].
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As a rural innovation project, this initiative faces a series of challenges, among which
conflicts arise between the various actors involved when developing and managing the
project. On the one hand, there are irrigation communities and rural coordinators who,
from a rural context, are characterized by their cultural roots and traditional work practices.
On the other hand, there are actors established in urban areas, which are mainly made up
of business teams and state companies, which seek to develop new business opportunities
in rural areas to implement innovative technology and systems. To these two predominant
actors, a group of actors involved from the spheres of state regulation, research, suppliers
and construction contractors, which can be decisive when managing conflicts, is added.
The constant participation between actors generally exchanges opinions, experiences, and
decisions from their perspectives and interests. This participation can be highly beneficial
to the project, although having a high level of interaction also brings a high burden of
associated risks.

4. Results and Discussion
4.1. List of Risks and Actors

As part of this research, a total of 14 interviews with different key actors were con-
ducted. The actors identified were: (S1) project coordination, (S2) energy efficiency group,
(S3) water efficiency group, (S4) Leon field coordinators, (S5) research groups, (S6) irriga-
tion community of Virgen del Aviso, (S7) community of irrigators at Toro-Zamora, (S8)
state society of agrarian infrastructure, (S9) group for the purchase and sale of energy,
(S10) energy suppliers, (S11) constructors and suppliers, (S12) government, (S13) field
technicians and (S14) renewable energy group. This list includes both the actors who
identified the risks and those who received them. Table 3 shows the identified risks, a total
of 26, with their corresponding category and the actors with whom they were associated.

The network is equipped with 75 nodes, each of them formed by the actor relationship
with risk. This information is consolidated by risk categories in Figure 4, identifying that
the risk categories with the highest incidence are classified as technical and economic
risks. The high incidence of technical risks may be due to the various difficulties that
the project face when implemented in rural areas. The lack of technical resources is often
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evident; and the project continually faces changes due to factors associated with actors
requirements. Regarding economic risks, they can be associated with the lack of planning
on the part of the developers and funders of the project with technical and administrative
issues. Environmental, social and time risks are focused more on specific processes within
the project and not as general as the first two categories. Hence, their incidence is not
as high.

Table 3. Classification of actors by type of risk.

ID Risk Risk Risk
Category Associated Actors

R1 Pressure from some actors Social S6, S7
R2 Lack of interest Social S6, S7
R3 Language and terminology Social S6, S7
R4 Changes in the project scope Technical S1, S3, S11
R5 Inadequate analysis of the project complexity Technical S5, S6, S7
R6 Inaccurate estimates of the project costs Technical S1, S9
R7 Non-compliance with specified quality standards Technical S1, S2, S3, S4, S5, S7, S8, S13
R8 Change in design and engineering Technical S6, S7, S11
R9 Lack of support from top management Technical S1, S2
R10 Lack of experience in sustainable design and project management Technical S6, S7
R11 Loss of one measure of sustainability to attain another one Technical S4

R12 Unsuitable, untested, or unreliable materials, products, or sustainable
systems Technical S1, S11

R13 Uncertainty in the performance of sustainable materials and equipment Technical S6, S7
R14 Project timeout Time S1, S2, S3, S4, S7, S9, S13, S14
R15 Change in government financing policy Economic S1
R16 Tax changes Economic S6, S7, S12
R17 Changes in the price of materials, energy and/or water Economic S6, S7, S10, S12

R18 The sustainability measure costs too much, and, in some cases, the
investor would not finance Economic S2, S6, S7

R19 Additional costs and/or lack of access to funds Economic S1, S2, S3, S4, S6, S7, S8, S13
R20 Lack of approval of environmental licenses and permits Environmental S12
R21 Change in government financing policy Political S2
R22 Opposition or lack of political support Political S2, S6, S7
R23 Government discontinuity Political S6, S7
R24 Delay in obtaining consent/approval of permits Political S11
R25 Legislative/regulatory changes Political S6, S7, S12, S10
R26 Land expropriations Political S6, S7
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Table 4 presents the risks associated with each of the 15 actors and their categorization
according to their function within the project: project developers, irrigation communities,
government entities, researchers, rural coordinators, builders and suppliers, and others.

Table 4. Classification of risks by type of actor.

ID Actor Actor Actor Category Associated Risks

S1 Project coordination Project developers R4, R6, R7, R9, R12, R14, R15, R19
S2 Energy efficiency group Project developers R7, R9, R14, R18, R19, R21, R22
S3 Water efficiency group Project developers R4, R7, R14, R19
S4 Leon field coordinators Rural coordinators R7, R11, R14, R19
S5 Research groups- Universities Researchers R5, R7

S6 Community of irrigators Virgen del Aviso Irrigation communities R1, R2, R3, R5, R8, R10, R13, R16,
R17, R18, R19, R22, R23, R25, R26

S7 Community of irrigators Toro-Zamora Irrigation communities
R1, R2, R3, R5, R7, R8, R10, R13,

R14, R16, R17, R18, R19, R22, R23,
R25, R26

S8 State society of agrarian infrastructure Government R7, R19
S9 Energy purchase and sale group Project developers R6, R14

S10 Power Providers Builders and suppliers R17, R25
S11 Builders and suppliers Builders and suppliers R4, R8, R12, R24
S12 Government Government R16, R17, R20, R25
S13 Field technicians Rural coordinators R7, R14, R19
S14 Renewable energy group Project developers R14

As shown in Figure 5, it is evident that the irrigation communities, as well as the
project developers through the coordination blocks and water efficiencies, bear the greatest
number of associated risks. Two main factors can interpret the high incidence of irrigation
communities within the project: (1) they are the direct beneficiaries of the project and
therefore are involved in an innovative and risky development process; and (2) the place
where the project is carried out is directly on its plots, its rural environment being affected.
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The project developers also play an essential role within the network, mainly because
they are the direct promoters of the project, taking responsibility for all technical and
economic matters. To a lesser extent, and because they are agents that participate in more
specific processes, there are rural research coordinators, government entities, builders and
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suppliers, and researchers. These results reflect the importance of linking and socializing
the project.

4.2. Visualization of the Risks and Actors Network

The network comprises 75 stakeholder risk nodes connected to 95 links, as shown in
Figure 6. Colors symbolize the categories associated with the actors, the geometric figures
represent the risk categories, and the thickness of the links represent the magnitude of
the risk, as defined by the product between the impact and the probability. The nodes are
coded as S#R#, where S represents the type of actor (S1 to S7) and R the type of risk (R1 to
R26). Each link has a direction determined by an arrow that joins two nodes SaRb to ScRd,
indicating that SaRb has identified risk Rd in actor Sc, which may negatively impact actor
Sa associated with risk Rb. The matrix associated with SNA is found in Appendix A.
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In the central part of the network, the nodes with the most connections are located,
such as S1R14, S2R7, S2R14, S3R7, S3R14, S3R19. These dependent nodes are involved in the
network to a bigger extent, that is, they have a greater domain of the network and therefore,
any change that affects any of these nodes can considerably alter the others, increasing or
decreasing the complexity of the network. In a second step, and as we move away from
the central network area, there are interdependent nodes, defined as those involved with
the most critical nodes of the network. Within this group, those nodes are included that,
although they are not dependent, they do make part of the main structure of the network,
and the links they are associated with are not as critical as the first. Finally, in the perimeter
area of the network, five small groups of totally independent nodes are identified, and,
although in one of them there are two nodes with a high-risk magnitude (S4R11 → S1R7),
as there are no more associated nodes, can be managed in a more straightforward way than
those located in the central part of the network. Due to their low rate of node exposure and
the few connections within the network, the remaining four groups do not play any critical
role. These findings indicate that, although not all nodes are connected homogeneously,
most of them are related to two or more connections, which implies that even a small
variation in a node could affect the general behavior of the network. Here is the key to why
risk management processes are quite complex.

Regarding the stakeholder analysis, a group of purple nodes located in the central
part of the network indicates that the project developers play a central role in risk manage-
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ment; their interactions represent the nodes with a comparatively high power of influence.
Secondly, located around the purple nodes, of light blue color, most of the nodes of the
network are agglutinated, corresponding to the irrigation communities, and, although the
exposure is not as critical as the first ones, it is a group of nodes that continuously interacts
with all other nodes, so its main role is to function as a risk transmission bridge.

Despite having the greatest number of associated risks, irritation communities are
less central than developers due to their position in the network. This aspect must be
taken into account when managing risks, because proposing risk management on irrigating
communities would imply greater effort and possibly lower results than focusing on the
central nodes of the network. With less influence within the network, but also important,
are those risk nodes related to government entities, researchers, rural coordinators and
builders and suppliers, represented by white, black, green, and beige colors, respectively.

Regarding the interpretation of the thickness of the links that join the different nodes
of the network, closeness centrality was calculated, allowing to identify the nodes that have
the best capacity to connect to the others. The results indicated that S1R14 was the node
with the highest input closeness centrality, so any impact on any of the network nodes
can immediately affect the project developers, generating additional costs. The following
nodes with the highest closeness centrality were S3R19 and S3R14.

In addition to the graphic representation, the density was calculated to quantitatively
examine the network and reflect the global characteristics of the risk structure. Researchers
have used this metric to measure the overall degree of difficulty in managing risk [25,31].
The lower the density, the fewer links there are and therefore, it is easier to manage the
risks identified in the network. The network density was only 0.017, which, expressed as
a percentage, would be 1.7%; that is, the 95 links observed represent 1.7% of the possible
links in the entire network. If all the nodes were connected, there would be a density of
100%, and no node would be dominant in the network; therefore, the network would be
much more challenging to manage.

Tables 5 and 6 show, respectively, the 10 nodes with the highest centrality by output
and input index. In this sense, node S1R4 is the one with the highest output index (30) with
6 connected nodes, the risk “changes in the project scope” associated with the “project
coordination” actor being the most critical due to output centrality. Therefore, the project
coordination associated with the project developers category is the actor that identified
the largest number of nodes with high intensity of risk within the network, which, since
they are not managed, can generate negative consequences related to changes in the project
scope. Figure 7a shows the primary nodes by output centrality, characterized by being the
most affected in the network.

Table 5. Centrality results by output index.

Node Actor Category Risk
Category

Output
Index

Node
Degree

S1R4 Project developers Technical 30 6
S6R18 Irrigation communities Economic 29 2
S7R18 Irrigation communities Economic 29 2
S4R11 Rural coordinators Technical 25 1
S9R6 Project developers Technical 25 1
S3R4 Project developers Technical 16 2
S6R17 Irrigation communities Economic 16 3
S6R25 Irrigation communities Political 16 2
S7R17 Irrigation communities Economic 16 3
S7R25 Irrigation communities Political 16 2
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Table 6. Centrality results by input index.

Node Actor Category Risk Category Input Index Node
Degree

S3R19 Project developers Economic 107 21
S3R14 Project developers Time 73 16
S2R7 Project developers Technical 70 12
S1R19 Project developers Economic 33 2
S1R7 Project developers Technical 25 1
S1R14 Project developers Time 16 5
S2R14 Project developers Time 14 7
S4R7 Rural coordinators Technical 12 1
S4R14 Rural coordinators Time 12 1
S7R7 Irrigation communities Technical 12 2
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Analyzing the other results shown in Table 5, it is observed how the following four
nodes (S6R18, S7R18, S4R11, S9R6) are also important to take into account for management,
since they have considerable output indices, with economic and technical risks, primarily
associated with costly sustainability measures (R18), loss of sustainable measures to achieve
others (R11) and inaccurate cost estimation (R6). In this case, node degree can be a valuable
parameter to compare with the output index since, despite being connected with only one
or two nodes, they have high exposure within the network, with output rates of 25 or
more, indicating that these risks are very likely to occur and have effects on other actors
in the network.

Table 6 shows that the node with the highest input centrality is S3R19, representing
the additional costs or lack of access to funds belonging to the category of economic risks
associated with the water efficiency group, belonging to the category of project developers.
Therefore, the project stakeholders see the water efficiency actor as the primary source
of risk, considering that it can negatively impact the project through additional costs.
Therefore, it can be considered a vulnerable node in the network, to which attention must
be paid. This node is additionally the node of the entire network with the highest node
degree corresponding to 21 total links received.

Nodes S3R14 and S2R7 complete the ranking of nodes with the highest input index in
the network, introducing the category of time (R14) and technical (R7) risks. The S1R19
and S1R7 nodes, although they do not have as high an index as the previous three, they
also have important exposure to network risks, with input rates above 20. These two risks
are also related to economic (R19) and technical (R7) categories. The remaining five nodes



www.manaraa.com

Land 2021, 10, 613 14 of 23

(S1R14, S2R14, S4R7, S4R14, S7R7), despite not having the high values like the previous
nodes, are also related to technical and time risks. Figure 7b shows the nodes most referred
to by the actors as a source of risk.

Regarding betweenness centrality Table 7 shows the three nodes that connect the
most pairs of nodes in the network (S3R14, S2R14, S2R19). Nodes S3R14, S2R14, and
S2R19 represent time (R14) and economic (R19) risks associated with actors categorized as
project developers (S3, S2). Nodes with a high level of betweenness centrality are strategic
since they can retain, interrupt or distort the network [69]. Therefore, these nodes are the
most critical when spreading risk within the network, being a hub for the entry and exit
of links. Breaking the bonding of these nodes would simplify the most critical paths of
the network, allowing each of the nodes to be managed more easily. Link betweenness
centrality confirms that the project developers (S1, S3) associated time risks (R14), with an
indicator of 16.5, play a fundamental role within the project network. In this sense, the link
that connects nodes S3R14–S1R14 is the most critical, as it is the main connection bridge
between groups of nodes with a high magnitude of risk. The findings in the analysis of
betweenness centrality agree with the critical actors and risks presented above.

Table 7. Risks and critical interactions according to betweenness centrality.

Position ID Node Node Betweenness
Centrality ID Link

Link
Betweenness

Centrality

1 S3R14 15.5 S3R14–S1R14 16.5
2 S2R14 6.5 S2R14–S1R14 7.5
3 S2R19 2 S2R19–S3R19 3

4.3. Discussion

In general, similar research results support the findings of this study, demonstrating
that economic and technical issues are the primary source of risk in public projects, generat-
ing significant delays in delivery times [80]. However, even though the project was carried
out with a high social innovation component, social risks did not mark as important a
trend as the first two. One of the possible causes of these findings could be a lack of more
active participation on the part of the social actors within the project, mainly due to the
limitations that the project developers placed on these social groups.

In current studies, researchers point out that improper construction methods and
insufficient qualification technical staff associated with technical problems are a source
of delays in projects carried out in rural areas [4,81]. The results show a high impact of
technical risks in the project, mainly associated with changes in the project scope and
non-compliance with specified quality standards. Regarding the presence of economic
risks, other research has been aligned with the results of this study, stating that factors such
as additional costs [54] or changes in the price of raw material [43] are common to find in
this type of rural innovation initiatives, mainly due to the limitations of access that exist in
rural areas. Consequently, a set of delays in project delivery times is usually triggered due
to these types of risks.

It is also important to emphasize that within the results obtained in the interviews, the
actors included risks that had not been initially raised, such as the lack of interest on the
part of the irrigating communities in participating in the project, lack of support to the work
blocks by the project managers or non-compliance in the development of sustainability
measures. These findings explain that, in rural areas, the risks are not limited; on the
contrary, there are substantial continuous changes in the interaction patterns between
actors [82], making project management increasingly challenging to develop.

Scholars have also agreed that the project developers do not have, at times, good
communication with the community around the project, losing many privileges that could
increase your expenses, generating more costs and excess project time [39]. Additionally,
the critical role that rural communities play when implementing innovation projects has
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also been widely studied, and there is agreement on the difficulty that rural communities
may have when becoming familiar with the use of new technologies [83]. Although there
is an important number of papers that use SNA to identify risks from the viewpoint of
the actors, the context of the case studies is not related to rural development, so it is not
convenient to compare specific results of the network with other investigations. However,
in studies focused on urban development projects, there is agreement that the actors that
most generate conflicts are those related to the developers and the communities where the
project is developed. [33]. This situation can occur because the internal stakeholders are the
main body in planning, execution, and management in development processes, and they
are also the direct beneficiaries of the project, as Wang et al. mentions [83]. At the same
time, those external actors, who participate on an ad hoc basis, have a less critical role since
they suggest and guide the project implementation. Promote innovation can encourage
greater participation of stakeholders in the rural sphere, focusing on developing ideas in
the same direction.

Finally, there is agreement on applying SNA as a tool that allow to assess the level
of inclusion in rural development processes and the level of involvement of different,
often opposing, stakeholders into mutually motivated work to achieve common goals, as
Furmankiewicz states in his research [84].

4.4. Risk Mitigation Strategies

The results of SNA provided helpful information that made it possible to understand
risk interactions. That is why a series of strategies are proposed to mitigate risks based on
the indicators obtained in the previous section. It is based on the principle that risks must
be managed by qualified stakeholders who have sufficient capacities and are adequate to
counteract them [33]. Managing identified risks allows taking measures to optimize risk
throughout the project life cycle [85].

The risks with their respective associated actors that are named in Tables 5 and 6
must be mitigated with priority due to their consequences that they can generate for the
project. Additionally, interrupting and distorting the critical interactions of nodes with risks
associated with time and economic aspects, as indicated in Table 7, would considerably
simplify the network into parts that are much simpler and easier to manage, reducing the
propagation effects on the other nodes.

According to the quantitative results obtained through SNA, indicators show that
nodes having risks related to economic, technical, and time aspects associated with the
irrigation communities and project developers have greater influence within the network;
therefore, within the proposed strategies for risk mitigation, alternatives related to efficient
financial management; control of the quality standards and scope of the project; and
monitoring the project schedule and delivery times are included. These strategies should
be practical and applied to actors associated with these risks.

4.4.1. Efficient Financial Management

Financial management challenges are associated with cost overruns and lack of access
to funds (S1R19, S2R19, S3R19). These relations are particularly true for rural areas because
the socio-economic context is often characterized by minimal access to resources (physical,
human and financial) [86]. To mitigate risks associated with cost overruns, inaccurate
estimates of project costs should be avoided, as well as design changes in the construction
phase [87]. In this sense, according to the results obtained, project developers, through
the coordinators and water efficiency team, are the actors who must exercise the most
control in this regard. Regular monitoring can efficiently reduce project cost overruns [88].
Otherwise, to guarantee access to monetary funds, late payments and financial deficiencies
must be avoided [80].
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4.4.2. Control of Quality Standards and Project Scope

For this type of project, the development and management process must be peri-
odically monitored. Results show that risks associated with changes in the technical
scope of the project (S1R4), changes in sustainability measures (S6R18, S7R18), as well as
non-compliance with the project quality standards (S2R7, S1R7, S4R7) are critical. Some
standards that manage and ensure project quality are ISO 9001 and IPMA standards related
to a quality management system and technical skills [89]. This management should mainly
charge the project coordination, the energy efficiency group, and field coordinators.

4.4.3. Follow-Up to the Project Schedule and Delivery Times

A delay in project delivery times typically generates cost overrun [80], so meeting the
stipulated deadlines goes hand in hand with proper expense management. In this case, as
the project is developed in rural areas and the availability of materials and qualified labor
could be limited, execution times increased (S1R14, S3R14 S2R14, S3R14). Having good
project planning through scheduling techniques such as the Gantt chart or PERT allows
identifying critical routes, scheduling a risk analysis, revealing the interdependence of
activities, and providing a means to verify the progress of the project [90]. On the other
hand, the irrigation communities, in some cases, were not interested in participating in the
project (S6R2, S7R2), so not having their participation and approval could imply delays or
suspension of activities.

It must be taken into account that the networks of local actors play a crucial role in the
mobilization of resources (local or external) for the development, adoption and implemen-
tation of different types of innovation in the productive system of rural areas [86]. Social
problems associated with poor communication and pressure from irrigation communities
(S6R3, S7R3, S6R1, S7R1) were also identified. Poor communication between stakeholders
can delay the completion of projects [88]. Successful project communication is only possible
when the entire project team communicates effectively. Even if project coordination is
the focal point through which communications flow, other project members must also be
effective in their interactions with stakeholders [91]. The transformation and improvement
of social relations contribute to social development [92].

5. Conclusions

This research takes advantage of the collective knowledge of risks and stakeholders to
generate solutions in risk management within the management and development process
of rural innovation projects. Consequently, the set of information produced in this study
will be a valuable basis for risk analysis of new rural development projects.

Through a literature review and interviews with key stakeholders, a risk list of
37 factors was compiled). Identifying risks within rural projects must be continuously
monitored, mainly due to the adverse effects the risks may have on the entire project.
The use of SNA was useful to identify the main risks and interactions that affect the de-
velopment of projects in rural areas. In general, the network analysis showed that the
difficulty of managing the nodes is low, with only 1.7% of possible links of the entire
network. This percentage indicates that the links present in the network analysis can be
interrupted, making it easier to manage as long as those nodes with high centrality indices
are mitigated. The critical nodes were: S1R4, S6R18 and S7R18 by output index, and S3R19,
S3R14 and S2R7 by input index. These nodes were associated with technical, economic and
time risks, especially changes in the scope and quality standards (R4, R7), additional costs
(R18, R19) and excess time in project execution (R14). The actors associated with these risks
were project developers (S1, S2, S3) and the irrigation communities (S6, S7). As a solution
to mitigate the main social risks identified in the project, strategies focused on efficient
financial management, control of quality standards and project scope, and monitoring of
the project schedule and delivery times were proposed.

The main limitations in this study were associated with: (1) The interviews were
conducted with a limited group of actors. For this reason, it is possible that within the



www.manaraa.com

Land 2021, 10, 613 17 of 23

research, all the social risks associated with the development and management of rural
innovation projects are not identified. (2) The sample size could affect the robustness of the
results. However, this limitation does not entirely affect the research carried out, mainly
because the interviews were carried out with the most representative stakeholders of the
project. (3) The mitigation strategies proposed in this research were carried out based on a
theoretical assumption, without empirical evidence.

The results also show the need to continue exploring new networks of increasingly
large and complex actors within rural development that help identify new potential risks
and interactions. Having a complete database that studies different case studies from
Europe can allow a more in-depth analysis of the various interactions of actors and risks
created within rural projects to be generated. Additionally, extending the time span of
the study to the entire life cycle of the project could generate new information. Finally,
it is necessary to carry out empirical studies that support the effectiveness of the three
mitigation strategies proposed in this study, considering that the alternatives were based
on a theoretical assumption.
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Appendix A

Table A1. Matrix associated with SNA. Within each cell of the matrix are the values associated with risks: the left represents the impact, while the digit located on the right side represents
probability.

S1R7 S1R14 S1R19 S2R7 S2R14 S2R19 S3R7 S3R14 S3R19 S4R7 S4R14 S4R19 S5R7 S6R19 S7R7 S7R14 S7R19 S8R7 S8R19 S13R7 S13R14 S13R19

S1R4 (2,1) (2,1) (1,1) (1,1) (3,4) (3,4)
S1R6 (2,1) (2,3)

S1R12 (2,1)
S1R9 (2,1) (2,1) (2,1)

S1R15 (1,3)
S2R14 (2,1)
S2R9 (1,1) (1,1)

S2R18 (2,1)
S2R19 (1,3)
S2R21 (2,3)
S2R22 (2,3) (2,3)
S3R4 (2,4) (2,4)

S3R14 (2,1)
S4R11 (5,5)
S5R5 (2,1) (2,1)
S6R1 (1,1) (1,1)
S6R2 (2,1) (2,1) (2,2)
S6R3 (2,2)
S6R5 (2,1) (2,1)
S6R8 (2,3)

S6R10 (2,1)
S6R13 (2,1) (2,1)
S6R16 (2,3)
S6R17 (2,3) (2,3) (2,2)
S6R18 (5,5) (2,2)
S6R22 (2,3) (2,3)
S6R23 (2,3)
S6R25 (2,4) (2,4)
S6R26 (1,2) (1,2)
S7R1 (1,1) (1,1)
S7R2 (2,1) (2,1) (2,2)
S7R3 (2,2)
S7R5 (2,1) (2,1)
S7R8 (2,3)

S7R10 (2,1)
S7R13 (2,1) (2,1)
S7R16 (2,3)
S7R17 (2,3) (2,3) (2,2)
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Table A1. Cont.

S1R7 S1R14 S1R19 S2R7 S2R14 S2R19 S3R7 S3R14 S3R19 S4R7 S4R14 S4R19 S5R7 S6R19 S7R7 S7R14 S7R19 S8R7 S8R19 S13R7 S13R14 S13R19

S7R18 (5,5) (2,2)
S7R22 (2,3) (2,3)
S7R23 (2,3)
S7R25 (2,4) (2,4)
S7R26 (1,2) (1,2)
S9R6 (5,5)

S9R14 (2,1)
S10R17 (1,3) (1,3)
S10R25 (2,4) (2,4)
S11R4 (1,2)
S11R8 (1,3) (1,3) (1,3)
S11R12 (2,2)
S11R24 (1,3)
S12R16 (2,3)
S12R17 (2,3)
S12R20 (1,2)
S12R25 (2,4) (2,4)
S14R14 (2,1)
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