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Abstract

Due to the climate change and increased attention toward environmental management issues,
the agri-food sector has been extensively relying on research, development, and innovation
(RDi) to transform conventional agricultural production into a sustainable and eco-friendly
industry. While the academic contribution of research has been relatively easily identified in
the literature, the assessment of its societal impact remains underdeveloped. Accordingly,
this study employs mixed-method evaluation approaches, mainly ASIRPA framework and
Impact Oriented Monitoring (IOM) model to better understand and measure the multi-
dimensional impacts of RDi in the agri-food sector in Spain. The objective of this analysis is
to identify the impact of research on the society and the ecosystem. An in-depth case study
analysis is conducted to examine the “best practices” program to promote sustainable
techniques in the rice cultivation. Empirical findings suggest a standardized index to measure
the economic, socio-territorial, health, political, capacity building, and environmental
impacts, involving the stakeholder-network evaluation. The study highlights important
implications for firm management decisions monitoring research uptake and policy design in
the agri-food sector.

Keywords: research outcome; sustainability performance; societal impact; innovative agri-
food sector.
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1. Introduction

The agri-food sector is considered one of the most influential industries in a country,
contributing to its national welfare, poverty reduction, and food security, and participating in
its economic growth—such as employment, development and technologies, income,
domestic consumption, and foreign trade (Birkhaeuser et al., 1991). The aftermath of World
War Il saw the emergence of a new era of technological development and scientific
revolution in the agricultural field (Winsberg, 1980). A drastic metamorphosis has been
challenging agricultural systems to adopt innovative approaches and to integrate efficient
transfer of knowledge at the macro and micro levels. Improving both the economic and
environmental performances of firms is a key driver of this change (Prandl-Zika, 2008). In
this regard, research, development, and innovation (RDi) play crucial roles in identifying
appropriate strategies to incorporate sustainable and innovative practices into agrarian
mechanisms. For instance, growing social and political concerns regarding the impact of
climate change have led to extensive RDi investments to fulfill the future targets of the
Sustainable Development Goals (SDGs) (UN, 2015)—i.e., well-being, minimizing hunger
and malnutrition, maximizing agricultural productivity, and promoting sustainability
performances (Garnett et al., 2013; Sanchez-Escobar et al., 2018; Thornton et al., 2013).

The improvement of agricultural production can be attributed to RDi investments and
to the efficiency of publicly funded projects and research institutes (Cai et al., 2017).
However, the evaluation process of RDi impact faces multiple challenges (e.g., time lag in
productivity response, uncertainty, and risk impact) that can affect the translation of research
return to the society (Alston et al., 2009). Accordingly, the methodological challenge is to
quantify the multidimensional outcomes of RDi in their economic, socio-territorial, health,
political, and environmental aspects. During the last decades, with the ushering of the green
revolution, the research assessment has been extended to accommodate not only economic
measures, but also different types of impact (Donovan, 2011; Huang and Odum, 1991).
Bornmann (2013) breaks down the social impact of research scopes into three components:
societal products (outputs), societal use (references), and societal benefits (changes in
society). He advocates that society can benefit from science and research only if the outcomes
are translated into useful products.

In the agricultural sector, remarkable studies adopt research impact assessment (RI1A)



to evaluate agri-food programs. The economic evaluation of RDi has been widely
investigated in the literature (Alston et al., 2009; Anderson and Song, 2013; Bervejillo et al.,
2012; Donovan, 2011). However, the assessment of their social, environmental, or
sustainable impact remains extremely limited (Dendena and Corsi, 2015; Weifl3huhn et al.,
2017). Due to the increased attention of the European Commission (EC) and after the Lisbon
Strategy (2010), the assessment framework of research is shifting to expand the scope of
evaluation by integrating a wider scale of socio-economic and sustainability indicators. An
important gap in RIA literature emphasizes the lack of impact-oriented assessment tools
(Penfield et al., 2013); in fact, previous studies tend to be driven by research disciplines rather
than being guided by the typology of impact. Therefore, further investigation must be
conducted in an attempt to measure and monitor various types of impact generated from RDi
and elaborate on how their scientific contribution is translated into societal contribution to
the public and the ecosystem.

This study investigates how research projects on the agri-food sector are generating
impact and their benefit to society by evaluating the RDi of the Institute of Agri-food
Research and Technology (IRTA) in Catalonia, Spain. The aim of this analysis is to identify
the societal impact of RDi and to go beyond the conventional appraisal of its economic return
and academic outcome. Therefore, we conducted a case study of the five-year “best
practices” program to investigate the impact of research development on rice cultivation in
Spanish society. The key findings reflect a standardized tool applicable to evaluate and
monitor research impact on the cultivation of various crops, as well as assisting in the
accomplishment of adequate research policy planning and project management strategies.

The contribution of this research study is mainly translated to the RIA literature from
both methodological and empirical points of view. Consensus is growing among policy
makers and practitioners on the lack of a “single impact” to be measured and no “best
approach” for doing so (Horton and Mackay, 2003; Weihuhn et al., 2017). In contrast to
previous studies, this work moves away from identifying a “unique technique”; instead, we
propose a mixed-method research design to examine the multidimensional effect of agri-food
RDi. To the best of our knowledge, no prior study exists in Spain that analyzes the societal
impact of agricultural RDi. Furthermore, it is considered as the first study that applies the

Impact Oriented Monitoring (IOM) model recently proposed by Guinea et al. (2015) to the



agricultural research area. Finally, the implication of this study supports policymaking and
regulatory formulation in the paddy and rice industries.

The remainder of the study is structured as follow. The second section comprises case
study background and experimental area, providing an overview of the rice cultivation in
Spain. Section three presents the methodological design, theoretical framework, and data
collection. Then, in section four, key findings of the societal impact assessment are discussed.
Finally, the last section highlights the major conclusions and inferences of RDi to build a

sustainable agri-food sector.

2. Case study background and experimental area

Rice cultivation has a significant socio-cultural influence and ecological implication in the
Mediterranean region of Europe (EU). The two leading rice producers in EU are Italy (51%)
and Spain (29%), fulfilling 80% of the European market demand. The remaining 12% are
provided by Greece and Portugal. At a global level, Spain occupies the seventeenth place as
the world’s largest producer and exporter of rice (FAS-USDA, 2012). Spanish rice
cultivations are mainly located in three autonomous communities: Catalonia, Valencia, and
Seville. In Catalonia, the total rice yield has reached 135,000 tons in 2016 and has been
distributed among three provinces: Girona (6,016 tons), Lleida (223 tons), and Tarragona
(129,292 tons) (Idescat, 2017). This case study focuses on one specific region of the Catalan
rice production—the peninsula of the Ebro Delta, known as the primary rice producing field,
located in the province of Tarragona-Catalonia and contributing to 98.5% and 20% of the
total production in Catalonia and Spain, respectively. On average, the annual rice yield of the
Ebro Delta reaches approximately 90,000 tons over 22,000 hectares (ha). Due to the mild
climate and Protected Geographical Indication (PGl), this land is known to produce rice crops
of good quality. PGI is considered as a qualification acquired based on indication, quality,
and geographical origin standards (Das, 2007; Rangnekar, 2004). This classification reflects
collective intellectual property rights and a signaling factor that monitor cultivation
standards, protect agriculture production, and enhance rural development and profitability
(Jena and Grote, 2012; Josling et al., 2004).

Rice cultivation consists of an important agricultural system that includes field
management, the ecological role, and the conservation of biodiversity and the ecosystem



(Reig-Martinez et al., 2008). The major factors affecting the agronomic characteristics of rice
seeds and causing an undesirable impact on the ecosystem are identified as water type and
level, fertilizers and pesticides application, and biogeography (Sabiha et al., 2016). Overall,
during the last decades, rice farming has been facing critical challenges and complications in
this regard. Between 1980 and 2006, the rice producing countries of the EU suffered a
dramatic decrease in the number of farms (Ferrero and Tinarelli, 2008); in Italy, for instance,
it was reduced to one-half, whereas in Spain it dropped to one-fifth of the total number.
However, during the same period, the average surface area per farm improved due to high
mechanization and technological development (Van Nguyen and Ferrero, 2006). Spain has
been marked by a marginal decline (5% on average) in agriculture. Most of the farmers have
switched from rice to corn cultivation since the latter requires less water for irrigation.
Consequently, the Spanish rice-growing lands have decreased by 6%, affecting the total rice
yield (FAS-USDA, 2012). As for the Ebro Delta, the major issues threatening this peninsula
are the extensive conflict between economic and developmental activities and preservation
of the ecosystem and natural resources. In general, the struggle to balance optimizing
economic return while minimizing environmental damages is widely seen in the agri-food
sector and particularly in paddy rice cultivation. Thus, there is an emergent need to
incorporate innovative and sustainable practices to facilitate the achievement of an
equilibrium between economic profitability and ecological conservation.

Other critical conditions of the Ebro Delta fields have been identified: water salinity,
strong northwest winds, and damage caused by the stem borer insect Chilo supressalis are
unfavorable factors that negatively affect rice fields (CIHEAM, 1997). To overcome these
obstacles, farmers have been shifting from traditional to sustainable cultivation, and
innovative techniques have been implemented to enhance productivity through efficient
assets allocation, input usage, and cost-cutting methods. However, there is still a need to
educate the farmers on the importance of adopting these modern strategies. The role of
research and innovation in this context is to increase awareness of quality production of rice
and environmentally friendly practices among growers (i.e., land and water management,

pesticides usage, and application of chemical fertilizers).

3. Methodology



Different methodological frameworks such as econometric modeling (Salter and Martin,
2001), surveys, and case studies (Bornmann, 2013) have been used to assess the value and
outcomes of RDi. These methodologies aim to quantify the impact of scientific development
on the agri-food sector translated as: agriculture productivity, farmers’ skills to adopt
innovative techniques, evaluation of cost reduction strategies, and improvement of resources
consumption (Fuglie and Heisey, 2007). In contrast to econometric modeling, a case study
approach is conducted to assess the micro-dimension of research, including impact-
evaluation of different stakeholders engaged in the development of the program addressed.
It is considered as an appropriate tool to investigate the effect of technology and innovation
(Freeman, 1984) and often used to examine the output of an individual project (Bornmann,
2013).

Due to the complexity of the innovation process and the involvement of various actors
in the RDi, this analysis consists of a case study, which relies rigorously on both qualitative
information as narratives and datasets, and quantitative evaluation as the stakeholders’
survey. The importance of this methodological design is the triangulation of impact
assessment. To mitigate self-evaluation biasness and to obtain objective assessment, this
study includes the analysis of stakeholder-network participating in the program. The
methodological framework comprises a mixed design of the path blazed by Joly et al. (2015)
and Guinea et al. (2015). Moreover, the IOM approach has been adapted to accommodate
the diversity of impact dimensions in the agriculture domain, by integrating the Socio-
Economic Analysis of the Impacts of Public Agricultural Research (ASIRPA) (Joly et al.,
2015). The following section elaborates on the two models applied to conduct the assessment
of the societal impact of RDi.

3.1 Theoretical framework

The ASIRPA methodology, recently proposed by the French National Institute for
Agricultural Research (INRA), overcomes the most relevant limitations associated with
mainstream RIA models. It is an ex-post RIA and a comprehensive tool applied to identify
the economic, societal, and environmental outcomes of research. While previous approaches
consist of classic and traditional case studies based on storytelling, this framework allows

accounting for the broader impact of scientific activities, without foregoing the advantages



of the aforementioned applications. This approach mainly relies on standardized case studies,
combining qualitative and quantitative techniques that have been applied across different
INRA research departments (Joly et al., 2015). In this context, we intend to conduct the same
analysis by adopting the aforementioned model to analyze the societal impact generated by
IRTA on the Spanish agri-food sector. One attractive advantage of this methodology is its
ability to take into account the contribution of the network of actors to the innovation process,
as well as to scale-up the results from an individual case study to a global picture of the
impact (Joly et al., 2015). Three main standardized tools underpin the ASIRPA framework—
namely, impact pathway, impact chronology, and impact vector, which represent the results
of this research (Matt et al., 2017). ASIRPA has proved to be a robust, accountable, and
applicable method to measure types of impact: 1) social impact; 2) environmental impact; 3)
organizational impact; 4) cultural impact; and 5) political impact.

The IOM model is another innovative evaluation methodology for impact assessment.
This recent RIA technique provides a straightforward and clear method to gather, organize,
and discriminate between data on project results and impacts. It is mainly inspired by the
Payback Model (Donovan and Hanney, 2011) and consists of two well-differentiated
components: the theoretical framework component and the impact monitoring system. While
the former is designed to identify and classify inputs, activities, outputs, and impacts
according to time or categories (Figure 1), the latter deals with data collection and assessment
tool through results framework and coordinators’ survey. The advantage of this methodology
is that it can be implemented during and after the project timeline to examine immediate and

short-term impact, as well as to identify some potential long-term impact.
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Figure 1. Impact monitoring framework



3.2 Methodological design and data collection

Following previous research (Bornmann, 2013; Joly et al., 2015; Spaapen and Van Drooge,
2011), empirical application is based only on successful cases proposed by the head of the
IRTA research discipline. The communication department has been contacted to collect data
using “highlights: fact sheets” of research results during the last five years, from 2013 to
2018 (Gaunand et al., 2015). The innovation project (annual activity reports) of the “best
practices” in rice cultivation constitutes the database of this analysis, providing detailed
information on the department, title, subject type, abstract describing the innovation, topic,
content, strengths, partners, products/outputs, patents, and prospects, as well as long-term
impacts. As proposed by Matt et al. (2017), the selection focuses on significant research
results that had or are likely to have an impact on the society. Furthermore, the innovation
program is anticipated to reveal not only academic contribution, but also non-academic
impact. According to the recent scientific standards (Research Evaluation Framework REF,
2011), the selected case is expected to reveal diversified outcomes positively influencing
farmers and regulatory agents in the rice industry.

Apart from the categories described in the IOM methodology (i.e., knowledge
production; research targeting and capacity building; informing policy and product
development; dissemination and knowledge transfer), additional components are included to
reflect the characteristics of the agri-food sector. Similar to ASIRPA, six dimensions have
been defined to measure the impact of agricultural science on society: economic,
environmental, political, socio-territorial, health, and capacity building. The quantification
and qualification of impact mainly rely on descriptors gathered from an exhaustive literature
review (De Jong et al., 2014). Accordingly, the first step of this study consists of a content
analysis of case studies of RDi from INRA and IRTA. The aim is to identify a list of
standardized parameters applicable to different agri-food domains and build a homogenous
index to measure the multidimensional impact.

Three analytical tools have been integrated, consisting of: 1) project results
framework; 2) coordinators’ survey; and 3) assessment tool (scoring matrix). Structured
interviews and open-ended questions were firstly addressed to several actors contributing to
the development of the program (researchers, project managers, directors, stakeholders,
policy makers and experts, etc.). Comprehensive data were collected in order to achieve an
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overview of the research evaluation (Figure 2), and information obtained from the interviews
was gathered and summarized through systematic measurable indicators.

The stakeholder survey was distributed to all the actors participating in the research
program. The total number of respondents is distributed as follows: project coordinator (1/1);
co-partner (1/1); intermediary actors (8/8); technical support (5/5); and end-users (farmers)
(13/45). The program coordinator and co-partner tend to be highly evaluated compared to the
other types of stakeholders due to their skills, expertise, and level of engagement in the
program development (Bacharach and Lawler, 1980). According to Brandon et al. (1998),
the “program personnel” (i.e., project coordinator and co-partner) have considerably more
knowledge compared to others—thus, they exert more influence on the evaluation decisions
(Cousins and Whitmore, 1997). Based on a ten-point rating scale, participants were asked to
grade the importance of each sub-indicator and to weigh the importance of each impact
reflecting the perspective of each actor. The assigned score represents the average of its sub-
dimension scores. Average scores are obtained using sampling weights to correct over/under
sampling of observations and provide unbiased estimates. Figure 2 summarizes the steps

followed in the methodological model applied to conduct the case study analysis.

Case I: Rice Cultivation & Sustainable Practices: The
Origins™ Program - IRTA & Kellogg's

Coding and information clustering:
inputs, outputs, intermediaries, impact 1, and
impact 2

The quantification & qualification of impacts mainly relying on descriptors from the
literature

Data Collection:

IRTA's communication department: "highlights: fact sheets” of research results
Innovation project/activity report + Archival Data

Structured interviews & open questions addressed to IRTA Project leaders
Standardized surveys addressed to Project coordinators

27 round interviews: 4 Project coordinatars
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Monitor the yearly results

Continuous follow-up of the program progress

STEP I

As recommended by Research Excellence Framework REF, selection of successful cases
proposed by the heads of different IRTA research disciplines & the scientific committee

1# round interviews: 4 Project coordinators
Explain the methodological design

Clarify the ASIRPA and IOM aim

Complete the standardized survey

Adapt the I0M approach to accommodate the diversity of the impact dimensions following
the ASIRPA methodology: knowledge production and capacity building; informing policy
and product development + economic, social, health, political & environmental I

Analysis of Archival Data and Program records

Figure 2. Methodological design of the study
4. Results and discussion: “The best practices” case study

In 2013, the “Origins™ Project — The best practices” was launched with the aim of
transforming the Ebro Delta fields into a sustainable peninsula of rice cultivation. The

objective of this research development is to provide a voluntary opportunity for rice farmers



to improve cost effectiveness, optimize resources usage, increase productivity and yield, and
maximize economic return (The Kellogg’s Origins™ Program, 2019). This initiative
combines farming mechanisms and food production with mutual concern toward integrating
efficient and sustainable supply chain systems in the crops industry (Stobart et al., 2015).
Moreover, the motivation behind this collaboration is to offer consumers a healthy, balanced
cereal product, manufactured from sustainable cultivated rice grains and responsible
plantation, taking into account environmental conservation. The purpose of the program is to
promote efficient management and allocation of resources and to minimize the harmful
impact of agriculture on the ecosystem by adopting environmental-friendly strategies.

The major driver for developing this RDi program is the improvement of the sector’s
competitiveness, ensuring a sustainable and quality production in the Spanish market. The
“best practices” program consists of exploring and developing various scientific and practical
techniques in rice cultivation, such as plant material evaluation trials (i.e., grain yield, seed
quality, and evaluation of plant disease); fertilization trials (i.e., design trials and monitoring
treatments); and transfer services (i.e., survey application to farm sector, results transfer, and
technology adoption) (Stobart et al., 2015).

The results of this analysis are classified into different categories monitoring the
impact during and after the project timeline. Empirical findings reveal the inputs, outputs,
knowledge flow and dissemination, and impact of the research program. Figure 3 represents
the impact chronology, identifying major events related to the rice industry and reflecting

both the European and project contexts.
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Figure 3. Impact chronology

4.1 Input

Both researchers and practitioners have been emphasizing the transition that the agri-food
sector is undergoing in order to achieve sustainable performances (Loorbach et al., 2017;
Markard et al., 2012; OECD, 2011). RDi play a crucial role in implementing eco-friendly
strategies and promote farmers’ awareness toward balancing profitability and the ecosystem
(Bilali, 2019). In this context, the research project contributes to transforming the rice sector
from a conventional to a sustainable cultivation system. The research institute provides
scientific inputs to initiate the adoption of sustainable practices in rice plantations. These
techniques consist of improving crops quality, irrigation systems, efficient use of water,
fertilization, and field preparation (Lu et al., 2010; Noya et al., 2018). Such inputs are
classified as assemble and transfer of knowledge (Argote and Ingram, 2000; Hamdoun et al.,
2018), technical development, and scientific leadership (Guinea et al., 2015); they consist of
building a strong connection with the primary rice sector by fostering communication

capacity and human capital.
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Kellogg’s Company, in its role of co-partner, is the financial capstone of this RDi.
Some of its cereal products rely considerably on the rice produced from the Ebro Delta
Natural Park (Ebro foods, 2018). In this context, the aim of this collaboration is to incorporate
the “best practices” program in Spain along with implementing innovative and sustainable
performances in the rice sector. The project’s purpose is to promote mechanisms based on
three pillars: social, economic, and ecological.

This research collaboration targets and solves a problem of public interest in the agri-
food industry and generates a set of new normative implications for rice farmers. Each actor
provided a set of resources and assets to attain the objectives of the program and accomplish
the desired outcomes. The three stages of project implementation consisted of: initiation of
know-how by delivering training sessions and conducting workshops; practical implication
on field by growing a plot adopting sustainable practices; evaluation, communication, and

dissemination by sharing the knowledge acquired within and across farmers’ groups.
4.2 Output

The preliminary output of the project—delivering the first training session to farmers—was
dated May 2013. The scientific output consisted of a program workshop and development of
educational material to enhance sustainable practices in agriculture. The training content
comprised in-class lectures and practical coursework in labs or field (applied topics, technical
sheets, videos, and round table discussion); field days as showcases (critical time, feedback,
and farmers’ support for adaptation); trips and visits to various rice fields (Andalucia,
Aragon, and Navarra). Over five years, from 2013 to 2018, the annual output expanded and
targeted a higher number of farmers and a larger surface of rice cultivation. For instance, in
2013, the workshop was delivered to 16 farmers consisting of eight ha and four showcases;
in 2014, the number of farmers increased to 35 in total, 15 showcases and 74 ha, while in
2015 the surface area of rice growing had increased by more than 33 times since the starting
date of the program, reaching 1200 ha, 54 farmers and 15 showcases. The latest results
indicate an increase in the number of farmers (71) voluntarily implementing such “best
practices” in agriculture.

Elaborating on this RDi, the outcome is classified as “capacity building” and

“knowledge transfer” through learning tools of academic and scientific advancement (Figure
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4). Two main outputs are identified: the scientific output (i.e., published articles in press, e-
magazines, reports, educational manuals, and training material) that has been presented in
national and international conferences; and intellectual property rights as brand registration
of the Origins™ project. Adoption of the “best practices”, post-evaluation, and follow-ups
through “customized assistance” are the strategies incorporated to spread knowledge
production in different regions and to several producers. The adopted practices (i.e., land
preparation, water management, fertilization, weeds management, pest management, and
disease management) reveal better social, economic, and environmental performances
(Altieri and Nicholls, 2004; Gurr et al., 2004; Holland, 2004).
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Figure 4. IRTA’s scientific output
4.3 Knowledge flow and dissemination

The key factors guaranteeing an efficient and consistent knowledge flow and dissemination
of the outputs are communication channels and coordination among the stakeholder-network
such as farmers, institutions, firms, researchers, and technicians (Cvitanovic et al., 2016;
Lwoga et al., 2011). The two phases for transmitting the know-how and scientific
development consist of theoretical formation and practical application. Following the
intensive workshops, farmers apply the knowledge acquired through showcase plots,
cultivating new rice fields and monitoring them throughout the season. An important
challenge is to make the training accessible to a higher number of farmers and the content
easy to acquire and beneficial to all participants. Other tools of diffusion and evaluation are

the development of communication means and marketing strategies. The main intermediary
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actors facilitating the process of knowledge transfer and dissemination are the Center for
Agro-food Economics and Development (CREDA) for knowledge co-production and cost-
benefit analysis; the Valencian Institute of Agricultural Research (IVIA) to integrate
sustainable techniques into Valencian lands; Cooperative organizations (Camara Arrossera
del Montsia and Arrosssaires Delta de I’Ebre) and leading companies in the Catalan rice
industry (Ebro Foods and DACSA) for key access to rice producers and farmers.

At the regional level, the outcome of the RDi is perceived as a “model,” transferring
knowledge to other rice fields. The corresponding sustainable practices have been
implemented in a considerably modest way in Valencia and Seville, tackling water
conservation and greenhouse gas (GHG) emission reduction. At the global level, the “best
practices” program has been effective since 2013 in various European regions (such as the
United Kingdom (UK), Italy, Spain, etc.) (Stobart et al., 2015) through the Global Supplier
Code of Conduct. Experts and researchers in the field train and provide access to theoretical
and practical support of agricultural systems and implement social and eco-friendly

performances.
4.4 Impact assessment

Research impact is perceived as both technical and practical improvement, by promoting
awareness and the well-being of rice farmers. It is described as the amelioration of rice
quality, economic return, and enhancement of environmental protection. Since 2013, the
average Yyield produced has been increasing incrementally compared to the average yield of
the Ebro Delta, with an average annual growth of 15%. As reported by the project
coordinator, in 2018 more than 27% of Ebro Delta lands applied sustainable practices. The
cultivation methods included soil analysis, planting techniques, fertilization dosage and
frequency, water and land management, and the identification and monitoring of weeds,
pests, and diseases. The rice produced in the Ebro Delta is considered the main raw material
in Kellogg’s breakfast products, which are exported to more than 20 countries all over the
world (Ebro, 2018).

The broader impact of this case study is classified as follows: high-medium level for
capacity building, environmental, and health impact; medium-low level for economic, socio-

territorial, and political impact (Figures 5 and 6). Figure 5 displays the impact pathway of
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RDi, summarizing the major inputs, outputs, and intermediaries, and scaling up and scaling

down the multidimensional impact (1 and 2).
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Figure 5. Impact pathway
4.4.1 Economic impact

The economic impact of this research project (Table 3) is measured by a set of indicators as
the effect on productivity, expenses, and economic contribution to the growth of the Spanish
rice industry (Acosta and Curt, 2019; Sanchez-Escobar et al., 2018; Witzke and Noleppa,
2016). Results show an economic improvement between 2013 and 2018. Applying the new
techniques for land management and effective allocation of resources (sun exposure, saline
or non-saline water, fertilizers and pesticides, phytosanitary and soil quality, etc.) has led to
an increase in rice yield, profitability, and minimization of costs. The training program helped
farmers optimize their production through the implication of sustainable performances.
Between 2013 and 2018, the total rice production (kg/ha) increased with an average growth

of 15%. Table 1 displays the annual production change of rice, providing a comparison of
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yields between Vitrines Delta (fields implementing sustainable practices) and the remaining

cultivated lands of the Ebro Delta.

Production (Kg/ha)
Year Number of Farmers | Hectares Cultivated | Ebro Delta Vitrines Delta % Change
2013 16 1637 6.840 7.661 12.00
2014 32 3142 6.532 7.319 12.05
2015 41 3661 6.566 7.832 19.28
2016 41 3661 7.020 7.387 5.23
2017 58 4454 6.600 7.030 6.52
2018 13 2870 6.840 9.114 33.25

Table 1. Rice productivity of Ebro Delta between 2013 and 2018

Productivity improvement has an explicit impact on the socio-economic status of farmers

and cultivators, allowing the rice industry to blossom and promoting better life conditions.

Table 2 provides a cost-benefit analysis of three showcases. Showcases on fertilizer’s dosage

(ammonium sulfate) and optimization of resources reveal a considerable positive effect on

the net farm income.

Showcase Water Impact: Irrigation with salty water and poor soil

Best Practices 2013 2014

Revenue Expenses Profit Revenue Expense Profit
Average 732.33 657.40 74.93 721.15 667.83 53.33
% Change Exp. 1.59
% Change Profit -28.83

Showcase Fertilizers' Impact: Ammonium Sulfate

Best Practices 2015 2016

Revenue Expenses | Profit Revenue Expenses Profit
Average 771.30 664.60 106.70 831.03 642.57 188.40
% Change Exp. -3.32
% Change Profit 76.57

Showcase Optimization of resources Impact: Efficient Usage

Best Practices 2016 2017

Revenue Expense | Profit Revenues Expenses Profit
Average 831.03 642.56 188.4 881.56 672.4 209.17

% Change Exp.

4.64
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| % Change Profit | 11.02

Table 2. Economic impact: cost-benefit analysis (euro €/per hectare)

Sub- . Co- . Technical End-
ECONOMIC IMPACT EVALUATION indicators Coordinator partner Intermediary support USErs
Increase yield and productivity 8.07 7.00 8.00 7.64 9.48 8.00
er_urr_uze_losses: reduce costs through 714 8.00 8.00 710 9.3 6.87
optlmlzatlon of resources usage
Maintain economic growth of the sector 7.01 6.00 7.00 6.87 9.02 6.82
Development of SMEs and Spin-offs 4.70 7.00 5.00 4.67 5.22 4.58
Improve the Catalan-Spanish market 5.38 5.00 6.00 4.07 6.62| 545
competitiveness : export and import balance
Build a sustainable value chain of the sector 548 6.00 5.00 3.70 799 557
by new market entry
Introduce innovative techniques 7.18 8.00 9.00 7.27 7.96 7.03
Job creation and employment opportunities 5.35 5.10 8.00 4.53 5.34 5.43
Average of economic impact 6.41 6.51 7.00 5.73 7.52 6.22
Importance weight of economic impact (%) 23.46 20.00 25.00 20.00 19.00 24.62
Sample size (N) 28 1 1 8 5 13
Table 3. Stakeholders’ evaluation of the economic impact
4.4.2 Political impact
The evaluation of political impact (Table 4) relies on various indicators such as the
contribution to public debate and policy negotiation, the use of policymaking, and the societal
importance of the policy domain at stake. Following Gaunand et al.’s (2017) measure, the
global “political impact” level represents a weighted average score of three dimensions. A
factor of one was assigned to the first two dimensions, while a weighting factor of three was
attributed to the importance of the policy domain at stake. In this context, political impact is
translated as the important role of RDi in addressing an issue of public interest within the
crops industry and by providing new insights and scientific support to rice farmers. As a
result, the program has an implication at the regulatory level, supporting the application of
Spanish and EU policies; it has a direct impact on 1) the sustainable use of plant protection
products and integrated pest management (Royal Decree RD 1311/2012), 2) plant health and
vegetative damage (Royal Decree RD 43/2002), and 3) the protection of water against the
contamination produced by nitrates from agricultural sources (Royal Decree RD 261/1996);
an indirect impact on processing costs and value of byproducts for the various stages of rice
processing (European Commission EC 1312/2008).
POLITICAL IMPACT EVALUATION _Sub- Coordinator | % | Intermediary | 'ecmical | End-
indicators partner support users

Use in public debate & policy negotiation
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Quality and strength of research messages 6.61 9.80 1.00 587 886 | 650
conveyed
Intensity and quality of media coverage 5.89 9.40 7.00 6.07 6.24 | 5.72
Intensity and quality of debate 5.44 4.90 1.00 3.65 494 | 5.88
Use for policy making
Stages of the policy cycle affected: agenda-
setting, formulation, implementation and 4.72 0.10 1.00 3.50 348 | 5.24
evaluation of policies
Territorial scales of policies affected 4.60 0.10 1.00 3.72 3.28 | 5.09
Rele\_/ance and nove_lty of the solution 458 0.10 1.00 392 404 | 4924
provided for the policy
Societal importance of the policy domain at stakes
L\)/Iozi\ﬁ:r;ltude of the affected population and 536 0.90 8.00 387 470 | 570
Societal concerns 5.08 7.60 8.00 5.28 6.00 | 4.82
Total average of political impact 5.26 4.11 3.50 4.48 519 | 5.49
Importance weight of political impact (%) 211 5.00 0.00 1.60 2.31 1.25
Sample size (N) 28 1 1 8 5 13

Table 4. Stakeholders’ evaluation of the political impact

4.4.3 Socio-territorial impact

This research program reveals socio-territorial implications in rural areas, influencing

farmers’ socio-economic status and providing new job opportunities for women and young

farmers (Table 5). The age range of rice growers participating in the program varies between

18 and 70 years old, with an average of 44. Accordingly, the socio-territorial impact is

translated through employment creation, women empowerment in the agri-food sector, and

by enhancing the appeal of the rice industry to the young generation. Currently, among the

participants, ten farmers are women. This can be interpreted as an indication of how RDi

contribute to the socio-financial conditions and territorial management of the rice industry.

Through modernization and land usage, the outcome of this research enhances the prosperity

of the sector supporting autonomous growers to maintain decent living standards and the

continuity of their family businesses. Furthermore, the rice fields of the Ebro Delta have been

classified as cultivated lands with the Protected Geographical Indication (PGI) (EC 1107/96).
SOCIO-TERRITORIAL IMPACT Sub- . Co- . Technical
EVALUATION indicators Coordinator partner Intermediary support End-users
Improvement of farmers’ conditions:
improve socio-economic status and 7.62 6.10 9.00 5.80 6.70 8.01
decent life standards
Job creation for women and young 6.86 6.10 9.00 474 6.96 715
farmers
Continuity of family business in the agri- 6.81 700 9.00 6.30 8.54 6.65
food sector
Geographical Indication labelling 6.13 5.00 5.00 4.43 5.68 6.51
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Sustain the Spanish cultivation-

production: market expansion local and 6.42 5.00 7.00 6.11 6.78 6.45
global

Patents exploitation: national and 5.18 500 | 3.00 2.90 3.48 5.78
international diffusion

TEI_’rI.tOI‘Ia| management and landscape 6.27 700 9.00 6.70 556 6.20
efficiency

Land-use planning operations 5.75 5.00 9.00 6.60 5.22 5.62
Platform for maintenance of the resource 507 5.00 9.00 6.37 706 539
and the landscape

Promote sustainable rural development 6.85 8.00 10.00 7.70 9.18 6.36
Total average of socio-territorial 6.38 592 790 577 6.52 6.41
impact

Importance weight of socio-territorial 15.00 10.00 15.00 14.38 17.00 15.00
impact (%)

Sample size (N) 28 1 1 8 5 13

Table 5. Stakeholders’ evaluation of the socio-territorial impact
4.4.4 Environmental impact

Previous studies indicate that agriculture produces drastic damages to the ecosystem, such as
the emission of GHG, water contamination, and food security (Hussain et al., 2014; Liao et
al., 2018; Miller et al., 2019). Some strategies can mitigate the harmful environmental impact
of rice plantations. Through this RDi, two techniques were adopted by Ebro farmers to
promote efficient, sustainable cultivation. An important contribution of this case study relies
on the fact that the program helps farmers be efficient through a more rational and less
arbitrary use of fertilizers and pesticides. The latter has a positive implication toward natural
resources and environmental conservation (Table 7). One of the main interventions implies
controlling for time, frequency, and dosage of fertilizers (nitrogen N, potassium K, and
phosphorous P) (Zhao et al., 2010). Adequate fertilization reduces losses and contamination,
while optimizing the consumption of resources (Sabiha and Rahman, 2018). Farmers were
encouraged to avoid the excessive use of nitrogen, introducing sufficient amounts of
potassium and minimizing the use of seeds. Table 6 displays the outcomes of one showcase

on resource optimization strategies.

Optimization of Resources' Usage
Farmers Productivity | Net Profit Expenses
(Kg/ha) (€/ha)

Adob: 174-50-36: 260 €/ha Higher

Farmer A 8.721 907 2 Herbicides: Ronstar/BasagranM: 86 €/ha Profit Less
2 Fungicides: Bumper/Bim: 46 €/ha Pesticides
Adob: 195-36-44:271€/ha

Farmer B 8.r21 728 3 Herbicides: Ronstar/Viper/BasagranM: 178 €/ha
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3 Fungicides: Folicur/Propiconazol+Bim/Procloraz: Less_ Profit
Higher
64 €/ha 7
Pesticides
SAME YIELD, HIGHER PROFIT, REDUCED COST, MINIMIZE PESTICIDES &
FERTILIZERS

Table 6. Showcase for optimization of resource allocation

One of the main practices applied during a specific campaign emphasizes the
reduction of herbicides and fungicides replacing potassium, sulfate, bionomic phosphate, and
urea by ammonium sulfate. While maintaining profitable yield and reducing costs, this
substitution plays a major role on environmental preservation by minimizing methane
emission. According to Bufogle et al. (1998), ammonium sulfate, as source of nitrogen, has
a lower level of methane emission compared to urea.

Another impact of applying waste and water management techniques is the
preservation of the ecosystem and the protection of natural resources (Barth and Melin,
2018). The use of adequate and appropriate doses of fertilizers and pesticides ensures better
environmental performances of farms by minimizing waste and reducing water pollution
(Zhao et al., 2010). The program adopts the standards and guidelines of the Plant Health
Service in relation to phytosanitary warnings, taking into account meteorological conditions
and levels of inoculum (Normes OEPP, 2018). Farmers attempt to avoid water circulation in
cultivated lands when using herbicides in order to reduce the likelihood of water

contamination.

ENVIRONMENTAL IMPACT Sub- Coordinator Co- Intermediar Technical End-
EVALUATION indicators partner y support users
Reduced consumption of water and energy 6.71 7.00 | 10.00 7.36 8.68 6.28
Waste and resources management 7.67 7.00 | 10.00 6.36 8.90 7.71
Reduced contamination and disease 7.96 7.00 | 10.00 7.04 8.28 8.05
Preservation of a breed/species 4.54 5.10 5.00 3.90 3.62 4.73
ngsr:églled pesticides/fertilizers/fungicides 8.37 810 | 10.00 8.56 9.08 8.23
Decrease in GHG emissions/CO2 emission 7.96 8.00 | 10.00 7.27 8.36 7.98
Protection of water quality 7.74 8.10 | 10.00 6.69 8.02 7.83
Number of hectares certified 6.95 6.40 5.00 5.39 5.94 7.39
Conservation of biodiversity 7.83 8.00 | 10.00 6.77 8.28 7.89
Sustain organic farming 4.66 5.00 2.00 3.99 4.26 4.88
Total average of environmental impact 7.03 6.97 8.20 6.33 7.34 7.10
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Importance weight of environmental
impact (%)

19.56 20.00 | 25.00 25.63 22.00 18.08

Sample size (N) 28 1 1 8 5 13

Table 7. Stakeholders’ evaluation of the environmental impact

445 Health impact

The improvement of crops’ quality and the nutritional status of soil have a direct impact on

the health and well-being of consumers, farmers, and end-users (Rayee et al., 2018; Sabiha

and Rahman, 2018); sustainable farming practices would meet consumer needs for food

security, food safety, and product quality (Table 8). Moreover, reducing the exposure of rice

growers to chemical hazards is identified as another health impact (Rahman, 2003). The

application of reduced doses of fertilizers and pesticides minimizes the risk and sanitary

damages that might affect farmers and the environment (Sabiha et al., 2016). Chemicals’

calibration sessions assure appropriate methods for effective dosage application, which in

return reduce the drifting of hazardous products to other fields.
HEALTH IMPACT EVALUATION _Sub- | e oordinator | C% | intermediary | | ccnnical | End-

indicators partner support | users

Promote go_od nutritional status and well-being of 708 550 200 793 804 | 710
the population
Reduce_ contamination level fulfilling the EU 766 6.10 | 10.00 798 840 | 761
regulation
Provide rich source of food with healthy chemical
composition to promote healthier eating habits: 7.51 5.00 7.00 6.32 4.70 | 8.09
protein, fibers, vitamins, minerals, and healthy oil
Lower risk of having health problem: obesity etc. 6.71 5.00 5.00 4.55 410 | 7.42
Improvement of the quality of the product 8.32 7.50 8.00 8.02 8.44 | 8.38
Minimize farm workers' exposure to chemical 8.64 560 9.00 737 856 | 890
hazards
Control of pathog_ens and_mlcroblal levels: assuring 785 550 9.00 6.85 514 | 836
food safety and high quality products
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Promo_te animal welfare: feeding, growing 6.33 0.10 1.00 317 276 | 750
condition etc.
Total average of health impact 7.51 5.04 6.38 6.35 6.27 | 7.92
Importance weight of health impact (%) 11.14 5.00 | 15.00 6.90 4.40 | 12.70
Sample size (N) 28 1 1 8 5 13
Table 8. Stakeholders’ evaluation of the health impact
4.4.6 Capacity building
Capacity building consists of various stages, such as interactive communication with the rice
farmers, identification of their demands, knowledge initiation and training delivery, scientific
advice, and technical guidance. It is measured as developing educational training, theoretical
and practical knowledge production, and scientific publication (Table 9). In contrast to other
impacts, the coordinator is assigned the highest importance weight compared to other
stakeholders. This finding is not surprising given that the coordinator’s involvement in the
program development is the highest and that, due to his/her expertise in regard to the training
and formation material, he/she tends to value capacity building more than end-users
(beneficiaries of the program). In addition, this RDi project provides new insights for
sustainable cultivation techniques and could be perceived as an effective tool to motivate
farmers to adopt the “best practices” in other cultivations.
CAPACITY BUILDING EVALUATION | . 3% | coordinator | €% | Intermediary | Technical | End-
indicators partner support users
New scientific cpllaborat!ops or partnerships 799 810 | 10.00 788 818 | 703
between the projects participants
Exchange of personal within project
partners/career advancement/formal 7.63 8.80 | 10.00 8.62 782 | 7.38
qualification
Adoptlon of the innovation in other 6.23 740 | 1000 573 542 | 6.8
industry/sector
Erowde |r_13|ghts z?md future research direction 739 9.00 | 1000 738 742 | 799
in the agri-food field
Trgmmg and course formation: scientific 8.6 800 | 1000 795 978 | 8.08
guidance and advice
Theoret_lcal and practical knowledge 8.40 940 | 1000 8.07 982 | 822
production
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Cont!nuous improvement and development of 8.12 8.30 9.00 783 9.04 | 803
new ideas

Innovative investigation techniques and

methods: as model for replication in different 7.17 7.00 8.00 7.72 7.16 | 7.08
domains

Engagement of various actors involved 7.09 9.70 10 8.55 9.08| 6.51
Post-implementation evaluation and follow-up 6.73 8.90 10 7.98 8.66 | 6.19
Total average of capacity building 7.43 8.46 9.70 7.77 824 | 721
Importance weight of capacity building (%) 28.73 40.00 | 20.00 31.88 36.00 | 27.31
Sample size (N) 28 1 1 8 5 13

Table 9. Stakeholders’ evaluation of the capacity building

Figure 6 displays the radar chart of the societal impact of the RDi program. It represents a
summary of the multidimensional outcomes generated, revealing the importance score of the
stakeholder-network for each impact category. As indicated, the stakeholder-network
considers that this RDi reveals the highest importance scores for capacity building,

environmental impact, and health impact.

Economic
6.41

6.38 Social-
Territorial

Political

7.03

Capacity Environmental

Building 7.43

7.51
Health

Figure 6. Radar chart of the societal impact

5. Conclusion

Currently, RIA is a key tool to improve the effectiveness of science and research for learning
purposes and the management of impact within public research organizations (PROSs).
Belcher et al. (2017: 2) clearly state that “researchers are working deliberately not only to
produce knowledge, but also to promote and facilitate the use of that knowledge to enable
change, solve problems, and support innovation.” In this context, the objective of research
has been extended to also become valuable and applicable to the society as a whole.

Consistently, to address emergent concerns in regard to the benefits and investments in RDi,
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the RIA allows to evaluate four components of the Morgan and Grant model (2013): (1)
advocacy—to demonstrate the value of research to government, stakeholders, and the public;
(2) allocation—to fund and prioritize research based on its potential value in various realms
of society; (3) accountability—to monitor and measure the contribution of research to
society; (4) analysis—to understand the contributions of science to changes in practice and
policymaking.

The case study shows that research and innovation development in the agri-food
sector have a dual benefit: not only do they generate scientific impact by targeting the
academic community and scholars in the agriculture literature; they also generate societal
impact by influencing the civil community and the ecosystem. Furthermore, results show
multiple societal outcomes, indicating that the RDi project affects more than one impact
dimension. However, the degree of importance is unevenly distributed along the six selected
dimensions. In fact, the impact pathway supports the relevance of long-term investments in
research and socio-economic partnerships for knowledge production to achieve broader
impact on science. The collaboration and interaction between public and private
organizations facilitate the interchange of skills and capitals and enhance the availability and
accessibility of a wider spectrum of resources dedicated to research development. Thus, this
cooperation between the two sectors might be perceived as a helpful tool to overcome
obstacles faced along the impact pathway. To scale up the results, the major beneficiaries of
this RDi are classified into four levels: individual, institutional, industrial, and territorial. The
individual level consists of rice farmers and producers; the institutional level represents
professional associations, agriculture organizations, cooperative firms, and technical centers;
the industrial level reflects the rice industry, particularly in Catalonia and generally in Spain;
finally, the territorial level represents the expansion of the impact to various areas such as the
Ebro Delta, Valencia, and Seville. The RIA process could become an evaluative practice
within PROs to inform research policies and management about the societal impact of RDi
outputs. In addition, impact analysis involves institutional learning capacity and external
communication purposes, allowing different users to better understand the impact of their
own research and to foster exchanges with researchers and partners around these issues.

The case study analysis indicates that the introduction of sustainability performance

and green strategies shows promising lines to improve the growth and productivity of the rice
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market. At the EU level, this research development can be considered a substantial initiative
toward the application of EU regulations related to agri-food policies. The “global” impact
can be an implicit inference of the adoption of Sustainable Development Goals (SDGSs)
Agenda 2030. The identified impact can be perceived as an indirect implication of the
following SDGs: reduce poverty (SDG1); zero hunger (SDG2); clean water and sanitation
(SDG6); industry, innovation and infrastructure (SDG9); reduce inequality (SDG10);
responsible consumption and production (SDG12); and life on land (SDG15).

Some shortcomings of our analysis as well as proposals for future research may be
pointed out. One limitation of this study is the sample size of stakeholders; collecting
additional data would increase the reliability and robustness of the results. In addition, a
complementary approach based on ex-post and ex-ante evaluation merits further attention to
improve RIA’s ability to use a rich dataset, as well as qualitative and quantitative measures,

to understand and report on the mechanisms that generate impact.
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