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Introduction
The ongoing agricultural transition questions current scientific practices

While being highly specialized in the productionbiémess, conventional farming systems often
accused to considerably impact ecological strustumed process’™ This affects humans (e.
through water pollution, soil erosion, loss of tdemdscapes harboring cultural and social valaes!
agriculture itself, which is highly dependent upmnvide range of ecological processes sucsoil
fertility or pollinatiort.

A transition towards more environmentally and slbgisgustainable farming systems
considered s inevitable by many. Facing this challenge, sdvelt@rnative farming systems &
emerging around the world. It $siggested that the diversification of agricultymalctices, through tt
introduction of functional biodiversitysupports ecological poesses in turn favoring biome
production and providing othecosystem serviceES) to society’ (Figure 1).

However, the transition towards alternative andpsgpdly more sustainable agricultt
systems is hampered by a lack of knowledge on théranmental and social impacts of the
innovative practicés To date, science is failing to capture the comipteand multidimensionality ¢
socioecological agroecosystems. Class science usually studies one component at a timearaa
standardized environme (e.g. in a laboratory or in a experimental fieldth the aim to produc
generic results and conclusiorRather than saying that research in conventiondtwdgure anc
following a biotechnological approach is no longecurate, adcultural transitior calls for exploring
the spectrum ofmethods scientists u: The present paper introducesianovative muli-actors and
interdisciplinary approach to address, in a hdlistiay, the social and environmental impact:
alternative diversified faning system: This method is applied in a rechntaunche: PhD thesis
(January 2015) hence, only prelinnary results and fictive analyses apeesente along the
methodological approach.

Integrated ecosystem service assessments
An interdisciplinary method to grasp complexity

Agricultural transition implies looking at complexteractions between thenvironmental (e.g.
physicochemical soil conditions, climate), techhi(e.g. tillage depth, fertilization mode, cr
rotation) and sociaultural (e.¢ stakeholders’ values) elements. Hergteidying the topicrequires
relying on interdisciplinary metho. The method of ‘integrated ES assessment’ includiagcgal anc
a biophysical assessmgiigure 1- purple boxespffers such interdisciplinary approadntegrated
ES assessment is an emerging method to get hatisiight into complex soc-ecological systenis
Indeed, identifying and quantifying ES bundlesssantial to foresee impacts of land manageme
ES supply, tradeoffs and synergies, and thus obeBSficiarie™.

ES assessments including social valuaticre scarce, though being highly relev in
agricultural contexts, asocietal goals of today’s agriculture go beyond gbke production of fooc
Indeed, consumers demand quality, are increasingigled by their efics', value traditional
heterogeneous and complex landscapes as aestmeteriacational resourc'?. In return,in addition
to earning a fair livingfarmers call for recognition of their role playeu societ™ ™ Moreover,
addressing=S demand allows the assessment to be more senaittl responsive to the needs
values harbored by the stakehol*®,
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the flow of ES. ES can be assessed biophysicallgoially (purple boxes). Integrated ES assessmieetade both,
sometimes along with an economic valuation, noteskkd in this study.

Despite the growing body of literature on the topiere exists, to the best of our knowledge, no
study quantifying the contribution of diversifiearining systems to the provision of ES. Indeed, most
studies address the concept of ES in relation toemgsystemsheoretically*"° while the actual
quantification of ES in agroecosystems remains largely unexpjooedfocuses on one ES only
(e.g?>*). However, focusing on a single ES fails to previ holistic picture of the socio-ecological
components of agricultural systems. It fails, fmstance, to highlight tradeoffs and synergies betwe
ES, i.e. if one ES is increased through agricultpractices, do others ES increase along (syngrgies
decrease (tradeoffSp A recent review by Kremen and Miles (2012) corimgathe provision of 12
ES in conventional farming systems and in divezdifones concludes that ‘integrated whole-system
studies of the influence of different farming piees on multiples ES are critically neededa
conclusion confirmed by the few existing farm-sdai assessments>

The present research aims at fulfilling this gap dnalyzing several ES at the farm scale
addressing the following questions:

1. Are there different synergies and tradeoffs amo8grEdiversified farming systems?
This question will be answered by the biophysic8l &sessment and will allow testing the
hypothesis that diversified farming systems offexager synergies among ES, as stipulated by
Kremen and Miles 2012

2. Is the stakeholders’ satisfaction different in dsited farming systems?
This question will be answered by the social ESess®ent and will allow testing the
hypothesis that diversified farming systems satafgreater diversity of stakeholders, as
stipulated by Bacost al.2017*,

Regarding the biophysical ES assessmielicators for the assessment of each ES aretsdlec
according to precision and feasibility criteriar(@ and resource-wise). Table 1 shows examples of
indicators which can be used. The ultimate chogéngpired by the expertise of researchers of
Gembloux Agro-Bio Tech, by the few previous farmde ES assessmeft$® and literature
specialized on the concerned ES. While estimatesased on biophysical field measurements for
provisioning and regulating ES, cultural ES areeased based on other types of indicators. For
instance, cultural ES can be assessed based gmeabence of landscape elements known for being
appreciated by visitors, hence harboring aesthetloes (e.g. cultural buildings, tree lines, forest
patchesy.

The social ES valuatiorelies onindividual interviews on the one hand and colleztaluation on
the other hand, both enquiring the stakeholdeesssign scores to each ES representing the extent to
which they value the ES. Individual interviews potward the divergence of social values among
stakeholders, while the collective valuation, tigioweliberation, includes reciprocal and altruistic
attitudes within the valuatiéh?®




Table 1: Examples of ES to be assessed along with exarapladicators which can be used for
their biophysical assessment.

ES category ES Indicator unit
Provisioning Commercial crop Yield t/ha
production
t/hafenergy
used
Gross margin £/ha
Quality variahle
Regulation Soil formation Earthworm density individuals/m
el
Earthworm biomass g/m2
Earthworm maturity Y% juvenile,
sub-adults,
adults
Earthworm diversity % Endogeics,
Epigeic,
Anecic
Nutrient regulation  Nutrient input-nutrient output Kg/ha
Nitrogen potentially leaching (APL) kg N-NO3 /ha
Ratio C/N -
Nitrogen fixation kg N/ha
Carbon sequestration  Soil organic carbon content kg C/t of soil
Pest contral Predation rate surrogates
removed/24h
Soil quality Microorganisms and inverterbates’ empty
activity (bait-lamina test) holes/10days
Microbial-C L
Pollination Presence of pollinators trapped
pollinators/w
eek
Erosion protection Water percolation rate L/m2*h
Habhitat quality Carabides beetle density individuals/m
el
Carabides beetle diversity species
number
Cultural Physical experiences  presence of landscape elements absolute value
size of landscape elements m or m2
Education farm visits absolute value
training sessions absolute value

Study sites

Diversified farming systems at the center of attention

This research is carried out in real farms (corelgrso research carried out in laboratories and
experimental fields) in order to get as close asiféde to reality. Diversified farming systems are
defined by Kremen et al. (20f2)as ‘farming practices and landscapes that intealip include
functional biodiversity at multiple spatial and/@mporal scales in order to maintain ecosystem
services that provide critical inputs to agricuitusuch as soil fertility, pest and disease conivater
use efficiency, and pollination’. Naturally, in theal world, there exist no sharp distinctions lestw
diversified and conventional farming systems. Rathegradient of diversification can be observed
among agricultural systems, with some only applhyancpuple of ‘Agri-Environmental Measures’ or
growing crops organically, and others combiningesalof these practices.

Three diversified farming systems, considered psesenting the extreme end of this diversified
gradient, have been selected. All are locatedénatbstern part of the Hainaut province in Belgiam,
cradle area of transition towards such diversifigstems. All diversified farming systems are cextif
organic and rely on a wide variety of practicesonporating biodiversity. For instance, Demasy’s
farm, applies the principles of conservation tiladiving mulch, has set-up beetle banks and is



planning to establish an agroforestry parcel; whike Graux Estate, among other practices, relies on
conservation tillage, long crop rotations, livinguleh, and recycles crop and animal residues as
natural fertilizers. Since it is not possible targaout a diachronic analysis of the transitionttha
diversified farming systems have encompassed, aedjaonventional farming systems are selected to
represent a distinct type of farming systems. Thius,research relies on three diversified systems
surrounded by conventional ones constituting thieeen-sets and representing the three studied
landscapes.

The field committee
The need for local relevance calls for multi-actors approaches

Knowledge regarding agricultural transition hasve being highly locally specifit® Hence,
agricultural transitions require locally relevaesearch. This questions current scientific appresch
seeking to produce generic results and conclusidhsrefore, the attempt to transform existing
systems drives scientists toward action-orientgatagzh, i.e., approaches implying stakeholders from
the start of the research. On the one hand, it @msonsidering the gap that could be revealed
between theoretical scientists’ problem and everyifia stakeholders’ problem. On the second hand,
it aims at producing responses according to localditions. In this way, it integrates contextual
complexity and its inherent uncertainties to whieimeric solutions may not be adapted.

In order to fulfill this need, dield committee’ is set-up, composed of persons acogivith
the region, the different local initiatives, andetlktakeholders. Among the stakeholders, farmers,
citizens, non-profit associations are present éffigdd committee.

The main role of this field committee is to facté knowledge transfer between researchers
and local actors. As the research is highly spetafithe locality, it is important to conduct aeasch
relevant in the eyes of local actors. Thus, throughthe research, scientific knowledge will be
iteratively confronted with local knowledge to hetpfit the study with local contexts. It is widely
recognized that the involvement of people acqudimigh local contexts in the earliest stages of ES
assessments improves their accuracy and proceduedity'®3?>* This knowledge transfer is of
course in both directions, as results of the reseaill further be communicated to the committee.

Additionally, this field committee will serve asaalle for networking among the different
stakeholders, launching co-construction and calaegrprocesses through discussions and debates
initiated during field committee meetings. This cuittee is a unique opportunity for different actors
(e.g. farmers and consumers) to meet and get ilssigio each others’ reality through discussions.

Outcomes of the first field committee consultation

The field committee has, for instance, been coedulb set the priority among ES to be assessed.
Indeed, some ES, though relevant to agriculturdéory, may not be relevant for the selected farms
according to the field characteristics or the valatakeholders attribute them. Hence, a meeting was
organized to consult them on which ES they valeentiost to further guide our ES selection.

Participants were selected according to a ‘purgosampling’ strategy (i.e. sampling of which
the profile of participant was selected purposivalyorder to reach a wide variety of profiles
interested in the topic rather sampling randomlithe population). In total, 22 participants (congubs
of farmers, locals, NGO'’s activists, members ofrfars’ organization, etc.) attended the first megtin
The aim of the first meeting was to 1) presentrésearch project to local actors 2) consult them on
which ES they find the most important to guide subsequent ES selection and 3) compare their
selection with the most studied ES in scientifierature.

The methodology relied on for this consultation sisted in a ‘face-to-face Delphi’ method.
The classical Delphi method starts with a quesamensent around to ‘experts’. Answers are then
collected, summarized and made available to alkegpwho are then given the opportunity to adapt
their original answers upon examination of the groesponses. In a face-to-face Delphi, as in our
case, answers are presented to the whole grouprarttien discussed before adjusting the vote. The
choice of this format allowed to highlight people&asoning underlying their expressed values and
preferences thanks to a more ‘natural’ contextctviiome claim as more similar to the environment



in which people elaborate their opinion in reatlfontext¥’. Moreover, such format fitted best with
time constraints.

More precisely, the below steps were followed:

1. Presentation of the research project and introdndb the ES concept;

2. Listing by attendees of all ES coming to their miimited to agricultural systems;

3. Adding of the ES from this spontaneous list whick kcking in the scientific ES list
(based on the CICES-Belgium classificaffon

4. Ranking by attendees of the 5 most important E8das the adjusted scientific ES list;

a. Ranking per ES category (provisioning, culturagulating; leading to three top
3);
b. Ranking across all categories (leading to one jpp 5
5. Presentation of the votes to the whole group;
6. Discussion about the divergences and convergerithe gotes ;
7. Reiterate step 4 if step 6 has led to changing snind

Comparing their personal lists (step 2) with thiemtific ES list, attendees wished to add two ES: 1
farmers’ wellbeing (faire remuneration, no expasitto dangerous products, no pressure from lobbys,
etc.) and 2. local employment. This is already st fillustration that local actors can bring
complementary knowledge to science-generated krmele

Figure 2 depicts the result of the vote per categstep 4.a) and Figure 3 the votes across all
categories (step 4.b).
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Figure 2 : Outcomes of local actors’ votes regarding whichtB&y value the most. Local actors had to vote f&@Sper
category and rank them between 1 (most importang fless important). Number of votes per ES igasgnted of the

vertical axis while average ranks are the numbeos@each bar.
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Figure 3: Outcomes of local actors’ votes regarding whichtB&S/ value the most. Local actors had to vote f&S5(not
matter which category this time) and rank them leetwl (most important) to 5 (less important). Nundfesotes per ES is

represented of the vertical axis while average sark the numbers above each bar.

Both Figures 2 and 3 show that the provision ofdfemd regulation of human health are two very
important components in the eyes of local actohe fivo added ES from step 3 (farmers’ wellbeing
and local employement) have also been much votearid attributed high scores (numbers above
bars). This illustrates the fact that local actoais think about components science failed to ifienti
Conversely, some services gather no votes at ajuf® 3: wood, ornamental plants, energy,
protection against hazards, pest regulation, aalityy fauna/flora observation, hunting, tourism).
Apart from these services which seem to encouni®esagreements, we can observe a wide diversity
of preferences across actors. Indeed, votes asadcross a relatively wide panel of ES, coming
from all categories. Some ES receive very few vyatesugh presenting very high scores, illustrating
the diversity of point of views: while most of artalid not include those ES, some rank them as the
most important (e.g. Figure 2: hiking, hunting, Uig 3: climate regulation).

The 5 most voted ES and the 5 most studied ESiantific literature only share two ES
(Figure 4). This clearly illustrates how consultiagtors can influence the choice of ES as in oseca
people’s preferences do not match with what scienosiders as most relevant to study.

We can thus conclude from these votes, that expp@esatowards agriculture are rather
diverse across actors and differ from what scidocases on at the moment. Although most people
are aware of agriculture’s first role of providifigod, a certain desire for a more multifunctional
agriculture is clearly present. Our research Witiva checking whether these expectations towards ES
delivery are better met in diversified farming g€yst of the Hainaut province.

Methodology wise, this face-to-face Delphi methailield to trigger discussions and debates at
step 6 which gave the feeling to participants #tap 7 was unnecessary. On the opposite, animated
debates took place at step 3, when their spontane&tuvas confronted to the scientific ES list. An
adapted version of the methodology has now beeeloleed and will be tested in other regions.
Results of these coming supplementary trials welljbintly published in an international scientific

journal.



50 -

Most studied by scientific literature
P vs. stakeholders' preference

Amount of votes
(5]
(=]

20 -
) I I I I
0
Soil quality | Climate Food Biodiv. haterquallt Pestregul Pollination | Human Farmers' local
regul. Habitat health wellbeing iemplo\-‘menhi

Figure 4 : Comparison of the 5 most studled ES in smenhlfmature (blue) and the 5 ES which gathered naotds at the
first field committee meeting (green).

Multivariate analysis
The challenge of integrating complexity

The great challenge of integrated ES assessmetatsnegrate the multiple units of measuremert int
the data analysi5 Indeed, such assessment leads to a dataset ihgrimoultiple units and both
gualitative and quantitative data. This represarkgy challenge in integrated ES assessmentssas it
increasingly acknowledged that defining one commoinis scientifically unsourid™

Some doing integrated ES assessments simply préwse diverse data in a Table (€%,
others transform all data into scores to then ielthem into flower diagrartis* (also referred to as
rose plots, radar plots, spider web diagrams,.e@nly recently, some suggest to rely on multiviaria
analysis>*** Such analyses allow dealing with datasets hamgodistinct units of measurement
(frequencies, abundance, rates, etc.) them beiagtiative or qualitative. Unconstrained techniques
are first applied to illustrate the (dis)similartigtween farms based on ES values, revealing patier
the dataset, as done by Maes et al. (Z81I) order to explain these patterns (i.e. to grp¥ehich
variable explains the pattern), constrained oréinatechniques are then applied. These techniqees a
dedicated to relate several dependent ordinal Masao one or several independent ordinal var&gble
and to search for partial correlations. Discriminamalysis relates dependent ordinal variablesitp o
one categorical independent variable, i.e. farrsygiem type.

In order to illustrate the potential of multivaBatanalysis to integrate results of ES
assessments, a fictive dataset has been elaboamedPrincipal Component Analyses (PCA,
unconstrained multivariate analysis) were appleed.tSuch analysis projects data for each ES an tw
axes called principal components, in such a wayttie@two components capture a great deal of the
variance that is present in the data (Figure 5)v&8es are represented as arrows pointing towards
farm-sets (points) where they reach their maximuatue. Angles between arrows represent their
correlation: arrows pointing in the same direct{of) are in synergies, arrows at 90° are uncodlat
and arrows pointing in opposite directions (1809 i tradeoffs. Orthogonal projection of a point
(parcel) on an arrow (ES value) estimates the vafune order of magnitude of this ES within this
parcel.

This illustrates well how such analysis will all@mswering our research questions. Looking
at the green arrows of Figure 5, representing walok the biophysical ES assessment, allows
answering our first research question. Among tkeds observed, we can notice that ES generally
point towards diversified farming systems, indiogtthat these have a higher potential to provide ES



This is though not true for the ES biomass produactivhich is pointing towards the points of
conventional farming systems. Thus, in our ficto@se, biomass production shows tradeoffs with
biodiversity protection, and other ES, meaning thlaén one is increased the other tends to decrease.
Hence, diversified farming systems show differin® Bynergies and tradeoffs, confirming the
hypothesis advanced by Kremen and Miles 2012.

Regarding the second research question, we ndtateorange arrows, which represent the
social ES valuation, mainly point towards parcdlsliversified farming systems. This thus confirms
the hypothesis of Bacagt al. 2012 that such systems satisfy a greater dives§gyakeholders.

* Biophysical ES assessment
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Figure 5: Results of the Principal Component Analysis carrietl an a fictive dataset in order to illustrate heuch
investigation can answer our two research questi@rsen arrows are ES values coming from the bisighy ES
assessment. Orange arrows are ES values from ti@ &5 valuation. Blue arrows represent environalemnieasures.
Points represent location of sampling and sameredlpoints come from a same farm-set. DFS: divetsfiarming system.
CFS: conventional farming system.

Conclusions
The contribution of this research within the questioning of scientific approaches in addressing
agricultural transition

The transition towards alternative and supposediyensustainable agricultural systems is hampered
by a lack of knowledge on the environmental andiadmpacts of these innovative practites
However, current scientific practices fail to preiholistic insights on these socio-environmental
agroecoesystems. Through standardized protocofsriexents are carried out in laboratories or
experimental fields with the aim to produce resultsch can be applied generally. Such research led
to the development of the one-size-fits-all agtio@l model we know today. Nonetheless, it is
nowadays more and more acknowledged that agrialiltiansition must go through the adaptation of
the agricultural system to its socio-natural envinent. Alternative agricultural models thus call fo
tailor-made solutions rather than reciés

In this regard, this research attempts to prolodelly relevant knowledge. It focuses on three
diversified farming systems all located in the saiegion. Results emanating from the research are
likely to not be applicable to other regions with differing eowments and social contexts. For this



reason, it is of uttermost importance to commueiagith local actors throughout the whole research
process. For this purpose, a field committee wasigeOn the one hand, it aims at considering the
gap that could be revealed between theoreticahtssig’ problem and everyday life stakeholders’

problem. On the second hand, it aims at producaspanses according to local conditions. In this
way, it integrates contextual complexity and itkeérent uncertainties to which generic solutions may
not be adapted.

Providing locally specific results also implies nkimg in local farms to grasp insights on the
field’'s reality. Indeed, setting measurements ial farm fields provide results closer to realitanh
those generated from lab and experimental fielgdenkf this also means that scientists must dethl wi
a much wider and sometimes inseparable array dforacaffecting results. For this reason,
conventional scientific research must complementhsinnovative research practices on the
knowledge of interacting and influencing factors.

Since agricultural transition studies complex iat#ions between the environmental (e.g.
physicochemical soil conditions, climate), techhi¢e.g. tillage depth, fertilization mode, crop
rotation) and socio-cultural (e.g. stakeholdersluga) elements, studying the topic through an
interdisciplinary science would help to understdrodv complexity can be integrated. The present
research suggests relying on the approach of fiated ES assessments’ in order to combine social
and environmental aspects. Such holistic assessmpeavide good insights on the complex socio-
environmental systems of agriculture. Though, faochsresearch to be applicable, scientists must
admit a lower level of details in their analysiglaim for a more ‘meta’ level of investigation.

Using the integrated ES assessment tool can leaseveral levels of data integration.
Integrated ES assessment is a new scientific tomicl there remain much debates on how to
integrated data harboring distinct measuremensiinithis research opts for multivariate analysis in
order to get good insights on correlation pattdsagveen variables. Multivariate analysis, though
being scarcely applied today in the field of ESeasment is recognized a valuable method when
considering more than two ES as it is a relatifidyible method regarding the nature of the indicat
(i.e. quantitative or qualitative)

This research project aims at tackling the emerggigntific thematics of sustainable farming
systems and integrated ES valuations by adoptingnaovative, interdisciplinary, multi-actors
approach. Nonetheless, it is to keep in mind tlo#h lsonventional scientific practices and innowvativ
integrative approaches as the one presented irpdper are complementarity. Holistic research can
only be carried out by building on in depth-knowgedof each component which is generated by
classical scientific practices. Global, integratesita-analysis as presented in the paper oughbnot
replace in-depth studies focusing on one factol d&ime. Rather than saying that research in
conventional agriculture and following a biotectogital approach is no longer accurate, agricultural
transition calls for exploring the spectrum of nuoeth scientists use.

References
1. Zhang, W., Ricketts, T. H., Kremen, C., Carney, &.Swinton, S. M. Ecosystem services and dis-sesvitze

agriculture Ecological economicé4, 253-260 (2007).

2. Matson, P. A. Agricultural Intensification anddsystem PropertieScience277, 504-509 (1997).

3. Tilman, D., Cassman, K. G., Matson, P. A., NaylBr & Polasky, S. Agricultural sustainability andténsive
production practicefNature418, 671-677 (2002).

4. International Assessment of Agricultural KnowgedScience and Technology for Development (IAASTAriculture
at a Crossroads (2009). at
<http://www.unep.org/dewa/agassessment/reports/IHAEN/Agriculture%20at%20a%20Crossroads_Executive%20

Summary%200f%20the%20Synthesis%20Report%20%28EAeRiSpdf>



10.

11.

12.

13.

14.

15.

16.

17.

18.

Van Huylenbroeck, G., Vandermeulen, V., Mettepegen, E. & Verspecht, A. Multifunctionality of agulture: a
review of definitions, evidence and instrumenhiging Reviews in Landscape Reseatcthi—38 (2007).

Lovell, S. T.et al. Integrating agroecology and landscape multifumetiidy in Vermont: An evolving framework to
evaluate the design of agroecosystefiggicultural System403, 327-341 (2010).

Kremen, C. & Miles, A. Ecosystem Services in Bgitally Diversified versus Conventional Farming ®yss:
Benefits, Externalities, and Trade-Of&cology and Society7, (2012).

Wezel, A.et al. Agroecological practices for sustainable agriaeltA review.Agronomy for Sustainable Development
(2013). d0i:10.1007/s13593-013-0180-7

Gomez-Baggethun, Eet al. State-of-the-art report on integrated valuation @fosystem service83 (European
Commission, 2014). at
<https://mail.ulg.ac.be/service’/home/~/OpennessvBelble%204.1_Integrated_valuation.pdf?auth=co&foid=46
16&part=2&disp=a>

Boogaard, B. K., Bock, B. B., Oosting, S. J., Wikked. S. C. & Zijpp, A. J. Social Acceptance of @atarming: The
Ambivalence Between the Two Faces of Modernigurnal of Agricultural and Environmental Ethi@d, 259-282
(2010).

Vanderheyden, V., Van der Horst, D., Van Rompaey Schmitz, S. Perceiving the Ordinary: A StuafyEveryday
Landscapes in Belgium: A Study of Everyday Landssajpe Belgium. Tijdschrift voor economische en sociale
geografien/a—n/a (2014). doi:10.1111/tesg.12066

CAP Ruralité, Ministére de la Région Wallonne &ntdoux Agro-Bio Tech.L’agriculture multifoncitonnelle en
Région Wallonne: étude sur le positionnement des@teurs wallpons dans la ruralité de demain et Barticulation
de leurs roles aux attentes de la socig@013). at <http://www.gembloux.ulg.ac.be/eg/cdpiudes/7-etudes/103-
lagriculture-mutlifonctionnelle-en-rw?format=pdf>

Pascual, U. & Perrings, C. Developing incentigsed economic mechanisms for in situ biodiversipservation in
agricultural landscapeggriculture, Ecosystems & Environmettl, 256—-268 (2007).

Parra-Lopez, C., Groot, J. C., Carmona-Torres, ®oésing, W. A. An integrated approach for ex-avauation of
public policies for sustainable agriculture at Iscabe levelLand Use Policy26, 1020—-1030 (2009).

Fontaine, C. Met al. Towards participatory integrated valuation and eiliny of ecosystem services under land-use
changeJournal of Land Use Sciende-26 (2013). doi:10.1080/1747423X.2013.786150

Power, A. G. Ecosystem services and agricultegleoffs and synergie®hilosophical transactions of the royal
society B: biological scienc&5, 2959-2971 (2010).

Swinton, S. M., Lupi, F., Robertson, G. P. &nhildon, S. K. Ecosystem services and agricultunativating
agricultural ecosystems for diverse benefitsological economicé4, 245-252 (2007).

Peeters, A., Dendoncker, N. & Jacobs, &dosystem Services: Global Issues, Local Practicd21 (2014).



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Kremen, C., Williams, N. M., Bugg, R. L., Fay,Rl.& Thorp, R. W. The area requirements of an ystesn service:
crop pollination by native bee communities in Califia. Ecology Letterg, 1109-1119 (2004).

Isbell, F.et al. Nutrient enrichment, biodiversity loss, and consag declines in ecosystem productiviBNAS110,
11911-11916 (2013).

Mouchet, M. A.et al. An interdisciplinary methodological guide for quifying associations between ecosystem
servicesGlobal Environmental Change8, 298-308 (2014).

Porter, J., Costanza, R., Sandhu, H., Sigsgha&l Wratten, S. The value of producing food, @nerand ecosystem
services within an agro-ecosysteiBIO: A Journal of the Human Environme& 186—-193 (2009).

Sandhu, H. S., Wratten, S. D. & Cullen, R. Toke of supporting ecosystem services in conventiand organic
arable farmlandEcological Complexity, 302—-310 (2010).

Bacon, C., Getz, C., Kraus, S., Montenegro, M. dlatd, K. The social dimensions of sustainabiéityd change in
diversified farming systemg&cology and Societ§1 (2012).

Sandhu, H. S., Wratten, S. D., Cullen, R. & C&eThe future of farming: The value of ecosystenvises in
conventional and organic arable land. An experialesgpproachEcological Economicé4, 835-848 (2008).

Van Berkel, D. B. & Verburg, P. H. Spatial quéiasition and valuation of cultural ecosystem seggin an agricultural
landscapeEcological Indicators37, 163-174 (2014).

Vatn, A.nstitutions And The_Environmerf2005).

Sen, A. Rationality and social choiéenerican Economic Revie8®, 1-24 (1995).

Kremen, C., lles, A. & Bacon, C. Diversified fang systems: an agroecological, systems-basedatiee to modern
industrial agricultureEcology and Societyi7, 44 (2012).

Altieri, M. A. The ecological role of biodivetgin agroecosystemggriculture, Ecosystems & Environmét#, 19-31
(1999).

Lyon, A., Bell, M. M., Gratton, C. & Jackson, Rarfing without a recipe: Wisconsin graziers and d@ections for
agricultural sciencelournal of Rural Studie®27, 384-393 (2011).

Rigby, D., Woodhouse, P., Young, T. & Burton, ®bnstructing a farm level indicator of sustainabdgicultural
practice Ecological Economic89, 463-478 (2001).

Biggs, Det al. The implementation crises in conservation plannaogld ‘mental models’ helpConservation Letters
4,169-183 (2011).

TEEB.The Economics of Ecosystems and Biodiversity: M@aming the economics of nature, a synthesis ef th
approach, conclusions and recommendations of TEE®gress Press, 2010).

Elliott, J., Heesterbeek, S., Lukensmeyer, & $locum, N.Participatory methods toolkit, A practitioner's maal.
(2005). at <http://www.kbs-frb.be/uploadedFiles/KBS-

FRB/Files/EN/PUB_1540_Participatoty toolkit New_editjodf>



36.

37.

38.

39.

40.

41.

42.

43.

Turkelboom, F., Raquez, P., ULg, M. D., UG, L&RSimoens, |. CICES going local: Ecosystem servatassification
adapted for. at <https://inbo.be/docupload/497%-pdf

Boeraeve, Fet al. How (not) to perform ecosystem service valuatigaricing gorillas in the mistBiodiversity and
Conservatior4, 187-197 (2015).

Boeraeve, F., Dendoncker, N., Jacobs, S., G&aggethun, E. & Dufréne, M. How (nhot) to performeigtated
ecosystem service valuations - Pricing gorillathemist - Biodiversity and Conservatiofin press).

Martinez-Alier, J., Munda, G. & O’'Neill, J. Wle@omparability of values as a foundation for egatal economics.
Ecological economic®6, 277—-286 (1998).

Wegner, G. & Pascual, U. Cost-benefit analysighie context of ecosystem services for human hbetg: A
multidisciplinary critique Global Environmental Changl, 492-504 (2011).

Foley, J. A. Global Consequences of Land 8s&nce309, 570-574 (2005).

Raudsepp-Hearne, C., Peterson, G. D. & Bennell. EEcosystem service bundles for analyzing traideiof diverse

landscape?NAS107, 5242-5247 (2010).

Maes, J.European assessment of the provision of ecosystemwices (Joint Research Center, 2011). at

<http://publications.jrc.ec.europa.eu/repositotgtineam/111111111/16103/1/j.maes.pdf>



