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Abstract
Interactive innovation is the innovation process that is co-produced by the interaction of actors, such as 
farmers, land managers, researchers, policy makers and consumers. It connotes complex and socio-sci-
entific problems that utilize participatory methodologies to bring in diverse perspectives of stakeholders, 
who have control over the development and decision-making process. Most failure or information ab-
sence come from insufficient communication transfer, which can result in conflicts between stakeholders, 
especially in projects with multi actor partnership and multidisciplinary stakeholders. Rural innovation 
is addressed by measuring stakeholder interactions that take place in the project. By identifying the risks 
in the network and the stakeholders associated to the risks, we find the underlying cause of the problem in 
two case studies in Spain. Results reveal that lack of communication among internal stakeholders was the 
main threat in both projects. Recommended action plans included establishing an effective communica-
tion strategy, establishing a well-defined terminology to avoid miscommunication among internal stake-
holders and taking into account ethical and cultural differences among stakeholders to avoid mistrust. 
The risk analysis provides stakeholders with a holistic view over the project in knowing the location of the 
resources and where the problem lies. This way stakeholders can scrape out the wound.

Keywords: Interactive innovation, Risk network analysis, Rural innovation, Stakeholder interaction.

1.  Introduction

Rural innovation is co-produced through in-
teraction between actors, such as farmers, land 
managers, advisory services, brokers, intermedi-
aries, consumers, researchers, private sector, pol-
icy researcher (Hall et al., 2001; Imperiale and 
Vanclay, 2016; Quiedeville et al., 2017; Smits 
and Kuhlmann, 2004). When stakeholders inter-
act and jointly identify problems and come to a 
solution it creates knowledge, which gives ad-

vantages and disadvantages to the project (Gray 
et al., 2012). The creation of potential solutions 
to a problem through the collective learning pro-
cess of stakeholders is marked as co-innovation 
(Dogliotti et al., 2014; Nederlof et al., 2011). 
Co-innovation is still an abstract concept which 
combines systems theory, social learning, de-
sign and monitoring and evaluation and utilizes 
participatory multi-stakeholder methodologies 
(Botha et al., 2014; Dogliotti et al., 2014). As 
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co-innovation has been widely conceptualized 
as a process, the integration of participatory en-
vironmental decision making into the process 
has become inevitable (Lee et al., 2020; UCT 
and UNITAR, 2006; Wu et al., 2014), where 
multi-stakeholders, including community are 
encouraged to take control over the development 
process and decisions over resources (Allen and 
Kilvington, 1999; Neumeier, 2012).

In the rural context, the innovation process is 
challenged by the complex environment where 
it unfolds calling for diverse perspectives from 
stakeholders with various background (Douth-
waite et al., 2017; Preskill and Gopal, 2014) and 
so their multiple perspectives have significant in-
fluence on decision-making (Graef et al., 2018; 
Hall et al., 2001; McNie, 2007). Bringing in their 
perspectives on the problem and their participa-
tive action is crucial to identify the underlying 
cause of the problem which can then motivate 
innovative thinking to find adaptive innovative 
solutions (Lee et al., 2020; Tecco et al., 2016).

Lee et al. (2020) have identified from literature 
review that stakeholders in their innovation pro-
jects are concerned with finding the fundamental 
cause of the problem. This is the first step toward 
finding a solution. Finding the cause of the prob-
lem then allows stakeholders to discuss and come 
to an agreement on what needs to be done and 
what further opportunities exist. However, in the 
process of looking for solutions, interdependent 
interactions exist among multiple stakehold-
ers who are the participants along the process 
(Freeman, 1994; Rowley, 1997). Their continu-
ous feedback are the valuable insights allowing 
for new perspectives thus creating value-added 
to the project. The value creation promotes the 
enhancement in a network through (innovative) 
capacity development and community empow-
erment (Douthwaite et al., 2003; Graef et al., 
2018; Paz-Ybarnegaray and Douthwaite, 2017; 
Quiedeville et al., 2017). The collaborative ac-
tions through innovative thinking and community 
empowerment can facilitate an innovative envi-
ronment (Eichler and Schwarz, 2019), which is 
crucial in enhancing the decision-making process 
in a multi-stakeholder context.

A stakeholder-based life cycle assessment has 
been proposed by Thabrew et al. (2009) that 

provides stakeholders a holistic view over the 
whole project by visualizing a broader set of up-
stream and downstream consequences of deci-
sions in planning and implementation. Another 
useful tool that to be applied for enhancing deci-
sion-making is a stakeholder map. A stakeholder 
mapping is the visualization of a network cre-
ated through interactions between stakeholders 
and has been used in several studies in order to 
gain insight of resource allocation and interac-
tions between stakeholders (Scott et al., 2005; 
Thabrew et al., 2009; Yang and Zou, 2014). Sch-
neider and Buser (2018) went on further to ana-
lysing the degree of stakeholder interaction in 
specific projects. This increased the probability 
to reach the intended contribution goal; allocate 
efficiently and effectively time and resources 
and reduce participation fatigue and project fail-
ure. The study of Yang and Zou (2014) went on 
beyond analysing the interaction of stakeholders 
and created a stakeholder-associated risk map 
that enabled them to identify which type of risk 
was associated to whom. That way strategic 
management plans for reducing the risk or plan-
ning ahead for mitigation actions were possible. 

Many problems in projects are associated 
to stakeholders and their interactions (Khan et 
al., 2020; Thabrew et al., 2009; Yang and Zou, 
2014), thus analysing what problems stakehold-
ers face and with whom that risk is associated 
to will give clues what actions to take to miti-
gate that risk. Previous studies show that the role 
of stakeholders in identifying the risks can no 
longer be left out. As stated by Prum and Del 
Percio (2009), in a project, risk sources should 
be analysed and each stakeholder should assess 
their risks and take measures to mitigate the pos-
sible impacts. Qin et al. (2016) studied the risk 
factors such as political, social, certification, fi-
nancial/cost, quality/technological and manage-
rial risks according to stakeholder’s perception 
of risk importance. Similarly, in agricultural 
production, risk has been discussed in line with 
climate-related disasters, especially in areas 
where food insecurity is prevalent (Carter et al., 
2007; Gaiha and Thapa 2006; Drollette, 2009). 
To reduce the risk and make farmers and socie-
ties adapt to new farming practices and change 
their cropping patterns (IPCC, 2014; Jha, 2015; 
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Swami and Parthasarathy, 2020) studies on the 
level of farmer’s perception, knowledge and 
awareness on climate-related risks were carried 
out by Khan et al. (2020) and Qin et al. (2016). 
Moreover, social problems such as food security 
and poverty involve more complex risks such as 
price stability, agricultural production and pop-
ulation growth. Understanding and analysing 
food security, therefore need to be conducted 
by digging deeper into the structure of the risks 
that exist along the value chain (Capitanio et al., 
2019; Lacirignola et al., 2015). The results of 
these studies served as a reference point for pol-
icymakers in future appropriate adaptation poli-
cies to facilitate rural communities in sustaining 
their livelihoods. Eventually, analysing the risk 
contributes to effective decision-making and ef-
ficient communication.

What kind of risk analysis is important?
As projects, that embed economic, social, 

technical, and environmental risks seek for in-
novative solutions, society demands that these 
projects deliver more sustainable and efficient 
outcomes. Robichaud and Anantatmula (2011) 
emphasized the importance of stakeholder analy-
sis and considered the most significant challenge 
to delivering a successful project to be “com-
munication and coordination across a multidis-
ciplinary team” to accommodate specific user, 
regulatory, or community needs and therefore 
mitigate the risks (Robichaud and Anantatmu-
la, 2011, p. 54). One crucial problem during the 
planning process is that important information 
is not transferred or transparent enough to make 
a consent decision (Arts and Faith-Ell, 2012). 
Lack of information for decision making implies 
that social risk exist such as miscommunication 
and conflicts among stakeholders. In social con-
texts interorganizational and social networking 
play crucial roles and remain key factors to be 
investigated (De Hoyos-Ruperto et al., 2013; 
Johannisson and Nilsson, 1989). In most cases, 
these relationships are locally embedded and en-
gagement in local networks provides access to 
local resources (McKeever et al., 2014).

Regarding agriculture and forestry projects, 
the abandonment of farmland can have severe 
environmental consequences, such as threat-
ening farmland biodiversity (Plieninger et al., 

2014; Zakkak et al., 2014) and provisions for 
ecosystem services (Benayas et al., 2007). 
Terres et al. (2015) aimed to identify the main 
drivers in farmland abandonment in Europe and 
showed that low farm dynamism/adaptation 
capacity, aging farmer population, enrolment 
in specific agricultural schemes and weak land 
market, amongst others. The farming communi-
ty faces multiple risks including climate change 
(global warming, climate variability and ex-
tremes), social, economic, market and political 
risks (Smit and Skinner, 2002). Even technical 
and environmental risk have social consequenc-
es. For example, modelling farmer’s behaviour 
and perception is very important to find answers 
to farmer’s adaptation to the socio-economic 
conditions, such as new agricultural practices 
(Javed et al., 2020; Kuang et al., 2020; Swami 
and Parthasarathy, 2020). The cause of the risk 
and moreover risk mitigation plans is associated 
with social issues, such as stakeholder’s percep-
tion of risks or information flow and control. So-
cial factors including the risk of people and their 
interaction should be discussed to take mitiga-
tion action and set up strategic plans. To study 
and explore on the risks faced by stakeholders in 
their project, a network map of stakeholder as-
sociated risk is drawn and coded to comprehend 
with a holistic view what risks are embedded in 
the project and which actions should be taken 
to reduce or eliminate the risk. A deeper look 
into what risks exist and with whom this diffi-
culty is encountered by directly interviewing the 
stakeholder facing that risk will give us explicit 
answers.

This research aims to answer the following 
research questions in order to dwell upon stake-
holder associated risks and the interactions be-
tween them to find out the critical risks that hin-
der the project from a successful outcome.

1.	 What risks are faced by stakeholders in the 
project and to whom are the risks related 
to?

2.	 Which of these risks are considered the 
most critical?

3.	 What could be the mitigation action plans?

The methodology chapter starts with the de-
scription of the two case studies that were used 
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for the analysis. It is followed by stakeholder’s 
interview and then followed by the methods and 
steps used for this research. A list of stakehold-
ers and their risks were obtained by conducting 
online interviews (Chapter 2.2). A visualization 
of the risk network and further interpretation 
along with a mitigation action plan is given in 
Chapter 3. Finally, authors conclude with impli-
cations of the research.

2.  Case study and research activity

This section describes step by step the materi-
als used for the study. The two case studies were 
taken as the two most interactive innovation 
case studies in Spain because of the long supply 
chain comprising of various stakeholders in their 
project. The descriptions are explained in Chap-
ter 2.1 and is followed by a figure that explains 
the methods taken for this research. Finally, the 
stakeholder’s interview and the categorizing of 
risks and stakeholders follow.

2.1.  Description of case studies

Two case studies were analysed to address 
the ‘how’ type of question in order to under-
stand how risks are connected in the rural de-
velopment sector. The case study selection was 
not random but was based on a prior systemic 
sampling. In Spain, 35 cases were identified to 
deal with interactive innovation based on stake-
holder questionnaire that was funded by the Eu-
ropean H2020 project LIAISON, which aims to 
optimize interactive innovation and networks 
and thus build capacities for more productive 
interaction and improve European innovation 
policies in agriculture, forestry and rural devel-
opment. From the 35 selected projects, authors 
have identified two representative cases based 
on their multi actor partnership and multidisci-
plinary stakeholders. One deals with efficient 
water irrigation management (hereafter project 
1) and the second deals with agroforestry man-
agement (hereafter project 2).

Project 1, which began in 2013, is an “Effi-
cient Irrigation Management” project under 
the Research, Development and Innovation 
initiative promoted by a public company, with 

the aim of optimizing the energy and water ef-
ficiency of irrigated areas in Spain and thus 
achieve economic viability and social-economic 
sustainability. It is responding to the Irrigation 
Communities for the management and mainte-
nance of the irrigation infrastructure works that 
the Ministry of Agriculture, Fisheries, Food and 
Environment executed during the years 2007 to 
2012, within the framework of the National Ir-
rigation Plan and the Irrigation Modernization 
Shock Plan. The project has 4 teams each having 
its own work: the electricity market that identi-
fies the best alternatives for contracting electri-
cal energy to reduce costs; the renewable energy 
team that identifies renewable energies (wind, 
photovoltaic, mini-hydraulic, or other) applica-
ble to the intervention areas to produce clean and 
economical energy; the energy efficiency team 
that implements energy efficiency practices and 
procedures, making use of technology and con-
sidering characteristics of each irrigation com-
munity; and water efficiency team that studies 
and implements new technologies (humidity 
probes, remote sensing, or other) to optimize 
(timely) irrigation.

The key stakeholders in this project are besides 
the project coordinators, the four working teams 
responsible for electricity, renewable energy and 
its efficiency and water efficiency and the irri-
gation community. Irrigation communities are 
similar to pilot case studies to the whole project. 
The communities provide data on their irrigation 
for energy and water optimization, hence they 
are playing a crucial role to the whole project. 
Some large irrigation communities have partic-
ipated in the design of the project, by offering 
their point of view. The long supply chain and 
stakeholders with different interests correspond 
to the multi actor setting in a project. Therefore, 
their interaction is assumed to be complicated 
and complex.

Project 2, that had ended in 2019 was an EU 
Horizon 2020 project, aimed to foster the ex-
change and the knowledge transfer between 
scientists and practitioners in agroforestry. The 
project emphasized on five specific objectives 
which was to establish the system and method-
ological basis for knowledge exchange on agro-
forestry further building on a knowledge cloud 
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that will not only enable the exchange of knowl-
edge and practices but bring synergies between 
European, national, and regional policies related 
to the agroforestry sector to support the effec-
tive implementation. The project was based on a 
thematic network, where key stakeholders range 
from universities, research centres and NGOs in 
nine countries across Europe. Communication 
and information transfer and the transparency 
of information was key for knowledge transfer 
across the nine countries across Europe. More-
over, terminologies such as agroforestry and the 
relevant practices for agroforestry differed from 
country to country according to their culture. 
This multi actor partnership in a multinational 
setting awakened the interest to examine on the 
interaction between stakeholders.

2.2.  Stakeholders’ interviews

The first part was to gather information on risks 
that will feed into the network analysis. 50 on-
line interviews were conducted with stakehold-
ers from the two described innovative projects. 
The interviews were carried out from mid-March 

1  Due to the COVID 19 circumstances travelling across the country was prohibited and therefore all 50 interviews 
were conducted via Zoom or Skype.

2  This research has been carried out in parallel with the Europe H2020 project LIAISON.

to the first week of July in 2020.1 Before the on-
line interviews, the project coordinators were 
contacted through email and were explained the 
intention of the project2 and the intention of the 
risk network analysis. Authors were given a list 
of relevant stakeholders (researchers, practition-
ers, technicians…) to contact from the coordina-
tors of the projects. All interviewees were then 
contacted by email prior to the online interview 
and were asked for consent. Interviewees were 
asked what risks they faced during the project 
process and with whom the risk was associated 
to (stakeholder-associated risk). They were then 
asked what impact the risk might have on the 
project outcome and were asked to rate the risk 
from 1 to 5; 1 being very low impact to 5 having 
very high impact. Inferring to risk occurrence 
and the likelihood of impact gave the authors 
exploratory answers.

2.3.  Methods taken in the research

A figure that explains the methods and steps 
undertaken for this research is shown below 
(Figure 1). The most left column explains the 

Figure 1 - Steps and methods for the stakeholder-associated risk management.
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five steps taken in this research. The method 
column explains each method or methodology 
undertaken for each of the five steps. The third 
column then shows what outcomes are expected 
from each step. The risk management process on 
the far right, is the process undertaken by the au-
thors to get to the final outcome of this research.

The first step is the identification of stakeholder 
and risk and the data were gathered through on-
line interviews and email exchanges. The second 
step was the determination of risk relationships. 
A Risk Structure Matrix was done through in-
terviews from the first step and follow-up online 
interviews where necessary. Through the Risk 
Structure Matrix, the decipherment of the risk 
network in step 3 was possible. The third step 
was the risk network taking the Risk Structure 
Matrix in step 2 and deciphering it with STATA 
and UCINET, which are statistical tools for the 
Social Network Analysis method used to quantify 
the results. The fourth step was the visualization 
of the stakeholder-associated risk map. Software 
such as UCINET and Netdraw were used to draw 
the risk network. Finally, in the fifth step the risk 
network was interpreted with several internal 
meetings and discussions by authors. A critical 
risk list was made, and mitigation action plans 
elaborated using discussion outcomes by authors.

3.  Results and discussion

3.1.  Risk profile

This section explains the grouping of the risks 
and stakeholders. The sub chapters that follow 
explain thoroughly how the categorization for 
risks and stakeholders has taken place.

There is no standard classification of risks. 
However, this study has referred to the risk cate-
gory used by Yang and Zou (2014). Although the 
study by Yang and Zou relate the risk category 
to the green building sector, there are several rea-
sons why the authors have realized a small over-
lap and have referred to this: (1) risk analysis in 
green building projects is very much advanced 
and several attempts have been made to list the 
risks, which makes the risk category relatively 
reliable and suitable to the related sector (2) the 
complexity and problematic characteristics of the 
construction industry which are described as “ex-
tremely conservative and subject to slow rates of 
change due to regulatory… and limited technolo-
gy transfer from other sectors of society” (Kibert 
et al., 2000) are to a great degree comparable to 
those of the rural development sector.

The six risk category used for this study are: 
time, cost, policy and standard, organization and 
management, quality and technical and environ-
ment (Table 1). The risk organization and man-
agement are very much related to risk in commu-
nications and therefore problems in interaction. 
Below the table shows the risk categorization 
adapted and modified from Yang and Zou (2014).

3.1.1.  Categorizing the stakeholders
In the rural development sector, there is no 

standard stakeholder list, because the character-
istics of stakeholder are very much dependent on 
each project. Thus, this study does not refer to 
any of the stakeholder list identified in previous 
studies, instead refer to the five social interactions 
identified in the LIAISON project. LIAISON has 
determined five interaction types in innovation 

Table 1 - Risk category.

Risk category Explanation
Time risk related to time management
Cost (financial) risk related to cost increase and return; usually funds

Policy and standard risk related to change in regulation and funding policy or environmental 
regulation

Organization and management 
(interaction and communication)

risk related to organization structure, knowledge and relationship 
management 

Quality and technical risk related to quality of material, technology advancement (or failure)
Environmental risk related to environmental extremes (eg. weather)
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systems (Cronin et al., 2021): I) interaction with 
policy; II) interaction within the project; III) inter-
action with external stakeholders; IV) interaction 
of the project and the context and V) interaction 
with the surrounding environment. In the fourth 
interaction, the stakeholders are not related to the 
project and do not have direct authority or control 
over it, however their behaviour may influence 
the project indirectly. Authors have identified five 
groups of stakeholders according to these types. 
The groups are government, external stakeholders 
(including policy makers) associated to interac-
tion I; internal stakeholder associated to interac-
tion ii, consultant and other external stakeholders 
associated to interaction III and interaction IV. 
The fifth interaction is not related to a stakeholder 
group, because it cannot be controlled by them; 
these are environmental risks.

The internal stakeholder group refers to actors 
that are within the project network and can have 
effect on decision-making over the process of 
the project. When conducting the interview, au-
thors have realized that quite an amount of risk 
arises from interaction with internal stakehold-
er. This also means that there have been discus-
sions, communications and argumentation dur-

ing the process of the project. The government is 
usually referred to as the government or regional 
government who sets out regulations and has de-
cisions over the funding process. External stake-
holders are other investors and (sub) contractors 
to the project. The fourth group, consultant, re-
fer to advisors or research centres that provide 
knowledge to the project. Here any government 
advisory is excluded from the group. The fifth 
group, others, refer to external risks, which are 
often not controllable by stakeholders, for exam-
ple, risks due to weather extremes or software 
failure. These are environmental risks not direct-
ly related to a specific stakeholder, but somehow 
involve a certain group of stakeholders.

Next, is the stakeholder category for project 1 
(Table 2). It is evident that risks are confronted 
with internal stakeholders (within the project), 
with 26 risks counted. The second serious threat 
is non-controllable risks such as weather condi-
tions or wage inflation and is not associated to a 
specific stakeholder category.

Table 3 shows the results of stakeholder category 
and the risks encountered. A total of 8 stakeholders 
were categorized into 3 groups: internal stakehold-
er, government and external stakeholder.

Table 2 - Stakeholder category and risks for project 1.

Stakeholder category Number  
of risks Stakeholders

Internal stakeholder 26
S1: Energy Efficiency team; S2: Irrigation Community; S3 Group 
Tragsa (project coordinator); S11: Tragsatec; S13: renewable energy 
team

Government 3 S4: regional government
External stakeholder 2 S6: investors; S7: contractors
Consultant 1 S12: University of Valencia

Others (non-controllable) 6
S5: other (economical); S8: electric sector (supplier); S9: external 
risk (technical); S10: external risk (environmental); S14 energy 
(supplier)

Table 3 - Stakeholder category and risks for project 2.

Stakeholder category Number  
of risks Stakeholders

Internal stakeholder 4 S1: University of Santiago de Compostela (project coordinator); S3: 
all stakeholders in the project 

Government 7 S2: European Commission; S6: regional government; S7: 
administration 

External stakeholder 6 S4: farmers; S5: other actors related to case studies of the project; 
S8: all stakeholders not directly related to the project
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Results show that government is the stake-
holder in the project with the most risk encoun-
tered, meaning that most of the risks in project 
1 is associated with the (regional government). 
Funding issues, project implementation delay 
due to administration process or problems in the 
legislative requirements are critical risks associ-
ated with government.

3.1.2.  Categorizing risks
This section shows the results of the risks 

and associated stakeholders in the two innova-
tive projects in Spain. All risks identified during 
the interview were categorized according to the 
risk category (Chapter 3.1). The middle column 
shows the number of associated stakeholders 
encountering the risk described in the left col-
umn. On the right column of the table are listed 
the actual risks that were encountered during the 
project. Note that one risk can be associated to 
one or more stakeholder group.

A total of 47 risks were counted for project 1 
with 14 stakeholders. These were then catego-
rized according to the risk and stakeholder cate-
gory (Table 4). Due to limited space availability 

not all risks are shown in the far right column 
of Table 3. However, all 32 risks were grouped 
during data process by authors.

In project 1 risk related to cost is the most 
threatening risk associated with numerous 
stakeholders followed by risks related to policy 
& standard. Risk related to time such as project 
timeout and environmental risks such as climatic 
conditions and land expropriations are minimal 
and not considered critical threats.

Table 5 is the risk category of project 2. A total 
of 14 risks were categorized into time, cost, pol-
icy & standard and organization & management 
with 8 stakeholders. One stakeholder can be as-
sociated with one or more risks, that is why the 
number of stakeholders (middle column) does 
not add up to 8. There are no risks related to 
quality & technical and environment. The right-
est column shows in specific what the risks are.

Project 2 considers risks related to policy and 
standard the biggest obstacle to the project fol-
lowed by risks related to organization and man-
agement, such as miscommunication among 
partners due to a lack of common language. 
From Table 5, we can see that the project is 

Table 4 - Risk category and associated stakeholders for project 1.

Risk category Number of 
stakeholders Risks

Time 2 Project timeout

Cost 9
R6: Wage inflation; R7: changes in price of materials/energy/water; 
R8: high sustainability costs; R9: additional costs; R16: budget cut; 
R20: inaccurate project cost estimate

Policy and Standard 6

R4: Change in government financing policy; R5: fiscal changes (in 
general); R10: opposition or lack of political support (government 
discontinuity); R11: delay in obtaining consent; R12: legislative or 
regulatory changes

Organization & 
management 3

R1: Pressure from internal actors (disagreements, lack of trust, 
demotivation); R3: lack of support from senior management; R29: 
social problems (raising awareness among farmers, new adaptation 
to sudden technological changes); R32: unavailable information

Quality & technical 5

R2: Ambiguity in the scope of the project / change; R13: Changes 
and problems in available technology; R14: Change in design 
and engineering; R19: Inadequate analysis of the complexity of 
the project; R21: Lack of experience in sustainable design and 
project management; R22: Unsuitable, untested or unreliable 
materials, products or sustainable systems; R23: Uncertainty in the 
performance of sustainable materials and equipment

Environmental 3 R15: Unfavourable climatic conditions to carry out the project
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very much dependent on policies and standards, 
which means that policy making and change in 
policies can have significant effects on the pro-
ject and its outcome. 

3.2.  Risk Structure Matrix

This step is defining the interrelationships of 
risks following Fang et al. (2012) and Marle 
et al. (2013). This method represents relations 
and dependencies among objects. The impact 
between the two nodes and the possibility of oc-
currence is designed in a Risk Structure Matrix 
(Table 6). The first row and column are the risk 
ID coded in the risk profile. The digital num-
bers inside the cells indicate frequency (calcu-
lated as possibility of occurrence) and impact: 
the left element is the impact between the risks 
(5 scales with “5” meaning extremely high, and 
“1” meaning extremely low); the right element 
is the likelihood of the impact (5 scales with 
“5” meaning extremely high and “1” meaning 
extremely low). For example, (1,4) indicates 
that the third risk associated to stakeholder 2 
(R3S2) has low level of occurrence, however 

has a high level of impact on the first risk asso-
ciated to stakeholder 1.

3.3.  Quantified results

For a comprehensive overview of the risk-stake-
holder network the density and cohesion were 
calculated first, then the degree, betweenness 
centrality and status centrality were measured to 
see individual nodes and links. 

Density is the ratio of all possible existing ties 
in a network. The equation is given below (see 
equation. 1)

(1)

It is calculated by Network G, K the existing 
relationships, N the total number of risks in the 
data set, and the interrelated risks in the Risk 
Structure Matrix.

Cohesion is a measure of the complexity of 
risk network based on risk reachability. The 
higher the cohesion, the more complexity of the 
risk network is. It calculates the distance, or the 
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Table 5 - Risk category and associated stakeholders for project 2.

Risk category Number of 
stakeholders Risks

Time 2 R7: Time delay at implementation stage because going to the next 
step was stuck at the level of recommendation, policy, regulation

Cost 1 R3: Lack of funds

Policy and Standard 6

R1: Project modification due to European Commission request; R10: 
ethical issue in different regions; R9: discrimination of policies and 
regulations; R14: lack of administration and legislation requirements 
for implementation

Organization & 
management 4

R2: unclear methodology; R4: lack of common definition of key 
terms; R5: Miscommunication or lack of communication; R6: 
difficulties to reach interested case studies/farmers/people due to 
large distances; R13: ignorance in management in silvopastoral

Table 6 - Risk Structure Matrix.

(frequency/impact) R1 S1 R2 S1 R3 S2 R4 S3 R5 S4 R6 S4

R1 S1 (2,5) (1,1) (1,1),

R2 S1 (2,5) (2,5) (2,3)

R3 S2 (1, 4) (3,4) (3,4)
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number of links, to reach nodes in a network. 
The equation to calculate the cohesion value is 
given below,

(2)

Where AdjMz is the adjacency matrices with 
network N, nodes labelled by i=1; 2; n. It is as-
sumed that aij > 0 if there is a direct/indirect link 
from node j to node i and aij = 0 otherwise. Ad-
jMd, give the number of walks of length z from 
each node to each other node. Number z is cal-
culated by the average walks between each pair 
of nodes in the network.

Further, in order to specify the location of 
the risks and the associated stakeholders in the 
network and see their interrelations, the degree, 
betweenness centrality and status centrality 
were calculated using the software UCINET and 
STATA (Borgatti et al., 2002; StataCorp, 2015). 
Degree of nodes helps to identify risks which 
have higher immediate impact on others. In-de-
gree (eq. 3) refers to risks that are impacted by 
other risks, whereas out-degree refers (eq. 4) to 
risks that have impact on other risks. The degree 
difference which is the Gap-degree (eq. 5) is the 
out-degree minus in-degree. The higher the dif-
ference, the stronger the impact of the risk to the 
others compared to impact received. The degree 
calculation only shows us the immediate con-
nectivity from node to node.

(3)

(4)

(5)

The betweenness centrality identifies risks 
and interrelations which have control over the 
impact passing through it. It measures the node/
link that falls between two or more other nodes/
links based on the shortest path calculated. The 
betweenness centrality can be calculated with 
eq. 6 and eq. 7, where σ S#´ Rk, S#Rj is the 
number of shortest paths from node S#´ Rk to 
node S#Rj.

Node Betweenness S*Rі = S#´ Rk, S*Rі, 

S#Rj ⋹ G; S#´ Rk ≠ S*Rі ≠ S#Rj σ S#´ Rk, 

S#Rj (S*Rі) / σ S#´ Rk, S#Rj

Link Betweenness S*Rі → S#Rj = S*´Rp, S*Rі,, 

S#Rj, S#´ Rq ⋹ G; S*´Rp ≠ S*Rі ≠ S#Rj ≠ S#´ Rq σ S*´Rp, 

S#´ Rq (S*Rі, S#Rj) / σ S*´Rp, S#´ Rq)

Status centrality helps to identify risks which 
have higher overall impact in the whole net-
work. It measuring the relative influence of a 
node within a network. The number of the im-
mediate neighbours (first degree nodes) and all 
other nodes in the network that connect to the 
node under consideration through these imme-
diate neighbours are measured so that the rel-
ative influence of a node within a network can 
be computed. The out-status centrality indicates 
the extent to which a risk can affect another risk, 
meaning the higher the value the greater the im-
pact of the risk in the network. The equation for 
the out-status centrality is given…, where is the 
distance between the nodes, ∝ is the weight as-
signed to each path or connection between a pair 
of nodes andis the adjacency matrices given the 
number of walks of length d from each node to 
another.

(8)

The Risk Structure Matrix from Chapter 3.5 
and the deciphered results from 3.6 were used 
to draw a stakeholder-associated risk map. This 
followed by an elaborated critical risk list and 
mitigation action plan.

3.4.  Risk network

The network measures, which is the density 
and cohesion show that the risk interrelations 
and complexity of the risk network was high for 
the two projects. Results for density, which rang-
es from 0 to 1, are 0.30 and 0.37 for project 1 
and project 2, respectively. Results for cohesion 
are 0.93 and 1.2 for project 1 and project 2, re-
spectively. An example of the risk network map 
is shown below in Figure 2. The figure demon-
strates that the network is very complex.

The bigger the node the higher the control of 
that node in the whole network. Figure 2 shows 
that risk related to cost, quality & technical are 
critical more than risks related to organization 
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& management. However, the mostly associat-
ed stakeholder group is the internal stakeholder 
group. Partners within the project have more 
control over these risks.

Figure 3 shows the risk network of project 2. 
It is less complicated than project 1, however 

we can see that risk related to policy & standard 
and associated to government is by far the crit-
ical risk. A closer look into the network shows 
that risk related to organization &management 
is another critical risk that should be paid at-
tention to.

Figure 2 - Risk network of project 1.

Figure 3 - Risk network 
of project 2.
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3.5.  Critical risks and mitigation action plan

Table 7 through table 10 show the critical ten 
risks and interactions for the two projects cal-
culated by the software UCINET and STATA. 
Node and link betweenness centrality identi-
fy risk interactions passing through that node 
or link. This means that a node or a link with 
a high value of betweenness centrality has a 
high level of control over the impact, because 
more risks and are passing through that node/
link. Out-status centrality calculates the extent 
to which the risk has an impact on other risks, 
differing with degree difference in that it looks 
at the whole network rather than individual 
node to node impact. Table 7 looks at the risk 
and its interactions through the whole network, 
whereas Table 8 looks at the single node as an 
individual risk.

The results for node betweenness centrality 
show that the critical nodes that have high con-
trol over the other nodes are mostly risks related 
to cost (R20, R16, R11, R5,) quality & technical 
risks (R23, R22, R19 and R14) followed by or-
ganization & management (R3, R25). The stake-
holders are mostly internal, meaning that actors 
who are directly involved in the project and have 
high influence and control over the risks. R19 S1, 
which is ‘inadequate analysis of the complexity of 
the project’ and is associated to the internal ener-
gy efficiency team, appears to be a critical risk in 
terms of link betweenness. It is linked to the same 
risk faced by the irrigation community (internal) 

Table 7 - Key risks according to betweenness centrality and status centrality for project 1.

Rank Risk ID Node betweenness 
centrality Risk ID Link betweenness 

centrality Risk ID Out-status 
centrality

1 R20 S3 162.90 R9_S1 => R9_S3 47.25 R10 S1 47.00
2 R19 S1 143.96 R22_S1 => R22_S2 47.00 R24 S13 47.00
3 R16 S3 112.26 R5_S2 => R5_S4 47.00 R15 S10 47.00
4 R5 S2 107.80 R3_S1 => R3_S3 46.10 R10 S2 46.5
5 R14 S9 87.13 R1_S1 => R1_S2 46.00 R12 S2 46.00
6 R23 S1 82.55 R16_S3 => R16_S11 46.00 R12 S4 46.00
7 R11 S7 81.95 R17_S3 => R17_S11 46.00 R12 S8 46.00
8 R22 S1 77.63 R19_S1 => R19_S2 45.00 R29 S2 44.00
9 R3 S1 63.02 R19_S1 => R19_S12 44.00 R7 S2 44.00
10 R25 S3 53.72 R16_S3 => R17_S3 42.15 R29 S14 42.75

Table 8 - Key risks according to degree difference for 
project 1.

Rank Risk ID Degree difference
1 R10 S1 22
2 R10 S2 20
3 R12 S2 18
4 R12 S4 18
5 R12 S8 18
6 R16 S11 16
7 R19 S2 16
8 R19 S12 15
9 R5 S4 14
10 R24 S13 14

and with the University of Valencia (consultant).
The out-status centrality column shows that 

‘lack of political support’ (R10) and ‘legisla-
tive or regulatory changes’ (R12) are two main 
risks in the whole network. There are also two 
non-controllable risks, which are ‘risk due to 
weather conditions and ‘unfavourable climatic 
conditions’. These differ significantly to the be-
tweenness centrality, which face more cost and 
quality & technical related risks rather than po-
litical discontinuity or regulatory changes.

The degree difference (Table 8) gives us the 
results of risks that have higher impact on other 
risks than received. The results differ with the 
results of Table 7.

The top five risks that have higher impact on 
other risks than received, are related to lack of 



NEW MEDIT N. 2/2022

89

political support/government discontinuity (R10) 
and legislative or regulatory changes (R12). The 
two main risks are associated to internal stake-
holders of the project. The energy efficiency team 
that is responsible for the energy supply during 
the process of the project and the irrigation com-
munity are examples of internal stakeholders.

Other critical risks are ‘inadequate analysis 
of the complexity of the project’ (R20), ‘lack of 
support from senior management’ (R3), ‘lack of 
access to funds’ (R9), ‘increase in price of ma-
terials (water, energy)’ (R32), ‘raise awareness 
among farmers’ (R33) and ‘unsuitable, untested 
or unreliable materials, products or sustainable 
systems’ (R23). These are mostly associated to 
internal stakeholders. It proves that most of the 
risks are associated to internal partners of the 
project as it was proven in Table 3.

Table 9 shows the risk interaction for project 2. 
Like project 1, risk and their interactions were giv-
en attention, so the node/link betweenness centrali-
ty and out-status centrality were calculated.

Critical nodes (see node betweenness central-
ity) that have high control over the other nodes 
are mostly risks related to policy & standard (R1, 
R7, R9, R12) and risk related to organization & 
management (R4, R5, R6, R13). The risks are 
mostly associated with external stakeholders 
(for example farmers) and equally same with 
government and internal stakeholders. Results 
for critical risk interactions (see link between-
ness centrality) R9_S4, which is ‘discrimina-
tion of policy’ associated with farmers (external 

Table 9 - Key risks according to betweenness centrality and status centrality for project 2.

Rank Risk ID Node betweenness 
centrality Risk ID Link betweenness 

centrality Risk ID Out-status 
centrality

1 R9S4 43.06 R8_S4 => R9_S4 20.58 R6S4 7.25
2 R8S4 29.49 R4_S3 => R1_S1 19.45 R4S3 7.25
3 R6S4 20.58 R6_S4 => R8_S4 14.17 R12S2 6.75
4 R4S3 15.51 R11_S2 => R9_S4 12.5 R8S4 6.5
5 R1S1 6.95 R10_S8 => R9_S4 12 R7S1 6.5
6 R12S2 6.58 R9_S4 => R11_S2 11.5 R5S4 6.25
7 R3S2 3.64 R9_S4 => R10_S8 11 R9S4 6.00
8 R13S7 3.13 R3_S2 => R6_S4 10.14 R3S2 5.87
9 R7S1 2.63 R5_S4 => R8_S4 7.83 R13S7 5.5
10 R5S4 2.43 R7_S1 => R8_S4 7.83 R2S1 5.25

Table 10 - Key risks according to degree difference 
for project 2.

Rank Risk ID Degree difference
1 R1S1 5
2 R13S7 5
3 R9S4 4
4 R2S1 2
5 R8S4 1
6 R11S2 0
7 R10S8 0
8 R5S4 -1
9 R12S2 -1
10 R7S1 -2

stakeholder) seems to be the mostly influential 
risk throughout the whole network.

The degree difference (Table 10) shows the 
results of risks that have higher impact on other 
risks than received. The results do not differ much 
from Table 8, in that the most critical risks are re-
lated to policy & standard (R1, R9, R10, R11) and 
organization & management (R2, R5, R9).

In project 2, a common risk has been identi-
fied: lack of common definition of key terms. 
This risk is critical in that it is related to com-
munication among all stakeholders, whether 
internal or external and also with government. 
Less or misleading communication can lead to 
mistrust and eventually to discrimination of pol-
icy, which has been identified has a critical risk 
interaction in Table 9.
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To mitigate the risks and reduce their impact on 
the whole project, the critical risks were removed. 
The top ten risks according to the node between-
ness centrality from Table 6 and Table 8 were 
considered as critical nodes to be removed, since 
they are the strongest nodes having high control 
over the impact in the whole network. When re-
moving the ten risks the nodes have been reduced 
from 47 nodes to 37 nodes and 637 paths to 258 
paths for project 1, and from 14 nodes to 9 nodes 
and 67 paths to 17 paths for project 2.

The network density has been reduced from 
0.3 to 0.2 (a decrease of 34.3%) and the cohe-
sion value reduced from 0.93 to 0.61 (a decrease 
of 34.4%) for project 1. For project 2, network 
density has been reduced from 0.37 to 0.24 (a 
decrease of 36%) and the cohesion value from 
1.20 to 0.83 (a decrease of 31%).

The main risk interactions are identified with 
the link betweenness centrality values. By cut-
ting of these links we can separate the main risks 
into simplified parts and reduce them by propos-
ing possible mitigation action plans (Table 11 
and Table 12).

According to the results in Table 11, commu-
nication between the risks and associated stake-
holders could be improved. Proposed mitigation 
action includes, for example:

Communication between senior management 
(often the project coordinator) and all partners 
should happen regularly using effective measures 
and strategies before and throughout the project;

Communication on technical difficulties, time 
shortages, access to additional funds and other 
changes should be done (written communica-
tion, if necessary) using an effective communi-
cation platform.

From the results, we can see that communi-
cation enhancement between stakeholders will 
reduce lack of trust and miscommunication 
between partners. Unnecessary risks can be re-
duced with effective and efficient communica-
tion strategy plans.

Table 12 shows the top ten risk interaction 
for project 2. Here, like the results of project 1, 
communication enhancement is a key mitigation 
action plan that can improve many difficulties. 
Proposed plans are:

A well-defined terminology and transferring 
of the terminology to the different partners 
avoids future miscommunication;

Consideration of end-users (farmers, local 
community) culture, ethics, traditional practic-
es into the project design and well communi-
cation of “new” practices will avoid mistrust 
between stakeholders.

Table 11 - Risk mitigation action plan according to the main risk interaction for project 1.

Risk interactions Mitigation action plan

R9_S1 => R9_S3 To apply to additional funding should not be difficult to stakeholders (otherwise 
lack of trust and miscommunication can happen)

R22_S1 => R22_S2 Project design before implementation should be thoroughly reviewed to avoid 
further malfunction of the project (untested materials, products etc.)

R5_S2 => R5_S4 Fiscal changes are unavoidable, but must be communicated in advance

R3_S1 => R3_S3 Communication between senior management and all partners should communicate 
closely throughout the whole project. 

R1_S1 => R1_S2 All partners should be aware of the timing of the project. A timeline with 
milestones and deliverables are useful.

R16_S3 => R16_S11 Budget shortages should be communicated

R17_S3 => R17_S11 Time shortages can be flexibly responded by project coordinators at the same time 
notifying all partners

R19_S1 => R19_S2
Preparation plans for complexity of the project should be known before the 
implementation stage; additional complexity during the project should be verbally 
and often communicated.

R19_S1 => R19_S12 Preparation plans and mitigation action plan for the complexity of project should 
be verbally communicated with external stakeholders of the project.

R16_S3 => R17_S3 Additional budget should be planned to deal with sudden budget cut
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The most critical risk interaction and their mit-
igation action plan demonstrate that communi-
cation is a key tool to reduce the risk network. 
Careful consideration of what kind of commu-
nication with which stakeholder is a way to en-
hance the communication type and structure. 
Communication type and structure may differ by 
project according to their characteristics, but it 
has been proven that better communication can 
lessen the risk network. Recalling that commu-
nication is (inter) action between two or more 
stakeholders, careful revision and study of inter-
action is necessary.

As literature states that elaborating on stake-
holder interaction and mitigating uncertainties 
can improve the overall performance of the 
project, this research supports through empir-
ical analysis that the Social Network Analy-
sis is a promising tool for analyzing risks and 
stakeholder interaction. Stakeholder interac-
tion may be defined by their risk preference 
(Khan et al., 2020), knowledge on their deci-
sion-making process (Senapati, 2020), their 
awareness on climate-related risks (Qin et al., 

2016). The knowledge of stakeholders and in-
tegrating them is described as complex. How-
ever, many innovative projects are required to 
find solutions to the complexity. Being aware 
of the diverse perspectives and knowledge of 
stakeholders and establishing a constructive 
and systemic way of thinking enhances criti-
cal reflections and assess the effectiveness of 
process. Thus, systemic thinking gives way out 
of complex situations. As such, the Social Net-
work Analysis is proposed as an evaluation tool 
of comprehensiveness, integration and system-
ic approach in order to achieve a high perfor-
mance in innovation management.

4.  Conclusions

The study draws on a stakeholder-associated 
risk network map that provides the stakeholder 
with a more holistic view of interactions in the 
project. The social network perspective can im-
prove stakeholders’ insight of the whole interre-
lations of the risk and associated stakeholder and 
thus provide a better risk management and de-

Table 12 - Risk mitigation action plan according to the main risk interaction for project 2.

Risk interaction Mitigation action plan

R8_S4 => R9_S4 Differences in agricultural practices between tradition and European policies must 
be acknowledged and well communicated.

R4_S3 => R1_S1 Differences in agricultural practices can begin by establishing a common definition 
of terms and communicating them well among partners

R6_S4 => R8_S4
Large distances between farmers (case studies) put more distances in terminology 
and communication, so other measures for communication strategy should be 
taken to shorten the gap

R11_S2 => R9_S4 Lack of common definition and guidelines should be overcome to avoid 
mismanagement and discrimination

R10_S8 => R9_S4 Dealing with end-users (farmers, local community) means considering their 
culture, ethics in working. This may avoid future and bigger discrimination.

R9_S4 => R11_S2 Well established management system may lead to full support of policies and less 
discrimination.

R9_S4 => R10_S8
Discrimination of policy is, when broken down into small parts, leads to ignorance 
of ethical difference among partners. This should be overcome by considering 
partners needs and accustoms first.

R3_S2 => R6_S4 A plan with all possible actions that could happen within the project should be 
made and a flexible funding system accordingly.

R19_S1 => R19_S12 Establishing a common definition on terminology and efficient communication 
will lead to a well project process.

R16_S3 => R17_S3
Adapting to new agricultural practices may lead to ‘going to the next step 
(innovation)’ level. Adapting farmers to new practices includes considering their 
perspectives in the project.
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cision-making process. Previous studies on risk 
analysis have evolved from analysing technical, 
environmental and social risk to stakeholder-ori-
ented risk perspective. Adinolfi et al. (2020) in 
their study have analyzed women’s rural econom-
ic participation, networking and access to rural 
policies and finds that more participation of wom-
en may lead to sustainable, developmental and in-
novation ways in the rural areas. As such, risk is 
no longer an individual phenomenon, but happens 
through the interaction of stakeholders and must 
be regarded at organizational and institutional 
level. Through exploratory analysis and empirical 
evidence this study finds several important points: 
(1) internal stakeholders play more important role 
than government or external stakeholders in al-
locating resources (2) communication among 
the stakeholders within the project is the most 
critical risk faced (3) establishing a well-defined 
terminology is critical for better communication 
among stakeholders (4) acknowledging the diver-
sity, such cultural and practice differences among 
stakeholders is a critical risk to overcome and a 
step to start better communication.

A key finding from the risk network analy-
sis, is that communication is the key risk that is 
stretched over the network and is critical to re-
duce the negative impact. Like the above exam-
ple, an analysis based on stakeholder interaction 
is promising in examining the impact or eval-
uating interactive innovation processes. In line 
the study brings forward two main findings for 
future policy implications.

First, stakeholder interaction should be re-
garded as an essential subject in the analysis of 
risk network and network management due to 
their impact on better decision-making process 
and sustainable development. The diversity of 
stakeholders and their networks result in more 
distributed control and requires more cooper-
ation and network management (Kemp et al., 
2007). Networks can facilitate collective action 
(Powell and Grodal, 2005; Lejano and de Castro, 
2014) and boost innovation by steering knowl-
edge acquisition and transfer, resource mobili-
zation and cooperation (Bodin and Crona, 2009; 
Dessie et al., 2013; Reed and Hickey, 2016). 
However from a micro perspective, knowing 
stakeholder’s preference and perception on their 

decision-making processes will help to identi-
fy the determinants of how they adapt to new 
agricultural management practices (Swami and 
Parthasarathy, 2020).

Second, stakeholder interaction and risk net-
work mapping as an integrative innovation pro-
cess should be regraded with a system thinking 
approach. Stakeholders co-produce knowledge, 
experiences and practices that are often described 
as complex socio-scientific problems and by in-
tegrating diverse knowledge into management 
their ideas contribute to bringing more resilient 
outcomes and adaptable system (Agrawal, 1995; 
Berthet and Hickey, 2018; Ingram et al., 2020). 
The knowledge produced should be continuous 
and feed into repeated learning cycles so that it 
can adapt to new changing circumstances during 
the process of the project (Paz-Ybarnegaray and 
Douthwaite, 2017). The adaptation itself allows 
us to see the developmental process of a project, 
which then allows to view the project from a 
broader perspective to see overall structures and 
interaction patterns within the structure.
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