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Abstract

This paper defines the research agenda of the SNSF#oject. It aims to contribute to balanced and
encompassing views on how to strengthen food atrition security outcomes in the EU and how to
improve the performance of the food system in tbleffem the perspective of social, environmental
and economic sustainability. The research is lethbynotion that improvements in the diets of the
European consumer must come from, and be suppaftigeistainable food systems. Its holistic,
integrative approach builds a set of metrics, moded foresight tools, useable for navigation on
sustainable food and nutrition security. It theredsults in a coherent and supported vision on what
entails sustainable food and nutrition securitthim EU and globally, and underpins a perspective on
how EU policies on farming, fishing, food and ntiom could contribute to that vision with greater
efficacy than today.
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1. Introduction

In the second half of the twentieth century, Euespagricultural and fisheries policies — aimed at
fostering agricultural productivity, securing féiring standards for farmers and ensuring food
availability for its population — resulted in masasiproductive capacity and a strong knowledge and
innovation base in Europe. The EU agri-food seatmiyding fisheries and aquaculture, now delivers
a wide variety of products, creating conveniencectmsumers, cushioning risks to producers and
generating jobs in rural and urban areas. Accesaftoand nutritious food is, however, not guarehte
for all of Europe’s consumers. Firstly, food quakind safety have sometimes been compromised, for
example by outbreaks of BSE, salmonella, campyl@hand E. coli (Trienekens and Zuurbier,
2008). Secondly, despite improvements in ovenatdj standards, food poverty is still experienced
across certain sections of the population (Coclad.e2015); an estimated 11 per cent of the EU
population is unable to afford a meal with meaicldn, fish or vegetarian equivalent every second
day in 2012 (Eurostat), which explains the incrdasdiance on food banks (Cooper et al., 2014;
Neter et al., 2014). At the same time, a high @sidg proportion of the European population, cltse
50 per cent in 2010, is overweight or obese (Gatwa., 2014), making them prone to chronic
diseases, including cardiovascular disease, dislagi certain types of cancers (Finucane, 201¥). Th
opposite tendencies of deficiencies and excessesrotg at the same time, also in Europe (ElImadfa
et al., 2009), are characteristic of the so-catlewition transition (Popkin and Gordon-Larsen, 200
As a flip side of increased European affluencer av&00 million tonnes of food are wasted annually
in the EU, a figure expected to rise to 126 milltonnes in 2020 (BIO Intelligence Service, 2013),
representing a waste of scarce resources, bupafsog an ethical problem given the prevalence of
hunger and undernutrition elsewhere. Moreover,renmental concerns are on the rise, with climate
change having differentiated impacts on agricultaiorthern and Southern Europe through
changing land, water quality and yields (Lecleralet2013), but with agriculture also contributitog
climate change, in the form of GHG emissions (Biudlil Olesen, 2011; Ciscar et al., 2010).

Maintaining the agri-food sector's beneficial seegito society is increasingly challenging in theef

of ever-changing economic, social, political angiemmental conditions (Foley et al., 2011,
Rockstrom, et al. 2009). In the short-term, foddes — which may arise due to weather extremes or
financial downturns — need to be guarded againsttlae growing pressures on the natural resource
base need to be reduced. In the long-term, thedekf@d sector needs to be competitive and
sustainable in the global setting of climatic, galidjzal and socioeconomic change if it wants to
maintain a strong European production base. Neatv¢éocoming the challenges in production, the
challenge in EU food consumption is for diets todyae more healthy and nutritious, whilst
remaining affordable and allowing for cultural disigy (Agrimonde, 2011; UK Foresight, 2011).

EU policy makers increasingly recognise that tlaeneworks for food safety control (the General
Food Law) and primary production (the Common Adtiaal Policy, CAP) provide insufficient
direction for the European food system: in ordesupport food and nutrition security (FNS), eating
patterns should come more into focus, along widlir implications for public health, the natural
environment and enterprise. European diets thus toeleecome more environmentally and
economically sustainable, and more healthy andtiouts, as evident from recent policy documents
on the CAP (COM (2010) 672), nutrition, overweigind obesity-related health (COM (2007) 279),
resource efficiency (COM 2011) 571) and the circeleonomy (COM (2014) 398). But despite these
needs, the majority of research on FNS has histibyibeen relatively disparate, either focusing on
food production by agricultural and fisheries sciesy or on consumption patterns, diets and heglth b
the nutrition sciences (Harris et al., 2013). Whsrthere is a growing body of literature that cfalts
bridging this disciplinary divide to make agricukumore nutrition-sensitive (Chicago Council, 2011,



2015; Fan and Pandya-Lorch, 2012; FAO, 2013; Jeerind Virchow, 2013), and arguably vice-
versa, common metrics, methods and foresight obdkes of which programs and policies can be
designed and implemented that address the neagrictiliture and health in support of sustainable
FNS are thus far lacking.

This has led to the development of a new, trangiisary research project, SUSFANS, which
develops metrics, identifies and analyses drivetegrates data and modelling and formulates
foresight for EU sustainable FNS, building on a owmn scientific evidence-base which accounts for
the perspectives of the various actors and fathatsplay a role in the food system.

Box 1 SUSFANS project details

Objective: To build the conceptual framework, th@lence base and analytical tools for underpiniiihiy
wide food policies with respect to their impactamsumer diet and their implications for nutritimmd public
health in the EU, the environment, the competitésmnof the EU agri-food sectors, and global foatl an
nutrition security.

Duration: 2015-2019
Coordination: LElI Wageningen UR (LEI-WUR)

Partners: Wageningen University and Research CAMUR); Institute for Food and Resource Economics,
University of Bonn (ILR); the French National Intstie for Agricultural Research (INRA); Centre fourBpean
Policy Studies, University of Oxford (CEPS); Intational Institute for Applied Systems Analysis (8A);
Czech National Institute of Public Health (SZU)efRch Agency for Food, Environmental and Occupationa
Health & Safety (ANSES); Consiglio per la Ricercka asperimentazione in Agricoltura (CRA); Technical
University of Denmark (DTU); International Life ®eices Institute (ILSI)-Europe; Swedish InstituteFood
and Biotechnology (SP); European Commission — Réstearch Centre (JRC); National Taiwan University,
(NTU), National Resources Institute Finland (LukeM Nutritional Products; Dutch Dairy Association
(NZO); and Unilever (R&D).

Funding: €5 min. under contract H2020-SFS19A-2@rént 633692

This paper presents the vision of SUSFANS on hoadiance research in support of policy and
practice on sustainable FNS in the EU, as develbpets partners from academia, public and private
sectors (Box 1). SUSFANS refines and operationalise conceptual framework for assessing
sustainable FNS of the CIMSANS network (Acharyalet2014) in the European context,
characterised by relatively long and complex supplgins, diverse diets and relative openness,
implying strong interdependencies with the reghefworld. A novelty in the analysis of FNS is the
broadening of the concept of sustainability, whittorporates, next to the traditional environmental
dimension, also social (health), economic and dIBbks dimensions, with inherent synergies and
trade-offs involved (Masset et al., 2014a; Wursthetral., 2011). It thereby acts upon calls from a
recent and rapidly growing body of literature fesearch and evidence-based policies on how to make
diets more sustainable (Bajzelj et al., 2015; Gar2614a,b), human diets being where the various
dimensions of sustainability of FNS come toget®&fSFANS runs parallel to the work by Bioversity
International and CIHEAM-Montpellier, which placedatively more emphasis on integrating
biodiversity and nutrition, the developing countgntext, and the angle of vulnerability (Allen &t a
2014; Johnston et al., 2014; Prosperi et al., 2YBFANS has a broader scope and goes further by
defining desirable and feasible sustainable dmtthfe EU population, following a vision of what
current and future diets may look like, and howeo there (foresight), using a combination of
scenario modelling (e.g. Nelson et al., 2013) aadi@patory multi-criteria analysis (MCA)



(Kowalski et al., 2009). This approach ensuresainainvolvement of stakeholders from the food
supply chain, public sector, research communitiesavil society throughout the project in support
of a shared and sustained view (Rounsevell anddédet2010; UK Foresight, 2011). At the heart of
the project is the development of a consistentcat@rent, analytical toolbox, which integrates new
and improved micro-level models of nutrient intakesbitual dietary patterns, preferences of
individual consumers and health impacts (Gerdessah, 2014; Irz et al., 2015; Rutten and Reed,
2009) with enhanced macro-level biophysical, aducal and economic models of food demand and
supply often used in integrated assessments (@rdk, 2012; von Lampe et al., 2014) in the cantex
of economic, environmental and demographic chaogestime (short- to long-term) and across
various socioeconomic strata and spatial scaleb#églnational, regional). The framework for
assessing FNS is tested using case studies fordtiaps in livestock-fish production and fruit-
vegetable consumption, which serve as input forenbooad-based scenarios for future FNS applied
using the SUSFANS toolbox. The project focusesiamndountries — Denmark, Netherlands; Czech
Republic; Italy; France — representing the divgrsitfood habits in the North, East, South and West
of Europe, as they patrticipate in the emerging parepean Nutrition Surveillance (de Boer et al.,
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Figure 1 Thethree pillars of the SUSFANS pr oj ect
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The structure of the paper is organised alongities lof the three pillars of SUSFANS (Figure 1),
each of which will be elaborated in the sectionsdme. Section 2 discusses SUSFANS’ approach to
assessing sustainable FNS, including a conceptuakfvork, metrics and analytical tools for
measuring, assessing and monitoring the curretet st&NS in the EU and underlying drivers of
change. Section 3 elaborates on new and improvektimoombined in a SUSFANS toolbox for
guantification of future scenarios. Section 4 dibss the process of foresight and policy guidaoce f
effective EU-wide farm, fish, food and nutritionljptes using both scenario analysis and case studie
with stakeholder engagement effectuated in thegdedi policy interventions and innovations as well
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as in the evaluation of outcomes via a participahdCA. The final section summarises and
concludes.

2. Assessing sustainable FNSin the EU

An assessment of sustainable FNS in the EU stattisaveolid concept and evidence-base consisting
of metrics, data and an understanding of caustdr&or driving forces that drive FNS outcomes.sThi
consists of a framework of concepts and causdioakhips (Step 1 of Pillar 1, Figure 1), metricsla
tools by which we measure, assess and monitor {&¢sp 2 of Pillar 1), which culminate in a
database for the quantitative assessment of sabtaifNS in the EU (Step 3 of Pillar 1).

2.1 Conceptual framework for assessing sustainable FNS

The concept of FNS has evolved over time from akioation of the concepts of food security and
nutrition security (Pangaribowo et al., 2013), vhic the EU are used by a broad range of
stakeholders attaching different meanings and ngadlifferent claims about the underlying causalities
(Candel et al., 2014). SUSFANS employs the prevaitiefinition of FNSwhich states that FNS

exists when:

“all people at all times have physical, social amcbnomic access to food, which is safe and
consumed in sufficient quantity and quality to nikeir dietary needs and food preferences, and is
supported by an environment of adequate sanitatiealth services and care, allowing for a healthy
and active life”(CFS, 2012).

This definition is taken to capture the simultareeohballenges of hunger/nutrient deficiencies and
excess calorie intake — the “double burden of ntatran” (WHO, 2003) —, and the underlying
heterogeneity across socioeconomic and demographita and regions in terms of food availability,
access, utilisation, and stability therein, infloed by variations in health services, health emvirent
and caring practices.

SUSFANS extends the concept of FNS to include @iffedimensions of sustainabiliiyr the EU

food system to reflect the EU Commission’s polioalg. This includes the notion to reduce the
environmental impacts of the food system (e.g.ctdn in GHG emissions or soil fertility loss), but
also economic and social dimensions. The econoimergsion implies that those who produce food —
be it an individual farmer or fisherman, a farm e, an SME or multinational corporation, or even a
cluster such as EU agri-food — should be ablencaruiable business or earn a decent living. The
social dimension ensures the diet is balanced ditapto nutritional standards, that health outcomes
are satisfactory, and that cultural diversity aadia capital are preserved. In addition, as aFéuyper
cent of EU citizens are concerned about feedingvibrid's population (European Commission, 2012),
sustainability goals also include the contributidnthe EU agri-food-nutrition system to global FNS.
The sustainability dimensions that have been atlwéte definition of FNS can be interpreted as
capturing impacts of diets on societal wellbeing.

Naturally, synergies and trade-offs between (arttim)i the sustainability dimensions (but also asros
actors) may be observed. For example, guidelirnea Fealthy diet generally advise EU consumers to
cut down on the consumption of meat and processaikf and to increase consumption of fresh fruits
and vegetables. To the extent that this diet isirally acceptable to adopt and in line with consum
preferences, it has implications for livestock farmand the food industry in the EU and elsewhere,
with some going out of business whilst others naagwvent themselves by innovating or shifting
business. The environmental implications of thitatiy change are manifold and involve trade-offs
between the use of fresh water and land resoundesestock and horticulture, carbon emissions from
handling, transport and packaging and so on. Aegnatted assessment of sustainable diets (Section
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2.3 below) will reveal some of the key trade-off&hich could also occur across time and spatial
scales. Assigning values on the relative importaricee various sustainability dimensions, elicited
from different stakeholders from the governmenilygie sector, research community and civil society,
provides greater clarity on what they considerdsbstainable diets from a health, environmental,
economic and global FNS perspective.

Figure 2 Conceptual framework for sustainable EU food and nutrition security
Goal: Sustainable EU Food and Nutrition Security

Competitive EU agri- Balanced and sufficient || Reduced environmental || Contributions to global
food business diets for EU citizens impact FNS

EU agri-food-nutrition system
CONSUMERS

=> diet choices and consumption patterns
= Food and Nutrition Security by sub-population,
sustainability metrics

FOOD CHAIN ACTORS :

=> business development, added-value, nutrient content
= Final food and nutrient availability and price,
sustainability metrics

PRODUCERS U

=> enterprise output, ecosystem services, rural development
= Basic food and nutrient availability and price,
sustainability metrics

Source: adapted from Acharya et al. (2014) andaimgand Porter (2015)

Having defined sustainable FNS in the EU cont8kKtISFANS follows a food systems approach for
its assessment, building on the interdisciplinanyceptual framework of Acharya et al. (2014) and
Ingram and Porter (2015). Given the scope of tlgept, other systems such as health and sanitation
systems, whilst important, are not further examifiéee current version of the conceptual framework
(Figure 2) includes relationships and interactibetsveen policy goals as given by the four
dimensions of sustainability (Figure 2, top); cansus, food chain actors and producers in the agri-
food-nutrition system (Figure 2, horizontal boxesg well as the short-term and long-term
socioeconomic and biophysical factors that drivenges in the food system (Figure 2, boxes at the
side and base, and horizontal arrows). Arrows fiieebottom to the top summarise the flow of food,
nutrients, value and other information throughfthe® system, from farm (agricultural production),
via the food chain (processing, packaging, shippétaying, advertising, retailing, trading, et@)ork
(consumers) at certain quantities, prices and $evkesustainability. This ‘agri-food-nutrition’ sisn
contributes to the policy objectives for (a) thenpetitiveness of the agri-food business, (b) baddnc
and sufficient diets for EU consumers, (c) envirental sustainability of the system, and (d) FNS for
the EU, its member states, and globally. Agricaltuiisheries, nutrition and environmental policies
are in place to safeguard the public goals of tiddod system (arrows to the bottom). This mayeais
issues of coherence vis-a-vis policies that addsts= public goals through the food system. Such
issues are real and justified, as evidenced bgttheding of a recent attempt to come to a more



integrated food policy in the EU through a politgtement on sustainable food. The external
environment, both socioeconomic (including humapited physical capital, institutions, ethics,
culture) and biophysical (including soil, watetingte, biodiversity, minerals, energy), determine
opportunities for business and innovations for iowed nutrition on the supply side (bottom
horizontal arrows) and access and behaviour odéh®and side (top horizontal arrows).

The diagram presents two major hypotheses. Fsasumer eating patterns are an important tool not
only to improve public health but also other eleteenf sustainable FNS. The impact of consumer
choice and diets on society is determined in tteraction of food choices of consumers and producer
decisions along the entire food value chain (Vera015). Therefore, the second hypothesis is that
observations on the current composition of dietstarir food-system attributes can best be expthine
in a political economy framework, making this isathe basis for effective policy recommendations.

Part of the first pillar of the project is to fuethdevelop and enlarge the framework to lay omane
detail how the drivers influence the different faybtem actors and their activities and allow tgpma
possible intervention points. For that, the SUSFAIg8ceptual framework aims at fulfilling the
following criteria:

0 The conceptual framework should descriptive in that it describes the different food systems
components, the food systems actors and theirtéesiassociated with each component as well as
the interactions across the system. Furthermaletdils the factors that shape the system (driving
forces) and the basic pathways towards achieviadair EU policy goals.

o The conceptual framework aims to firecise in defining the terms and terminology used to
describe the conceptual framework elements anéfitreralso lays out the glossary of terms used
within the project. It also specifies the variablaggregate indicators and metrics that the project
uses to describe and evaluate systems performance.

o The conceptual framework shouldiynmamic representation of the system in that it allows to
understand what drives the system and lays ouhtbeactions and feedback mechanisms across
the food system. This allows therefore also tatadigtions for system’s change.

o The conceptual framework needs todeeision-oriented and geared towards providing support for
decision makers thinking through options for betignieving and balancing across the four EU
policy goals. It thus shows entry points for syst@mange and the roles of different actors in
achieving the stated goals.

Whereas the conceptual framework will be develdpetther in Pillar 1 of the project — fed by
stakeholder input (Figure 1, grey column, elementA is instructive to see how one may
operationalise and assess the current state @firsaiste FNS in the EU using concrete metrics and
tools.

Table 1 Preliminary operationalisation of sustainable FNS by the SUSFANS consortium

Elementsin the definition of FNS Operationalisation

When all people Comprehensive analysis of nutrisiatus for all population
groups (by age, gender, socioeconomic class) @Bl countries
(Czech Republic, Denmark, Netherlands, Francey)ltal

Scaling up to EU-level

at all times Time lens on current status (nutrisomveillance data), and future
status five, ten, twenty and fifty years ahead
have physical, Food supply from primary produciiothe EU, food chain

activities from farm to fork, including imports mthe EU and
exports to the rest of the world and accountingdod loss and




waste

social and economic access to food, Income, peandsasset ownership; focus on less privileged
socioeconomic strata and EU sub-regions

which is safe and consumed in sufficienSufficient energy intake levels in relation to mdual needs, or

quantity aggregated measures derived from these
Food safety is outside the scope of SUSFANS
and quality to meet their dietary needs A procedorget requirements for macro nutrients (protdeits,

carbohydrates; energy) and a selection of micraenis
(vitamins, iron) and nutrients with adverse effemishealth (salt,
saturated fats)

and food preferences, Study of drivers for consurheice based on typical diets,
revealed consumer preferences (for example froail ita), and
experimental study

and is supported by an environment of Outside the scope of SUSFANS

adequate sanitation, health services and
care,
allowing for an active and healthy life. Preventafrdiet-related diseases as measured by prevatente
incidence of iliness

Sustainability dimensions of FNS

Economic/business sustainability Competitive EU-fmyd business (farm, fisheries, food
industry), resilient to shocks and with potenti §rowth
Social/cultural/health sustainability Nutritionakiylequate diets for EU citizens, made availabléhby|

agri-food chain at affordable prices that are ngaaticessible and
meet cultural needs

Environmental/climate sustainability Addressingwing pressures on natural resources (land, water),
at the level of farms, regions, countries in EU Aeglond
Feeding the world's population EU contribution tobgl FNS, i.e. to an improvement of

individual status as well as improvements in undeg drivers

2.2 Metrics and tools for measuring, assessing and taong sustainable FNS

The SUSFANS consortium operationalises sustairfale by breaking up the FNS definition into its
components, adding the four sustainability dimemsiof FNS, and applying both FNS and
sustainability dimensions to the EU (Table 1). Dperationalisation addresses to what extent current
EU diets fulfil nutritional requirements for poptitan health (upper half of Table 1) and how
environmentally, socially and economically susthled&U food production at the moment is and
whether global FNS is served (lower half of TableMetrics and tools are sought to measure each
element and underlying drivers of change, fed bBkedtolder input from consumers, producers, food
industry, government and the scientific communigiggre 1, grey column, element B).

In line with the flow of food and nutrients (Figu2g, measuring, assessing and monitoring of the sta
of FNS and underlying drivers of change is doneiftbe angle of different actors in the food system:
(primary) producers, food chain actors and consamer

2.2.1 Primary producers and sustainable FNS

Metrics of the European’s agricultural and fishesector contribution to FNS include production
guantities, prices and nutrient availability (syppincome of entrepreneurs (economic sustainghilit
resource use and environmental externalities (enmiental sustainability), and trade in food and so
nutrients (contribution to global FNS). The currstzte of these indicators are assessed at differen
scales down to sub-regional level by a statispcatedure for disaggregating crop shares and input



and output coefficients (Kempen et al., 2011). @oning global environmental effects of food
production in the EU, a special focus is put onssion leakages and respective consistent accounting
systems (Leip et al., 2008, 2011; Weiss and Léf2? Regarding drivers, advances in EU
agricultural productivity and resource use efficign.e. a sustainable intensification, will be ui#gd

to keep up with increasing global food demand arstdand up to climate change (Godfray and
Garnett, 2014; Godfray, 2015; Hertel, 2011; Wheatet von Braun, 2013). For understanding
sustainable intensification paths, potentials dadgs as well as interactions between plant andaini
production, the interplay between biophysical, nggmel, economic and political drivers of food
production and its sustainability are analysed thasequantitative methods for livestock, fish and
crop production at the regional level in the EU (iixorg et al., 2013; Licker et al., 2010; Neumann e
al., 2010; Upton et al., 2015; de Vries et al.,®01

2.2.2 Food chain actors and sustainable FNS

Metrics of the European food chain actors’ contiitruto FNS are the same as those for primary
producers but then a step further down the chaiadprocessors play a relatively influential raie i
the price and quality of food in terms of nutrittdrcontent (Haen and Réquillart, 2014). The
processing, handling, storage and trade in foodwodities also contribute significantly to
employment in and the competitiveness of the EliMfagd sector (economic sustainability; Nowicki
et al., 2009). In addition, there are several wayshich European food chain actors influence globa
FNS. With global value chains playing an increalgimgportant role in world markets, the standards
set by modern retailing companies have signifiaaplications for local producers in developing
countries (Swinnen et al., 2015). While food quyadind safety standards are sometimes considered as
non-tariff trade barriers (Garcia Martinez and Rp@004; Unnevehr, 2000) and often believed to
result in the marginalisation of small businessegaveloping countries (Farina and Reardon, 2000;
Gibbon, 2003; Asfaw et al., 2010), Swinnen et2015) point out that there is considerable
uncertainty and debate regarding the welfare irapbas of high-standards trade and global value
chains. Although these standards can indeed exategpboduction costs, they increase the value of
the products, potentially yielding higher profitddertens et al. 2012; Reardon and Farina, 2002;
Swinnen and Vandeplas). Moreover spill-over efféactdomestic production could enhance domestic
food safety (Jaffee and Henson, 2005). Recent éapstudies suggests that smallholder
participation in high-standards global value chasnsiore widespread than what was initially
predicted (Reardon et al., 2009; Swinnen, 2007)dmudiment mostly positive effects of high-
standards trade on the welfare of small producedgveloping countries (e.g. Dedehouanou et al.,
2013;Rao0 et al., 2012; Maertens and Swinnen, 2009; Mieteal., 2009; Miyata et al., 2009
Finally, Beghin et al. (2015) conclude that thedevice suggests that the effects of standards are
sector, country and standard specific. At the stime, these processes by means of physical
movement and the perishable nature of food hawires use (waste) and environmental implications
(environmental sustainability). Drivers for assegdturopean food chain sustainability are studied i
relation to private food standards (Maertens anth&sw, 2009; Marx et al. 2012; Vandemoortele and
Deconinck, 2013), market power (Swinnen and Varake®010) and policy (Duvaleix-Tréguer et al.,
2012; Réquillart and Soler, 2014), on the basimodiels of imperfect competition and life cycle
analyses.

2.2.3 Consumers and sustainable FNS

Metrics of European consumer’s FNS include actaakomption quantities and intake of macro and
micro nutrients by population group, which — in qarison with EU dietary guidelines (Dhonukshe-
Rutten, 2010) — signals whether nutritional requieats for an active and healthy life are met.



Drivers of long-term consumption trends include dgraphics, asset ownership, consumer behaviour
(habits), social environment (cultural beliefs) aodio-psychological factors such as attitudesjesl
and knowledge. Short-term drivers include availgbdnd affordability (incomes and prices), which
are affected by market shocks such as diseasecalttband temporary food shortages (Sijtsema et al.,
2012; Verain et al., 2012). Tools for analysingdrs and metrics at the level of consumers include
experimental studies (Marette et al., 2008, 20lddier and Marette, 2013), a consumer behaviour
model (Bieberstein et al., 2013) and scenario amfMasset et al., 2014a, b; Vieux et al., 2012,
2013). The main scientific challenge is to know thlee or not consumers have enough knowledge
and motivation for changing their behaviour towardse sustainable eating habits, or, alternatively,
whether or not regulation is necessary for thwgrtimon-sustainable” consumption habits.
Recommendations, product labelling or traffic lIgghtainly rely on consumers’ sovereignty for
reaching a sustainable world, with consumers swgaipgo choose the most sustainable products after
receiving relevant information. Alternatively, taxer subsidies on products and/or minimum-quality
standards can be imposed by a regulator, undexrsthenption that recommendations or labels are not
read and/or recalled by consumers often overloadégdmany messages. The impact of these
different instruments on agents’ surpluses and @oanwelfare will be estimated for helping public
debates (Disdier and Marette, 2012).

2.3 Assessing sustainable FNS

The analyses of metrics for each dimension by aiore together in the overall assessment of FNS

in the EU and its sustainability. Synergies anderaffs, if present, become apparent here and
manifest themselves in differences in the statubeflifferent FNS components. The assessment uses
stakeholders’ input to determine the relative wisglitached to the metrics of sustainable FNS.& hes
weights are derived from a participatory MCA (Seet®n 4).

2.4 Database for a quantitative assessment of sustierfeldS

The results of the measurement, assessment antbnagpiof FNS in the EU along its various
dimensions and for the actors involved, and offtloel system in total, are stored in a database
containing data for metrics, drivers and outconfgsast and current sustainable FNS, which covers
the sub-regional diversity of European diets arutifsystems. These are essentially the results-of ex
post analyses. Projections and assessments oweaterstored as well, and come from the ex-ante
modelling of future sustainable FNS with the SUSBAdolbox, which is the topic of the next
section.

3. Modélling sustainable FNS: The SUSFANS toolbox

In order to assess the state of FNS in the EUtarglistainability over time, models are needed to
project and/or predict food and nutrition supply @@mand, taking into account complex market
interactions and the impact of a wide array of eldvof change (Section 2.2) as well as policiea on
wide array of sustainability outcomes (Section 2Thle emerging science of integrated modelling
increasingly used in assessments of agricultuifaod systems (Britz et al., 2012; van Ittersum et
al., 2008; von Lampe et al., 2014; Nelson et &1,3) suffer from data limitations and model
assumptions that have not yet been fully testedsacsystems critical to nutritional security (Agrear
et al., 2014). These models are relatively pooelyetoped when it comes to nutrition and health
impacts (Rutten et al., 2014) and have — with the @xception (Tukker et al., 2011; Wolf et al., 2D1
— nhot been employed in the analysis of healthisdiad/or health impacts. SUSFANS addresses these
shortcomings by developing state-of-the art mienael models of nutrition behaviour of individual
consumers and macro-level models of food demandapply, with short-term and long-term time
horizons (Step 4 of Pillar 2, Figure 1). These ni®dee combined in a toolbox for the quantification
of future scenarios (Step 5 of Pillar 2). Such dtinmiodel approach benefits from the strengths of
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existing, leading world food system models andhatsame time, avoids the development of an
unmanageable and overly complex model to capteretiole system.

3.1 Micro-modelling of current diets and health impagsing individual-level data

Based on individual-level data from five Membert&sa(Denmark, Netherlands; Czech Republic;
Italy; France), the nutritional adequacy of distsnodelled using EU dietary guidelines and nutrient
reference values developed by the European FoadySafithority (de Boer et al., 2011). A range of
sustainability metrics is added to these individoal intake patterns (ex-post from Pillar 1, exean

as outputs from the macro-modelling), so as to moakeent and future diets that are environmentally
Sustainable, Healthy, Affordable, Reliable and ®dile, using a technique of Mixed Integer Linear
Programming (Gerdessen et al., 2014). This all@wvghie fine-tuning of EU diets on the basis of the
various SHARP constraints that reflect the sushityadimensions of EU FNS (Section 2.1).

3.2 Macro-modelling of short- and long-term scenariosfbod demand and supply

Regarding short-term modelling, SUSFANS developearational early warning system for
agricultural commodity markets, AgriPrice4Cast,yiding seasonal prices based on short-term yield
forecasts. The seasonal price forecasts for thalle\s for the planning of emergency measures in
cases of harvest outages in the rest of the woddoa designing storage and other stabilisation
measures.

Regarding long-term modelling, SUSFANS further depe and uses a suite of well-established
models commonly applied to trade, agricultural @glbiofuel policy and climate change issues for
the European Commission and member states. Thelsriadkide the economic model MAGNET
(http://www.magnet-model.org/), the economic/biogibgl models CAPRI (http://www.capri-
model.org/) and GLOBIOM (www.globiom.org/), and thiephysical model EPIC
(http://epicapex.tamu.edu/epic/). These modelsmengthened with respect to the producer, food
chain and consumer side behaviour, using the tmleloped in Pillar 1. Specifically, with respemt t
producers, the supply response of farmers ancegiresentation of fisheries and aquaculture will be
improved (Section 2.2.1). With respect to the fobdin, food loss and waste streams (Rutten, 2013)
and nutrient flows (Rutten et al., 2014) are ineldidand imperfect competition is modelled to actoun
for the importance of transnational food corpomadi¢Section 2.2.2).With respect to consumers,
macro and micronutrient intake of consumption aceletied (Rutten et al., 2014), population and
health impacts (Irz et al., 2015; Rutten and R2669), and constrained optimisation on key
sustainability criteria in line with the SHARP metiology (Section 2.2.3 and 3.1).

3.3 SUSFANS Toolbox

The coupling of the improved modelling tools, int#gg micro-level diet and health analyses with
macro-level agricultural, trade and environmentgact analyses, allows SUSFANS to move beyond
the state-of-the art and create an innovative wotlapable of assessing sustainable FNS in the EU
(Box 2). The SUSFANS toolbox operationalises dathlmowledge exchange between the various
models, which enlarges the understanding of thérdyiforces and critical processes underlying short
and long-term dynamics of European and global ®a@ems. The toolbox provides outcomes on
indicators (metrics) on sustainable FNS for scasarn a mutually consistent and coherent manner so
as to signal whether EU diets become more or tess &nd nutrition secure and/or sustainable in the
short-, medium- and long-term (monitoring) for ursdoresight and policy analysis, which is the tpi
of the next section.
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Box 2 SUSFANS Toolbox

Stakeholder interaction and scenario development

v

= i i ricultural, economic
Macro-economic models Diet & Health models e e
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Drivers and Data for consumers, food chain actors and producers

Global models: aOU European models: <> Sub-regional models:

A:Incomes and food prices G: Diets and nutrient consumption

B: Macro and micro nutrient consumption H,I: Agricultural prices, environmental impacts of agriculture

C: Dietary composition (optimal diets in an jterative process) J:Yield growth on NUTS 2 level (EPIC), forestry land use

D: Agricultural inputs and prices, demand side and macro environment K: Detailed EU agricultural information (production, prices, policies)
E: Crop response to climate change, water availability, water demand L: Fundamental market developments (production, prices)

F: Criteria for healthy diets M: Historic information for recalibration

Starting from the left, the macro-economic Complg&keneral Equilibrium (CGE) model MAGNET
captures the interactions of the agri-food and disttors with the energy sector, factor marketgi(la
labour, capital), labour supply and population viing (health), international trade and the rést o
the economy. It includes a household-level modébofl demand and nutrition at sub-regional level
in the EU. Detailed food consumption patterns aéved using information on incomes and prices,
which feed into the SHARP model (A), with detailaatrition patterns following from the SHARP
model (B). The formulation of optimal diets fronetkarious sustainability angles follows from an
iterative process between MAGNET and the SHARP 1&g as the former captures consumer
behaviour and interactions within the food systemh the wider economy, whereas the latter doesn't,
but provides more detailed information on dietaajtgrns, macro and micro nutrient intake.

On the right-hand side of Box 2, the global agtia@l and forestry sector model GLOBIOM links
Partial Equilibrium (PE) economic and biophysicaldals in the forest, crop, and livestock sectors so
as to analyse the climate change impacts on gaapadulture and food availability and resulting
trade-offs. The biophysical crop growth model ERIGvides management system-specific yield
information to GLOBIOM and CAPRI (J) based on weailsoil, and management information. In
addition to yields, the model calculates the fitlagen, phosphorus, and carbon balance, whicleserv
as inputs into GLOBIOM and CAPRI to calculate eaimental impacts in terms of pollution and
GHG emissions. The EU-focused agricultural sectodeh CAPRI analyses the effects of supply side
drivers on agricultural production (incl. fish)nlduse, environmental externalities, farms andetiad
the medium- to long-term. CAPRI has a detailed gmpigjic disaggregation covering an agricultural
economic supply module at the EU sub-regional IENGITS 2 level or farm level) linked to
biophysical grid-level information. CAPRI is abke provide detailed EU agricultural information to
GLOBIOM (K) and crop responses to climate changggewavailability and demand to the MAGNET
model (E), with MAGNET providing information on agultural inputs, prices and the wider
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economy to GLOBIOM (D). GLOBIOM and CAPRI providgr&cultural prices and environmental
impacts of agriculture to the SHARP model (H, I).

In the middle of Box 2, and at the core of the SANE project, the SHARP model delivers options
for sustainable FNS diets in the EU by combiniraj-tiée individual-level food intake data with
sustainability metrics from SUSFANS, using Multiptéeger Linear Programming. The SHARP
model is fed with information on prices, incomes aonsumer behaviour from MAGNET (A) and
product prices and environmental indicators fromdfgricultural and biophysical models (H, I). It
returns detailed diet and nutrition patterns féfedént age groups, men and women, and other
relevant population subgroups within the differeht regions (B, C). Health impacts, with potential
feedback effects onto the economy, follow from ebmation with an epidemiological model (G).
Vice versa, criteria for healthy diets followingfn healthy diet guidelines can be used to determine
what diets should look like from a health perspector use in the SHARP model (F).

Finally, completely on the right-hand side of Bgxt# AgriPrice4Cast model provides short-term
forecasts on the basis of information from histac daily time-series from Thomson Reuters and
the fundamental market projections from the ecoofisiophysical models CAPRI and GLOBIOM
(L). The model will be calibrated by means of novadthods based on Bayesian model averaging
techniques to improve on model-specific forecastbexplicitly quantify model uncertainties (M).

4. Foresght and policy guidancefor sustainable FNSin the EU

The conceptual framework (Pillar 1) and modelliRglér 2) of sustainable FNS in the EU can be
used to provide foresight on future pathways offaddl production and consumption (Step 6 of Pillar
3, Figure 1). This is done on the basis of two chsdies and several EU-wide scenarios, which are
determined in close collaboration with stakeholdard consider the impacts of sector, product, trade
consumer, nutrition and health policies and/or imtmns. The results are used to formulate
recommendations on using the SUSFANS frameworkltamce evidence-based food policy on
sustainable FNS in the EU (Step 7, Pillar 3).

4.1 Stakeholder engagement

In line with Haen and Réquillart (2014), the SUSF\bbnsortium believes that foresight work and
policy guidance should build on the evidence basxplore the scope for future gains in
sustainability all along the food chain. By implic&, engagement with stakeholders is intrinsic to
SUSFANS'’s research strategy, and forms a commeadhthroughout the project’s three pillars.
Stakeholder engagement is effectuated by estatdjshivibrant and active stakeholder core group
(SCG) of around thirty stakeholders, balanced acstakeholder communities, food systems areas,
countries and gender. The SCG (and optional membezsts in a coordinated series of workshops to
review the SUSFANS conceptual framework and metdgplorative scenarios, and outcomes so as to
ensure that a range of stakeholder world vieweareedded (Figure 1, grey column). The SCG also
helps in designing the strategic disseminationWBBANS outputs. Figure 3 summarises the
SUSFANS project flow discussed in the previous satiens (blue building blocks, with quantitative
activities, i.e. modelling, displayed in transpdreoxes on the right), but now from the perspeotive
stakeholders’ involvement (orange building blochkstte left).
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Figure 3 Stakeholder engagement in the SUSFANS pr oj ect

Stakeholder process and scenario Analysis of Sustainable FNS .
. Modelling
review
( ) Review Sustainable FNS
Review of EU food system drivers and ev1ev‘v Sustainasic o
concept and metrics
bottlenecks
\. \1/ J
4 )
Review of existing exploratory
scenarios and select diverse set for
policy and trade-off analysis
\ _J
Modelling Sustainable
FNS based on

historical data

Assess current state of Sustainable FNS based on:
- Conceptual Framework
- Sustainable FNS metrics
- Qualitative scenarios (storylines) exploring the future

Result: what diets and food system attributes would
potentially be beneficial for Sustainable FNS in the EU?

¥

Analyse implications of policy

options and innovation pathways for Modelling of future
reaching Sustainable FNS within Sustamabl_e FNS:
scenario context and weighing of - case studies
trade-offs - scenarios

Assess potential pathways for achieving Sustainable FNS
and their implications based on:

- Quantified exploratory scenarios based on storylines

- Mainly quantified metrics for possible future EU food
systems with the SUSFANS toolbox

- Participatory weighing and multi-criteria analysis of trade-
offs implicit in potential pathways

Result: what diets and food system attributes would be
beneficial for Sustainable FNS in the EU?

Synthesis and
recommendations
on European
Sustainable FNS

Finalise
methods and
limitations

4.2 Case studies
Two case studies are envisaged to integrate watknuhe different pillars in the project as a "groo
of concept”. The first case study focuses on thtemg@l of using insects, reared on manure or
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household waste, as a livestock and fish feed s€boend case study looks at the impacts of following
the WHO recommendation of eating 400 grams ofdraitd vegetables a day (Nishida et al., 2004)
versus the alternative option of enriching foodghwitamins. The case studies incorporate innowatio
pathways that deviate from present-day practicdsraprove European sustainable FNS within a
medium and long term time-frame (5, 15 and 30 yahesad). The case studies give insight into the
balance of the various dimensions of sustainalititpughout the chain, showing the trade-offs and
complementarities at different actor levels, in dhverall assessment of sustainable FNS in the EU
(Pillar 1). The case studies are also a testingrgtdor the modelling (Pillar 2), particularly fare
inter-linkages between production and consumptimisions. Case study design and results are
reviewed by stakeholders (Figure 1, grey columemelnts C and D) to make sure they support
specific planning and policy processes.

4.3 Scenarios

Scenario approaches are increasingly used as asroéarploring uncertainties about the complex
interactions that underpin FNS (UK Foresight, 20Many foresight analysis methods have used
explorative storylines to provide scenarios ofralgive plausible futures (Wilkinson and Eidinow,
2008). These scenarios can, in turn, be usedttanesdevelop interventions, plans and policies,
making them more robust under a wide range of &st§vervoort et al., 2014).

A number of credible, legitimate scenario sets éxgiore contextual drivers of the future of foodia
nutrition security in Europe have been or are beeeloped already. Instead of creating yet another
set of explorative scenarios, SUSFANS builds osdtefforts and focuses primarily on exploring new
“intervention scenarios”, with pre-existing expltiva scenarios offering a wider context. To do this
recent and on-going scenario exercises are revigibdtakeholders (Figure 1, grey column,
element C). These include Agrimonde (2011), UK Bigtaet (2011), JRC foresight on foods and diets
(Bock et al., 2014), OECD'’s long term scenariosféad and agriculture (forthcoming), the FAO
“Agriculture Towards 2050” exercise (Alexandratesld8ruinsma, 2012), IFPRI’s food security,
farming and climate change to 2050 (Nelson eall0), European Science Foundation/COST
forward look on food (http://www.esf.org/food), FOSECURE (http://www.foodsecure.eu),
TransMango ffttp://www.transmango.eJuand last but not least the new climate assessseentrios
(van Vuuren et al., 2014).

After drawing on such existing scenario sets tatera set of diverse future contexts for FNS,
SUSFANS will identify, together with its stakehotdeinterventions (by policy makers, private sector
civil society). The interventions include the demhent of policy and innovation strategies in
consumption, farming and the food chain. Thesevetgions will be tested in the context of the pre-
existing explorative scenarios. An important coasadion in the analysis is the understanding of
different implicit and explicit trade-offs resulgrfrom possible intervention options. They are
translated into semi-quantitative parameters, dgfieehtwvith the SUSFANS model toolbox, and
subsequently run and analysed, and reviewed bglstéders (Figure 1, grey column, element D).

In this process, the explorative scenarios dsaote as unchangeable contexts that planners simply
accept and adapt to. Instead, the explorative siosnfainction as ‘multiple baselines’ that can be
changed by proposed interventions which aim toessiundesirable future paths outlined in the
explorative scenarios. The intervention pathwaysfar feasible diets over time while balancing the
various sustainability dimensions. This combinatdmormative intervention pathways and
explorative scenarios has been used successfudlywimber of planning contexts (Kok et al., 2011;
Robinson et al., 2011). It also corresponds toakals (Kahane, 2012) notion of ‘transformative
scenarios’. In our experience (Herrero et al., 20t key to success with using explorative saesar
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as a background to test and develop interventitmazgys is to avoid diffuse, broad-stroke visioning,
and focus on specific plans and strategies thabkeyrs plan to take forward.

4.4 Policy guidance using participatory MCA

SUSFANS employs multi-criteria (decision) analy®®C(D)A) to make sure that stakeholders’ views
on sustainable FNS in the EU along its various dsrens are reflected in foresight and policy
guidance. This approach results in a common vigioifst doing justice to differing viewpoints
regarding the sustainability dimensions, their sgies and their trade-offs. MCA originates from
operations research and, whilst widely appliedivirenmental sciences (Huang et al., 2011), is
relatively new to the analysis of food systemsdfaad nutrition security and diets (Alrge et al.,
2014). MCA establishes preferences between optalative to an explicit set of objectives and
measurable criteria (i.e. indicators or metricsdgeess the extent to which objectives have been
achieved. A fundamental feature is its emphasitherviews of stakeholders in establishing objestive
and indicators, and in estimating the relative ingrace weights of each indicator so as to comato a
aggregated overall assessment and ranking of alteeroptions. Based on each stakeholder’s
independent view — which may conflict with thatodiiers —, a joint conclusion in a shared language
may be reached with a coherent message for EUidecisakers on how to achieve sustainable FNS,
and what this may look like (Figure 1, grey coluralement E).

5. Summary and conclusions

This paper defines the research agenda of the SNSF#oject. It aims to contribute to balanced and
encompassing views on how to strengthen food atrition security outcomes in the EU and how to
improve the performance of the food system in tbleffem the perspective of social, environmental
and economic sustainability. The research is lethbynotion that improvements in the diets of the
European consumer must come from, and be suppaitifeod systems that contribute to public
health, environmental protection and thriving epitise in the long term.

The set of metrics, models and foresight toolsemly available to analysts, decision-makers and
stakeholders is considered inadequate for navigatiosustainable food and nutrition security in the
public and private arena. The holistic, integratipproach taken up by SUSFANS, being
transdisciplinary and including exchange throughvaith all stakeholders, ensures a coherent and
supported vision on what entails sustainable FNiBarEU and globally. It also underpins a
perspective on how EU policies on farming, fishifupd and nutrition could contribute to that vision
with greater efficacy than today.
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