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Abstract

This report present the results of a participatory sustainability and resilience assessment of 11
farming systems in the European Union (EU). The assessments focused on 1) ranking the
importance of functions and selecting representative indicators for these functions, 2) scoring the
current performance of the representative indicators, 3) sketching dynamics of main
representative indicators of functions, 4) linking these dynamics to challenges and resilience
enhancing strategies, 5) assessing level of implementation of identified strategies and their
potential contribution to the robustness, adaptability and transformability of the farming system,
and 6) assessing level of presence of resilience enhancing system characteristics (resilience
attributes) and their potential contribution to the robustness, adaptability and transformability of
the farming system.

Overall, workshop results revealed a high allocated importance to the functions related to food
production and economic viability. Maintaining natural resources is another function that was
often scored with high importance. Aggregation of indicators performance to function level,
revealed that farming system functions were perceived to perform poorly to well across case-
studies. The function of food production is perceived to perform moderately to well in most case-
studies. The functions related to economic viability and maintenance of natural resources were
perceived to perform low to well across case-studies.

The selection of indicators for the sketching exercise followed more or less the perceived
importance of functions, emphasizing the importance of food production and economic viability
of farming systems. In general, participants felt confident to mention trends and to indicate where
major changes happened that impacted the dynamics of the indicator. For most discussed
indicators, participants were able to come up with strategies. Strategies could be categorized by
evaluating links with resilience attributes to allow for comparisons. Most strategies related to
resilience attributes associated with profitability, local and natural resources, diversity and
innovation.

Overall resilience of studied farming systems is perceived to be low to moderate. Currently, most
farming systems show more signs of robustness than adaptability or transformability. Multiple
attributes, but not all, are important in building system resilience. Importance of attributes is case-
study specific. Some generalizations can be made with caution. Currently, most important
attributes contributing to resilience are related to having agricultural production coupled with the
local and natural capital, spatial and temporal heterogeneity of farm types and social self-

This Project has received funds from the European Union’s Horizon 2020 research and innovation program under Grant 4
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organization of actors in the farming system. A resilience attribute that is currently hardly present,
but has high perceived potential is related to the profitability of the farming systems.

1 Introduction

European agriculture comprises many different farming systems (e.g. livestock, arable and
mixed, extensive and intensive). Also in terms of economic, environmental and social
performance, farming systems differ widely. From an economic and social perspective, European
agriculture is in general associated with low labour productivity and income (DG-AGRI, 2017), an
aging population and a decreasing number of farms and job opportunities. Approximately 70% of
farmers in Europe earn less than an average competitive income; and over time, farmers
experience a large variation in income (DG-AGRI, 2017). With further liberalization of the market,
reduced subsidies, changing consumer preferences and increased weather variability, farmer
incomes are expected to become even more variable.

In this dynamic environment, European agriculture is intensifying and farmers are trying to
increase their farms’ efficiency. However, from an environmental perspective, the room for
manoeuvre is small for farms and farming systems. Intensive agricultural production is associated
with a negative pressure on ecosystems (Rocha et al., 2015; Tilman et al. 2002). However, under
certain conditions, agriculture can also provide ecosystem services (Power 2010; Dumont et al.
2018), e.g. habitat for farmland birds (Teillard et al. 2016) or carbon sequestration in grasslands
(Accatino et al. 2019). In Europe, pressures and impacts of agriculture on the environment are
monitored through so-called agri-environmental indicators (Eurostat 2019). Agri-environmental
indicators show different temporal dynamics in Europe. For instance, the population of farmland
birds is steadily decreasing, while pressure on the environment through nitrogen and phosphorus
surpluses remains stable in many areas (DG-AGRI 2017b). Hence, next to market, weather and
social conditions, agro-environmental indicators and their dynamics also need to be taken into
account when developing strategies to anticipate change and variability in European agriculture.
Especially now that the Common Agricultural Policy will put increasingly more emphasis on the
environment and climate (DG-Agri 2019).

Evaluating economic, social as well as environmental dimensions of farms and farming
systems needs an integrated approach. For developing strategies to anticipate change and
variability, current and future resilience of farming systems needs to be assessed. SURE-Farm
Working Package 5 (WP5) aims to analyse the integrated impact of resilience-enhancing strategies
on the selected farming systems in the 11 SURE-Farm case studies, in particular regarding their
delivery of private and public goods. In WP5, existing models (static and dynamic, quantitative
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Agreement No. 727520



*
*
*

* X %

* 4 Kk

*

*
*

D5.2 Participatory impact assessment of sustainability and
resilience of EU farming systems

and qualitative) are incorporated in an integrated assessment tool (D5.1; (Herrera et al. 2018).
The IA-tool includes the Framework for Participatory Impact Assessment adapted for SURE-Farm
(FoPIA-SureFarm). To serve the general aim of WP5, the IA tool will be specifically used to: 1)
assess the current resilience and delivery of private and public goods for selected farming systems
across the EU; 2) assess the impact of future challenges, and 3) assess the expected impact of
resilience-enhancing strategies (and combinations of resilience-enhancing strategies) on the
selected farming systems. The current study is part of the first aim, while the other aims are
addressed in follow-up activities.

The quantitative models in the integrated assessment tool cannot be applied to all case studies
because of 1) limited data availability, 2) a lack of model expertise of local partners and 3)
incompatibility of available models with the type of farming system under study. Therefore, it is
proposed in the integrated assessment tool to use FoPIA-Surefarm as a participatory, semi-
guantitative approach in all case studies, as 1) the approach can be applied in all case studies, 2)
it allows comparability among case studies, and 3) it complements (or in some cases replaces) the
guantitative assessments. With regard to the latter: some variables are difficult to measure
objectively (mainly social ones, such as pride of profession or unhealthy stress among farmers),
and therefore participatory assessments are needed to assess these (van Calker et al. 2007). In
addition, sustainability and resilience of farming systems partly depend on the perceived
importance of different indicators. While changes in indicators may be measured and/or
modelled, the perceived importance can only be understood when involving stakeholders in a
participatory approach, provided there is agreement among stakeholders.

Overall, the participatory impact assessment aims to get a semi-quantitative overview of the
sustainability and resilience of a farming system. Semi-quantitative implies that participants’
assessments are obtained using a rating system that represents qualitative statements. This rating
system is used for answering a discursive, but guided framework of questions. The choice for
semi-quantitative is made to 1) consistently gather information in a guided framework of
questions and 2) to quickly summarize results and present them to the participants during the
workshop. FoPIA-Surefarm is the first methodology that completely follows the theoretical
framework of SURE-Farm, following all proposed steps to assess farming systems resilience. In
Section 3, the SURE-Farm theoretical framework is explained. Section 4 explains FOPIA-Surefarm
and how it was applied in the case studies. Section 5 synthesizes results from the case-studies.
Section 6 includes a discussion, followed by a conclusion in section 7. Case-study reports are
included in Supplementary Materials A — K.

This Project has received funds from the European Union’s Horizon 2020 research and innovation program under Grant 6
Agreement No. 727520
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2 Framework to assess resilience of EU farming systems

A framework for assessing the resilience of EU farming systems was developed in SURE-Farm
(Figure 1; Meuwissen et al. 2018). In Figure 1, the first three boxes refer to the delineation of the
research and describe the dynamics of the subjects under study: resilience of what (farming
system), to what (challenges) and for what purpose (functions) (Carpenter et al. 2001; Herrera
2017; Quinlan et al. 2016). Next steps are to define and explain resilience capacities and resilience
attributes. The resilience of farming systems and their essential functions depends on their
robustness, adaptability and transformability (resilience capacities). Resilience capacities narrate
the dynamics of system functions, and resilience attributes are relatively easily measurable
proxies that positively relate to at least one of the resilience capacities.
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Figure 1. Framework to analyse the resilience of farming systems, including resilience capacities and attributes. In FoPIA-Surefarm
the steps from 1 to 4 and from 5 to 4 are conducted (arrows with green outline).Source: adapted from Meuwissen et al. (2018)

In the framework, the social boundary of a farming system is such that we include actors who
influence farms in a specified region, and, conversely, farms in that region that also influence
these actors. In some cases, the processing industry is part of the farming system, while in others
not. D1.3 (Unay-Gailhard et al. 2018) provides guidelines for developing a farm typology including
interactions with the farming system, based on data and expert interviews. D3.1 (Bijttebier et al.
2018) describes the current farm demographics and trends per case-study. With regard to the
next step, general challenges have been synthesized in D1.1 (Meuwissen et al. 2018). All case
studies should consider these, but main risks differ per case-study. Also for essential functions, an
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overview has been provided in D1.1, but the importance of different functions may differ per
case-study.

As farming systems, challenges, and functions differ, resilience capacities and attributes also differ
per case-study. In addition, indicators of resilience capacities can differ per essential function. For
example, recovery rate (or return time) is often ascribed to robustness (e.g. Scheffer et al. 2009),
and it is appropriate for continuous processes like soil respiration (Todman et al. 2016), but it is
less appropriate for functions related to annual processes, like crop yield in intensive systems
(Peterson et al. 2018). In ecology, lakes have often served as an example to explain resilience
theory (Carpenter et al. 2001; Scheffer et al. 2001). It has been shown that the slow changing
variable ‘sediment phosphorus’ is a useful surrogate for resilience (or ‘attribute’), when assessing
the resilience of a clear-water or turbid water state. Dynamics of the fast variable ‘water
phosphorus’ provide more direct information, but are more difficult to measure. In our
terminology, ‘sediment phosphorus’ is the resilience attribute. It is however clear that this
attribute refers to a specific system. Cabell & QOelofse (2012) defined 13 attributes for the
resilience of agro-ecosystem resilience. In their paper, Cabell & Oelofse (2012) focus on “a scale
greater than the individual farmer and his or her farm, but a scale small enough that an individual’s
voice can still make a difference”. This is aligned with the social boundary setting of farming
systems of FoPIA-Surefarm as described in the previous paragraph. Examples of proposed
attributes are self-organization, connectedness and spatial and temporal heterogeneity, which
are related to five generic resilience principles for social ecological systems: diversity, openness,
tightness of feedbacks, system reserves and modularity (Resilience Alliance 2010; Walker & Salt
2012; Figure 1). While the attributes of Cabell & Oelofse (2012) are argued to be generally
applicable, the distinction of how which attribute is related to which resilience capacities
(robustness, adaptability, transformability) is not explicitly worked out by Cabell & Oelofse (2012).
Moreover, enhancing different attribute levels can result in the competition for the same
resources but also in synergies (Darnhofer et al. 2010).

3 The FoPlA-SureFarm approach

3.1 Building blocks

FoPIA-SureFarm builds on three frameworks that have been applied before: 1) The
Framework for Participatory Impact Assessment (FoPIA; Morris et al. 2011), 2) Resilience
Assessment Framework (RAF; Resilience Alliance 2010) and 3) the participatory approach used
for system dynamics modelling by the University of Bergen (Herrera 2017). All methods have in

This Project has received funds from the European Union’s Horizon 2020 research and innovation program under Grant 8
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common that they seek to raise awareness and support discussions among participants to
understand the system under study.

FoPIA was developed within the EU FP5 project SENSOR. After that it was used in many other
case studies, mainly in the EU FP6 project LUPIS (Konig et al. 2013; Reidsma et al. 2011). The aim
of the original FoPIA is to assess the impact of policies on a set of indicators, encompassing
sustainability. In FOPIA, a semi-quantitative approach is taken to quickly summarize judgments of
participants on performance of sustainability indicators. As FOPIA does not address dynamics in
these indicators, and hence does not address resilience, we also use RAF (Resilience Alliance 2010)
to complement our participatory method. The resilience assessment is more in line with the SURE-
Farm framework, addressing questions like resilience “of what?”, “to what?” and “for what
purpose?”. It does not include a semi-quantitative assessment of the impact of changes on
indicators reflecting sustainability (the system functions), and therefore both building blocks are
needed. Lastly, the participatory approach used for system dynamics modelling by the University
of Bergen (Herrera 2017) also includes aspects (sketches of past and future developments) that
are useful for FoPIA-Surefarm.

3.2 Workshop overview

Within SURE-Farm, 11 case-studies were selected with diverse farming systems (Table 1). Farming
systems in case-studies range from small-scale family farming to large-scale corporate agriculture.
Arable, mixed, and livestock systems are included as well as perennial systems. More information
on case-study regions can be found in SURE-Farm deliverable D3.1 (Bijttebier et al. 2018) and on
the SURE-Farm website (SURE-Farm 2019a).

Table 1. Case-study regions and their farming system under study.

Country  Region Farming system Main product(s)
BE Flanders Intensive dairy farming milk
BG North East Bulgaria Large-scale corporate arable farming cereals
DE Altmark, Saxony Anhalt Large-scale corporate arable farming, mixed cereals, milk
with livestock activities
ES Huesca, Aragon Extensive sheep farming meat
FR Bourbonnais, Massif Central Extensive beef cattle farming meat
IT Viterbo, Lazio, Central Italy Perennial crops (hazelnuts) hazelnuts
NL Veenkolonien Intensive arable farming starch potato, sugar beets, cereals
PL Mazowse i Podlasie Smallholder horticulture fruits
RO Nord-Est Smallholder mixed farming cereals, oilseeds, fodder
SE Mainly the southern part of Sweden Egg and broiler systems Eggs, meat
UK East of England Large-scale corporate arable farming cereals
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To assess the current resilience of farming systems with FoPIA-Surefarm, workshops were
conducted in autumn/winter of 2018/2019 in the 11 SURE-Farm case-studies (Table 2). The
workshops were organized between 10am and 4pm, including 1-1.5 hours for breaks, leaving 4.5-
5 hours effectively for the workshop. Invitation of stakeholders was done differently in each case-
study, e.g. direct invitation via (e)mail or invitation via a local partner organization. Guidelines for
invitation were to attract participants from different stakeholder groups, i.e. farmers,
government, industry and NGOs.

Table 2. Overview workshop timing and number of participants.

Country Date workshop 1 Participants Of which Industry Government NGO Research/advise Other
(#) farmers (#)

BE 27-11-18 16 5 5 2 1 1 2

BG 11-1-2019 19 6 1 9 2 1

DE 9-1-2019 12 5 4 3

ES 31-1-2019 24 4 2 6 6 3 3

FR 14-2-2019 26 10 4 5 3 2 2

IT 21-1-2019 21 8 3 3 3 4

NL 11-12-2018 11 4 1 2 1 2 1

PL 5-3-2019 20 10 4 5 1

RO 6-2-2019 14 6 3 2 1

SE 22-01-2019 6 2 1 1 1

UK 16-1-2019 15 5 2 7 1

In brief, the workshops focused on current resilience and sustainability of the farming system,
focusing on 1) ranking the importance of functions and selecting representative indicators for
these functions, 2) scoring the current performance of the representative indicators, 3) sketching
dynamics of main representative indicators of functions, 4) linking these dynamics to challenges
and resilience enhancing strategies, 5) assessing level of implementation of identified strategies
and their potential contribution to the robustness, adaptability and transformability of the
farming system, and 6) assessing level of presence of resilience attributes and their potential
contribution to the robustness, adaptability and transformability of the farming system. The
different steps are detailed in this report below.
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D5.2 Participatory impact assessment of sustainability and
resilience of EU farming systems

3.3 Phases in FOPIA-SureFarm

FoPIA-Surefarm consists of three phases: the preparation phase, the stakeholder workshop and
the evaluation phase. Parts of the preparation were covered by other SURE-Farm
WPs/deliverables. The preparation was done by the involved researchers to increase efficiency
during the stakeholder workshop. Workshop guidelines were developed with guiding questions
to increase consistency and thus comparability between case-studies. Table 3 presents an
overview of the steps taken during the workshop. In the evaluation phase, workshop results were
compared with existing data and robustness, adaptability and transformability of the farming
system was evaluated and reported per case-study. In the remainder of this section, the main
research questions are presented. For a complete overview of the workshop see the workshop
guidelines in Supplementary Materials L.

Table 3. Activities during the FoPIA-Surefarm workshops on current resilience. *R=Research team, S=Stakeholders.

Step Activities Who* Time
Introduction Use PowerPoint template to give an introduction to the workshop. R 10 min
Farming system Present actors, relationships and farm types. R 5 min
Confirm main actors and mutual relationships. S 10 min
Confirm main farm types. S 5 min
Functions Present system functions and indicators. R 5 min
Rank importance of functions, using 100 points divided over 8 functions. Rank indicators, | S 20 min
100 points divided per function. Per stakeholder.
Assess current performance of indicators, scoring from 1 to 5. Per stakeholder. S 20 min
Evaluate ranking and select up to 6 main indicators that need to be evaluated to assess | R, S 25 min
resilience.
Resilience Present the meaning of robustness, adaptability and transformability. R 10 min
capacities
Make groups of at least 3 persons (per selected main indicator) and continue in these | R 5 min
groups throughout the workshop.
Sketch dynamics of indicators over time. S 15 min
Show, in the graphs, which challenges have influenced historical dynamics of the indicator. | S 10 min
Identify strategies that have been implemented to reduce or benefit from the impactofa | S 10 min
challenge.
Identify whether an indicator was robust, adaptive and/or transformed. S 10 min
Plenary discussion: compare historical dynamics of groups; identify alternate states of | R, S 30 min
farming systems.
Resilience Present general resilience attributes and explain. R 5 min
attributes
Assess level ofimplementation of identified strategies from 1to 5; score impact of strategy | S 10 min
on resilience from -3 to +3. Only for strategies related to the same indicator as discussed
before in group; filling in forms is done individually
Assess level of presence of general resilience attributes from 1 to 5; score impact of | S 20 min
strategy on resilience from -3 to +3. For the whole farming system; per stakeholder.
Provide examples for most important resilience attributes in relation to robustness, | S 15 min
adaptability and transformability
Plenary discussion: evaluate robustness, adaptability and transformability of the indicators | R, S 30 min
and the farming system in general; how do farming system level resilience attributes relate
to farm level resilience attributes?

This Project has received funds from the European Union’s Horizon 2020 research and innovation program under Grant 11
Agreement No. 727520

=\
—




D5.2 Participatory impact assessment of sustainability and
resilience of EU farming systems

3.4 Farming system

The type of challenges a system is facing, as well as its response, are largely affected by the
characteristics/identity of the system. This relates to the question “resilience to what?” (step 1in
the resilience framework; Figure 1). The identity of a farming system depends on key actors,
system components, and their interactions (Cumming & Peterson 2017). In FoPIA-Surefarm we
mainly focussed on the social delineation of the farming system, i.e. identifying key actors and
their interactions in terms of influence. Key actors within the system boundary are identified using
the following selection criteria, i.e. the boundary of a farming system is such that we include actors
who influence farms, and, conversely, farms also influence these actors. In contrast, we exclude
actors who influence the farming system, but who are themselves scarcely influenced by the
system. Figure 2 provides an example farming system. In the workshops, stakeholders were asked

to confirm main actors and their mutual dependence, i.e. the level of influence that they have on
each other.

__.“"‘ Export markets "'..' Selection criteria:
. T
ot <% -——— e
o «*® -7 == Ofog. , e,
K c'o(\‘) - . Kers ~ Sala -,
- - - policy makers Fin ~ ", Actors who influence
o ” (agricuiturii‘ policy) insg; ey ™ ~ ".. farms, and, conversely,
- 4 \¢-] (bs Ttuy * farms also influence
R 7 hbo\.\ Nk, On. ~
- 0 ’ Neid! these actors
oW
B
4 . FARMING SYSTEM s
H £ gypptie’ \ Gy %
: 1 (eed,s® FARM %, % E
: ( a\ for local x %, %\ H
: 1 nealth Lot % G, y
H fo0d shoP Repi O, \ .
: ] Sionay | %) :
: . MSUrance % :
i | garte & & peer Mutual 1 i
P ) BT H :
-“ 61. % \ \)\"‘0“ &« S’Q/ FARM, Contractworkers o N’ Actors who influence
Y % \ S chinery) & 7 the farming system,
K % % N E {labour, ma & / . but who are themselves
Y B& \ & arms of other sectors (manure Q@ & 7/ s scarcely influenced
DA SN “Be. supply, joint cro : & 7 N by the system
ey -%/«J‘ N lor Sce/e P rotation, .) & ’ -
. 4 : !
., 1}7 Gflk,bﬁr . P <
* .. ~ 96‘1; Sop., ove’ &
., ~ Techno,ogy Loe ® sy A . o
. S Providerg PR
‘e, Gf/ S~ - - \(\% +*
.. 2y, - i .
. s - o0 0ew® L.t Indirect influence
' e, Policy makers e s“o?,.-‘ *
Tea . .t
"-...._. (food policy, Lide

Figure 2. Selection criteria to identify actors within the system boundary of a farming system, incl. example actors. Source:
Meuwissen et al. (2018).
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resilience of EU farming systems

3.5 Challenges

In FoPIA-Surefarm, challenges relate to the question “resilience to what” (step 2 in the resilience
framework; Figure 1). To identify the variety of challenges farming systems are confronted with,
we categorised the challenges along four dimensions, i.e. economic, environmental, social and
institutional risks. Also, we distinguished two ways of how these challenges affect farming
systems: as a (non) permanent shock, or as a long-term pressure with inherent uncertainties.
Agro-ecological conditions that are static in nature are not seen as challenges, e.g. low water
holding capacity is not seen as a challenge, but an incident of drought is. Distinction between
various dimensions and sub-classifications (shock, long-term pressure) is somewhat arbitrary, but
the classification can be useful as a ‘checklist’ (see Annex 1 of Meuwissen et al. 2018).

Identified challenges were not presented during the stakeholder workshop. Instead the overview
was used to guide the discussions. For instance when challenges had to be linked to dynamics of
functions (section 3.7); if not mentioned by stakeholders, they could be asked about the influence
of specific challenges.

3.6 Functions

The identity of a farming system depends on key actors, system components, and interactions
(section 3.1), but also on the provision of functions. Functions relate to the questions “resilience
for what purpose?” (Step 3 in the resilience framework; Figure 1). Which functions are deemed
important for the farming system depends on stakeholder perspectives. A large change in a
specific function can imply a collapse or transformation of a system. Therefore, for an integrated
impact assessment, ranking the importance of essential functions is important. Often, the identity
of a farming system is associated to a specific indicator. For example, in the case-study in the
Netherlands, in the Veenkolonién producing starch potato shapes the identity of the farming
system and is associated with the function “Food production”.

Depending on a system’s location (e.g. close to a city centre, or remote), system functions may
differ. In FoPIA-Surefarm, functions were subdivided towards the provisioning of private goods
and public goods (Meuwissen et al. 2018; Table 4). In Table 4, short descriptions are provided for
the farming system functions. These short descriptions will be used when presenting results.
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D5.2 Participatory impact assessment of sustainability and
resilience of EU farming systems

Table 4. Overview of farming system functions and their short descriptions.

Farming system function Short description
Private goods

Deliver healthy and affordable food products Food production
Deliver other bio-based resources for the processing sector Bio-based resources

Ensure economic viability (viable farms help to strengthen the economy Economic viability
and contribute to balanced territorial development)

Improve quality of life in farming areas by providing employment and Quality of life
offering decent working conditions.

Public goods
Maintain natural resources in good condition (water, soil, air) Natural resources
Protect biodiversity of habitats, genes, and species Biodiversity & habitat

Ensure that rural areas are attractive places for residence and tourism Attractiveness of the area
(countryside, social structures)
Ensure animal health & welfare Animal health & welfare

We allowed to have a minimum of one and a maximum of four indicators that are associated to
functions. The research team compiled the list of indicators that were relevant and easy to
communicate and to understand. The research team also identified for which stakeholders these
indicators were essential. Stakeholders were provided the opportunity to remove, change or add
indicators in a plenary session. The final number of indicators differed between case-studies
(Table 5).

Table 5. Number of selected indicators per farming system function for each case-study.

Number of indicators per function
Short description BE BG DE ES FR IT NL PO RO SE UK Mean

Food production 2 4 3 2 4 2 3 3 2 4 2 2.8
Bio-based resources 3 2 2 2 4 2 2 3 2 2 1 23
Economic viability 3 4 3 3 4 3 3 3 3 4 3 3.3
Quality of life 3 3 4 2 4 3 4 3 3 4 3 3.3
Natural resources 3 4 4 2 4 2 4 3 4 4 2 3.3
Biodiversity & habitat 3 3 3 2 4 2 3 3 3 3 3 2.9
Attractiveness of thearea 3 4 4 2 3 2 3 3 4 4 3 3.2
Animal health & welfare 2 3 3 2 2 - 2 3 3 4 1 2.5
Total 22 27 26 17 29 16 24 24 24 29 18 233

During the workshop, stakeholders were asked to individually rank the perceived importance of
the eight functions by distributing 100 points over eight functions. In case the allocated points did
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D5.2 Participatory impact assessment of sustainability and
resilience of EU farming systems

not add up to 100, the points were normalized to in order to make them sum up to 100. Allocated
points for functions were summed up for private and public goods. Also the effective number of
functions was calculated, following Equation 1.

1
Y.;(Importance Function;/100)?

Effective number of functions = Equation 1.

Where i accounts for the number of functions and the “Importance Function” is in %. The outcome
of Equation 1 can be seen as the degree into which participants in the workshop allocate equal
importance to functions. The lower the score, the more a few functions are preferred over the
others.

After ranking the essential functions, participants were asked to evaluate the list with indicators.
Stakeholders were invited to score the indicators for representativeness within each essential
function, again distributing a total of 100 points this time per function. So, if three indicators were
included for one function, a total of 100 points could be distributed over these three indicators.
Ranking of all individual indicators over all functions was done afterwards, based on both rankings
(function and indicator) and the number of indicators per function, following Equation 2.

TransindicatorImp = Functionlmp, * (IndicatorImp /100) * FunctionindNr Equation 2.

Where “Transindicatorlmp” is the transformed importance of the indicator that allows for direct
comparison between indicators of different functions, “Functionlmps” is the average importance
allocated to the function by the stakeholder group a participant belongs to, “Indicatorimp” is the
importance allocated to the indicator and “FunctionindNr” is the number of indicators that the
function concerned has.

After ranking importance of functions and indicators, stakeholders were asked to assess the
perceived current performance of the indicators, scoring from 1 to 5, where 1: very low
performance, 2: low performance, 3: medium performance, 4: good performance, 5: perfect
performance.

Results of ranking function importance and indicator importance and performance were
processed during the workshop and discussed in a plenary session. Results on indicator
performance were summarized for each case-study at function level by means of weighted
average, the weight being determined by the overall representativeness of indicators per
function. For importance and performance of functions and indicators, Kruskal Wallis tests were
performed for detecting significant differences between stakeholder groups at the 5% probability
level. For these tests, statistical power is low and data was not drawn from a random sample.
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D5.2 Participatory impact assessment of sustainability and
resilience of EU farming systems

Hence, these test are used in an explorative matter to highlight some differences between
stakeholder groups without drawing strong conclusions. Linear regression models were used to
assess correlations between function performance and function importance (where the case-
studies were the observations: n=11; p<0.05). For these mentioned statistical tests, statistical
power is low and data was not drawn from a random sample. Hence, results from these test are
used in an explorative way to highlight some differences between stakeholder groups without
drawing strong conclusions. P-values of statistical test can be found in Appendix A.

After the ranking and the scoring, a plenary discussion took place to identify most important
indicators that represent the identity of the system. Bar graphs or a bubble graphs that included
indicator importance and performance were used to support the discussion. These important
indicators were evaluated in the next steps, to assess resilience. In case no consensus could be
reached on which indicators to select, a compromise was regarded sufficient.

Function importance and performance was also assessed in the online co-creation platform of
SURE-Farm (SURE-Farm 2019b). The assessments were done for the “EU agricultural sector”.
Results of these assessments are presented in Appendix B.

3.7 Resilience capacities

Understanding the resilience of a farming system requires understanding the dynamics of the
representative indicators of the essential functions, and specifically the ones shaping the identity
of the system. Hence, in the workshops the next step was exploring (i) the dynamics of the
essential functions (robustness), (ii) the relation between risks (shocks, long-term pressures) and
responses (adaptability), and (iii) the occurrence of tipping points (drastic system changes, regime
shifts within one generation, changed identity) (transformability) (Meuwissen et al., 2018). The
stakeholder workshop cannot answer all the questions, but can provide a good basis, upon which
the researchers can build.

We asked the stakeholder to analyse historical dynamics from 2000-2018, but with reference to
earlier time periods where relevant. The research teams did not prepare historical dynamics, but
data on some indicators was collected before and after the workshop to compare with
stakeholder input. Stakeholders were grouped, and each group focused on one representative
indicator. Each group had at least 3 persons, and consisted of participants belonging to different
stakeholder types. Stakeholders were allowed to change groups, in case they felt uncomfortable
to work on a certain indicator and felt more knowledgeable about another.

This Project has received funds from the European Union’s Horizon 2020 research and innovation program under Grant 16
Agreement No. 727520



*
*
*

* X %

* 4 Kk

*

*
*

D5.2 Participatory impact assessment of sustainability and
resilience of EU farming systems

Stakeholders were asked to show, in the graphs, which challenges have influenced historical
dynamics of the indicators. In case the sketches were far from reality (based on availability of
data), researchers brought in their knowledge (from the datasets) and took notes of the
intervention. The list of challenges (see section 3.5) was used to stimulate the discussions. In some
specific cases, opportunities, rather than challenges had caused dynamics in the farming system
performance. However, in general, the point of departure of FoPIA-Surefarm were the challenges,
i.e. resilience to what. After the workshop, sketches of historical dynamics of main indicators were
digitalized and presented in the individual case-study reports (Supplementary Materials A-K).

Stakeholders were asked to identify strategies (responses) that have been implemented to reduce
or benefit from the impact of a challenge. Getting a list with identified strategies was an important
aim of the whole sketching exercise. In case participants were not able to sketch the dynamics,
the discussion on the indicator itself was used to come up with a list of strategies.

In a plenary session, the historical dynamics of the main representative indicators were presented,
based on group presentations. In this session, robustness/adaptability/transformability of the
farming system was evaluated, based on the main indicators.

3.8 Level and contribution of strategies

After identifying the strategies during the sketching exercise (previous section), strategies were
evaluated for their level of implementation and their potential contribution towards the resilience
capacities. For evaluating the strategies, participants remained in the same groups, and evaluated
the implementation level and effect of identified strategies with regard to the farming system, i.e.
not only for the indicator for which the strategy was implemented. Each individual stakeholder
was asked to evaluate the strategies.

First, participants were asked to score the degree into which the strategy had been implemented:
1: not implemented, 2: slightly implemented, 3: moderately implemented, 4: well implemented,
5 perfectly implemented. Second, participants scored the relationship between the strategy and
the robustness/adaptability/transformability of the farming system from -3 to +3. Although these
were strategies identified as improving resilience, there might be trade-offs between robustness,
adaptability and transformability, resulting in negative and positive scores. A 0 implies no
relationship, a 1 or -1 a weak positive or negative relationship, a 2 or -2 a intermediate positive
or negative relationship, and a 3 or -3 is a strong positive or negative relationship.
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3.9 Resilience attributes

The resilience assessment framework of the Resilience Alliance (2010) argues that there is a need
to consider both general and specified resilience. Specified resilience relates to the question
‘resilience of what, to what and for what purpose’. General resilience applies to the system as a
whole (step 5 in the resilience framework; Figure 1). Given that there may be completely novel
shocks, with system responses that are as yet unknown, are there parts of the system that exhibit
low or declining levels of those attributes that confer general resilience? The Resilience Alliance
(2010) argues that the following resilience principles are related to general resilience: diversity,
openness, tightness of feedbacks, system reserves, and modularity. Cabell and Oelofse (2012)
identified 13 general attributes contributing to the resilience of agroecosystems. We argue that
these 13 resilience attributes of agro-ecological systems by Cabell and Oelofse (2012) can be seen
as an extension of the resilience principles of Resilience Alliance (2010). But while these attributes
relate to general resilience, they may not contribute to specified resilience. The relation between
resilience attributes and main indicators reflecting the essential functions of a farming system,
may differ per case-study. Relationships should therefore be investigated.

We related the 13 resilience attributes of Cabell & Oelofse (2012) to the five resilience principles
and the four farming system processes on which SURE-Farm has its focus: farm demographics,
governance, risk management and agricultural production. In some cases we split the attributes
in sub-attributes to improve their explicability towards participants. In addition, we tuned the
definition of the (sub-)attributes more towards characteristics at the farming system level that
are relevant in SURE-Farm. Also we developed three extra attributes, to serve the particular
interests of SURE-Farm. Finally, we had a list with 22 attributes from which we selected 13 to
reduce overlap between attributes and to reduce the workload during the workshop (Table 6).
The original and adapted list of attributes and their definitions are presented in Supplementary
Materials L. In our resilience framework (Figure 1) we aim to further specify the level of these
attributes and how these attributes contribute to specific resilience capacities, i.e. robustness,
adaptability and transformability (step 4 in the resilience framework; Figure 1).
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D5.2 Participatory impact assessment of sustainability and
resilience of EU farming systems

Table 6. Attribute list based on Cabell & Oelofse (2012) and Meuwissen et al. (2018). Italic font indicates that these attributes are
presenting only part of the original attribute in Cabell & Oelofse (2012). Bold font indicates adaptations made to tailor resilience
attributes towards farming systems research within the SURE-Farm project (Meuwissen et al., 2018).

Resilience attribute

Definition

Implications

Explanation statement

Link with
resilience principle

Link with SURE-
Farm processes

Reasonably profitable Persons and organizations in Being reasonably profitable allows Farmers and farm workers earn a Systems reserves Agricultural
the farming system are able to participants in the system to invest in liveable wage while not depending | (fi ial capital) production; risk
make a livelihood and save the future; this adds buffering capacity, heavily on subsidies. management
money without relying on flexibility, and builds wealth that can be
subsidies or secondary tapped into following release
employment
Coupled with local and The system functions as much Responsible use of local resources Soil fertility, water resources and Systems reserves Agricultural
natural capital as possible within the means of | encourages a system to live within its existing nature are maintained well. | (natural capital) production

(production)

the bio-regionally available
natural resource base and
ecosystem services

means; this creates an agroecosystem
that recycles waste, relies on healthy
soil, and conserves water

Functional diversity Functional diversity is the Diversity buffers against perturbations There is a high variety of inputs, Diversity Risk management
variety of (ecosystem) services (insurance) and provides seeds of outputs, income sources and
that components provide to the | renewal following disturbance markets.
system;
Response diversity Response diversity is the range Diversity buffers against perturbations There is a high diversity of risk Diversity Risk management
of responses of these (insurance) and provides seeds of management strategies, e.g.
components to environmental renewal following disturbance different pest controls, weather
change insurance, flexible payment
arrangements.
Exposed to disturbance The system is exposed to Such frequent, small-scale disturbances The amount of year to economic, Openness Risk management
discrete, low-level events that can increase system resilience and environmental, social or
cause disruptions without adaptability in the long term by institutional disturbance is small
pushing the system beyond a promoting natural selection and novel (well dosaged) in order to timely
critical threshold configurations during the phase of adapt to a changing environment.
renewal; described as “creative
destruction”
Spatial and temporal Patchiness across the landscape | Like diversity, spatial heterogeneity There is a high diversity of farm Modularity, Farm
heterogeneity (farm and changes through time provides seeds of renewal following types with regard to economic diversity demographics, risk
types) disturbance size, intensity, orientation and management
degree of specialisation.
Optimally redundant Critical components and Redundancy may decrease a system’s Farmers can stop with dularity Farm
(farms) relationships within the system efficiency, but it gives the system endangering continuation of the demographics; risk
are duplicated in case of failure | multiple back-ups, increases buffering farming system and new farmers management

capacity, and provides seeds of renewal
following disturbance

can enter the farming system
easily.

Supports rural life

The activities in the farming
system attract and maintain a
healthy and adequate
workforce, including young,
intermediate and older people.

A healthy workforce that includes
multiple generations will ensure
continuation of activities and facilities
in the area, and the timely transfer of
knowledge.

Rural life is supported by the
presence of people from all
generations, and also supported
by enough facilities in the nearby
area (e.g. supermarkets, hospital,
shops).

Systems reserves
(social and human
capital)

Farm demographics

Socially self-organized The social components of the Systems that exhibit greater level of Farmers are able to organize Tightness of Governance
agroecosystem are able to form | self-organization need fewer feedbacks themselves into networks and feedbacks, system
their own configuration based introduced by managers and have institutions such as co-ops, reserves (social
on their needs and desires greater intrinsic adaptive capacity community associations, advisory capital)
networks and clusters with the
processing industry.
Appropriately The social components of the In case self-organization fails, signals Farmers and other actors in the Tightness of Governance
connected with actors agroecosystem are able to can be send to actors that indirectly farming system are able to reach feedbacks
outside the farming form ties with actors outside influence the farming system. out to policy makers, suppliers and
system their farming system. markets that operate at the
national and EU level.
Coupled with local and Regulations are developed to Responsible use of local resources Norms, legislation and regulatory Systems reserves Governance,
natural capital let the system function as much | encourages a system to live within its fr ks are well adapted to (social capital) agricultural
(legislation) as possible within the means of | means; this creates an agroecosystem the local conditions. production
the bio-regionally available that recycles waste, relies on healthy
natural resource base and soil, and conserves water
ecosystem services
Infrastructure for Existing infrastructure Through timely adoption of new Existing infrastructure facilitates Openness, system | Governance,
innovation facilitates diffusion of ' ledge and technol afarming | knowledge and adoption of reserves agricultural
knowledge and adoption of system can better navigate in a cutting-edge technologies (e.g. production
cutting-edge technol, (e.g. h envir digital).
digital)
Diverse policies Policies stimulate all three Policies addressing all three resilience Policies stimulate all three Diversity Governance

capacities of resilience, i.e.
robustness, adaptability,
transformability

capacities avoid situations in which
farming systems are permanently
locked in a robust but unsustainable
situation. Or situations in which
adapting and transforming systems are
increasingly vulnerable.

capacities of resilience, i.e.
robustness, adaptability,
transformability.
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D5.2 Participatory impact assessment of sustainability and
resilience of EU farming systems

In the workshop, we presented the attributes with accompanying explanation statement to
participants. Participants were asked to individually score the extent into which the attribute and
accompanying statement were the case in the farming system on a score from 1 to 5, where 1:
not at all present, 2: present into a small extent, 3: moderate present, 4: present into a big extent,
5: present into a very big extent. After that, the strength of the relationship between attribute
and resilience capacities of the whole farming system was scored between -3 and +3. It was
expected that most relationships are positive, but negative relationships may also be possible. A
0 implies no relationship, a 1 a weak relationship, a 2 a relationship of intermediate strength, and
a 3 is a strong relationship. For negative values, the same terminology applies. Participants could
add and score case-study specific attributes when necessary.

Results were collected and processed during the workshop. However, they were not presented in
all workshops. The exercise and the workshop were ended with a plenary discussion, concluding
on main challenges, main strategies and resilience attributes, and synergies and trade-offs
between indicators of the farming system.

By combining levels of presence and potential contribution of resilience attributes, an assessment
of overall scores for the resilience capacities could be made following equation 3 and 4.

iy . Y.j PresenceScore;*Potential contribution; .
Overall resilience capacity, = - : Equation 3.
Number of scored attributes

Where “PresenceScore;” is calculated as in Equation 4.

(level of presence; — minimum level)  (level of presence; — 1)
(maximum level — minimum level) G-1

PresenceScore; = Equation 4.

Values resulting from equation 3 will range between -3 and 3, where 3 indicates a situation in
which all resilience attributes are perfectly present and contribute strongly positive to the
resilience capacity concerned. For all case-studies, Kruskal Wallis tests were performed to
discover significant differences between scores for resilience capacities, per attribute and for all
attributes together.

Attribute presence was also assessed in the online co-creation platform of SURE-Farm (SURE-Farm
2019b). The assessments were done for the “EU agricultural sector”. Results of these assessments
are presented in Appendix B.
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resilience of EU farming systems

4  Results

4.1 Farming system

In all workshops, the SURE-Farm definition for delineating the social boundaries of the farming
system was explained. This delineation relates to the question “resilience of what?” (step 1 of the
resilience framework; Figure 1). Starting with the delineation of the social boundaries of the
farming system was intended to support participants to look at farming system level instead of at
for instance farm level or at a specific link in the value chain. In theory, participants found the
definition a useful way of distinguishing between actors with different types of dependency and
influence. However, in practice it was not always straightforward to determine in which ring
certain actors should be placed. Consumers, for instance, could be placed in all circles in many
case-studies. For example, Swedish consumers have had a big influence on egg production which
has moved from a relatively low to a rather high share of organic production. Yet, there is little
direct interaction between consumers and the farm. Also, it was sometimes challenging to
distinguish between feedback about the current situation or a desired situation. In the Belgian
case-study, for instance, the cooperative for dairy farms was put outside the farming system,
while most participants in that workshop indicated that the cooperatives, regarding the impact of
their working organization and activities, should be situated within the farming system. In the
Swedish case-study, stakeholders argued that by having closer bi-directional relationships
farms/organizations may be in a better position to influence authorities and decision-makers, in
the long run.

The feedback of participants helped to include important actors that were omitted by the
research team. In the Dutch case-study, for instance, the water board was added to the farming
system as a strong co-dependency existed between de water board and farmers. In all workshops,
an agreement was reached about the social delineation of the farming system.

Overall, feedback of participants was complementing the overview that researchers had made in
the preparation phase. In the preparation phase, the research teams used mainly outputs from
previous SURE-Farm activities. During the workshop, participants mainly changed the position of
actors (9 times) and included new actors (14 times), while only two actors were removed (Table
7).
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Table 7. Position of actors before and after feedback of participants. Case-studies included are: BE, BG, DE, ES, FR, IT, NL, RO, SE.

Phase After feedback
farming direct indirect
Actor types system actor influencer of FS influencer of FS removed
farming system actor 70 2 0 2
Before direct influencer of FS 5 85 1 0
feedback jndirect influencer of FS 0 4 66 0
not considered 9 17 3 0
Grand Total 84 108 70 2

In the Belgian and Dutch case-studies, the highest number of farming system actor types were
identified. In the German and ltalian case-study, least farming system actors were identified. In
the Dutch and Romanian case-study, most (in)direct influencers were identified, while in Spain
and ltaly the least.

4.2 Challenges

Research teams identified challenges for each case-study. This related to the question “resilience
to what?” (step 2 in the resilience framework; Figure 1). For identifying challenges, research teams
mainly used results from previous SURE-Farm activities. Overall, more long-term pressures were
identified than (non-)permanent shocks in the preparation phase (Table 8). During the workshops,
only a part of the identified challenges were mentioned and the emphasis on long-term pressures
was increased (Table 9).

Table 8. Average number of challenges per case-study, identified in the preparation phase, specified for type and domain of
challenge. Included case-studies: all

Domain
Challenge Economic Environmental Institutional  Social Total
(Non)-permanent shock 2.0 2.3 1.5 1.1 6.9
Long-term pressures 3.5 2.5 2.2 3.1 114
Grand Total 5.5 4.8 3.7 4.2 18.3

Table 9. Average number of challenges per case-study, identified during the workshop, specified for type and domain of challenge.
Included case-studies: all

Domain
Challenge Economic Environmental Institutional  Social Total
(Non)-permanent shock 0.6 1.0 0.5 0.3 2.5
Long-term pressures 2.0 1.0 0.6 1.2 4.8
Grand Total 2.6 2.0 1.2 1.5 7.3
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4.3 Farming system functions and indicators

Importance and performance of functions and indicators relates to the question “resilience for
what purpose?” (Step 3 in the resilience framework; Figure 1).

4.3.1 Importance functions

Overall, workshop results revealed a high allocated importance to the functions “Food
production” and “Economic viability” (Figure 3). “Natural resources” is often scored with higher
importance, compared to the remaining functions. All studied farming systems, except the ltalian
case-study, had at least some farms with livestock and valued “Animal health & welfare” with a
score from 8-22%. For this function, the score from the Swedish case-study (22%) deviated much
from the other case-studies (8-14%). This can be explained by the high importance placed on farm
animal welfare in general in Sweden, which does also concern other livestock sectors such as dairy
farming. “Bio-based resources” are often scored with the lowest scores (4-13%), where the mixed
farming systems are among the highest scoring cases. “Maintaining biodiversity” and
“Attractiveness of the countryside” score on average low. In the Belgian case-study, the
participants indicated that low scores for these functions were due to the fact that the function
“maintaining natural resources” was seen as a prerequisite for these functions and hence received
a higher score. In none of the case-studies, for none of the functions, a significant difference at
the 5% level between scores of different stakeholder groups was observed.

In the co-creation platform, participants also perceived a higher importance for “Food
production”, “Economic viability” and “Natural resources” for the EU agricultural sector (Appendix
B). However, overall, importance was more equally divided over all functions in the co-creation
platform than in the case-study workshops.
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Figure 3. Allocated importance to farming system functions. Results are based on a division of 100 points by each participant in each case-study

*
7 * This Project has received funds from the European Union’s Horizon 2020 research and innovation programme under Grant 24

* : Agreement No. 727520
* 5k

ST O N S I S T




D5.2 Participatory impact assessment of sustainability and
resilience of EU farming systems

» =
bz IR

NS=za = = /) == =
Case-studies allocated 48 to 80% of importance to functions that represented the delivery of
private goods (Figure 4). This indicates a tendency in most case-studies to prefer private goods
over public goods. The most extreme example of this is Italy with an importance of 80% for the
functions that represent private goods. Participants from the Farmers group were more often
allocating more importance to private goods than participants belonging to other stakeholder
groups. Especially in the case-studies in BE, BG, NL, PL and SE, importance differs between
stakeholder groups (Figure 4). In the case-studies FR, NL and SE, the average importance between
private and public goods is more or less balanced. In the workshop in the Dutch case-study,
participants indicated that the presented functions are all interacting. They stated that providing
food and income in the farming system was only possible when taking care of natural resources,
i.e. delivering the public goods was identified as essential for the delivery of private goods. In the
Bulgarian case-study, with a strong focus on private goods, participants were indicating that
developing th