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Abstract

The focus of this paper is to reflect on the issue of “impact” of 
R&I in the agro-food and bio-economy domain (AF-BE) – fields 
that have a long tradition for such concerns. However, the re-

levant approaches have changed over time due e.g. to technical deve-
lopments, globalization and related changes and preferences in society 
at large. Accordingly the respective features of impacts - and connected 
indicators to assess them - have to find new forms as well. These con-
siderations are clearly seen in the implementation of the SDGs within 
the chosen domain. The resulting needs for R&I policy and connected 
impacts in the AF-BE fields are discussed.

1. Introduction
The issue of “impact” in relation to national and EU-level research 

and innovation has been present for quite some time, but attention in 
policy circles has gradually increased year by year often targeting spe-
cified policy aims. It is a common procedure to assess investments in 
research - not least in fields of applied research which rely heavily on the 
innovation capacity with regard to new technologies. This, includes in-
tegrating technologies developed in other fields in an innovative way as 
well as structural innovations (e.g. institutional and organizational) - to 
increase efficiency and competitiveness in a given sector. These conside-
rations have since long had an important role when formulating research 
policy at European and national levels in agro, food and bio-economic 
fields (also involving forestry and fisheries). This research and innovation 
domain is at the focus of this paper, both providing a brief outline of the 
tendencies within these realms, but also as a contribution to the more 
general debate about the use and role of such considerations in research 
and innovation policy, i.e. about “impact” at large.

2. Background
After WW II – and onwards – promoting food production and secu-

ring availability were the overriding policy aims in Europe with a strong 
focus on: 

a.	the optimization of the production systems, based on crop 
production as well as animal production, including their 
relationship to varying conditions; This traditional field is 
characterized by pin pointedly identified research and innovation 
objects often related to optimization of various parts of a 
production systems, e.g. crop development,under certain soil 

conditions or new efficiencies related to animal production and 
connected animal health aspects. Not least quickly expanding 
micro biological and genetic methodological capacities have 
been strong drivers for innovation and associated impacts 
in these fields. Many of these types of results of research 
and innovation efforts have been brought into farm practice 
through specifically designed agricultural knowledge and 
innovation structures organized at national and regional levels. 
These tools and mechanisms are still valid, but in a modified 
way since the character of the challenges for the sector have 
expanded over the decades and thus targets have changed 
accordingly. New and partially different research and innovation 
backgrounds have come into the picture, and thus also partially 
new targets and methods have been needed such as those 
outlined below: 

b.	the maintenance of the resilience of these systems facing  
changing weather and climate conditions, water availability 
and pest infestations and diseases.

c.	 the consideration of the systemic inter sectoral connectivity of 
the agro-food and bio-economy fields, e.g. with energy, land 
use, food and health domains.

d.	the relation between agricultural activities and their societal 
embedding, i.e. trade, socio-economic aspects, consumer 
behavior, urban-rural connections in planning etc. 

There has been a growing interest in all these categories. 

3. Grand Challenges – 
emerging interest arenas

Due to the quickly expanding need to address “the grand challenges 
of our times” – a strong interest has grown to invest in research explo-
rations of large webs of phenomena such as climate change (e.g. IPCC, 
2018); tightening supplies of energy, water and food; public health and 
pandemics and herby widening their general understanding and injec-
ting new and fresh perspectives into the sector related research. This has 
also become a very important part of the EU’s research strategy during 
the last decade (not least after the Swedish EU presidency conference 
with the Lund declaration, 2009). One exemplification on how research 
in the traditional arena of food and agriculture is changing is demonstra-
ted through its presence as a central part of the new bio-based economy 
concept and ongoing reflections about emerging possibilities of a circu-
lar economy. These arenas are examples of quickly expanding efforts in 
binding together all sorts of considerations about bio-based resources 
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on land (including both agriculture and forestry) as well as of the aquatic 
environments. In the following some examples are indicated:

a.	the new connections as e.g. the link between food and forestry  
domains are introducing food (and feed) possibilities from 
forestry products – or as new types of support functions to the 
food industry by increasing systemic recycling from one domain 
to another (Sandeep, 2018). 

b.	the innovations due to digitalization and various forms of 
computer guided “precision farming” and evolving artificial 
intelligence (AI) practices are providing an expanding set of 
new tools - but also new challenges

c.	 the above described considerations are also embedded in new 
challenges in regional development when re-connecting urban 
and rural relations in new forms (e.g. more urban oriented 
food production lines) (Svedin and Liljenstrom, 2018). As an 
overriding reflection about these and other new aspects with 
regard to this particular field of R&I it could be said that the 
appropriate style and balance has to be discussed between on 
the one side finding more specific strict targeting in relation to 
pin pointed research and innovation objects - and on the other 
hand widening the exploration about the contexts, drivers and 
transformative features of broad sets of phenomena. 

4. Different aims with 
regard to “impact 
identification”

The balance issue in a policy sense has implications for the conside-
rations about how to handle quite diverse forms of ambitions and targets 
– also in terms of potential impacts.

4.1. “Impact” in terms of pin-pointed efficiency 
driven research targets

 The more partially targeted aims of a technical nature have as research 
and innovation objectives a different character than many of the syste-
mic oriented ‘grand challenges’ targeted ones. Concerning pin-pointed 
research efforts e.g. the technology readiness level (TRL) scale has been 
employed to provide a structure to the innovation efforts and processes in 
the EU framework program Horizon 2020 (European Commission, 2014). 
Concerning the AF-BE domain – where several players contribute to the 
introduction of an innovation – the scale helps to clarify their respective 
positions in the range from concept to adoption. This method could also 
help to define the competencies, funding mechanisms, drivers and delive-
rables related to each position on the TRL scale. Thereby it could be used 
to highlight cooperation opportunities between different types of actors 
and the management of those opportunities. Thus the TRL scale can help 
researchers to define the ‘end-users’ of their future research results and 
to clarify which type of partners they should collaborate with to achieve 
the highest and most relevant impact with their respective research in 
order to solve e.g. a particular technological bottleneck or develop an in-
novative procedure for increased efficiency. It could thus also be used as 
a means to illustrate more clearly to a variety of research funders what 
the particular contribution could be in terms of intended impacts. 

4.2 “IMPACT” IN TERMS OF EX-ANTE CONSIDERA-
TIONS  

The broad systemic oriented objects of inquiry are different in terms 
of aims, institutional embedding, as well as the style of methods and 
approaches applied. Consequently, there is a strong need for further de-
velopment of indicators of relevant impacts in all the traditional, but in 
particular also with regard to the more recently emerged and emerging 
cross linked phenomena since all these areas of concern have different 
criteria of success and failure. Target setting for impact is a constant 
process where obtained knowledge in the form of achieved results and 
development of new and emerging technologies from earlier develop-
ment cycles are the basis for the next step of target setting and stra-
tegizing. Therefore the question of impact can be looked at either from 
an ‘ex–ante’ or ‘ex-post’ position. In the case of an ex-ante approach 
“impact” means “potential impact” and thus depends on what priorities 
will be taken, which strategies are set in motion and which decisions 
are made that will influence the development of a particular outlined 
research program (at different institutional levels:, subnational, national, 
European and global). Hence it will influence the opportunities of tech-
nological development in a certain field in various ways depending on 
design, operational approaches and context. It also might influence the 
management of future research institutions and the systemic effects fra-
ming entire sub-branches of a certain policy complex. Thus a research/
innovation proposal needs to consider what could be addressed immedi-
ately and what is less urgent, e.g. with reference to various measures to 
handle alternative. In the operational ex ante phase the selection of key 
research and innovation structures to investigate the prioritized issues 
are of strong importance. They will define what the chances are that a 
certain framing of a systemic challenge can deliver adequate answers 
in a solution oriented manner and at the right time. They will also influ-
ence what kind of measures and structures are needed to interact with 
stakeholders and how to disseminate possible outcomes (which activity 
potentially might need its own financing). 

4.3 Ex-ante and foresight efforts

In the last decades ‘foresights’ have become an important tool to 
scan and define the overarching issues and concerns that need to be 
addressed and can be used to create a common prioritizing. It is usu-
ally the research policy community together with research institutions 
and with other important actors and stakeholders - often industry but 
also civil society representations - that are part of the process. Within 
the broader agro food and bio-economy field for example a series of fo-
resights have been conducted. Some have been driven by EU related 
bodies as the Standing Committee of Agricultural Research (SCAR) (e.g., 
the EU-SCAR 3rd foresight report in 2011 and the 4th in 2015 and the EU/
JRC Science and Policy reports (e.g. “Global Food Security 2030 – As-
sessing trends with a view to future EU policies”, 2015) . At the global 
level studies conducted by UN related bodies could be exemplified (e.g. 
FAO, “The future of food and agriculture – Trends and challenges”, 2017) 
and the OECD (e.g. “Alternative futures for Global Food and Agriculture”, 
2016). These types of bodies undertake regularly such scanning as do 
national bodies (e.g. UK Government Office for Science: “The Future of 
Food and Farming”, 2011) (and the Irish research body Teagasc study 
from 2016: “Teagasc Technology Foresight 2035”). In all these studies 
the central aim is to define: 
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•	 What are the core issues? 
•	 What are the major drivers?  
•	 Who are the key actors? 
Foresights are used as an instrument to reflect on the most pressing 

challenges at the respective level of investigation and the type of im-
pacts being of interest. 

4.4 Ex-post issues with regard to aggregates

In the case of an ex-post approach the point of departure is the as-
sessment of a set of already created aggregates of research and inno-
vation investments and institutionalizations that have been materialized 
within a certain past time frame, e.g. somewhat longer than the length 
of a “normal” research program at national and European level evalu-
ating the various impacts on society achieved by the particular selec-
ted set of activities. It is important to note that it is not easy to identify 
immediately any profound impact within a short time frame after the 
formal end of the activities under scrutiny, in particular not any chan-
ges of a transformative kind that influence the ways things will be done 
differently or how structures deeply have been transformed. Therefore 
evaluation investigations have to be undertaken in a sequence of steps 
(e.g. after 3-5-10 years) that map and put in perspective what have been 
the outcomes and why or why not the initial aims were achieved. Strong 
reflection capacities are required and structures have to be available to 
make such reflections. Causality flows for research investments have to 
be investigated, i.e. comparing the reasoning at the input side why cer-
tain impacts at that time were expected (given the organizational and 
financial set up) with the outcome much later. This should also explore 
something about the societal dynamics, i.e. through which efforts aiming 
for some transformational steps later emerged as manifested changes 
(including non intentional ones). Numerous evaluation and assessment 
reports of research programs at national as well as European level (e.g. 
H2020 Interim Evaluation, 2018) are based on such ex-post approaches. 
However they are often conducted as mid- and end-term evaluations 
and therefore do not catch the longer-term impacts - neither those inten-
ded nor the undesired ones – thus being beyond the immediate research 
results (including processes and management). One example for a sys-
tematic approach to map impact against investment (financial as well 
as intellectual) at a longer term is the “asirpa” approach developed by 
INRA to assess the institution’s research efforts against socio-economic 
impact gained (M. Matt et al., 2017). 

5. The implementation of the SDGs – impacts 
within a global context

Since the UN adopted the global Sustainable Development Goals 
(SDGs) for the period until 2030 and beyond up to 2050, these have be-
come a core concept of European and national funding strategies within 
a global context. Science, technology and research within the field of the 
bio-economy and the agro, food, aqua, and forest sector(s) are key me-
ans to the overall implementation of the SDGs and thus provide ways to 
reach these goals. One particularity of the sector under discussion in our 
context is that it both provides challenges to some of the SDGs, but also 
at the same time is vital to the possibility to reach many of these other 
goals. As the SDGs are interlinked in many ways and are operating at dif-
ferent levels, their implementation calls for scientific and technological 

solutions that match such considerations. There are and will be a mul-
titude of actors with different interests, perceptions and backgrounds 
involved in the process - also at different levels (IIASA, 2018). A systems 
approach to sustainable agriculture needs to be further developed in the 
service of finding overarching solutions in the SDG context. It should take 
into account the diversity of interactions among humans and the envi-
ronment, so much at the needed core of the considerations for the future 
of the agricultural sector. Such reasoning is reflected e.g. in a paper by 
Patrick Caron et al. (2018) looking at food systems to ensure sustainable 
development since they link climate, agriculture and food.

The challenge how to measure impact in such a broader frame has 
to be given much and extended attention. A first step is to find relevant 
impact indicators for the different levels. But the reflection has to go 
beyond the multi layered analysis since complex systems are dynamic 
and technological developments and their societal framings - depending 
on context - might temporally have to be strongly in tune with the dy-
namic requests of the solutions, as e.g. the climate challenges so clearly 
demonstrate. Follow-up questions are

•	 How to adapt – and even construct - relevant indicators when 
new practices are starting to be established and new know-
ledge is emerging? 

•	 How to ensure that policies focusing on global priorities such 
as the SDGs do consider that these needed actions may have 
unintended or unexpected consequences in an array of other 
sectors than those connected with agriculture? 

6. Concluding remarks
Thus systems considerations have to be kept in mind as well as the 

various effects on regional/local realities in a globalized world; also the 
multiple functions of and impacts from agriculture with regard to socio-
economic and ecological resilience need to be highlighted. Research and 
innovation strategies have to take all these aspects into account. Thus 
there is a need for a much broader array of disciplines and transdiscipli-
nary efforts to be engaged. In addition new types of project partners are 
called for in service of new research approaches. In this context a few 
principal questions need to be addressed: 

•	 How to integrate an increased reflexivity capacity into the over-
all research system?

•	 How to mobilize a sufficiently broad set of relevant actors?
•	 How to understand the different roles of actors?
•	 How could we create relevant frameworks of exploration of these 

issues and provide mechanisms for societal experimentation?
At the same time also strategic funding has to reflect these needs. 

Policies have to be designed and implemented that permit the mobi-
lization of the necessary innovative capacities. Also there is a need to 
enhance reflective processes around these systemic concerns in the re-
search community at large. This also implies finding new platforms to 
address the design aspects of relevant assessment processes. With the 
formulation of the grand challenges at European level and the adoption 
of the 2030 UN Agenda for Sustainable Development at global level the 
systemic and nexus based policy targets have become more widely - but 
not totally - accepted, as has the understanding that research approa-
ches and programs have to reflect these concerns. However, traditional 
research areas are still of continued importance, although new metho-
dologies and approaches need to be developed also for their purposes. 
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The necessary indicators to measure transformational progress are still 
underdeveloped and need much more methodological thought, practice 
development and new institutional innovations and strategic support.
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