KBBE.2013.2.5-01

TRANSMANGO
Grant agreement 613532

OUTCOMES OF AN OXFORD WORKSHOP FOR
ADVANCING FOOD SYSTEM MODELLING
Steven Lord (University of Oxford), Joost Vervoort (University of Oxford)

CONTENTS
EXECUTIVE SUMMARY ............................................................................................................................ 1
1.

BACKGROUND AND FOOD MODELLING TASKS OF THE OXFORD WORK PACKAGE ........................ 2
1.1 Definitions: food and nutrition security (FNS) and food system(s) .............................................. 3
1.2 Definitions: food system(s) modelling .......................................................................................... 4

2.

RATIONALE ...................................................................................................................................... 5

3.

DESCRIPTION OF THE ACTIVITY ....................................................................................................... 8

4.

OUTCOMES ..................................................................................................................................... 9

REFERENCES .......................................................................................................................................... 12
ANNEX A: LIST OF PARTICIPANTS .......................................................................................................... 14
ANNEX B: INDEX OF PARTICIPANTS ...................................................................................................... 22

FIGURES
Figure 1: A conceptual representation of components of a food system to illustrate the endogenous
scope of current computer models ........................................................................................................ 5

EXECUTIVE SUMMARY
FP7 TRANSMANGO (2014-2018) aims to obtain a comprehensive picture of the effects of drivers on
the European food system. The research focuses on the vulnerability and resilience of European food
systems in a context of socio-economic, behavioural, technological, institutional and agro-ecological
and climate change and aims to enhance understanding of the new challenges and opportunities that
the food sector might face in the future. It seeks also to identify diverse high-potential practices that
could contribute to transformation.
To aid this, TRANSMANGO sought to promote food system thinking and use or develop food system
modelling techniques that could synthesise the many complex drivers into an understanding of the
dynamics and change in current and future food systems. Researchers in the Food Systems
Programme in the Environmental Change Institute at the University of Oxford led this research.
Fuzzy Cognitive Mapping (FCM) was initially suggested for TRANSMANGO as a food systems modelling
tool. The Oxford team began by reviewing FCM. The FCM technique was found to be highly flawed.
Simpler but sound methods of casual mapping were used in TRANSMANGO workshops to indicate
participant’s knowledge about theories of change, especially change through feedback cycles.
Feedback cycles can identify change of concern where desirable properties such as food and nutrition
security may rapidly and non-linearly spiral downward. Feedback cycles can also be identified or
constructed as opportunities for rapid and self-reinforcing beneficial change.
However, causal mapping is unable to measure or project, even roughly, overall magnitudes or
directions of change. It provides useful but, ultimately, limited understanding of the dynamics and
change in current and future food systems.
The Food Systems Programme, within its general mission in the Environmental Change Institute and
the Future of Food network at the University of Oxford, organised a workshop titled “Modelling food
systems for resilient and sustainable nutrition and health on a changing planet”. The workshop was
conducted in July 2016. It was, in part, designed to pursue TRANSMANGO research aims to advance
and develop food system modelling techniques.
The workshop involved one introductory day and then three days of group discussions amongst 56
experts from over 20 disciplines that spanned food systems and quantitative and qualitative research.
Two particular aims were to identify and develop a sound participatory modelling technique that could
do what FCM was originally put forward for, and improve the methodology connecting participatory
generated qualitative scenarios with quantitative projections by computer models such as GLOBIOM.
As an outcome Bayes nets were identified as achieving, in a well-founded way, the food system
modelling outcomes that FCM was originally intended to provide. Several new methods were
developed for designing Bayes nets in participatory formats. Bayes nets have an emphasis on states
and participatory designation of states and transitions. Combined with new ideas in food system
semantics they could be used to create semi-standardised couplings with computer models of food
systems. One particular method will be explored post-workshop within research work for WP4 of
TRANSMANGO. The wider concept of a general food system language, inspired in part by the
participatory methods and lessons learnt in TRANSMANGO workshops, was discussed at the workshop
but has requirements for further development that are beyond the scope of the TRANSMANGO
project.
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1. BACKGROUND AND FOOD MODELLING TASKS OF THE OXFORD WORK
PACKAGE
Though most people in Europe are currently food secure, there are socio-economic groups that
struggle with poverty and health, making them vulnerable to food insecurity (Riches and Silvasti 2014,
Eurostat 2015). In addition, the current European food system does not adequately provide nutritional
security for vulnerable groups in Europe; for instance, non-communicable diseases are on the rise
(WHO Europe 2015a, WHO Europe 2015b). The food system and its drivers are also complex, and
characterized by high uncertainty. Vulnerabilities to future drivers of change are unclear. Sustainability
challenges, including climate change, loom large. In the face of all this, there is a diversity of current
practices with potential to contribute to transformations to a better European food system, but these
practices are not included in policy dialogues.
Holistic systems thinking that engages with this uncertainty, and includes processes that engage
effectively with policy, is needed to enable the exploration of transformative futures for the European
food system. FP7 TRANSMANGO (2014-2018) aims to obtain a comprehensive picture of the effects
of drivers (such as climate, economic concentration and market structure, financial power, resource
competition, marginalization, property rules, geo-political shifts, consumer preferences, consumption
patterns and nutritional transitions, and poverty and marginalization) on the European food system.
The research project focuses on the vulnerability and resilience of European food systems in a context
of socio-economic, behavioural, technological, institutional and agro-ecological and climate change
and aims to enhance understanding of the new challenges and opportunities that the food sector
might face in the future. It also identifies diverse high-potential practices that could contribute to
transformation. Finally, it brings together the understanding of drivers of change and high-potential
practices in the explorations, both at the local level with initiative leaders and at the European Union
(EU) level with policy makers. To do this, within TRANSMANGO’s Work Package 3 (WP3) and Work
Package 5 (WP5), plausible scenarios were developed for the future of food and nutrition security in
Europe in a global context, to enable the exploration of European (WP5) and local/sub-national (WP6)
policy and transition pathways to better food systems in the contexts of these scenarios.
Within WP3 food system thinking and food system modelling techniques were used or developed to
synthesise the many complex drivers mentioned above into an understanding of the dynamics and
change in current and future food systems. The purpose was two-fold.
First, to capture and represent the views, values, and theories of changes of the wide array of
stakeholder’s brought together by the project. Communicating back these, sometimes divergent,
views of the way such a complex system could work, and could change, in future scenarios helped the
stakeholder’s that attended TRANSMANGO workshops to conceive, explore, and refine transition
pathway and policy ideas.
Second, to provide wider food system context and detail to projections of food commodity prices and
European land use in each of the future scenarios. In TRANSMANGO WP4 the Global Biosphere
Management computer model (GLOBIOM) developed by the International Institute for Applied
Systems Analysis (IIASA) was designated as the central engine for calculating the complex interactions
between land use and commodity prices given climate, economic, and other drivers (Mosnier et al.
2014). Translating the qualitative scenarios and transition pathways into projections of exogenous
variables was required to run GLOBIOM and obtain the endogenous projections for food commodity
prices and European land use. These projections were communicated back to stakeholders for the
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same purpose as the stakeholder conceived system dynamics and theories of change: for
stakeholder’s to conceive, explore, and refine transition pathway and policy ideas.
Specific tasks for the Oxford research team included (amongst several other distinct but
complementary task packages) that “assessment methodologies and dynamic modelling tools will be
reviewed, upgraded and developed to assess the resilience of Europe's agro-food sector and food
security situation and to understand the sustainability frontiers of different food production systems
under the new unfolding conditions. The project will collect analytical data that will be used to design
scenarios for the desired transition pathways in the food system. Based on these scenarios,
TRANSMANGO (TM) will provide guidance to support the transition towards food security,
sustainability and resilience and will offer recommendations to address Europe’s medium- and longterm food security. It will (i) progress the food and nutrition security (FNS) debate by addressing the
shift from a ‘traditional’ analysis of FNS into ‘new’ and more systemic FNS approaches; (ii) develop
novel ways of systems modelling that are capable of capturing the vast empirical diversity of securities,
vulnerabilities and sovereignties around food in Europe and beyond; and (iii) integrate new modelling
approaches, such as Fuzzy Cognitive Models, into existing transition theory to enable a better
assessment of FNS vulnerabilities at different scales.”
This document describes the rationale and outcome of a workshop conducted as part of achieving (i),
(ii) and (iii) above. Section 2 indicates why the workshop was needed. Section 3 and Annexes indicate
how the workshop was conducted. Section 4 indicates the outcomes of the workshop relevant to
TRANSMANGO.
For the purposes of this document the following definitions are used.

1.1 Definitions: food and nutrition security (FNS) and food system(s)
The World Food Summit in 1996 introduced the use of the term food and nutrition security (FNS) (in
place of food security) as “sufficient and nutritious food that meets the dietary needs and food
preferences for an active and healthy life.” Previous definitions of food security had not included the
nutrition aspect, and this new definition increased emphasis on the nutritional quality of the food in
addition to the available quantity. TRANSMANGO chose to utilize FNS over ‘food security’ given the
importance of the nutritional content of food for food security in the EU. This concept includes four
main dimensions:
● Food availability: The availability of sufficient quantities of food of appropriate quality,
supplied through domestic production or imports, including food aid (Pinstrup-Adersen 2009,
p. 5)
● Food access: Access by individuals to adequate resources (entitlements) for acquiring
appropriate foods for a nutritious diet. Entitlements are defined as the set of all commodity
bundles that a person can control given the legal, political, economic and social arrangements
of the community in which s/he lives, including traditional rights such as access to common
resources (Sen 1983, Radimer 2002).
● Food utilization: Utilization of food through adequate diet and the availability of clean
water, sanitation and health care to reach a state of nutritional well-being where all
physiological needs are met. This dimension highlights the importance of non-food inputs for
food security (Gross et al. 2000).
● Food stability: To be food secure, a population, household or individual must have access
to adequate food at all times. They should not risk losing access to food as a consequence of
sudden shocks (e.g. an economic or climatic crisis) or cyclical events (e.g. seasonal food
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insecurity). The concept of stability therefore refers to both the availability and the access
dimension of food security (Gross et al. 2000).
Food and nutrition security can be seen as outcomes of food systems. Food systems involve a number
of activities, including producing, processing, storing, distributing, retailing, preparing and consuming
food. Food systems give rise to outcomes such as food and nutrition security, different levels of
environmental sustainability, the impact of food waste, and employment International trade and
governance arrangements shape food systems (Ingram 2011). Therefore, it is valuable to take a
systems approach to help create a more integrated, multi-dimensional understanding the activities
and outcomes associated with food.

1.2 Definitions: food system(s) modelling
In this paper, a ‘model’ refers to any representation used to, as a non-exhaustive list, explain,
understand, calculate, predict, the workings of a real world system or event (Midgley 2003). The
Oxford English Dictionary associates models with mathematical or computer representations. In this
document we include qualitative models, including mental models, conceptual models, etc., as models
(Klüver 1998, Frigg and Hartmann 2012).
A food system model is a representation of a food system, as distinct to a model of components or
subsystems of a food system. For example, agricultural models are not generally considered food
system models as they represent only food production. Food systems can include, as a non-exhaustive
list, complex global and local supply chains driven by the disruptive forces of individual consumption
and global environmental change, macroeconomics and household budgets, policy and trade, global
logistics and infrastructure from national scale transport networks and power grids down to
community infrastructure and employment, demographics, gender and power, and food preferences
and cultural roots and trends. Food systems are therefore highly complex systems that exhibit multiple
scales, uncertainty and entropy gradients, (Neff 2014, van Mil et al. 2014, Committee on a Framework
for Assessing the Health Environmental and Social Effects of the Food System et al. 2015). The
fragmentation of food chains in processing and consumption in particular is immense, (Keding et al.
2013, DEFRA 2015, Monforti-Ferrario et al. 2015, Porter and Reay 2015). When referring to a food
system we do not mean just the global food system. High complexity arises in the food system feeding
an individual community, region, or city, or in the external contextualisation of food chains for
particular sectors, products or industries.
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2. RATIONALE
TRANSMANGO aims to inform policy. Task 1 in TRANSMANGO WP 3 involved analysing the current
use of foresight, in the form of scenarios, forecasting, expert knowledge elicitation of any form, for
European food systems, and the effects foresight may have had in shaping European policies at
national and EU levels (Vervoort et al. 2015). The study of foresight methods and their influence on
policy showed the majority of studies focus on an agricultural-economic viewpoint, and the food
systems was less prevalent. For half of the studies the foresight involved quantitative predictions
linked to agricultural-economic computer models. There are more avenues for policy change to
enhance food and nutrition security than just changes to the agricultural component of the food
system. Understanding of how the food system creates food security, and the many influences and
drivers of this, and the mechanisms by which the system changes, which are targets for policy, was
one of TRANSMANGO’s aims and methods for policy insight. The foresight study, and interviews
conducted to inform it, also showed that in qualitative foresight exercises networking and awareness
were considered the main outcomes. The opportunity to capture expert knowledge about the food
system and insight into its dynamics through some form of food system modelling and analyse was
largely lost.
Food systems modelling is difficult given the complexity of food systems mentioned in Section 1.2,
and is a current open scientific challenge. Computer models like GLOBIOM are generally restricted to
land-use, agricultural production, trade and general equilibrium representations of economic
behaviour to derive prices and quantities for major agricultural commodities. They are not closed
models of the global food system (Figure 1).

FIGURE 1: A CONCEPTUAL REPRESENTATION OF COMPONENTS OF A FOOD SYSTEM TO ILLUSTRATE THE
ENDOGENOUS SCOPE OF CURRENT COMPUTER MODELS
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Integrated with public health and consumption models like GLOBIOM can be used to project food and
nutrition security features into the future using exogenous input from climate models and socioeconomic scenarios. TRANSMANGO aims to represent a comprehensive picture of the many drivers
and factors that may influence European FNS now and in the future. That scope is broader than current
quantitative food system models, therefore participatory stakeholder designed conceptual
representations of aspects of the broader European food system, and local food systems for the local
case studies in TRANSMANGO (and its connections to the global food system), with the dynamics,
were required.
Based upon a large literature, Fuzzy Cognitive Mapping (FCM) was put forward initially as a tool fit for
TRANSMANGO’s requirements. After review during the TRANSMANGO project, and experience in the
first phase of workshops, FCM was determined to be an unsuitable tool. Limitations and potential
improvements to the workshop mapping techniques were reported in WP3’s European workshop
report (TRANSMANGO 2015). The TRANSMANGO WP3 Oxford team led the authorship of a paper on
problems within the FCM method (Helfgott et al. 2015).
Simpler but sound methods of casual mapping were used in subsequent workshops to indicate
participant’s knowledge about theories of change, especially change through feedback cycles (Coyle
1996). Feedback cycles can identify change of concern where desirable properties such as food and
nutrition security may rapidly and non-linearly spiral downward. Feedback cycle can also identify
opportunities for stakeholders to effect rapid and self-reinforcing beneficial change.
The Oxford team also developed a cause-consequence representation of critical outputs from the
system maps developed during the workshops (Nielsen 1971). It provided an alternative and
complementary view to the sometimes difficult to see pathways in a casual loop map. Pathways were
shown to causing the critical output(s) (for example, the factors like climate change, policy decisions,
technological advances, food prices, food processing, etc., that may increase or decrease food and
nutrition security) and then what consequences the critical output(s) have (for example, food and
nutrition security, if low may have public health effects, which have effects on the economy, social
cohesion, etc.).
The causal mapping and cause-consequence representation was used to inform participants in
subsequent workshops. Those workshops concerned transition pathways and possible robust policy
options.
Examples of the use of the causal mapping and cause-consequence can be found in the final workshop
reports available on the TRANSMANGO website1.
Cause-consequence diagrams and systems dynamics on their own, however, are unsuitable tools to
measure or project, even roughly, overall magnitudes or directions of change. They provide useful
information and understanding for stakeholders and qualitative examination but, ultimately, limited
ability to estimate the outcome of the complex dynamics and change in current and future food
systems.
For estimating future FNS trajectories under plausible future scenarios it would be highly desirable to
have a complimentary participatory expert generated method. Firstly, it offers an alternative and
comparative representation and projection to computer models. Secondly, it can offer an
advancement and improvement to “story & simulation” approaches (Alcamo and European
Environment 2001) where qualitative description of wider scoped food system states are used
synergistically with quantitative computation of certain smaller scoped components of the food
1

http://www.transmango.eu/
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system. This idea is described further in Section 4 below on outcomes from the Oxford food system
modelling workshop.
Under the Oxford TRANSMANGO team’s remit to “(ii) develop novel ways of system modelling” and
“(iii) integrate new modelling approaches” it was conceived to investigate in an expert
conference/workshop setting what existing approaches could provide the foundation of such a
method (having ruled out FCM as mentioned) and how they can be extended or adapted into a
practical participatory expert approach. Thereby utilising wide knowledge of methods across various
mathematical and computational fields, incorporating modelling groups such as GLOBIOM to improve
the synergy with computer modelling, and accessing extensive expertise from disciplines crossing the
scope of food systems. Such a setting could also provide the opportunity to further inform the system
mapping limitations experienced and documented in the TRANSMANGO workshops.
The Food Systems Programme, within its general mission in the Environmental Change Institute and
the Future of Food network at the University of Oxford, had already conceiving a workshop titled
“Modelling food systems for resilient and sustainable nutrition and health on a changing planet” as a
follow up to a workshop “Multiscale modelling of the food system” run in April 2015 by the American
Institute of Mathematics in San Jose, California. The design of the planned workshop was co-opted to
include activities for participatory modelling methods.
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3. DESCRIPTION OF THE ACTIVITY
The workshop titled “Modelling food systems for resilient and sustainable nutrition and health on a
changing planet” was conducted in the Environmental Change Institute of the University of Oxford,
in Oxford, from 18 July 2016 to 21 July 2016.
The workshop had 56 invited participants from across the United Kingdom, the Netherlands, Belgium,
Switzerland, Italy, Sweden, Germany, France, Austria, Nepal, the United States, Brazil, China, and
Australia. The participants represent 36 distinct skillsets, across over half that many disciplines.
Funding external to the TRANSMANGO project was sourced to run the workshop. Participants paid
their own costs and workshop fee. The Global Food Security Programme2 (GFS), the Mathematics and
Climate Research Network 3 (MCRN), and the Oxford Martin School’s Future of Food Programme4,
contributed funds that subsidised costs and supported junior researchers from across the EU and the
United States.
The workshop involved one introductory day and then three days of group discussions around
application and modelling themes. The application groups examined resilient food systems (food
chains, and global and national flow), food systems and urbanisation, life-cycle assessment, life-cycle
costing and green procurement and participatory system mapping for policy interventions.
Overlaps and novel ideas between the application and model themes mixed through the workshop
using iterative group and plenary discussions.
The workshop attracted sufficient interest that Sir John Beddington agreed to provide the opening
remarks. Professor Beddington was the UK Government Chief Scientific Adviser from 2008 until 2013
and is currently co-Chair of the Global Panel on Agriculture and Food Systems for Nutrition. He
oversaw the production of the UK government Foresight report “The Future of Food and Farming”
(Beddington 2011).
More information on the workshop, including the participant list and the workshop background
document, can found in the Annexes to this report.
On the last day of the workshop 25 project seeds were developed. We describe below the new
methods and seeds of relevance to the TRANSMANGO research agenda. The project seeds can be
viewed at the following link5.

2

http://www.foodsecurity.ac.uk/programme/index.html
https://mcrn.hubzero.org/
4
http://www.futureoffood.ox.ac.uk/
5
https://www.dropbox.com/sh/aix177to43b13ky/AAA6ZJnQhM4HUJ3uxrqiu4hFa?dl=0
3
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4. OUTCOMES
As a result of the interaction between TRANSMANGO team representatives (Steven Lord, Joost
Vervoort, Ariella Helfgott, Natalia Brzezina) and decision analysts and mathematicians at the Oxford
food system modelling workshop, Bayesian nets (Neapolitan 1990) (also called Bayesian networks,
belief networks, or Bayes’ nets) emerged as a well-established and mathematically sound
methodology for encoding participatory expert knowledge of food systems and food and nutrition
security.
In a Bayesian network the knowledge can be represented in a dynamic form (say over annual or
decadal time steps), which is highly suitable for using participatory knowledge for future projections
and interfacing qualitative scenarios methodologies with exogenous input for computer modelling.
The explicit representation of time scale overcomes difficulties identified in current workshop
participatory modelling practice (Helfgott et al. 2015, TRANSMANGO 2015). The Bayesian formalism
also requires that participants specify the possible discrete states of the food system factors they
consider, which overcomes several difficulties in ambiguous specification of quantities and concepts
found in the current workshop participatory modelling practice (TRANSMANGO 2015).
Bayesian networks have computational challenges. Large networks of very complicated systems
require all the conditional transition tables between inputs and the output states at a node to be
specified. This is a considerable burden on participants at a workshop and requires good design,
utilising modularity and other innovative techniques (Neil et al. 2000). The potential for food system
informatics, semantics and a food system language – other ideas discussed at the Oxford workshop –
to mitigate these difficulties and greatly improve the design of the network is discussed below.
Requiring experts to indicate the functional relationship between input and output states at the nodes
in a static, or dynamic, network representation of food system factors is highly preferable to the
arbitrary and meaningless arbitration of inputs and outputs at nodes via a mathematical squeezing
function in the FCM technique (Helfgott et al. 2015).
Additional novel advancement of current food systems mapping practice emerged from the Oxford
modelling workshop. A workshop group developed a novel game and story-telling based format for
iteratively designing the structure of a Bayesian network. The workshop also considered drawing food
systems in participatory workshop with assistive software design tools. Standardised but customisable
libraries for food system components and relationships, potentially drawing and adding to a repository
of such participatory designed food system components, could be utilised to speed up and modularise
the drawing activity. In most participatory workshops the mapping of food systems begins from
scratch and takes significant time away from the involved task of discussing and capturing beliefs on
the mechanics and dynamics of the system represented. Designing in-workshop with a common
software tool linked to an open source repository would also significantly reduce the normally large
ambiguity in the meaning behind labels, states and terms that arise in the food system mapping.
Experts in food semantics and informatics at the Oxford workshop discussed the requirements of such
a software tool, and ways forward for its development. Semantics introduces the potential to
standardise, to search, and opens the possibility of the software tool making intelligent suggestions
for food system representation. All these features enhance the possibility of designing large networks
in order to represent the considerable complexity in food systems.
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As a consequence of the workshop a member of the TRANSMANGO team, Ariella Helfgott, has been
invited and funded to attend a workshop run by Bayesian modellers from the University of Warwick
statistics department6.
A fully expert informed Bayesian dynamic net opens new potential for improving the methodology
connecting participatory generated qualitative scenarios with quantitative projections by computer
models such as GLOBIOM. Such a net bridges far more ground between the qualitative scenario and
the quantitative model than the standard “story & simulation” approach.
A Bayesian dynamic net including food and nutrition security (FNS) indicators amongst its nodes can
provide alternative and comparative projections of FNS. The trajectories of FNS in the net would
generally be state based, in the sense that food and nutrition is described in terms of a time series of
indicative discrete states of human belief such as ‘very low’, ‘low’, ‘sufficient’, ‘high’, ‘very high’. From
computer models the trajectories are described in numerical terms, currently mainly in terms of
commodity prices and quantities. Comparison is possible however by transforming the numerical
outputs of computer models into a discretised food and nutrition security index comparable with the
states from the expert generated method. There are Bayesian network techniques involving
continuous variables (Cobb et al. 2007) so that in the case the trajectories would be numeric, however
a continuous variable Bayesian net would generally not recommended in participatory modelling
contexts because of the additional difficulty in replacing discrete state transition tables by complicated
mathematical prescriptions like copulas.
Further, as will be explored in TRANSMANGO WP4, the participatory dynamic mapping of the food
system and computer modelling can be synergistically combined to generate potentially more
informed FNS trajectories. Experts can be asked for a two stage map, first to indicate the food system
states related to the exogenous and endogenous input variables of a computer model – this is a more
sophisticated way of ‘parameterising the model’, and then a map from the exogenous and (updated
now by the computer model) endogenous variables to a food and nutrition security index.
Food system ontology, semantics and informatics standardisation within such Bayesian dynamic nets
has additional benefit here. A unified set of terms used for food systems and also standardised states
for certain terms could allow the large computer modelling groups such as IMPACT 7 , GLOBIOM 8 ,
MAgPIE 9 , or smaller regional or national models to create standardised “plugs” or “adapters” to
transform both in and out between standardised states and numerical prescriptions.
Another innovative aspect is the novel blend of plausibility (novel and diverse quadrants of the primary
factor space in a morphological analysis) versus probability (Ramírez and Selin 2014). Also called
exploratory versus anticipatory (Alcamo and European Environment 2001). The participatory process
develops plausible scenarios, and potentially within each scenario plausible descriptions of the
behaviour of the food system, while, conditional on that scenario, a Bayesian net describes the
subjective belief as a probability for states of the food system. Models like IMPACT and GLOBIOM are
deterministic models. Combining the probability distribution on food system states with a probabilistic
plug to represent the ambiguity in the transformation between a state such as “low” and its
corresponding numerical values, and the computer simulation, yields probabilistic trajectories of
numerical values for commodity prices, yields and land-use conditional on the plausible scenario.

6

http://www2.warwick.ac.uk/fac/sci/statistics/staff/academic-research/barons/foodinsecuritysept2016
https://www.ifpri.org/program/impact-model
8
http://www.globiom.org/
9
https://www.pik-potsdam.de/research/projects/activities/land-use-modelling/magpie
7
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The Oxford workshop discussed wider possibilities for the notion of a food systems language. A
software tool that could assist participatory design of food systems, standardise ontology, and offer
customisable plug-ins for quantitative modelling were some of the features of it. More information is
in the Oxford workshop document in Annex C. A design software tool would be a first stage. However,
implementing even this software tool in a large scale workshop process requires specific project
design which is outside the scope of the TRANSMANGO research project. It is a promising output for
future projects to develop and use for investigation of the European food system.
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To understand the role and dynamics of hydraulic systems in coupled natural-human
systems in order to simulate the outcomes of water infrastructure interventions in a
range of scales. I am interested in the complementarity effects of Water Allocation on the
Water-Food-Energy nexus to evaluate the patterns of change in land-use.

Mayte Morillas Arcos

ETH Zurich

Masters in Food Engineering Agronomy and Advanced Studies in Supply Chain
Management with certificates in nutrition and health and hydrology and engineering. 10
years’ experience in the food industry in process optimization. Interested in building links
between agriculture and nutrition-related health outcomes, especially in developing and
middle-income countries with a focus on empowering women and children’s health.

Anita Bake

Wageningen, Development Innovation

Academically, a nutritionist and epidemiologist with passion for research in improving
agriculture and nutrition linkage in developing countries. Interested in partnership and
funds from universities and research institutions to research adolescents’ nutrition and
involvement of younger generations in agriculture to improve nutritional status of
children and mothers in developing countries.
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John Hopkins University

My background is in optimization- mathematical modelling- and systems engineering.
Right now- I'm particularly interested in developing models and investigating coupling
within the Food-Energy-Water nexus. My current focus is on food systems modelling: I'm
doing food modelling with project proposals submitted to NSF INFEWS and the Wellcome
Trust.

Martine Barons

University of Warwick

Applied mathematician working in Department of Statistics funded by EPSRC developing
coherent inference over a network of probabilistic systems for decision support with
applications to food security. I am working with Warwickshire County Council and
Coventry City Council to enact decision support.

William Bellotti

University of Queensland

I am Professor and inaugural Director of the Food Systems Program in the Global Change
Institute at the University of Queensland, Australia. I am currently developing a research
agenda for food systems at the University of Queensland. This will include projects on
governance, sustainable diets and developing and evaluating food system concepts.

Victoria Bignet

Stockholm Resilience Centre / Harvard

I am pursuing a PhD that seeks to develop a quantitative definition of a healthy and
sustainable diet, as a basis for conducting assessments of the health and environmental
impacts of specific diets. I therefore wish to learn more about food system and dietary
impact modelling as a tool.

Benjamin L. Bodirsky
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Potsdam Institute for Climate Research

Integrated Assessment modeller working with MAgPIE/REMIND on long-term scenarios
for agriculture and dietary change. Research interests - global change, dietary changeIntegrated Assessment modelling, global nitrogen pollution.

Natalia Brzezina

KU Leuven, Earth and Environmental Sciences

Natalia is a PhD candidate within the EU FP7 project TRANSMANGO (Assessment of the
impact of global drivers of change on Europe’s food and nutrition security). In her current
research she combines system dynamics with other foresight methods to support
development of the EU organic food and farming policy under uncertainty.

Patrick Canning

United States Department of Agriculture

I am a senior economist with the US Department of Agriculture. I lead three research
projects that focus on relationships between food choices and environmental outcomes. I
earned my PHD in Economics from George Washington University. My research is not
dependent on outside funding- but I'm open to exploring options.

Valentina Castellani

European Commission JRC

Background on environmental sciences and sustainability assessment. Experience on Life
Cycle Assessment (LCA) of products and Life Cycle Impact Assessment methods,
sustainability assessment of eco-innovation solutions through LCA and ecolabelling of
products and services.

Karen Cooper

Nestlé

I work with Nestlé in R&D as a Sustainable Nutrition Expert. I work on tools and data for
use internally to Nestlé to forward our journey towards better nutrition and
sustainability.

Silvio Crestana

Brazilian Agricultural Research Corp. (EMBRAPA)

Former President, Brazilian Agricultural Research Corporation (EMBRAPA). A sênior
researcher at Embrapa Agricultural Instrumentation Center. Professor at the University of
São Paulo. Research areas of interest: Instrumentation applied to Soil and Environmental
Sciences, Automation and Smart Agriculture to optimise the nexus water-energy-food,
from a scientific and sustainable perspective.

Jason Czarnezki

Elisabeth Haub School of Law, Pace

Kerlin Distinguished of Environmental Law and Executive Director of Environmental Law
Programs at Pace University’s Elisabeth Haub School of Law. Research interests include:
global environmental law and policy- natural resources law- food systems law and policyglobal food security- informational regulation and eco-labelling- and public procurement
law and the environment (U.S./EU).

Namy Espinoza-Orias
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Nestlé Research Center

Currently engaged in LCA of food products- the implementation of ecodesign tools- LCI
DBs development.

Jessica Fanzo

John Hopkins University

Interested in better understanding the factors and processes that comprise a sustainable
diet in an era of economic growth, rising incomes, climate change, and dietary
transitions. We investigate how diets fit and incorporate aspects of access and
affordability of foods- environmental sustainability- and cultural acceptability. Our
research is elucidating what composes a sustainable diet and how it is measured.

Joaquim Ferreira Filho

University of São Paulo

I work with CGE modelling applied to agriculture and natural resources. My particular
research interest is linked to agricultural expansion and natural resources use.

Gnel Gabrielyan

Cornell, Cornell Food and Brand Lab

I am interested in Behavioural and Applied Economics. More specifically, I am interested in
identifying the extent and intensity of external environments’ influence on consumption
of goods and services and how behavioural models can be used to design policy tools that
make individual consumption healthier and more sustainable.

Franziska Gaupp

Oxford, Environmental Change Institute

DPhil student- influence of extreme weather events on food system- agricultural risksstatistical modelling.

Alexandre Gohin

SMART-LERECO, INRA

Research interests involve the analysis of the Common Agricultural Policy (CAP) in the
context of multilateral negotiations in the World Trade Organization. The analysis draws
on models, in particular: the MEGAAF model (General Equilibrium model of Agriculture
and Agri-food French); and the MECOP model (Maximum Entropy in Cereal, Oilseed and
Protein Crops), a new general equilibrium model centred on European agriculture.

Mike Hamm

Michigan State University

Long-time researcher in sustainable food cities, and working in city regions for last two
years.

Petr Havlik
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IIASA

Development and use of forest and agricultural sector models at the European and global
level. Costs of climate change adaption and the impact on food security. Land use change
and greenhouse gas emissions for crop and livestock sectors. Reducing carbon emissions
from deforestation and forest degradation. Bioenergy.

Ariella Helfgott

Oxford, ECI / Utrecht, Copernicus Institute

Ariella’s research spans conceptual and mathematical modelling of system resilience,
through to participatory approaches to building resilience and adaptive capacity on-theground. She brings together stakeholders across and within multiple decision-making
levels and engages them in programs that develop strategic capacity, including
exploratory scenarios, visioning, back-casting and resilience-based planning.

Barbara Hermann

PepsiCo R+D

My academic background is in Life Cycle Assessment, bio-based materials and policy
analysis. Within PepsiCo, I lead our efforts to assess environmental sustainability of our
products. This includes working on tools, collecting data, analysing trends and
communicating broadly across the business. I’m interested in making our food supplychain more resilient.

Sarah Iams

Harvard University

As an applied mathematician I focus on undergraduate education and on the application
of dynamical systems to data-driven problems. I work on partial differential equation
models of semi-arid vegetated systems. I have interests in mathematical notions of
resilience and in food, agriculture and water.

John Ingram

Oxford, Environmental Change Institute

John Ingram’s interests are in the conceptual framing of food systems, the interactions
among the many actors involved and their varied activities, and the outcomes of their
activities for food security, livelihoods and environment. He has designed and led regional
projects around the world on the links between food security and environment through
the analysis of food systems.

Matthew Ives

Oxford, Environmental Change Institute

Dr Matthew Ives is a research scientist with extensive experience in systems modelling,
environmental sustainability, economics, and information technology. His current research
at Oxford University focusses on the development of infrastructure models for improving
our understanding of the effects of socio-economic and climatic changes on the
sustainability of nations.

Hans G. Kaper

Georgetown University

I am an applied mathematician interested in modeling physical systems. My current
interests are Earth's climate system and, more generally, mathematics of planet Earth. I
am founding chair of the SIAM Activity Group on Mathematics of Planet Earth and editor
in chief of SIAM News.
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University of Florida

My research effort is in conjunction with the USAID Feed-The-Future Innovation Lab on
Sustainable Livestock Systems. I lead the Future Livestock Systems section covering
modelling of resilient systems.

Caroline Krejci

Iowa State University

I am currently an Assistant Professor- with a Ph.D. in Industrial Engineering and a
background in sustainable supply chain management. My research is focused on
developing empirical agent-based and hybrid simulation models of sociotechnical
systems- including local and regional food supply networks- sustainable urban
communities- and manufacturing systems.

Matthew Lange

UC Davis

I lead the new International Center for Food Ontology, Operability, Data & Semantics, ICFOODS at UC Davis, where we design/build/integrate ontological infrastructures for an
emerging Semantic Web of Food spanning the environment⇔ag⇔food⇔diet⇔health
knowledge spectrum, thereby enabling a new era of integrated data-driven decisionmaking from precision ag to precision health.

Jessica Libertini

Virginia Military Institute

I am an Assistant Professor of Applied Mathematics focussing in mathematical modeling
and undergraduate STEM education. I've developed undergraduate mathematical
modeling courses focused around food policy modeling in the hopes of inspiring future
researchers in this field, as well as raising awareness. I am particularly interested in food
security and the elasticity of our food distribution networks on a variety of scales.

Adam Loch

University of Adelaide, Global Food & Resources

I research water resources and their use in agricultural and ecosystem production in the
Centre for Global Food and Resources. I have interests in the risk and uncertainty
associated with water supply and use by decision-makers (such as farmers). As part of my
group I have also more recently begun food system and value chain research.

Steven Lord

Oxford, Environmental Change Institute

Researcher in quantitative methods applied to complex strategic problems. Led
quantitative research and applications in an interdisciplinary group providing advice,
modelling and analysis on risk, future scenarios, and resilience to the Australian
Commonwealth Government. Interested in all aspects of food system modelling and
food-energy-water infrastructure modelling.

Daniel Mason-D'Cruz

International Food Policy Research Institute

5+ years’ experience in global agricultural economic modelling- with a focus on scenario
analysis on topics of climate change and food security. Interested in food demand
systems, nutrition, and issues around inequality including urban/rural divide

Elena Monastyrnaya
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ETH Zurich

PhD student with a background in industrial engineering and management. Currently I am
conducting research on resilience of the Swiss food system. My previous research
concerned resilience of the cocoa value chain in Ghana. I am interested in quantitative
and qualitative approaches to modelling food systems and supply chains.

Igor Nikolic

Delft University of Technology

As an agent based modeller I work to understanding the evolution of large scale sociotechnical systems. From flooding to energy systems- from supply chains to evolution of
institutions- my work is deeply interdisciplinary. I focus on multi-model ecologies
approach to modelling- connecting modelling tools across scales and disciplines in order
to achieve a more sustainable world.

Margot Pollans

Elisabeth Haub School of Law, Pace

Applying analytical tools from administrative law and law and economics- my work
identifies shortfalls in environmental regulation of agriculture. I examine agricultural
water pollution- tensions between environmental protection and food safety- and
limitations of information regulation as a substitute for direct regulation. I also study
regulatory barriers for development of robust regional food systems.

Michael Puma

Columbia University

Agent-based modelling of the networked global food system; researching to understand
how to enhance resilience of the global food system to shocks; currently working with
NASA and Columbia Centre for Climate and Life; interested in funding to expand this
work.

Laura Schmitt Olabisi

Michigan State University

I am a participatory modeller exploring the sustainability of complex systems with human
and environmental components. I work with system dynamics modelling primarily- but
am also familiar with agent-based modelling- and qualitative scenario techniques.
Current projects include multi-scale modelling of food security under climate change in
West Africa- and household-level modelling of food access in Detroit.

Mike Simpson

Oxford, Environmental Change Institute

I work on water resource modelling- hazards and resilience and infrastructure planning.
I'm interested in food- food manufacturing- land use and interaction between
infrastructure systems. I'm always looking for new people to work with from academiaindustry and government. I'm interested in finding partners for further funding on nexus
issues

Jim Smith

University of Warwick

Jim Smith is a Professor of Statistics at the University of Warwick and has worked on
probabilistic methods for high dimensional dependent processes in a number of
application areas. Recently he has led a team developing decision support tools for local
government to help them evaluate policies directed at ameliorating local food poverty
within the UK. He is an established expert in dynamic graphical modeling.

Marco Springmann
(picture)

Insert here
in shape
(picture)
cropped
(picture)
2.73cm
height
2.25cm width

Insert here
in shape
(picture)
cropped
(picture)
2.73cm
height
2.25cm width

Insert here
in shape
(picture)
cropped
(picture)
2.73cm
height
2.25cm width

Insert here
in shape
(picture)
cropped
(picture)
2.73cm
height
2.25cm width

Insert here
in shape
(picture)
cropped
(picture)
2.73cm
height
2.25cm width

Insert here
in shape
(picture)
cropped
(picture)
2.73cm
height
2.25cm width

Insert here
in shape
(picture)
cropped
2.73cm height
2.25cm width

Oxford, Oxford Martin School

Modelling of the food system, including the feedbacks between the environment and
human health.

Scott Thacker

Oxford, Environmental Change Institute

My research interests centre on modelling interdependent infrastructure systems at a
variety of scales using a combination of methods from reliability theory, network science
and applied spatial risk analysis. I am interested in characterising of the interactions
between infrastructure network systems (i.e. transport, energy, water and information)
and food systems.

Subhasis Thakur

Cranfield University

Subhasis has experience with ABM and incentive design. He is interested in identification
of the possible ABM techniques as a solution to the challenges of modelling food systems,
and identification of incentive - enforcement models to enforce sustainable practices for
food systems.

Tom Tomich

UC Davis, Agricultural Sustainability Institute

Food systems- farming systems- agricultural and food policy- land use- natural resource
management (land- water- trees- forests- air quality)- economics- agricultural economicsagroecology- integrated ecosystem assessment- global and regional environmental
issues and policies- climate change- economic development strategies- sustainability
science.

Liz Varga

Cranfield University

I have some research projects integrating food systems in a simple way into
infrastructure systems models. Our latest project Stepping Up will model the UK waterenergy-food nexus and the impact of innovations toward sustainability. I'm looking to
build on state-of-the-art agent-based food systems models known to/developed by other
attendees.

Joost Vervoort

Oxford, ECI / Utrecht, Copernicus Institute

Background: development of qualitative and quantitative (IMPACT/GLOBIOM) food
future scenarios and their use for policy guidance (CCAFS/PF7TRANSMANGO/H2020
SUSFANS). I also focus on using game co-design for analytic and experiential
understanding of systems. Highly interested in the food meta-language for game design
and participatory modelling.

Sylvia Vetter

University of Aberdeen

Background in calculations of greenhouse gas emissions in agriculture and exploring
mitigation options in agriculture and considering impact of diets; Tools/models:
CoolFarmTool- CCAFS-MOT- Dailydaycent

Frederi G. Viens
(picture

NSF, Division of Mathematical Sciences

Mathematician with expertise in probability theory who started working two years ago
with agricultural economists on Bayesian analysis of total factor productivity,
environmental impact, and risk management for farmers. Viens hopes to connect with
colleagues with needs for uncertainty quantification and robust decision-making for global
food security.
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PBL Netherlands Environmental Assessment

Working on science - policy interface- with focus on environmentally-sustainable (and
healthy) food systems. Interest in policy and other levers to move forward towards
'resource-smart' food sytems. Interest in partners and funding (governmental)

Keith Wiebe

International Food Policy Research Institute

I lead the Global Futures and Strategic Foresight Program- a CGIAR initiative involving all
15 CGIAR research centers to explore alternative futures via linked climate- crop- water
and economic models. Also active in the AgMIP global economics group.

Xiaoyu Yan

University of Exeter

Broad interest in water- energy- food and the environment. Use life cycle assessment
(LCA) to evaluate the sustainability of energy- transport- water and food systems.
Interested in interdisciplinary research in sustainable energy- water and food systems.

Mary Lou Zeeman

Bowdoin College

I am Professor of Mathematics at Bowdoin College- Maine- and co-director of the US
Mathematics and Climate Research Network. My background is in modeling biological
applications with dynamical systems. I am interested in developing DABRA modeling
techniques for decision support and resilience quantification within food systems.

Yi Zhang

IUE, Chinese Academy of Sciences

I was trained in agricultural economics. My research experience focuses on how
urbanization influences agricultural transformation. My skill set concentrates on the data
analysis through statistics and econometric. My interests in the workshop are mainly on
the impacts of rural-urban migration and urbanization on every sector of the food
system.

Monika Zurek

Oxford, Environmental Change Institute

Monika has worked on food systems, environment and development issues and scenario
analysis in research, international organizations and the philanthropic sector. Currently
she focuses on conceptualizing food systems and sustainable food and nutrition security
in the EU and globally, performance metrics and using forward looking methods to
explore options for change.

ANNEX B: INDEX OF PARTICIPANTS
Arranged by interests and skills.
Lange, Matthew

Agent Based Modelling
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Food costings

Agriculture

Development

Foresight
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Crestana, Silvio
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Hamm, Michael
Loch, Adam
Westhoek, Henk
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Brzezina, Natalia
Vervoort, Joost
Zurek, Monica

Dynamical Systems

Gender

Iams, Sarah
Kaper, Hans
Libertini, Jessica
Zeeman, Mary Lou
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Bake, Anita
Bellotti, William
Helfgott, Ariella

Behavioural Economics

Ecology

Health

Gabrielyan, Gnel
Hope, Adam

Schmitt-Olabisi, Laura
Zeeman, Mary Lou

Communication

Economics

Arcos, Mayte Morillas
Lange, Matthew
Springmann, Marco
Zhang, Yi

Bignet, Victoria

Almeida, Lemilson Jose
Cavalcanti de
Filho, Joaquim Ferreira
Bodirsky, Benjamin
Canning, Patrick
Gabrielyan, Gnel
Gohin, Alexandre
Viens, Frederi

Complexity
Barons, Martine
Varga, Liz

Climate

Canning, Patrick
Czarnezki, Jason

Infrastructure
Almeida, Lemilson Jose
Cavalcanti de
Ives, Matt
Thakur, Subhasis
Varga, Liz

Integrated Modelling
Bakker, Craig
Kaper, Hans
Mason-D'Cruz, Daniel
Vetter, Sylvia
Zeeman, Mary Lou

Energy

Data and informatics

Food chains

Bakker, Craig
Havlik, Petr
Mason-D'Cruz, Daniel
Springmann, Marco
Westhoek, Henk
Wiebe, Keith

Fanzo, Jessica

Arcos, Mayte Morillas

Labelling

Ives, Matt
Thacker, Scott
Yan, Xiaoyu

Castellani, Valentina
Czarnezki, Jason
Pollans, Margot

Land use

Hermann, Barbara
Thacker, Scott

Soil
Ingram, John
Vetter, Sylvia

Havlik, Petr

Sustainability
Law

Kiker, Greg
Nikolic, Igor

Bellotti, William
Bignet, Victoria
Castellani, Valentina
Cooper, Karen
Espinoza-Orias, Namy
Hermann, Barbara
Tomich, Tom
Yan, Xiaoyu

Nutrition

System Representation

Arcos, Mayte Morillas
Bake, Anita
Cooper, Karen
Espinoza-Orias, Namy
Fanzo, Jessica
Hermann, Barbara
Lange, Matthew

Brzezina, Natalia
Helfgott, Ariella
Vervoort, Joost

Czarnezki, Jason
Pollans, Margot

Livestock

Policy
Brzezina, Natalia
Gohin, Alexandre
Vervoort, Joost

System Thinking
Bellotti, William
Ingram, John
Schmitt-Olabisi, Laura
Tomich, Tom
Yan, Xiaoyu

Technology

Programming

Crestana, Silvio
Lange, Matthew

Iams, Sarah

Uncertainty

Resilience

Barons, Martine
Loch, Adam
Lord, Steven
Smith, Jim
Viens, Frederi

Hermann, Barbara
Monastyrnaya, Elena
Puma, Michael
Zeeman, Mary Lou

Urbanisation
Risk
Gaupp, Franziska
Gohin, Alexandre

Hamm, Michael
Zhang, Yi

Water
Loch, Adam
Simpson, Michael

