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Abstract

To guide policymaking, decision makers require a good understanding of the long-term drivers of food
security and their interactions. Scenario analysis is widely considered as the appropriate tool to assess
complex and uncertain problems, such as food security. This paper describes the development process,
storylines and drivers of four new global scenarios up to the year 2050 that are specifically designed for
food security modelling. To ensure the relevance, credibility and legitimacy of the scenarios a highly
participatory process is used, involving a diverse group of stakeholders. A novel approach is introduced to
guantify a selection of key drivers that directly can be used as input in global integrated assessment models

to assess the impact of aid, trade, agricultural and science policies on global food and nutrition security.
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1 Introduction

The question on ‘how to feed the world in 2050’ heseived increasing attention from policymakehg, t
media and scientists since the surge in food pric@607/2007. Understanding long-term food andition
security is a complicated because it is determimethe interaction of a wide number and highly uteia
drivers that operate at the household (e.g. incam@ education), national (e.g. agricultural andiaoc
protection policies) and global (e.g. climate cleagd trade policy) levels (see Laborde et al. 320t an

analytical framework).

Due to the complex nature of food security, itas surprisingly that projections for global foodguction,
food prices and food security indicators (e.g. underishment and child malnutrition) differ widedgross
studies. For example, according to the FAO (Alexatu$ and Bruinsma, 2012 p. 7) global food produncti
needs to be increased with 60 per cent in 2050 geoad with 2005/2007) to feed the global population
while Tilman et al. (2011) find that an increasel@D-110 per cent is required. Similarly, a reviefnl2
global scenario studies (Dijk van and Meijerink,12Pfinds a highly diverse range of projections fiood
prices (ranging from 18 to 973 US$ per ton for rea@6 to 771 US$ per ton for paddy rice and 4108 7
US$ for wheat), undernourishment (ranging from 2086 percent of global population) and child
malnutrition (ranging from 50 to 189 million chikei) in 2050. The review concludes that the outcoanes
difficult to compare due to differences in (1) asptions on scenario drivers; (2) design of the nwteat

are used to generate food security indicators anceporting of results.

To formulate effective policies to ensure globaddaand nutrition security, and to understand thmepact

and trade-offs, decision makers need to have a goorstanding of the main drivers that affect food
security and how they interact. This demands highlity scenario assessment studies that capture the
complexity and uncertainty associated with foodusée and are built upon uniform, consistent and

comparable assumptions.

This paper describes the development process lisgsyand drivers of four new global scenarios aiphe
year 2050 that are specifically designed for foedusity modelling. It is part of the FP7 FOODSECURE
project, which aims to assess global food and timrsecurity by means of scenario analysis andattiad.
The FOODSECURE storylines and drivers presentatisnpaper will be quantified by means of a number
of well-known global integrated assessment mod@lse models will also be used to assess the ingfact

aid, trade, agricultural and science policies abagl food and nutrition security.

The structure of the paper is as follows. Sectigmnezents brief background information on the digdim of
scenarios and possible types. Section 3 desciileemethodology that is used to derive the storgliared

related quantified drivers. It explains some of thethodological choices such as the type of scentré

Three different models (combinations) will be udedquantify the scenarios: (1) MIRAGE (InternatibrFood Policy Research Institute,
IFPRI), (2) GLOBIOM (International Institute for Ayied Systems Analysis, IIASA) and (3) MAGNET-IMAGEEI Wageningen UR and the
Netherlands Environmental Assessment Agency, PBL).



stakeholder engagement process and participatgmpagh, and the method to quantify important degver
Section 4 presents the results, including the $oenario storylines and figures of main driversligcussion

of the process and outcomes is given in Sectidollbyed by conclusions.

2 Scenarios. definition and types

Over the last decade, scenario analysis incregsings been applied as a tool for dealing with the
complexities and uncertainties that are associaiitil the impact and development of major global and
interrelated issues such as climate change, foodrise and land use. It has been the core methggdio
major integrated assessments studies of interradtiostitutions like the Intergovernmental PanelGimate
Change (IPCC) and the United Nations EnvironmeRtagramme (UNEP) as well as national and regional

level assessments.

A number of definitions are given for scenariosthe literature. The Millennium Ecosystem Assessment
defines scenario as “plausible and often simplifiedcriptions of how the future may develop basedo
coherent and internally consistent set of assumgtan key driving forces and relationships” (Catpeet

al., 2005). Scenarios provide a means of dealinh somplex and uncertain issues such as futureagjlob
food security, which depend on the interplay odrgé number of driving forces. Scenarios have bseful

in helping policy-makers to think about how theufiet might unfold and guide the formulation of pi&
that are dependent on future expectations. A comappmoach in large global integrated assessmemds is
develop creative storylines, often using partidpatmethods with stakeholders that are subsequently
modelled to analyze the relationship between dsivard quantify the impact of policies. There isagl
history of using scenario analysis in climate amdi|nmental studies, but it is only recently thhis

approach is being used to assess future food atnition security.

Several typologies have been proposed to groupasosnin the literature (e.g. van Notten et al.020
Borjeson et al(2006) (but also see Berkhout et al., 2002; andiyRand Willenbockel, 2010) provide a
typology that is based on the three principal qaestthat users may want to pose about the fullfeat
will happen?, What can happen? and, How can afgp&aiget be reached?, These questions transiatai
typology of three major classes of scenarios tlea evith probable, possible and preferable futuates,

respectively.

The first classprojections, include baseline scenarios that describe the dustate of a system with no
policy changes. They are also referred to as ‘lmssiras-usual’ and ‘reference’ scenarios. Basetieragios
are mostly used as a reference point to examine &asystem changes when a number of ‘what-if’
assumptions are made. Projections involve a cedigmee of probability or likelihood in their consgttion

as the analysis is centered on one single scenahe baseline — which is assumed to describeutfuzef
Usually, they do not assume changes in the sti@od boundary conditions of the system and therefo

might fail to capture major transformative changeyelty or surprises. Projections are best used for



planning to analyze foreseeable changes and eegbotity shocks in the medium term (10-20 year$der©

the emphasis lies on quantification of results atiie storyline is of less importance.

The second classyplorative scenarios, are designed to give room to ‘out of the boxhiting and typically
involve the development of a set of rich narratitrest describe possible polar worldviews. To ftaié easy
communication and discussion of multiple futureauenber of scenario practitioners tend to work vaitbet
of four scenarios that are formulated along twdatieely independent, high impact and highly unairt
dimensions of the system. The four scenarios cam fl® compared using a matrix in which the dimerssio
form the axes. Scenarios often cover multiple desaohd sometimes centuries, and allow for chamgéei
structure of the system and boundary conditiong @mmphasis lies on qualification of scenarios,caitfin
many recent studies combine storylines with moaglto quantify outcomes. The picture of differaufes
is particularly useful to guide strategic decisionsnform policies in situations of rapid and gtéar change
when the future is difficult to predict. Exploragiscenarios can be used to analyze and compar@phet

of policy decisions in the context of differentudues.

The final classnpormative scenarios are designed to support vision building. They Iagahe creation of
stories or pathways that meet specific outcometrgets, for example the description of a futurat tis
desired or should be avoided by all means. Badkgps used to identify the pathways and decisjpuigsts

to reach the specific vision of the future. Thedihorizon is usually beyond 25 years.

3  Methodology
This section describes the methodology that is teekvelop the scenarios. After a short discussiorthe
choice for the type of scenarios that are develoged the participatory approach, it elaborates han t

stakeholder engagement process and the methodwlogyantify key drivers.

3.1 Type

On the basis of the scenario typology described/@bib was decided that the exploratory scenane tig

the most appropriate tool to assess future glatad Security. As we are mainly interested in thegloun
view (up to 2050), using projections with only agle baseline scenario to represent the futureois n
appropriate. The exploratory scenario approachchviiefine four polar future worlds are better slite
capture the high level of uncertainty and complettiit is involved in an assessment of long ruajléood
security, which is influenced by the interactionaoivide range of drivers. Similar to exploratorgisarios,
normative scenarios are also designed for longassessments. However, because of their backwakohgpo
approach they cannot easily be used to assesmpaet of present policy shocks on future chang&ey

aim of the FOODSECURE project is conducting impatalysis and assessing trade-offs between several
policy domains that affect food security (e.g. &adid, environmental and technology policies). |Bsgiory

scenarios are better able to do this than normatgaarios.



3.2 Sakeholder participation

Alcomo and Henrichs (2008) present four criteriaet@luate the quality of scenarios: (1) relevar(@g;
credibility; (3) legitimacy, and; (4) creativity. [IAfour criteria are related to the need for papitory
stakeholder engagement, in particular in casesevbegnarios are created for policy makers and otber
scientist end users. As the prime aim of the FOODIFRE scenarios is to support policy making in hedf
security domain it is important that the scenafidfll the four quality criteria. For this reasom, strong
participatory approach has been adopted to guilddkign of the storylines and inform the quardtfan of

drivers, which specifics are outlined in the twldaing sections.

3.3  Scenario devel opment process

The Stakeholder Integrated Research (STIR) appragcith has recently been applied and tested fer th

development of climate change scenarios (Grambergal., 2014) is used to guide engagement with the
various stakeholders in the scenario developmentgss. STIR consists of the following five features

(Figure 1):

Participatory integration of stakeholders in the research process: The aim of STIR is to make stakeholder
engagement an intrinsic part of the scientific @cojand to create useful outputs that can be appiethe
scientific community and stakeholders alike. Tostbnd, STIR promotes an iterative process between
stakeholders and scientist in which dialogue andreation of knowledge are central. This is differom

a consultative process in which stakeholders dtedafor feedback on research without participatimthe

creation of outcomes themselves.

Prospex CQI-method for stakeholder identification and selection: To optimize the stakeholder engagement
process, STIR stresses the need for a processrtfidand select stakeholders. One approach tantzg
such a process is the Prospex CGl-method thatsterddi (C) Defining a set of criteria and categsrior
stakeholder groups that are influencing the topicesearch or are affected by it; (Q) Setting acsjme
minimum quota for all kinds of categories (i.e.il&kfion, gender and nationality), and; (l) Idewtifg

individuals that fit the categories.

Design and facilitation of the stakeholder engagement process: In order to establish a dialogue between
stakeholders and scientist, stimulate co-creatioknowledge and promote a truly participatory pssie
STIR emphasizes the need for detailed processrdéisey designing the participatory process betbee
start of the engagement process) and professionakgs facilitation (i.e. ensuring that all stakdkos

participate equally and that the desired outcome®ltained in time).

Soecified method for stakeholder-science data transfer: To use methodologies that ensure the data created
by stakeholders (often qualitative) is usable i $kientific analysis (often quantitative). In ttentext of

scenario development, STIR often applies the Steyhnd-Simulation approach (SAS), (Alcamo, 2008a),



which links qualitative scenario development withagtitative modelling through a number of iterative

steps.

Sakeholder evaluation and compatible scientific set-up: To ensure direct and measurable feedback,
stakeholders are asked to evaluate the scenal@inguprocess, preferably by means of written amooys
surveys after each activity or workshop. A comgat#rientific setup means that stakeholder engageme
processes are organized in such a way that thepeceasily linked with the scientific research, daample

organizing separate stakeholder engagement pracisssach region that is analyzed.
[FIGURE 1 about here]

The basis for the development of the FOODSECURMKates were two two-day workshops and two
webinars (Table 1) during which a participatoryqass was organized with stakeholders to creatéothe
FOODSECURE scenarios. The stakeholders were sdlaging the CQI-method to ensure that the
background of stakeholders was balanced. The wopsshrought together around 20 different stakehs|de
drawn from international organizations (e.g., OE@m FAO), national institutions, the EU, internatib
non-governmental organizations (e.g., Oxfam andofatontre le Faim), universities and the privaetar.
The participants comprised policy makers, reseaschexperts in scenario analysis and high level
representatives from business with an interesbad fsecurity issues. The workshops were profesibjona
designed and facilitated following the STIR apptoéy a company specializing in stakeholder engageme
processes. The same stakeholders were invitedofbrvisorkshops to ensure continuation of the praodess
some cases, new participants from the same ordemgaeplaced previous ones if these were unable t
attend the second workshop. At the end of each stk all participants were asked to fill out a

guestionnaire for evaluation.

The process to develop the scenarios consistegioofhiree main steps: (1) the development of theaie
logic and storylines, (2) the quantification of kavers, and (3) the validation of results. Fag fhist step,
the participants were organized in groups and asgedome up with a list of key driving forces and
uncertainties that influence global food securithroughout the workshops, participants stayed énstlime
scenario group, which enabled them to become ‘¢xpef their scenarios. Key drivers that were seddc
included: population growth, technical change,slijge and consumption patterns and income inegualit
During group discussions, the list was used tocsellee two axes that define the scenario logic. In
subsequent rounds of structured assignments ang gvork followed by plenary sessions for discussion
the storylines were further developed. The resuéise subsequently used as a basis to quantify aevey

drivers that are required as an input into the nso@ee below for more information).

After the two workshops, the scenario support teeiimed the storylines and assigned numerical watae
the projections for a number of key drivers. Inertb validate the results, two webinars were augh
which made it possible for stakeholders to comnmnthe scenario narratives and quantification ef th

drivers. The recommendations were incorporatetiendst version of the scenarios.



[TABLE 1 about here]

3.4 Quantification of scenario drivers

To assess global food security and analyze thedimpfapolicy shocks, the scenarios will be numdlyca
assessed by means of economic and biophysical modetse models have global coverage and therefore
require a large amount of information on severabgexious driving forces and parameters. The most
important are projections for population growths¢aincluding urbanization), economic developmerd an
technological change (i.e. agricultural producyiviit terms of crop yieIﬁ.Several approaches have been
proposed in the literature to ‘translate’ stakebolproposed storylines into numerical series (vaat\ét al.,
2010). One approach that has been used frequanthgidevelopment of climate change scenariosuizz$f

set theory” (Alcamo, 2008b; Kok et al., 2014), ihieh scenario trends are first described in lingui®rm

by stakeholders after which a translation key sdu® derive numerical values. Disadvantages afyfiset
theory are the requirement of prior expertise andwkedge to be able to propose realistic valuethef
drivers and parameters that are needed by the mdté therefore difficult and costly to applyzity set
theory in practice. For this reason, we applied@ehapproach to derive the future trends of maiveds,

which we term ‘participatory trend mapping’

3.4.1 Participatory trend mapping

In workshop 2, after thefirst draft of the scenario storylineswerefinalized, stakeholderswere asked to
discuss future trends of key drivers that are consistent with the proposed narratives. In particular,
scenario groups wer e asked to graphically illustrate the trend of the six key driversup to 2050.* Each
group was given a set of figuresthat depict the historic trend of the drivers over the last five decades
(see

Figure 2afor an example). Asthe development of driversis expected to differ across different types of
countries, historical information was depicted for four different income groups using the World Bank
classification: high income countries ($12,616 per capita or more), middle income countries ($1,036 to
$12,615 per capita), low income countries ($ 1,035 per capita or less) and BRI cs? By means of these
figuresthe stakeholder s obtained a broad idea about past trends. Next, the stakeholder s were asked to
continue the trend line up to 2050 for each of the driversin such a way that they are consistent with

3 . . : . N
Other drivers and parameters that are needechiarang others, change in consumer preferences, tasffs, biofuel directives and land use
parameters. On the basis of the raw scenario Btesylthese variables can be quantified, but thigill work in progress. In a next version of the
paper a table will be added which also presentsiimdtion on these variables per scenario.

Population growth, GDP per capita, cereal yielmmmal rate of assistance, meat consumption artidas. The decision was made to use GDP
per capita instead of GDP for the participatoryndrenapping exercise because this measure is ¢asiempare across countries and therefore easier
to grasp by stakeholders. GDP projections are ¢hérulated as the product of GDP per capita andlptpn projections.

In practice, historical trends were presentedHerBICS countries, excluding Russia because itneagpossible to construct historical series for
Russia before 1989, when the USSR dissolved. Waadcexpect this has had any impact on the trendpmgpby stakeholders. In the final
quantification of the drivers, Russia was considere a BRICS country.



the scenario storylines but at the same time are still realistic in comparison to historical developments
(see

Figure 2b). This exercise stimulated the scenamoigs to re-evaluate the scenario consistencyltirggin

meaningful discussions and, some occasions, agaw$ the scenario storyline.
[FIGURE 2 about here]

3.4.2 Estimation and extrapolation of trends
The diagrams with the stakeholder trends for eddhendrivers together with qualitative informatimom
the storylines formed the basis for the actual gfieation of the drivers that was done by the sgsh team.

Depending on the driver, several approaches hase iged for the quantification:

GDP and population growth. Consistent and realistic GDP and population pra@jast cannot simply be
created by extrapolating existing trends but reguihat certain historical patterns and theoretical
assumptions are taken into account. For examplease of population growth, projections need te iakio
account present demographic structures, migratidneaucation (UNDESA, 2012). In case of GDP growth,
long-run studies on historical growth demonstraig countries exhibit patterns of “catching up,gfog
ahead and falling behind” (Abramovitz, 1986; Maadis2001; Fagerberg and Verspagen, 2002), strongly
depending on the rate of innovation at the teclmo&d frontier and the capacity and speed with Wwhic
lagging countries are able to absorb new technedognd catch up. Constructing high-quality progeiis
therefore a complex, costly and specialist underggkFor this reason, we decided not to create new
projections but instead build on, and extent, th@ngjfication of drivers from previous scenariodsés. This

is not uncommon and has, for example also beenls&desthoek et al. (2006) to prepare scenariothtor
assessment of land use change in Europe. Thergxigtbjections are subsequently combined with the

trends as proposed by the stakeholders to arritreedinal dataset.

Our main source of scenario projections for GDP poulation are the recently completed Shared Socio
economic Pathways (SSPs) (Kriegler et al., 2012yedf et al., 2012). To create the projections fioe
FOODSECURE scenarios, we compared the SSP stasymmel projections for GDP per capita and
population with the FOODSECURE scenarios and trehds are proposed by the stakeholders to identify
similarities and discrepancies. It proved to batie¢ly straightforward to match both scenario &aan the
basis of the broad narrative. Nonetheless, as wmikelkxpected, important differences remain thatl nede

taken into account. In particular, the assumptiongopulation growth for several scenarios and tgun



income groups differ substantially. On the othendjaGDP per capita trends are very similar between
comparable SSP and FOODSECURE scenarios.

To bring the SSP projections for GDP and Populaiioline with the FOODSECURE narratives, the SSP
trends where re-scaled up or downwards, dependintpe storyline. In most cases SSP2, the Busirgess-a
usual scenario was taken as a reference. Diffeyesitng factors were used for each of the four trgun
income groups. Finally, the projections for GDP papita and population are combined to derive tb& G

series at the country level.

Crop yield and livestock feed conversion efficiency. The SSPs do not provide projections for crop yaeid
livestock feed conversion efficiency growth, thdigators that are normally used to model techribahge

in crop and livestock sectors in global assessmardels. Therefore, a different approach was used to
construct projections for these indicators. Croferdist, who analysed long-term historical croplgie
patterns have pointed out that yield growth geherathibits a linear trend (Fischer and Edmead&402
Hafner, 2003). In a recent article, Grassini e{28113) investigated past yield trends of 36 regiand
concluded that “yield projections based on lineadels, with breakpoints and plateaus to refleetlitear
nature of the crop yield gains (Grassini et al12@. 9) should be used to derive future food pcado
projections. Nonetheless, in previous assessmarddelers tend to use using compound growth rates to

construct yield projections, which will result ioat optimistic scenarios (Grassini et al., 2013; WRI1.3).

We incorporate the recommendations of crop scisntéd use linear instead of compound growth ttates
project a baseline for future yield of eight cropups. The baseline is combined with breakpointd an
plateaus to model the introduction of radical teatbgies (sharp rise in yield) and dramatic impdatlimate

change (sharp decrease in yield) that were propbgethe stakeholders in several of the scenaribe. T

results are presented in the next section.

In contrast to crop yield, there is much less imfation available on the past and future trajectoné
livestock feed conversion efficiencies (e.g. Bouwinga al., 2005; Wirsenius et al., 2010), which deéned

as the amount of feed required by per livestockgmty (e.g. dairy, ruminant meat, pork and poultRgr

the FOODSECURE scenarios we use livestock feedassion efficiencies from INRA/DLA (2012), which
are computed for three livestock sectors (catigs pnd poultry and dairy cattle). Historical peijens are
inferred from the mass balance of the global fogstesn by means of the Agricultural Representative
Identity based Pathways and Emissions (AgRIPE) éraank combined with findings from Bouwman et al.
(2005). Projections for a Business as Usual scemaatching FAO projections (Alexandratos et al. Q&0
generated by the GLOBIOM model up to 2050. We d=titb use the baseline scenario for all four
FOODSECURE scenarios because of the projectiondased on biophysical ceiling values which are

unlikely to increase.



4 Results

4.1 Scenariologic

Figure 3 shows the four FOODSECURE scenarios agid plosition in the scenario matrix. The stakehidde
decided to organize the scenarios around two dashighlight two major uncertainties: (1) lifestyand
use of natural resources ranging from a sustairtabdé® unsustainable world and (2) equality, wité two
polar views of an equal and a highly unequal worlohether, they define for different scenarit® World
(ONEPW), Ecotopia (ECO), Too little, too late (TLTL) and Food for all but not forever (FFANF). The

storylines of the four scenarios are summarizedvibedll scenarios describe a world in the year 2050
[FIGURE 3 about here]

42 Sorylines

4.2.1 1% world (ONEPW)

In the 1% world, global wealth is very unequally distributed. Aliteegroup of ‘new rich’ that constitutes
around one per cent of total population controlrtiegor corporations that dominate the majority @frkets
and own most natural resources. Many of these ressuin particular water and land are located in
developing countries, which has increased the #gaof resources in these countries considerably.
Authority and power are shifted from the governmienelite. Governments have cut budgets and reduced
the expenditures in public services, which are ipasplaced by private services mainly geared towahe
needs of the elite. The elite are highly educatedl teained and order to protect their assets thegsi in
research and development to create private sokifmrclimate change and natural disasters. Thdtrase a
number of path-breaking technologies to overcongepioblems of climate change, reduce pollution and
waste and protect the environment. Other techncdbgidvances have resulted in much higher cropl yeel
ensure the efficient and low-cost production ofdoA lot of the advanced technology put in placguiees

minimum skill levels from employees handling theheology.

4.2.2 Ecotopia (ECO)

The Ecotopia scenario assumes an equal society, in which @leducated and wealth is equally distributed.
Free movement of people is guaranteed. Local gslisupport development of rural areas. Trade pslici
will be aligned to food and nutrition security asthble ecosystems. The global population has adoess
sustainable diets. Water and food choices and bbagsids will be covered. All food is safe and themenew
sources of food available and socio-cultural aspam respected in the diet. The concept of “pressiris
introduced, where consumers of food are at the stme also producers of food. New agricultural
production technologies are developed that focusustainability and zero waste. Urban agricultwe i
highly developed and aquaculture is sustainablev Aied diversified renewable energy sources areeppl
that replace conventional fossil fuel energy sosiwrcEnvironmental and agricultural innovations are

accessible for everybody due to its open souragr@at

4.2.3 Food for all but not forever (FFANF)



The last 30 to 40 years in theood for all but not forever scenario, have been characterized by rapid
economic growth and employment growth. Growth hasnbaccompanied by more intensive multilateral
international co-operation that has led to the frewement of goods and people, better health anda¢idn
systems, more democracy and eradication of huMgealth is more equally distributed because couwntrie
have adopted taxation systems to equalize incomgprperty within societies. At the same timemelie
change has worsened as a consequence of the userefand cheaper fossil fuels and less renewable
resources as well as the movement to intensivedlliting agricultural systems. Consumption andwgho

are more important that sustainability in the metds the global population.

In 2050, poverty has been reduced and society éamnte more equal but the environment is on the lmfin
catastrophe. Over the last five years, the globahemy is severely suffering from climate-induceshdters
such as hurricanes, floods and droughts. The ogeipesticides and fertilizers has substantiadigrdased
soil fertility on all continents across differentosystems. The rainforest has largely been destrayel
replaced by farm land. Food production systems h#easified to the point that pandemics have binodet

in the life stock sector.

4.2.4 Too limited, too late (TLTL)

In the Too limited, too late scenario, several new financial crises have reduih a sharp decrease in
economic growth. This has sparked national politicases, which has given room for opportunistic
behavior. Governance at the international leveldias worsened. All of this has led to an uneqoalety
which exists of “haves” and “have nots”, which gajens over time. At the same time the effects of
climate change, caused by uncontrolled depletiorffadsil) natural resources, have destructive &ffec
leading to biodiversity loss, an increase in ndtuliaasters, and disputes about water. Only thellsma
minority of the “haves” benefit from food that isgduced in a very unsustainable way, while the nitgjo

suffers from food and nutrition security. A seletgroup (elite) hold power and protect their insése

In 2050, there is no international cooperation #rewhole UN system has dissolved. A select elitaig
holds the power and protects their interests, wthite majority of people are poor with limited acéds
food, health and education. There is monopolizegssto knowledge and technology: the rich havesscc
to modern technologies, the poor have no accesswhole ecosystem is collapsed, natural resounees a

depleted and biodiversity has been largely lost.

4.3 Keydrivers

4.3.1 Population growth

Population growth is an important driver of gloli@ad demand and, thus, food security. The UN medium
projection for global population expects that topampulation will peak at 9 billion in 2050 and will
slowdown thereafter (UNDESA, 2012). However a vieggent re-assessment of the data, for the firg tim
including a probabilistic projections, point ouaitithe world population can be expected to incréase the
current 7.2 billion people to 9.6 billion in 2050cheventually reaching 10.9 billion in 2100 (Gedaet al.,



2014). The main reason for the continued globabfaijpn growth is an increase in the projected pemn
of Africa. These findings demonstrate that futuopydation growth is still very uncertain and confg the

need to use scenario analysis to assess the impatbbal food security.

Figure 4 depicts the population projections for ther country groups by scenario. Apart from thghhi
income group, population growth is expected to ighdst in thel% World scenarioToo limited, too late
projections are in the middle for all country greupvhile the results fofood for all but not for everyone
and Ecotopia are at the bottom of the scale (except for higlomme group where population growth is the
highest). An important assumption in th# World scenario is that population growth in the highoime,
medium income and BRICS countries is relativelyhhi¢n the Food for all but not forever scenario,
migration plays a prominent role. It is assumed people have possibility and are willing to migrditom
poor to rich countries. The result is high popaatgrowth in high income countries and low popolati
growth in the other country groups. Theo little, too late scenario assumes that population growth in the
high income countries, BRICS and middle income taes is slowing down, while expansion continues in
the Low income countries. Finally, in tleotopia scenario, the storyline indicates that povertygsrdasing

in developing countries and educatio and healttesys are improving, leading to a stagnation in jeipn

growth.
[FIGURE 4 about here]

4.3.2 Macro-economic development

GDP and GDP per capita growth are core measuresoofomic growth and development and, hence, strong
drivers of food demand and supply. Comparing séesaGDP per capita growth is highest in Baod for

all but not forever scenario and lowest in thi®o late, too litle scenario (except for the high income group),
while theEcotopia and1% world are located in the center (



Figure 5). Thd=ood for all but not forever scenario sketches a world with rapid growth andvirg equality
but with an implosion of the global economy in 20dM&ich is clearly reflected in the figure. In caatt, the
Too late, too limited scenaridoresees a fragmented world that is characterisbdlgncome divergence and
relative low levels of development. Th& world ONEWP projects increasing inequality but with riefat
high growth in all regions. In particular in theghiincome countries because of innovations thatrexialy
applied in the location where the elite live. GD& papita growth in other regions is expected tdolesr
because of the rise in global inequality. The nitagme of theEcotopia scenario is a sustainable and more

equitable world with income per capita levels ttantverge.
[FIGURE 5 about here]

4.3.3 Crop yield

It has frequently been argued yield gaps need to be closed in order to produce sufficient food for the
global population in 2050 (Licker et al., 2010; Foley et al., 2011; Mueller et al., 2012) and that present
rates of crop yield are not sufficient to achieve this (Ray et al., 2013). Assumptions on yield are
therefore an important element of any scenario study that aimsto assess future global food security.



Figure 6 shows both the historical yield trend aimel yield projections for each of the four scermfiy
country income group. The figure shows the redaitsmaize and other grains but similar informatien

available for seven other crop groups.

The yield projections are quite diverse acrossages. An important part of the storyline in thg World is
rapid technological advancement (e.g. the new lsraed cultivation techniques) occurs at specifingsdn
time (around mid-2030) resulting in breakpointghie crop yield projections. Innovations emerge ighh
income countries but diffuse with a lag to othagioas. By 2050 yields have increased about 30 peioe
comparison to the base year 2010. The late, too little scenario assumes crop yield is going down in low-
income regions because of the impact of environates@tastrophes, resulting from climate change. The
middle-income countries reach a sort of plateaulenthe yield in high-income countries goes up aut
slower rate because of more resilient agricultayatems. In th&ood for all but not forever scenario, yield

is increasing rapidly in all regions because of ititernational diffusion of knowledge and more ngre
production approaches. However after around 20@0d growth reaches a plateau and eventually cedlap
because of the negative impact of climate changenar 2045. Thé&cotopia scenario foresees the existence
of open source technologies that rapidly diffugermationally. As a consequence, the low-incomentaes

will close a large part of the yield gap. The crgeld in high-income countries will slightly decssaor

stagnate, because yields have reached the biophgsximum potential.
[FIGURE 6 about here]

5 Discussion

5.1.1 Scenario development process

The actual scenario development process that waleimented diverted from the original planning irotw
ways. First, following Kok et al. (2011), the imitiidea was to use an existing set of scenariosgted
‘fast-track’ scenarios), as a basis for the FOODBRE storylines to speed up the process and leave mo
room for the quantification of drivers. More spéfly, it was foreseen to use the newly develoS&P
scenarios as a starting point and ask stakehokdel@dd or refine food security related components.
However, during the process, stakeholders raiseddhcern that the SSPs did not cover all plausiiiees
and are too strongly geared towards climate chaagd, are therefore not able to adequately take into
account the relevant aspects of future food anditiom security. To accommodate their concerns, we
decided to go through a full scenario developmentess of defining key uncertainties and develap th
scenario logic from the bottom up. The lessons ¢aatbe drawn from this is that stakeholders &edylito

be unwilling to accept scenarios that have beeatedefor a different subject and purpose and tbesef
researchers and scenario developers should beuk@mefising existing storylines as basis for scenar

development

Second, it was planned to use the SAS approachttodiice a feedback loop between the storylines

developed by stakeholders and quantitative modelltethat are based on them. Unfortunately, becatis



the aforementioned change in the scenario planpiagess the storylines were not completed aftefitsie

workshop, which made it impossible to use themngsiti for the model simulations. Given the available
resources, it was not possible to organize additiavorkshops and the iteration between stakeholder-
determined storylines and expert-driven model rbad to be omitted. The consistency check between
storylines and model results will now be done bseegchers only, which is a clear shortcoming in the

participatory scenario building process.

5.1.2 Stakeholder evaluation

To guarantee relevance, credibility, legitimacy angativity of the FOODSECURE scenarios, staketrolde
participation has been central part of scenaricelbgment process. It is therefore, important tolueate
stakeholder satisfaction and find out if particigasupport the scenario outcomes. The questiontizte
was handed out after each workshop pointed out tti&tmajority of participants were generally very
satisfied with the facilitation, the content suppamd the practical arrangements. A few commentiated
that the overall process was less clear in thevimkshop but it was nevertheless rated good oy geod

by 89,5% of the participants. The fact that the ksbop process was adjusted during the workshop to
accommodate the stakeholders’ need for more digcuss new scenarios (as compared to the SSPs) had
very positive impact on stakeholder satisfactiaflected in the 94,5% satisfaction rate (very geod
good) with regards to the facilitation. A large wray (93%) agreed that the scenario-building psscas a

whole was useful in developing strategies for faad nutrition security.

5.1.3 Quantification of drivers

A novel approach — participatory trend mapping -s waed to obtain projections for a number of ingoatrt
long-run drivers of food security. We found thaistlapproach was very useful in quickly discussing a
relative large number of driving forces with stasilelers. The use of pictures with historical trepdsved a
simple, intuitive and effective way of quickly infaing stakeholders about indicators they were prgsly
not familiar with and helped to generate realiftiture trends. A positive side effect was that évegal
instances the mapping of drivers led to a renevwiscldsion about the internal consistency of theates
and consequential adjustment. A disadvantage dicfmatory trend mapping, in contrast with fuzzyt se
theory that directly provides numerical valueghat researchers still have to do post-processiricahslate
the trends into numbers. This might introduce & laiad highlights the need for the validation otutssin
which stakeholders have to opportunity to providenments and after which projections can still hases.
Nonetheless, we are of the opinion that particiyateend mapping is interesting and useful new tbak

can also be used in other scenario building exescis

6 Conclusions

This paper describes the development process anollsérom a participatory scenario exercise toetlgy a
set of global scenarios that can be used in cotipmevith global impact assessment models to ingatd
the dynamics in long-run global food security. Thwdcome are four different scenarios that coveargel

spectrum of possible futures, defined along twosaxXim)equality, and lifestyle and natural resosrc&



number of conclusions can be drawn from our expegen building FOODSECURE scenarios. First, a
participatory approach towards scenario developmewblving a diverse group of stakeholders, corabin
with a professional management and planning optieess, leads to innovative and diverse scendtits.
unlikely that the derived scenarios would also heselted from an exercise that mainly involvegststs.
Second, a fast-track approach towards scenaridibgilis not without difficulties and risk. In thitudy,
stakeholders were not convinced by the selectaerfcsk scenarios. The process was successfullpteda
yet the adaptation led to a substantial delay Finparticipatory trend mapping, a novel approdcst tested

in this paper, in combination with thorough validat proved to be a useful tool to derive realisténds of

long-term driving forces.
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Figuresand Tables

Figure1l: Stakeholder Integrated Research (STIR) features
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Table 1. Overview of FOODSECURE stakeholder workshops and webinars
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vl

Event Date and location Participantsain activity
Workshop 1 | 5-6 September 2013, 19 (1) Qualitative scenario development
Bruges, Belgium
Workshop 2 | 27-28 February 2014, 16 (1) Finalization of storylines
Prague, Czech Republic (2) quantification of key variables
Webinar 1 6 June 2014, online 2 (1) Validationtofdines
(2) validation of quantification of key variablé¢
Webinar 2 10 June 2014, online 8 (1) Validatiorstofylines
(2) validation of quantification of key variablé¢

14

Source: Authors



Figure 2: Example of participatory trend mapping for the Ecotopia scenario

(a) Trend (b) Projections by stakeholders
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Figure 3: Scenario logic of the FOODSECURE scenarios
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Figure 4: Population by scenario and income group: 1980-2050
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Figure5: GDP by scenario and income group: 1980-2050
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Figure 6: Maize and other grainsyield by scenario for representative region income groups. 1990-2050
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