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1 Introduction

1.1 Context

In the AGROMIX project, the concept of resilience of farms and farming systems is applied specifically to
farming systems categorized as mixed farming (MF) and agroforestry (AF) systems. Figure 1 shows three
separate farming practices (forestry, arable farming and livestock rearing) and their potential combinations
that are seen as MF or AF systems. Mono-activity systems are positioned in the three corners of figure 1
(PUttsepp etal 2021).

Forestry

b oo oo me .- - - - —---—--- -

Mixed farming Livestock

Figure 1. Adapted conceptual representation of agroforestry and mixed farming systems.

Work package 1 of AGROMIX creates the conceptual framework of resilience in the context of MF and AF
systems, identifies benefits from these systems and develops a methodology on how resilience can be
identified by using indicators. Deliverable 1.1 (Pittsepp et al 2021) of this work package presents the
conceptual framework of resilience and working definitions for the project. Here it is stated that a resilience
system has multiple capacities: robustness, adaptability and transformability. Based on these insights, this
report was compiled which is focused on indicators of resilience. The indicators proposed in this report can
determine the resilience of a farm to climate change-induced shocks and stresses. The hypothesis that can
be tested with this set of indicatorsis as following: “Mixed farming systems or agroforestry farming systems

This project has received funding from the European
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are more resilient to climate change related shocks and stresses compared to their respective mono-activity
agricultural systems”.

1.2 Need for indicators

To quantify and evaluate the level of resilience of a specific farm, a set of indicators that covers a sufficie nt
range of resilience aspects is needed. Resilience is a broad concept which needs to be defined specifically,
since it mayindude ecological, economic but also social aspects. These three dimensions are included in the
indicator set with equal importance. Sufficient performances on all three dimensions are important in order
to be resilient. In the AGROMIX project, we want to explore the potential of MF and AF systems regarding
their potential to offer resilience to climate change in Europe. In order to do this, a tailor-made set of
indicatorsisrequired.

1.3 Objective and principles

The objective of this spedific task (Task 1.3) is to provide the AGROMIX project with a coherent set of
indicators that combined can quantify and evaluate the level of resilience of a farm to climate change in
Europe. This set is able to test the project's hypothesis that a mixed farming system or an agroforestry
farming system is more resilient to climate change related shocks and stresses compared to their respective
mono-activity agricultural system.

The result of this task is a framework of general non-site-specific indicators and farm-specific indicators,
following the definitions and resilience framework of Task 1.1. The created indicator set can be usedin other
AGROMIX work packages or other projects that want to make a coherent assessment of resilience that can
be used to compare the resilience of various farm-types. The set of indicators will cover all relevant
components of resilience (ecological, economic, social), as identified in Plttsepp et al (2021).

Before we started with the collection of indicators, several principles were agreed upon that set the scope of
the task and its outcome. These principles are listed and explained as:

e  When studying resilience, two questions arise: Resilience of what, and resilience to what? For this
study, a farm is the unit of analysis for which its resilience will be determined when applying the
indicator set. Furthermore, we focus onresilience of the farm against climate change induced shocks
and stresses, in the current situation and in the future. The majorshocks and stresses considered are
droughts, extreme precipitations, heatwaves, followed by pest and diseases, but also policy and
market/economic responses because of these events and climatechange in general.

e Basedonthe conceptual framework presented in Piittsepp et al (2021), this report attempts to apply
the resilience conceptin a practical mannerto farm level properties and performances. To do so, we
translated the theory into a convenient and condise set of indicators that can identify the level of
resilience. In concept, many indicators have a clear link with resilience. However, for the resilience
assessment, we tried to quantify these indicator scores and standardise the outcomes so that they
can be easily compared and applied.

This project has received funding from the European
Union’s Horizon 2020 research and innovation 5
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e Finally, applying the proposed indicator-set to a farm will provide an ex-ante evaluation of the farm’s
level of resilience. This means the shock or stress has not yet occurred. We try to give an indication
to what extent we expect the farm to be able to cope with and adapt or transform practices after
the shocks or stresses occurred (see Plttsepp et al 2021), based on the farm characteristics, current
management and the farmer's competences. The indicators are suitable for any farm that uses land
for food and feed production, but footloose farms (farms without fields, like intensive livestock

farms) are excluded.

This project has received funding from the European
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2 Methodology and process

To get to a purposefuland concise set of indicators, the following steps have been taken:

1.

Setting the scene, identifying system boundaries, principles and concepts to analyse resilience. Here
we aligned with task 1.1.

Compiling a longlist of indicators, based on input from project partners, literature, and experts.
During discussions with the AGROMIX WP1 team, the set was improved and expanded. Indicators
that focus on assessing the resilience of individual farms to climate changed were collected.
Categorizing types of indicators to make sure the indicators cover the full scope of resilience,
including ecological, economic and social dimensions. Where necessary, the longlist was expanded
to fulfil this requirement.

Indicator selection criteria were developed and agreed upon with the Work package 1 AGROMIX
partners, to which the indicators had to comply. These criteriaare asfollows:

e Theindicator hasa stronglink/ rationale with resilience. This means thata change inthe
indicator score, means a change in resilience (in one of the three resilience dimensions:
ecological, economic, social).

e The indicators score needs to be changeable by management choices on the farm itself
within 5to 10 years.

e The indicator must be suitable to be translated into an AMOEBA diagram-model. This
requires a categorisation of the indicator’s score on ordinal scale of 1-5., where 5 mean
the highest score, and thus a higherresilience on this aspect.

e The indicator needs to have a target value, to be able to link the score to the level of
resilience. If no target value was available for relevant, it was drafted together with
experts.

Application of the criteria on all the indicators in the longlist to develop a concise draft set with
general and farm spedific indicators. Expert judgement scores were assigned to what extend an
indicator complies with the criteria. The indicators that complied with the criteria, were selected.
For the selected indicators, a detailed assessment was done. We used literature and expert-
knowledge to identify and agree upon target values, scoring of the indicators on an ordinal scale,
underpin the links/rationale with resilience, procedures on how to collect data and application
possibilities of the indicators. The selected indicators have a relationship with resilience supported
by science and are understandable forfarmers, policy makers and scientists.

Collect feedback from colleagues throughout the AGROMIX project on the draft report and its
contentand applicabilityin other work packages.

Final set and finalizing the report, including advice and discussion about how to apply the set of
indicators.

By following these steps, this report has been created as adeliverable for the AGROMIX project.

This project has received funding from the European
Union’s Horizon 2020 research and innovation 7
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3 Results

3.1 Indicator longlist

The inventory of indicators resulted in 54 possible indicators that might be suitable to measure resilience
overthe three dimensions of resilience. Hereunder they are presented per dimension, including a description
of the link between the indicator and resilience.

3.1.1 Ecological indicators

Indicator Link with resilience

Dimension

Crop species richnessintime

A more diverse cropping systemin time (crop rotation with a variety
of crops that help to maintain soil quality, e.g., cover crops) and space
(intercropping, agroforestry, landscape elements) leads to a more
resilient systemdue to better soil health, slower pest outbreaks,
spreading risks across a larger area and over more different crops.

Crop-cultivar diversity

Amore diverse cropping system making use of more varieties gives
risk spreading due tothe different degrees of vulnerability to pests
and extreme weatherevents.

Crop functional diversityintime and
space

Crop diversity expressed not only in terms of species richness but also
of functionality. Resilient systems are not only based on high number
of crops but also of different kinds of crops and genotypes delivering a
range of ecosystemservices or tolerating the stresses in different
ways.

Vigorous crop species/varieties

Cropspecies and varieties have different wlnerabilities to pests and
weather extremes. Choosing species and varieties that are vigorous,
with resistances or hightolerance levels decreases the risks of large
losses due to pests and extreme weather.

Crop health (depending on
management)

Managing your crops (and growth conditions) insuch a way that they
are healthy makes them better capable in dealing with stresses.

Stability of production (based on
variability of production)

The stability of productionon a farm overtime indicates thatthe
system canadapt toyearly differencesinconditions. Ifa cropor
animalisunder stress, their productivity reduces. Vice versa, if your
system maintains productivity understresses, itmeans thatthe
crops/animals are resilient.

Ifan animal is under stress due to changing conditions and weather

Herd fertility extremes, their fertility could be negatively influenced, which makes
fertility anindicator for resilience.
A morbidity rate above a certainthresholdindicates that some
Morbidity property of the system mightbeless resilientor that management is

poor. Morbidity is an earlyindicator for mortality.

Use of preventive antibiotics

Not needing to use antibiotics preventative to maintain acceptable
levels of morbidity and productivity could meanthatthe husbandry
systemis resilient.

Multipurpose breeds of animals

Aspecialized breedisless able to adapt/transformto changing
conditions and changing market demands and therefore less resilient
to changes.

Vigorous/robust breeds

Animal breeds have a different vulnerability to weatherextremes.
Choosing breeds that are vigorous and with high tolerance levels

This project has received funding from the European
Union’s Horizon 2020 research and innovation
programme under grant agreement 862993.
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decreases therisk for decreased production or mobility due to
extreme weather.

Growing more thanone breed or types of animals or with different
Animal diversity husbandry management canresultin stabilization of animal
performances, diversification and robustness.

Erosion, drought and excess water caused by extreme weather events
Soil cover can be countered by increased soil cover by plants or organicresidue,
and by doing so, maintaining soil quality and production capacity.

Ability to adapt to drought makes the farm more resilient, because

Access to irrigation systems the crops are less dependent onrainfall during dry periods.

If enough water can be stored and buffered, the farm can better cope
with droughts and by that, improving its resilience.

Adigital supportsystem (DSS, forecasting) for irrigation and pesticide
application helps to actand adapttimely and accurately to events.

Water storage

Digital supportsystems

A strongintemal and circular nutrient cycling improves resilience,

X X because fewer external nutrients are needed and bythatreducing the
Nutrient cycling dependency on external markets. Agood nutrient cycling will also
benefit sail quality.

Soil organic matter contentis a goodindicator for soil quality. In
general, soil quality can buffer climate stressors, butalsomakes it
easier totransition toa new production system, for example with new
crops.

Soil permeability determines whetherthe system is resilient to excess

Soil organic matter content

Soil compaction water and watererosiondueto its influence of waterinfiltration and
drainage. Itisreduced by soil compaction.

Soil crusting reduces water infiltration thereby increasing runoffand

. . . erosion, which leads to poorersoil quality and water holding capacity.

Soil crustingand cracking ) ) ) ) o
Without soil crusting, the systemwill be more resilient for extreme

precipitation events and droughts.

If the soil canstore more water, it makes the system more resilient to

drought since the crops have more water available to stay alive.

Soil moisture

A good soil biological quality helps to cope with shocks and stresses by

Soil biological quality increasing the abilitywith whichthe soil can help against pest and
diseases and provide nutrients and water.

Inclusion of banker plants within the The systemis less vulnerable to pests and diseases; higherfunctional
diversity increases chances of some species being able to counter

parcel (or other forms of habitat .
impacts.

provision to natural enemies and/or
pollinators)

Landscape elements can mitigate the effects of extreme weather
events. For example, windbreaks reduce evaporation due to shade

Plantings to improve the microclimate
g P and wind-breaking which helps against drought, contour-planting of

and waterflows beetle banks or tree rows (e.g., agroforestry) canbe used for
improved infiltration and less runoff.

A biodiverse system is less vulnerable to pests and diseases;
consequently, a higher functional diversity increases chances of some

enemies) species being able to counter impacts.

Biodiversity (pollinators, natural

Providing habitat for biodiversity supports natural enemies and
(Semi-) natural landscape structures reduce the dependency on crop protection products.

Agroecosystems with high patchiness and connectedness results in
more resilience due to functional diversity and providing a habitat for
elements functional agro-biodiversity.

Sources: GI1Z 2014, Seybold 1991, Brock 2017, WRI 2008, Lehman et al 2015, Altieri 2015, Darnhofer 2010, Oppermann 2003; Uthes
etal.,2020; Oppermannetal., 2005, Experts WUR.

Connectivity of (semi-) natural landscape

This project has received funding from the European
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3.1.2 Economicindicators

Indicator

Link with resilience

Variability/stability of
income/profit

Astable, predictable production and income is an indicator of resilience.
Stability of performances over years is linked to management optimized for
resource use efficiency and low exposure to risks.

Market diversification
/number of income sources

If more markets are served, the farm is less vulnerable if one of these markets
collapsedueto ashock or stress.

% Direct saleto customer

Being less dependent on offtake fromwhole buyers, gives the farm more
space tomanoeuvre andfind multiple markets for its products. Especially a
mix of market channels is a risk mitigation strategy, which canbe achieved by
partially sell products directly to consumers.

Contract with retailers

Having a contract to agree offtake of the production for an in advance agreed
price assuresincome, evenifthe quality isless duetoe.g., drought.

Gross valueadded from

crops

The gross value addition in monetary terms from various crop

enterprises measure the performance of the farm. Calculated per ha/year. If
this is more, the farm canearn income that can be used as a buffer inbad
years.

Gross valueadded from
livestock

The gross value addition in monetaryterms from livestock

enterprises measure the performance of the farm. Calculated perha/year. If
this increases, the farm can eam income that can be used as a buffer in bad
years.

Non-farm income

Non-farm incomeis a measure of the existence of alternative avenues for
income and livelihood in rural areas. Ifthereis non-farmincome, the
enterprise is less vulnerable to highly variable production andincome from the
farm.

Machineavailability

Having own machinery, farmers can quickly respondto e.g., weather events
and by that making sure most produce can be harvested ontime.

Resource use efficiency
(productivity)

Being efficient with resources while maintaining productivity, makes the
system relatively less dependent on extemnal inputs and availability and prices
ofthese inputs.

Relianceonsubsidies

Dependency on subsidies makes the farmvulnerable in case policies change.
Being reliant onsubsidies, it might be hard torecover if the subsidy decreases
and be a profitable, future proof business.

Debt and Loan

Being dependent on external capital makes the farm more vulnerable tothe
shocks or stresses as well as limitthe capacity to adapt.

Preventive investments

Investment on preventive technology (i.e., irrigation) makes the farm less
exposedto the climate change.

Reliance/dependency on
external inputs

Self-sufficiency, reliance onnatural resources internal tothe agroecosystems
make it moreresilient / Ifinputs drop out (availability, prices, policies) and the
farmis very dependent onthem, it will be harder to achieve good production.
This is alsothe case for feed for livestock: Being less dependent onfeed from
elsewhere,andby thatreducing the reliance on external feed. If more own
feed is produced, the farm is less vulnerable to markets stresses or crop
failures.

Fair payfor on-farm labour

Dependence on cheap labour can make you vulnerable because this labouris
more likely to leave for more profitable opportunities and by that losing good
employees.

Land ownership

Owning the landasopposedto renting it may improve one's willingness to
take careofitinthelongterm,e.g., improve soil quality. A better soil quality
improves resilience of the farm, since shocks and stresses can be overcome by
crops.

Sources: Gaudin et al 2015, Darnhofer, 2010, Rao 2018, Milestad & Darnhofer 2003, Jacobi et al 2015, experts

R This project has received funding from the European
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3.1.3 Social indicators

Dimension Indicator Link with resilience

Social Frequency and ualityof The more training, the better the farmer is aware of threats and the better
q Y q (s)he can prepare for future changes because the farmerhas more knowledge

training on how to cope with that

Cooperati on/collaboration Through cooperation, difficulties can be compensated by a partner, or a group

. of farmers can be better organized, making them more resilient to changin
with other producers /sale uati 8 s ging
situations

organizations

Knowledge, skills and attitude of the farmer determines his/herada ptive
Farmer competences capacity and ways to handle difficult periods with shocks and stresses.

Good access and use of advisoryservices indicate thatthe farmer will be
Access to extension service better able to cope with climate change. The advisor canhelp afarmer
prepare to shocks.

Reflects the back-up support for falling back in case of risk exposure. The
. insurance canhelp the farmbusiness tosurvive a year with difficulties and
Insurance makes itpossible thatthe farm can adapt toclimate changes.

% of area under agriculture

The better organized, the more power the farmers have in negotiations with
Level of social organization other value chain parties and policy makers. They can gain from good deals
and investin getting readyfor the future.

More networks stimulate more knowledge/ideas/capacities and improves
Farmer/social networks more resilient. Openness/quality op networks is also important. The more
open, the more experiences and knowledge will be shared.

Inclusion of diverse Diverse knowledge makes the farmer better able to make suitable decisions in

. . the face of climate change, like adapt practices or smart investments.
knowledges and voices in

decision making

The extend afarmer can make its own decision, determines if the farmer can
Agency of farmer adapt tochanges or is withina lock-in. The higher the agency, the more
adaptive the farmercan behave, the more resilientit will become.

Sources: Cabel & Oelofse, 2012, Milestad & Darnhofer, Jacobi 2015, WRI 2008, Altieri 2015, Personal
consultation experts WUR.

Any overlap between indicators is not yet considered in this longlist, nor their suitability to be an actual
indicator for our final concise set. Therefore, the criteria presented in 2.1 were applied, of which the results
are presentedin3.2.

3.2 Final indicator set

We applied the criteriato the indicators of the longlist, resulting in aselection of indicators that are presented
in detail below. After the collection of indicators for the longlist, one new indicator was added, based on the
input and reviewing of experts. The indicator “Greenhouse gas emissions” was added and evaluated on the
set of criteria. Also, the names of several indicators were improved to match the literature and the definitions
were expanded and improved.

For each indicator, a table is developed, including the definition, the link with resilience is elaborated,
measurement possibilities and costs are mentioned, a target value and an ordinal scale to assess the
performance is given. This score on this scale is input for the general resilience assessment in an AMOEBA

R This project has received funding from the European
LI Union’s Horizon 2020 research and innovation 1 1
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diagram, that makes comparison between indicators possible. A score of 1is the lowest, a score of 5 refers
to the highest levelof resilience on this indicator.

The indicators are aligned with the three dimensions of resilience; ecological, economic and sodial. Within
the ecological dimension, two types of indicators can be found: farm specific indicators and general
indicators. The general indicators can be applied on any farm that will be assessed. Farm specific indicators
will be applied only in case the farm has these kinds of activities, like grassland production, arable farming,
or livestock. For example, if a farm cultivates grassland and arable crops, the indicators arable crop diversity
and grassland spedes richness will be assessed. Livestock indicators (herd fertility, animal diversity) will not
be evaluated in that case since nolivestock is present on the farm. First the farm-specificindicators are listed,
thereafter, the ecological, economic, and social indicators.

This project has received funding from the European
Union’s Horizon 2020 research and innovation 1 2
programme under grant agreement 862993,
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3.2.1 Ecological —farm specific indicators

Definition This indicator is defined as the diversity of crops grown in one year. The definition of ‘crops’
includes annual cash crops, cover crops, green manures and temporary perennial crops (<4
years) but exdudes permanent crops such as permanent pastures, trees and shrubs.
Permanent pastures, trees and shrubs contribute to resilience, but this is covered by other
indicators. Within arable cropping, a high diversity in different crop groups with a large share
of crops with soil improving properties maintains the ability of the soil to deal with excessive
rain and droughts (covered by indicator 7and 8) but also spreads risks of crop failure (e.g., due
to an extreme weatherevent).

Link with e Rotational diversity of crops reduces yield loss and risk of failure under stress conditions

resilience (Bowles et al., 2020). A high diversity in crops usually creates a larger crop diversity each
yearas well asin the spatial dimension.

e “Increasing crop diversity can mitigate the effect of abiotic stress on wheat. Higher
diversity resulted in higher yields under stress. Crop diversity improved stress resistance
resultingin more resilient systems” (Degani etal., 2019).

o “Diversified systems increased resistance and resilience from abiotic stresses and
improved the constancy in crop productivity across rotation cycles, compared to the less
diversified systems. Quantitative assessments show that the most diversified systems had
a 14% advantage in system robustness.” (Li etal., 2019).

e Observations of agricultural performance after extreme climatic events (e.g., hurricanes,
droughts) showed that resilience to dimate disasters is closely related to farms with
increased levels of biodiversity (Altieri etal., 2015).

e Perennialismand crop diversity increases resilience to drought (Sanford et al., 2021).

How to The number of crops cultivated in the same year, but proportional to the farm size (land
measure and | surface). Because thisindicatoris mainlyfocussed onrisk spreading, the higher the number of
unit crops, the higherthe AMOEBA score.

Cost and The assessmentis free of costs and takes less than 1 hour to complete, anytime in the year.
timeframe

Target value Count the number of crops grown at farm level in one year. The number of cropsin a study on
European landscapes (each 16 km?) was between 1 and 8 crops (Billeter et al., 2008). This can
be seen as what is reasonably possible in the current socio-economic environment. From
Uthes et al., (2020) an optimal of 9 crops can be extracted and a minimum requirement of 4
crops (assuming equal ratiosin the Shannon Index).

Each perennial (<4years) counts as 1 point extra with a maximum total score of 5.

AMOEBA 1:1crop

scale 2:2-3 crops
3:4-5 crops
4:6-8 crops
5:>8crops

This project has received funding from the European
Union’s Horizon 2020 research and innovation 1 3
programme under grant agreement 862993,
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Definition Grassland (in pastures and orchards) with a high diversity of plant species
Link with There is a positive relationship between species richness in grassland and productivity, as
resilience well the temporal variability in productivity is lower in species-rich communities than in

species-poor communities (Vogel etal., 2012).

The positive relationship between species richness and resilience could be explained by the
ability of species-rich grass communities to maintain ecosystem functions under perturbed
conditions. There are several underlying mechanisms, e.g. synergisticinteractions, selection
of species that have improved performances and asynchronous responses among species to
the perturbed environment (Haughey etal., 2018).

Ruijver et al. (2010) found spedes richness to be a stronger predictor for recovery than
productivity (recovery and proportional recovery increased withspecies richness).
Although the relative importance of certain biological drivers varies substantially across
studies, a diversity-stability relationship is mediated by multiple facets of biodiversity
(Cravenetal., 2018). Inthe study of Craven et al. (2018) on 39 experiments it was found that
species richness was the strongest and most consistent driver of production stability in
grassland (through speciesasynchrony).

How to Number of plant species per 1x1 m plot at and averaged for sufficient repetitions within the
measureand | field, depending on the surface. Measure it once a year in the growing season when all
unit species have wellestablished (e.g. summer).

Points of attention:
- Whenconsideringalarger or smaller plotsize, make sure that the test plotis large
enoughtoinclude much as possible of the plant species present at the field;
- Make sure that the spot where you measure is relatively homogeneous
(representativeforthe vegetation of the entirefield);
- Grasses can look very similar. Be aware of the differencesbetween species. You can
use a field guide to recognize the differences.

Cost and The assessment is free of charge. It takes about 0,5 to 1 hour to count species in one PQ-
timeframe plot (depending on species-richness).

Target value > 6 plant spedes is considered species-rich for an agricultural (managed) pasture, however,
natural grasslands or semi-natural grasslands can count much more species. There is no
general quantified value for species-rich grassland applicable for agricultural managed
pastures, semi-natural grassland and other levels across Europe. The field guide from
Schippersetal., (2012) is used in the Netherlands and Belgium for development of species-
rich pastures for dairy and describes the different levels of species-richness of pastures. Here
a pasture is considered species-rich when it contains 40 species per 25m2. Translating that
to a reasonable surface to do the measurements for various grassland types across Europe
brings usto >10 plantspecies foraspecies-rich grassland.

AMOEBA 1: 1 plantspecies perm2

scale 2: 2-3 plantspecies perm?2

3: 4-6 plant species perm2

4: 7-10 plantspecies perm?2

5:> 10 plantspecies perm?2
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Definition Average number of new-borns peryear per productive female.

Link with If an animal is under stress due to changing conditions and weather extremes, their
resilience fertility could be negatively influenced, which makes fertilityan indicator for resilience.
How to The productive female is a female in age of reproduction and not intended to be culled.
measureand | The value needs to be compared within the breed or spedies itself (ITAVI experts 2019,
unit 3trois3 2019).

Some numbers as a reference:
e France 2017: 30 weaned piglet per productive sow
e France 2020: 165 to 180 hatching eggs per hen per 41 weeks of production
(depends on density and ambiance conditions) so 144 and 155 chick per hen per
41 weeks of production.
e France 2020:
o 5or6calvesperproductive cow (meatbreed).
o 2.4 to 2.8 calves (average) per productive cow (milk breed) (Minimum
from 2 to 2.4 and maximum 2.8 to 3.4 calves percow)
o Dependson breeding systems: maize mountain, pasture mountain, plain
with more or less maize.

Cost and Measure itonce a year by asking to the farmerand look at the farmfiles.
timeframe

Target value Just higherthan the average value of the species. The average needs to be assessed on
national level.

AMOEBA 1: lowerthan 50% of the average

scale 2: between 50 and 70 % of the average (per species)

3: between 70 and 85 % of the average (per species)
4: between85and 100 % of the average (perspecies)
5: betterthan average (perspecies)

This project has received funding from the European
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Definition

Number of species and breeds in ayearat farm level

Link with
resilience

Several links with resilience can be identified. Having several species and orbreedsona

farm (Magne etal., 2019):

1. allowsmoreresistance todiseases propagation or permit different responses of

each breed or speciesto a stressor.

2. if the different species are complementary it allows for more autonomy and

resilience to the farm activity.

3. allows more adaptation possibilities for a farmer to recover and adapt aftera

shock.

How to
measure and
unit

Two different variablesneed to be counted to calculate the final score:
- Numberof different animal speciesonafarminayear
- Numberofdifferent breeds (foreach species) on afarmin a year
1 species: 1point
2 species: 2points
3 or more species: 4points
1 species with atleast 2 breeds: +1 points with amaximum total score of 5
2 species (or more) with atleast 2 breeds: +2 points with amaximum total score of 5

Cost and
timeframe

Measure it once a year by asking the farmer or visiting and assess the farm.

Target value

Several types of species andin each species several breeds.

AMOEBA
scale

Calculated the number of points based on the numbers of species and breeds.
Calculated the number of points based on the numbers of species and breeds.
1: Only 1 speciesand 1 breed.

2: 2 species, or 1 specieswith atleast 2breeds.

3: 2 specieswithatleastin 1 species2breeds.

4: 4 or more speciesorat least 2 species with atleast 2 breeds.

5: 3 speciesormore with leastin 2 species 2different breeds.
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3.2.2 Ecological —general indicators

Definition The stability of productionis defined as how variable the productionis overthe years,on
farm level.

Link with A lower variability means a higher stability (Raseduzzaman & Jensen, 2017). The stability

resilience of production over time indicates that the system can adapt to yearly differences in

conditions. If a crop or animal is under climate stress, their productivity goes down. Vice
versa, if your system maintains productivity under stress, it means that the crops and
animals are resilient.

How to The coefficient of variation (CV) is widely used to compare the stability of yield or the

measure and | variability of a crop over time (Raseduzzaman & Jensen, 2017; Smith & Robertson, 2007;

unit Rao & Willey, 1980). It is calculated by dividing the standard deviation of the mean by the
mean production (e.g., dry weight biomass of a crop/ha, milk/X number of cows) at a
farm:

SD
%CV = B 100

where B is the mean production of a treatment/crop/mixture/animal spedes and where
SD is the standard deviation of that treatment/crop/mixture/animal species. After
calculating the %CV of production for each crop or animal species in multiple years the
average of all %CV's can be taken to see the overall performance in terms of variability of
production. The %CV is likely to also be influenced by inherent characteristics of the

species.
Cost and To measure production variability, the production should be known for at least5 years.
timeframe Making the calculation requires some time but can quickly be done in case the data is
available.

Target value The lower the CV% of production is, the higher the stability. There will however always
be some variability. Less than 5% CV is identified as the target value, meaning a very
stable production overtime.

AMOEBA 1: %CV of >50

scale : %CV of 26-50

: %CV of 11-25

: %CV of 5-10

: %CV of <5

u b W N
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Definition Soil cover is defined as an herbaceous growing crop (induding natural pasture), cover
crop, weeds, or plant residues (mulch) and is fulfilled when the bare sail is not visible
when observing from above. The formula to calculate soil cover with visual data is as

follows:
Yn=1 oppisual cover
n=26

26
Where n= moment of observation
Link with Soil coverof living plants or plant residues slows down the velocity of the rainfall before
resilience it reachesthe soil and improves the waterinfiltration and thereby protect the soil

against watererosion, runoff and crusting. It also protects the soil against climatic
influences such as droughtand wind (erosion)(Montenegro etal., 2013; Zuazoetal.,
2009). Prevention of soil loss in the situation of heavy rainfall or strong wind is crucial
for agricultural productioninthe longterm. The protection of the soil from drying out
fromheatand wind is also beneficial in the case of drought. These aspects make soil
coveran indicatorforresilience.

How to e Land withoutagricultural production activitiesis notincluded in the assessment.

measure and e All measurements should be done outside the headlands and driving tracks.

unit e % Visual soil cover can be estimated every two weeks with a precision of at least +
25% by determining the cover in a 0.5x0.5 m square in sufficient repetitions to get
an average of an area or field. If the row distance of the crop is largerthan 0.5 m, a
larger area may need to be used for the assessment (consider the area in between
the middle of the two inter-rows on both sides of the crop row).

o A soil coverestimation smartphone app may also be used. For example: the
SoilCoverapp by Josephinium research.

o Estimation can also be done by making pictures using a frame and analysing
the picture with software such as MatLab.

e To retrieve avalue for one year of the whole farm, an average for all the measured
areasor fieldsis calculated.

e Soil cover can also be identified via the Normalized Difference Vegetation Index
(NDVI). The NDVI is a good way to estimate soil cover (personal contact J. Booij,
2021). Via remote sensing observation, it identifies living green vegetation. The
higher the index, the more vegetation cover is present, and it can construct animage
through time of for example a cropping season. Mulch and other plant residues are
seen as soil cover, but it is unknown if this can be trustworthy measured with the
NDVI. Therefore, having mulch or plant residue as soil cover; use the visual
observation method.

The graph below shows the NDVI for a maize field where also a green manure is grown.

A maximum of 0.9 is measured and a minimum of 0.2-0.3. The NDVI data is publicly

available, via the Sentinel satellite data (Copernicus, n.d.). To calculate a yearly average,

add up the scores of NDVI peryearand divide them by the number of observations. The
minimum observation is 12 peryear, of which in every month of the yearan observation.

This project has received funding from the European
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Cost and e The determination is free of costs. Assuming bi-weekly estimation is only required
timeframe during four months in a year with a 20 minute of time requirement per week, the

yearly time requirementis 20 x 8 weeks = 2.7 hours peryear per field.

e The indicator is calculated after collecting data on soil cover for at least one year.
Due to the influence of weather on soil coverin pastures, itis recommended make
the determinationinseveral years with varying weather.

e The NDVlanalysisrequiressome dataanalysis, and thereforetime.

Target value The desired soil coveris 100%. We assume a minimum soil cover of 50%, representing
systems with at least a 6-month cover of one annual crop with no covercrop following

it.
AMOEBA For manual observations: For NDVI estimation of yearly average
scale 1: <50% scores:

2: 51 - 60% 1: NDVI<0.4

3: 61-70% 2: NDV10.4-0.5

4: 71 - 80% 3: NDVI0.51-0.6

5:>81% 4:NDVI10.61-0.79

5: NDVI>0.8
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Definition % Soil organic matter (SOM) inthe 0-30 cm soil layer. Determined in fields with regular
or permanent herbaceouscoversuch asan arable field or pasture.

Link with Soil organicmatteris an indicator forgeneral soil qualitysince it positively influences
resilience many soil properties, such as fertility, moisture retention and infiltrati on, soil organisms
and structure (aggregation) (Seybold etal., 1999). These soil properties can help buffer
against climate stressors such as drought, wind and excess water (Altierietal., 2015),
but also makesiteasierforthe farm to transitioninto a new production system, for
example with new crops, if thatis required. The SOMisimproved by the addition of
organic matter by (solid) organicmanure, compost, (cover) crop and tree residues and
by less disturbance of the soil, forexample by reduced tillage or the use of more
perennial vegetation (pasture, treesand shrubs). Generally speaking, stable SOM
contributes more to the soil structure-related soil attributes, whilelabile SOMis
important forsoil fertility and as food for soil organisms.

How to e The SOM should be determined by the loss on ignition method (Schulte & Hopkins,
measure and 1996) with the temperature that been used to establish the target values.
unit e Alternative method: SOC can be determined by an elemental analyser. SOM can

thereafterbe calculated from SOCand minorchanges are easier to measure with this
method than with the loss onignition method.

e Land outside agricultural productionactivitiesis notincluded inthe sampling.

e Allmeasurements should be done outside the headlands and driving tracks.

e The sampling is done within an area or field with an herbaceous cover. Trees nearby
the sampling spotisallowed.

e Sampling should be done in sufficient intensity so that a reliable average can be
established foran areaor field overthe whole depth (30cm).

e To retrieve a value for the entire farm, an average for all the production areas or
fieldsshould be calculated.

e If not possible to measure in all areas or fields, randomly select sampling points
across the farm or manually select sampling points with expected varying SOM levels.
If groups of fields with similar characteristics/management, the random sampling
should be divided among those groups.

Target value The SOM has a large variation depending on type of land use (annual crops, pasture or
wooded) and soil type (texture, history, climate). The range of SOM on a mainly mineral
soil usually ranges between 1-10%. A higher % of SOM gives a higher resilience score,
however, the efficiency with which a certain % of SOM provides benefits for resilience is
dependent on additional properties such as soil type, which makes it not possible to
define an overall targetvalue for all locations. Because of this, soil-type specific target or
reference values that are already established by (regional) government, agricultural
advisors or research institutes should be used for evaluation. The target values should

This project has received funding from the European
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not be distinguished based on agricultural land use type but should be distinguished per
soil type/location (region).

Cost and
timeframe

The costs are around €15 per (mixed) sample for the material and analysis by external
parties and requires 2 labour hours for sampling. At least one (mixed) sample per
two hectaresisrecommended, consisting of 20 subsamples per ha, takenin W-form.
To follow the development of the SOMin time, the same points should be sampled
each year.

If applicable, the moment in the crop rotation should be considered since it may
influence the level SOM measured. For more reliable results, measure in at least two
years, following different crops.

Itis also important to select the proper moment of time to do the sampling. Due to
the seasonal peaks of SOM mineralization, especially in Mediterranean climates, itis
advisable to sample for SOM assessment in mild seasons, preferably in early fall,
before maintillage operations.

Repeatoveryears the sampling with the same methodology and at the same time.

AMOEBA
scale

A score of 1should be awarded for the lowest historical % SOM of the soil type/location,
which stands for a state where the production function of the soil is threatened. A score
of 5 should be awarded for values that match the highest historical % SOM of the sail
type/location, or, if known, when the SOM percentage is stable and doesn’t improve any
further, considering the soil type. The % SOMfor scores 2 - 4should be evenly distributed
between the value forthe scores 1and 5. If no minimum reference values are available,

ROTHC modelling can be used.
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Definition This indicator measures the hydraulic conductivity in soil layers that are suspected to be
compacted to such a degree that water flow is inhibited. The saturated hydraulic
conductivity Ksxtin cm/h is a measure for how easily water can pass through the soil
profile when the soil is saturated with water. The Ksis determined by the pore size
distribution and tortuosity of flow paths which in turn are determined by soil texture and
structure (see figure). To influence the Kssof compacted layers the structure of the soil
can be improved by organic matter management, reducing stocking rate, different soil
tillage and wise machine use (avoiding driving with heavy machines, espedially in wet
weather conditions).

Link with The field saturated hydraulic conductivity tells how well the soil can transmit water
resilience through the profile and cope with excessive rainfall (Vogel, 2000). It is an indicator that
is complementary to soil cover. The soil cover is a proxy indicator for infiltration capacity
through the soil surface, due to decreased risk of soil crusting and erosion. If the sail
structure is poor due to lack of macropores or compacted in the layers below the surface
of deeper, the drainage of water and subsequently the infiltration as well may become
insufficdent. The soil will then risk waterlogging, water erosion and runoff in the situation
of excessive rainfall. Compaction also limits potential for capillary rise of moisture from
deepersoil levels which makes the system less resilient to drought.

How to The method entails three components:
measureand | 1) The mapping of a field with a penetrologger to identify % area with suspected
compaction (Eijkelkamp, n.d., a).
a) A standard cone of 1 cm? with a tip angle of 60 degreesis recommended.
b) Suspected compaction is at resistances from 2.5 MPa and above. At this
resistance, root growth isimpeded, however, thisis not the same as compaction
that impedes waterflow. Thisisinvestigated instep 2. and 3.
c) Atleast20 measurementsare needed perhectare.
2) Measuringthe bulk density of the possibly compacted layers using soil sampling rings
(Eijkelkamp, n.d.,b).
a) Thesoil is possibly compacted when the bulk densityis more than 1.7 g/cm3.
b) Example protocol by USDA (n.d.)
3) Measuring the Ksat in the possibly compacted layers soil water permeameter
(Eijkelkamp, n.d.,c).
a) The same rings used for the bulk density measurements can be used.

unit

e Based on the % of the field or area with suspected compaction, together with the
bulk density (to confirm compaction) and Ks;: measured in those compacted layers,
a weighted average Ks.:for the whole field is calculated to fill in the AMOEBA scale
as permeability incm water perhour.

e Allmeasurements should be done outside the headlands and driving tracks.

e Toretrieve avalue for one year of the whole farm, an average for all the measured
areas or fieldsis calculated.
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Cost and e The tools to use for the measurement are commonly available at research institutes.
timeframe The penetrologger costs around €3500 with around 20 measurements per 1.5 hour.

Measuring bulk density has low costs and takes in total 1 hour for 6samplesinduding
sampling and weighing, excduding drying. The apparatus for the Ks;:apparatus costs
around €5000 and takes 4 hours for one run exduding waiting time to reach
saturation which can take several days depending on soil type.

e These soil characteristics only change slowly due to management. To measure a
change after application of a measure to improve soil structure, the measurement
can be repeated once 3-5 years.

e The penetrologger measurement can only be done when the soil is at field capacity,
usually inearly spring.

Target value

A very high speed of pemmeability is not desired as moisture retention will be poor.
Similarly, a low speed of permeability is not desired as it increases the risk for
waterogging and erosion in the case of heavy rainfall. Because of this, the target value
is an intermediate permeability speed. The target values for the AMOEBA scale are
formulated based on the seven permeability classesin the table.

Table: Soil permeability classes and estimates of permeability rates by textural class.
(Nature, n.d.)

. Permeability
Permeability class Textural class
(cm/h)

Very slow <0.13 clay

Slow 0.13-0.5 sandy clay, silty clay

Moderatelyslow | 0.5-2.0 clay loam, sandy clay loam, silty clay loam
very fine sandyloam, loam, siltloam, silt

Moderate 2.0-6.3 v . y y
clay loam, silt

Moderately rapid | 6.3 -12.7 sandy loam, fine sandy loam

Rapid 12.7-25.4 sand, loamy sand

Very Rapid >25.4 coarse sand

AMOEBA
scale

For soil permeability, the scale is made up of two parts. A very low infiltration is not
desired due to risk of waterlogging in case of heavy rainfall, as well as a very high rate
due to risk for low moisture retention. The optimal situation (score of 5) is in the range
of 2.0-6.3 cm/h.

1: <0.13 cm/h or> 25.4 cm/h

:0.13-0.5cm/h or>12.7 - 25.4 cm/h

:>0.5-1.5cm/hor>9.5-12.7 cm/h

:>1.5-2.0cm/hor>6.3-9.5cm/h

:>2.0-6.3cm/h

u b W N
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Definition The plant available wateris defined
as the difference in water content Total water S

of the soil at the field capacity 40 \
Upper storage

limit \

(upper storage limit) and the
permanent wilting point (lower
storage limit) (see figure, the blue

30

Volume of soil water (%)

area). The plant available water is 20 —\\_4'\\
v
mainly determined by soil texture e Lower storage limit
and the soil organic matter (SOM) y—— ;
. 10| &= Unavailable water
and partly by soil structure =

(Reynolds etal., 2018).

Sand Sandy Loam Silt Clay Clay
loam loam loam

Figure: The relative amounts of water available for
plant growth for different soil textures. (
http://soilquality.org.au/factsheets/water-

availability).
Link with If the soil can store more water, it makes the growing system more resilient to a dryer
resilience climate. The farmer can influence this soil property by management thatincreases the soil

organic matter and improves the soil structure. Anincrease of 1% in SOMcan increase the
water holding capacity by several millimetres (De Lijster et al., 2016). These extra
millimetres can make a difference during a drought and make it possible to delay irrigation
and save water.

How to The plant available water is here expressed as mm of water available in the upper 30 cm
measure and | of the soil. It is measured by, for example, the sand/kaolin box method (an example of this
unit equipment: Eijkelkamp, n.d., d) at 10 and 25 cm soil depth.

If equipment for these measurements is not available, there is an alternative approach to
calculate Plant available water, explained in Behrmanetal. (2016), making use of texture,
soil organic matter and measurements of bulk density.

Cost and e The Sand/kaolin box that can be used for the measurement is commonly availabl e at

timeframe research institutes and takes approximately 1 hour to use per soil ring. An indication
for the numberof rings perfieldis 8, which gives 4 rings perlayer.

e To retrieve a value for one year of the whole farm, an average for all the measured
areasor fieldsis calculated.

e The samples should not be taken after tillage or soil disturbance but preferably in
spring about 6 weeks after sowing and a crop has "settled” in the soil. Soil moisture
should not be too low.

e Since thissoil property changes slowly due toimproved management, measurements
do not have to be repeated until 2-5 years, dependent on the type of new
management.
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Targetvalue | Clay and loam soils can reach plant available water amount of 62.5 mm over 30 cm soil
depth. A very coarse sand can have a low plant available water amount of 30 mm
(Schwankl! & Prichard, 2009).

AMOEBA
scale

1: <30 mm

2: 230 mm <40 mm
3: 240 mm <50 mm
4: 250 mm < 62.5 mm
5:262.5 mm
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Definition % Irrigation demand being met by asuitable irrigation water supply

Link with The possibility to irrigate is linked with the resilience and stability of food production to

resilience climate change and droughts (Ngoma et al., 2019; Zou et al., 2012). Some farms are
completely rain-fed while others have the possibility to fully irrigate, or to some degree.
The need for irrigationis dependent on the local dimate, soil type species of crop and its
stage of development. The extent to which a farm can irrigate depends on size of farm,
size and efficdency of irrigation equipment, volumes of water storage, allowed quantities
waterto extract and the salinity of the irrigation water. Having sufficient possibilities for
irrigation makes the farm able to withstand droughts with less yield loss.

How to For the indicator Plant 70

measure and | available water, the pF curve

unit of the soil has to be 60
determined. The irrigation 50
need can be determined by Permanent wilting point
measuring the  moisture 4.2
volume in the soil (%) with a  PF ) pE=2T
moisture meter (several types 2.5 i !
available) and by using the 2o i ! Field capacity
already-established pF curve. ' i i
The focus of thisindicatorison 1.0 '
drought that causes i i
irreversible damage to the 35

10 20 30 40 50

crop. This occurs at a certain
pF level that is different per volume (%)
crop and lies around pF=2.7. A list of the pF level from which crop damage occurs in
different crops is available in the appendix 1. Forthe number of days that the pFis higher
than this value, the defict moisture to reach pF=2,7 is calculated in millimetres. This is
done by calculating the % difference in moisture volume between the pF from which crop
damage occurs and the current % volume of moisture, multiplied by the rooting depth of
that crop. For example, with damage from pF= 2.7, the minimum soil moisture of a
particular field is 38%. The measured soil moisture is 32% and the rooting depthis 25 cm.
The moisture is measured as an average over the rooting depth. An estimated irrigation
demand forthat day isthen (also see figure):
(0.38 —0.32) x250 =15mm

The total need forirrigation to reach above the pF of crop damage for the whole drought
periodis thereafter compared with the available irrigation water resources. A percentage
is calculated for the ratio of irrigation demand that is met by irrigation water supply. The
method to calculate the number of mm of irrigation water available for use depends on
the type of sources and local conditions and restrains as mentionedin “Link with

resilience.”
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Cost and This indicator measures the current performance of the farm in case of drought and
timeframe cannot be evaluated until drought occurs and is therefore not predictive for resilience.

Soil moisture measurements should only start when there is risk for water stress and crop
loss. This indicator is determined per year, hence, to get a good estimation, at least two
years should be evaluated, but preferably more. It must be evaluated for the whole farm
and not per field if the water availability is the same across the whole farm. A moisture
meter is readily available in agricultural research fadilities as well as on farms. The time it
takes to determine this indicator depends on the length of droughts and the ease of
determining the available water. An estimation of the time requirementis 8 hours.

Target value

The highest resilience against drought based on this indicator is achieved when 100% or
more of the irrigation demand can be met by readily available irrigation water sources.
Since droughts are expected to become more severe, a 5 is given when there is large
margin to be able to deal with such droughts. Note that systems that are completely rain
fed, will score 0in case of a drought that causes crop damage. Even though some grazing
systems are based on surviving droughts in the long term, their score will be low for this
indicator. If no irrigation is required because the precipitation is always sufficient, ascore
of 5is always given. It is also important to note that not all irrigation water is effectively
taken up by soil and plant, therefore an estimation can be made for the effectiveness and
thereafterincludethe losses as extramm’s required forirrigation.

AMOEBA
scale

1: 0% of demand met by irrigation

2: 25 % of demand met by irrigation

3: 50 % of demand met by irrigation
4: 100 % of demand met by irrigation
5: >150 % of demand met by irrigation
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Definition This indicator is defined as: The edge (m) between trees or shrubs and fields for
agricultural production divided by the field size (ha). A field for agricultural production is
defined by regular or permanent use for an herbaceous crop, an outdoor run or pasture.
Under the definition of trees and shrubs falls non-productive trees, but also trees and
shrubs for fruitand nut production.

Link with Trees provide multiple regulating ecosystem services that can be benefidal in achanging
resilience climate with more extremes (See also AGROMIX D1.2). These services indude
microclimate modification (lowered temperature, reduced windspeed and
evapotranspiration), shelter against heat for livestock and water quality and regulation
by reduced runoff, improved infiltration and water holding capacity (Smith et al., 2013;
Keersmeacker et al., 2015). For optimal use of these effects the placement and spatial
spread of the trees and shrubs in the landscape plays a key role. Forexample, in the case
of contour line plantings to reduce erosion or microclimate gradients nextto a hedgerow.
Looking at the landscape scale, heterogeneity plays animportantrole inresilience (Vos
etal., 2013; Oliveretal., 2015)

How to e The assessment can be done manually (measuringin field) or by assistance from
measure and digital maps and tools. Per field, the total interface between the crop/pasture
unit and tree/shrubsis estimated or measured in m per hectare.

o In the case of highly uneven and rounded edges (due to canopy shape
etc.), rationalizethe length of the edge using straightlines.

o If the field has trees outside the field that border onto the field border,
thisedge between field and tree/shrubsis alsoincluded.

o The edge of a solitary tree or shrub is calculated by using the
circumference of a circle. Since measuring the canopy diameter of every
treeis not workable, pragmatic choices can be made.

e Incase of alarge natural areaorpasture, several areas of 1 hashould be sampled
randomly across the whole areato get areliable average. The centre point of the
sampled 1hashouldlie atleast 50 m from any field edge.

e To retrieve a value for one year of the whole farm, an average for all the
measured areas or fieldsis calculated.

Cost and The assessment can be done in any year and can be repeated after around 5 years if
timeframe changes in tree and shrub cover is expected. The assessment is free of charge and costs
approximately1hourperfield. Itis recommended to evaluate this indicator for thewhole
farm unlessit can be done fora number of representative fields.

Target value Microclimate effects from hedgerows are strong, up till around 5times the hedge height,
atfurtherdistance it decreases gradually (Leuschner & Ellenberg, 2017). With an average
tree height of 10 m this gives microclimate effects at least to a distance of 50 m away
fromthe hedgerow. On 1 ha of 100x100 m, fitting on average two such hedgerows, this
gives a total length of 400 m of hedgerow edge. As a comparison, for edge density of
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fields, an environmental landscape metric, an optimal value of 2400 m per ha has been
proposed an optimal for sustainability (Uthes etal., 2020).

AMOEBA 1: <100 m ha

scale :>100 m ha'-200 m hat

:>200 m ha'-300 mhal

:>300 m ha'-400 mha'

:>400 m ha?

u b W N
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3.2.3 Economicindicators

Indicator 12

Number of income sources

Definition

Thisindicatoris defined as the summation of the income sources from different activities
on and off farm. A type of product thatis sold is defined as anincome source. This means
that feed production for own animal-consumption is not considered. Each source should
at least contribute 10% or more to the yearly income of the farm to be considered. The
differentincome sources we considerare (based on Jacobi 2015, Choptiany 2015):

® crops

e livestock

e treesfortimberand/orbiomass

e treesforfruitsand/or nuts

o food processing

e non-farmactivities (like day-care camping or off farm employment)

Link with
resilience

There are multiple reasons why a diversification of income sources leads to a higher

resilience of the farmto shock and stresses.

e A diverse farm with multiple activities will have more stable incomes and reduced
environmental pressures (de Roest et al., 2017). It spreads the risk of farm activities.
If the production of one activity is severely hit by a drought for example, there are
still otherthat can deliverincomeand function as aninsurance (Jacobi 2015).

o Adiversified farming strategies allows the farmer to experiment and innovate while
holding astrong fallback position by other sources of income (Herens 2017).

How to
measure and
unit

Sum up the number of income sources mentioned in the definition of this indicator. If 4
or more crops are cultivated, this can be counted as 2 incomes sources in the scoring.
So, if you cultivate 4 or more crops per main season, this can be seen as two income
sources.

The required information can be collected once a year, through a semi structured
interview or a form that can be filled in by the farmer. In this interview or form, multiple
indicators can be discussed. Aninterview will take approximately 1 hour.

Cost and
timeframe

Aninterview and some data processing on ayearly basis.

Target value

The higherthe number of income sources from different activities, the higher the
AMOEBA score. The target value is to have more than 4 income sources (based on
Choptiany et al 2015).

AMOEBA scale

1: 1type of income source or activity

2: 2 types of income source oractivity

3: 3 types of income source oractivity

4: 4 types of income source or activity

5: 5or more types of income source oractivity

This project has received funding from the European
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Indicator 13

Dependencies on external inputs

Definition

The dependency on external input is defined as the degree of being reliant oninputs like
seeds, crop protection products, feed, energy and fertilizers that are not available on the
farm itself and need to be imported onto the farm. Local inputs are seen as better than
external inputs (Jacobi 2018). Here local inputs are defined as products and inputs from
closer than 20 km to the farm (derived from LTO-NZO 2017). Internal inputs are inputs
that come from the farm itself.

Link with
resilience

A lowerdependency on externalinputs leads to a higher resilience of the farm:

- Afarmisexpected to be more resilient to market uncertainties forinputs, if they
have a lower dependency on external inputs. By optimising the links between
crops and livestock, the level of inputs can be decreased and with that the
dependencies on externalinputs (Bonaudo 2014).

- A more diverse farm system at all levels is regarded as a promising strategy to
safeguard food production with only limited dependence on agrochemicals for
example (Ten Napel 2006).

- Regarding feed production, the more a farm produces themselves, the less
vulnerable itis to market uncertainties. A variety of types of feed produced on
the farm makes the farm less vulnerable (see also crop diversity and grassland
diversity indicators) (Personal communication Chiron, Pechenart 2021).

How to
measure and
unit

The required information can be collected once a year, through a semi structured
intervieworaform that can be filled in by the farmer. In thisintervieworform, multiple
indicators can be discussed. An interview will take approximately 1 hour.

Cost and
timeframe

Aninterview and some data processing on ayearly basis.

Target value

Mainly/only internal products used to minimize dependencies on external markets and
products (see AMOEBA scale).

AMOEBA
scale

1: Allto mostinputs are external; mainly dependent on external actors, no local markets.
2: Inputs are partly external and partly local.

3: Only parts of the inputs (e.g., some seeds or some special inputs) comes from non-
local sources.

4: All inputs are from local markets orinternal

5: Onlyinternal inputs used.
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Definition Greenhouse gas (GHG) emission intensity per quantity product is the definition of this
indicator (Meeuwissen et al., 2019).

Link with The lowerthe GHG emission, the more resilientafarmisto future carbon publicor private

resilience policies and taxes the farm will be. The objectives for GHG emissions reductions are set

from for instance the Paris Climate Agreement, the EU Green deal,

(EC 2021), but also, private sectors in farming like Unilever (2021), and a farmer
organizationinthe UK (NFU 2019).

It can be expected that policies regarding emissions reduction will be in place, meaning
that business must cut their emissions. If a farm is moving towards zero emission, it will
be more resilient to these policy changes (P. Burgess, personal communication 2021).

How to The Cool Farm tool can calculate the GHG

measure and | emissions, in CO2equivalents, perhectare, or

unit per tonne product of a specific crop or 4,343.51 kg CO2e
livestock. The farm level emission per ton | i aod:

4,343.51 kg CO2e

Per tonne:

product can be obtained by calculating the
weighted average of GHG emissions per
tonne  over all products. Carbon
sequestration by land management can also
be incorporated (also via biomass from
trees). The tool considers the entire
production, including transport, machinery
and inputs, see graph below (for potato).

Cost and Make a yearly calculation using for examplethe Cool farm tool (CFA 2021).
timeframe

Target value Netzeroemissions, or net sequestration if possible.

AMOEBA The CO2 equivalents emissionis assessed pertonne product.

scale 1: >25t CO2 eq. perton product (see Smith etal 2016).

2: 25->10 t CO2 eq. per ton product

3:10->1tont CO2eq. perton product

4:1-0t CO2eq.perton product

5: netsequestration perton product (more sequestration than emission)
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3.2.4 Social indicators

Garibaldi (2017) found that socio-economic indicators are often not, or too little, considered in the
assessment of farming systems. There are not many sources that report on socio-economic indicators. This
means that for our task AGROMIX itis also hard to come up with proper estimates and target values on social

indicators. Forthe followingindicators, we tried.

Indicator 15 Memberships of farmer networks, cooperatives and projects

Definition The number of memberships to farmer networks, cooperatives or project is an indicator
for the number of connections the farmer has to exchange ideas and experiences, to
arrange collective deals and negotiations with suppliers/buyers, andto collect
information.

Link with - Encouraging horizontal sharing of knowledge, cooperation and networking are

resilience important to establish the self-organizing capacity of farmers, and by that

improvingresilience (Jacobi et al., 2015)

- The Social-impact toolkit (2021) presented the relevance from relationships and
networks and information exchange for agood social system, since itinfluences
the social capital of a farmer.

How to The assessment is made by counting the number of networks to which the farmer is
measure and linked to (study groups, colleague networks). Itis definedas the #of groupsin which the
unit farmer has at least a ‘quite active’ participation level (Choptiany et al., 2015).

Cost and The required information can be collected once a year, through a semi structured
timeframe intervieworaform thatcan be filled in by the farmer. In thisintervieworform, multiple

indicators can be discussed. Aninterview will take approximately 1 hour.

Target value

Here we propose that more than 3 separate networks are the target value of this
indicator.

AMOEBA
scale

1: 1 orless networks

2: 2 networks

3: 3 networks

4: 4 networks

5: >4 networks

The AMOEBA values are based on Choptiany 2015.
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Indicator 16 Frequency of training
Definition Active participation in courses, education, workshops, or training by farmers, focused on
knowledge and skills defines the frequency of training per year. A training is under
supervisionof an expert.ltis defined here as the time spent on training related to farming
practices (in hours).
Link with - Education and courses are part of social and human capital and to improve
resilience adaptive capacity (and by that resilience) (Jacobi 2015)
- Thesocial impact toolshowed that trainingisof greatimportance for the positive
social impact of farming (Social Impact Tool 2021).
How to Identify how much time the farmer has spent on courses, workshops, education and/or

training peryearthroughin interview.

unit
Cost and The required information can be collected once a year, through a semi structured
timeframe intervieworaform thatcan be filled in by the farmer. In thisinterview or form, multiple

indicators can be discussed. Aninterview will take approximately 1 hour.

Target value

Here we propose thattwo full days (16 hours) peryear of trainingis agood targetvalue,
based on discussion with WUR colleagues.

AMOEBA
scale

1: <4 hour per year
2: 4-8 hours

3: 8-12 hours

4: 12-16 hours

5: >16 hours.
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Indicator 17

Short-supply chain

Definition

Short-supply chains provides the farmeralocal marketand gives communities
affordable accesstoregional food and allows for re-connecting the consumer with the
growerand processor. Regional food is here defined as production and consumptions
of food within 50 km (following the definition from Oregional 2021, a Dutch enterprise
that stimulates regional food chains).

Link with
resilience

- Small, direct supply chains are often more resilientin the face of shocks, ensuring
food supply in times of crisis, because farmers and consumers are flexible
(Michel-Villarreal 2021).

- Nearby production and consumption of food can improve confidence between
farmer and client and stimulates fair prices and incomes that enables the farmer
to produce more sustainable, making the farm ready for shocks and stresses
(IPES 2021, Oregional 2021). Community supported agriculture is also a
possibility where consumer and producer work together and stimulate the local
economicresilience.

- Space formanoeuvre forthe farmer, since (s)heislessdependent on value chain
requirements and claims. The farmer can make quickly make changes in his
strategy, and by thatbeingable to handle ashock (Michel-Villarreal 2021)

How to
measure and
unit

Identify how many short-supply chain activities the farmer undertakes.
For every activity or characteristics, 1 point can be counted for the AMOEBA scale:
- Directsale to consumers=+1 point
- Directsaleto end-user(e.g., restaurant, hospital) =+1 point
- Produce delivered tolocal food processor=+1 point
- Produce mainlyregionally consumed (within 50km) =+1 point
- Direct contact between farmer and consumers about farm management and
strategy =+1 point

Countto number of points.

Cost and
timeframe

The required information can be collected once a year, through a semi structured
intervieworaform that can be filled in by the farmer. In thisintervieworform, multiple
indicators can be discussed. An interview will take approximately 1 hour.

Target value

Here we propose five activities of the farm or characteristics of the supply chain. If the
farm incorporates all, ascore of 5 will be assigned.

AMOEBA
scale

1: zeroor 1 activity/characteristic present
2: 2 activities/characteristics present
3: 3 activities/characteristics present
4: 4 activities/characteristics present
5: 5 activities/characteristics present
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4 Discussion & Conclusion

4.1 Discussion of findings

During the selection procedure when the criteria were applied on the longlist, the majority of the indicators
exduded were lacking a strong proven link with resilience in the literature. Two other common obstacles for
the exdusion of indicators were the establishing a definition of what is to be induded in the indicator and
the availability of target values suitable across Europe from scientific sources. This caused many indicators
that logically have a relation with resilience inoperable. Even in the shortlist of indicators, arbitrary choices
were made when establishing target values. The selection process for this indicator set shows many
similarities to Rao et al., (2018) who followed similar steps to identify agricultural resilience to climate
change. Also, our results and indicators are to a certain extentin line with their findings.

An example of exduded indicators is those related to resilience against pests and diseases of plants. These
were discarded because there is alarge uncertainty in which new pests and diseases will occur due to climate
change and whether general natural enemies will help against this. Another example of an exduded indicator
is soil biology. Literature research and expert opinion from partners show that soil biological quality can be
an important indicator to deal with dimate stressors such as drought (Lehman et al., 2015). However, it was
not directly induded due to the lack of affordable and measurable indicators that show this relationship,
availability of global target values and the temporal influence of weather conditions and crops on the
community of soil organisms. Soil biology is partly covered by the indicators soil cover, soil organic matter
and soil structure related indicators, to mention a few examples. The livestock heat stress was discarded as
farm specific indicator, mainly because no thresholds could be found in literature for animal-related
indicators as signs of heat stress (Hoffmann et al., 2020). The indicators for animal heat stress respiration
rate and core temperature seem to be suitable parameters to assess individual heatloads but were exduded
since they are either time-consuming or there may be interference in data transmission, data variance due
to insertion depth, risks of logger losses and effects of drinking (internal temperature measurements) or
external factors such as sunshine, shade, wind (extemal temperature). Also, the consequences of heat stress
are partly covered by the indicator herd fertility.

Most ecological indicators are evaluated at field (or spedes/herd) level (except for crop/animal diversity,
variability of production, sufficient irrigation and trees and shrubs), while the economic and social indicators
are evaluated for the whole farm at once. Our initial approach was to select indicators that beforehand can
predict the resilience to climate change-induced stressors. However, it was conduded that this was not fully
possible when aiming to indude all aspects. For example, herd fertility, stability of production are responses
to climate stressors that can only be evaluated during and after the stress. The indicator sufficient irrigation
is evaluated in the current situation of the system. Since droughts may become more severe, a buffer is
included in the target values in the case of a more severe drought. Also here, the evaluation is the most
suitable during and afterthe drought stress.
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Union’s Horizon 2020 research and innovation 3 6
programme under grant agreement 862993.




agromix Farm-level indicators for resilience to climate change stressors

In Table 1 we show which climate change related shock each indicator mainly relates to. From this table it is
apparent that the resilience to all three shocks is covered by multiple indicators. The selection of indicators
was done by looking at complementarity of the indicators but avoiding too much overlap. Indicators that are
complementary and possibly interact with each otherare forexample SOM and plant available water. These
are possibly positively related because the plant available wateris mainly influenced by soil texture and SOM.
Animal diversity and crop diversity both to some degree indudedin the indicator number of income sources,
with the addition of other income sources. A final relationship between indicators is between Memberships
to networks and cooperatives and Frequency of training since trainings may be given from the groups of
networks and cooperatives. Nevertheless, the first indicator is more focused on evaluating the social and
economicsafety and resilience, whilethe second is focused on farmer know-how and flexibility to adapt.

Table 1. The list of indicators and how they relate to the three climate shocks targeted for evaluation. A dark green
colour stands for a strong link, while a light green colour stands for a less strong link.

Climate shock
Category Nr Indicator Drought and heat | Heavy Market and
precipitation policy
responses

Farm- 1 Grass species diversity
specific 2 Arablecropdiversity

3 Animal herd fertility

4 Animal diversity
Ecological 5 Variability of production

6 Herbaceous soil cover

7 Soil organic matter

8 Soil compaction

9 Plantavailable water

10 Trees and shrubs

11 Sufficientirrigation
Economic 12 Number of income sources

13 Dependencies on external inputs

14 Greenhouse gas emissions
Social 15 Memberships to networks and

cooperatives
16 Frequency of training
17 Short supply chain

The very practical approach we followed to produce a quantitative assessmentof indicators (viathe AMOEBA
scale) of resilience, required estimations, assumptions, and expert judgement, since not much literature is
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present about indicator scores and target values. Several sets of indicators were found, including the
rationale with resilience, but a translation into numbers and scoring for operationalization was often lacking.
Here we did try to provide this scale on farm level to be used for individual farms, applied by researchers or
practitioners, to assess theirlevel of resilience.

4.2 Application in practice

The combined set of indicators can be used to give an estimation on the level of resilience afarm has against
climate change. It also highlights points for improvements regarding resilience since it shows the indicators
thatdo not perform well. This analysis is mainly done based on ex-ante assessment, where the characteristics
of the farm will predict to what extend the farm can cope, adapt and transform its practices to a changing
climaticsituation.

A suitable way to present and compare farms, is an AMOEBA or spider diagram. The individual scores of the
indicators are plotted in one diagram. An example of such a diagram can be found in Figure 2. It shows two
fictional farms and theirfictional scores on the indicators. This can also be done for all types of farms relevant
in AGROMIX or other projects. The farm spedcific indicators can also be incorporated in the graph. In order to
be prepared against the variety of shocks and stresses from climate change, itisimportant thata farm scores
sufficient on all resilient indicators, and with that, the resilience dimensions. A good score on one indicator
cannot compensate for a low score on another; it is really about the full and combined assessment and
scores. The analysis using these indicators also shows where the farm or farmer must improve his
performances.
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Figure 2: Fictional scores of two fictional farms. The farm 1 (in blue) is more resilient than farm 2 (orange). However,
farm 2 also can make improvements on for example soil organic matter and greenhouse gas emissions. The farm
specific indicator relevant for these farms are in the top-left corner: crop diversity.

Score on resilience indicators per farm

Stability of production

5
Crop diversty Her bacesous Soil cover

Short-Supply Chain Soil organic matter

Frequency of training

Memberships of networks Plant avaiable water

Greenhouse gas emssions Sufficient rrigation

Dependencies on external
nputs

Trees and shrubs

Number of ncome sources

— FErm 1

— Farm 2

The other work packages of AGROMIX can use this set of indicators in their pilots or experimental sites to
grasp the level of resilience of the farms. The indicator set can be applied on any farm in Europe that makes
use of land. The assessment requires yearly time investments and measurements, by which also the
development overtime can be identified after different practices have beenimplemented.
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Appendices

Table 2. The pF level from which crop damage occurs due to soil moisture deficit, for different vegetables and arable

crops (Dekkers et al. 2000).

Crop pF from which crop damage occurs
Potato 2.8
Strawberry 2.7
Endive 2.8
Asparagus 3.0
Cucumber 2.9
Celery 2.8
Cauliflower 2.9
Beans 2.8
Broccoli 3.0
Chinese cabbage 2.9
Zucchini 3.0
Peas 2.9
Cereals 2.7
Celeriac 2.8
Fennel 2.6
Rapeseed 2.9
Head lettuce 2.8
Red beet 3.0
Corn 3.0
Carrot 3.0
Leek 2.8
Radish 2.7
Lettuce 3.0
Spinach 2.7
Cabbage 2.8
Brussels sprouts 3.0
Sugar beet 3.0
Onion 2.8
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