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CHAPTER 1

TEEB for Agriculture & Food: background and
objectives

Chapter 1 introduces ‘The Economics of Ecosystems and
Biodiversity for Agriculture and Food' (TEEBAgriFood)
and its mission statement, within the context of the wider
TEEB initiative. It highlights the need to fix food metrics
by applying a holistic systems approach and evaluating
the impacts and dependencies between natural systems,
human systems and agriculture and food systems.
Further, it explores the rationale and objectives of the
Scientific and Economic Foundations report based on
the extent of positive and negative externalities in ‘eco-
agri-food systems' and the lack of a coherent, universal
framework, thus setting up the narrative and outline for
the rest of the report.
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CHAPTER 2

Systems thinking: an approach for understanding
‘eco-agri-food systems’

Chapter 2 makes the case for using systems thinking as
a guiding perspective for TEEBAgriFood'’s development of
a comprehensive Evaluation Framework for the eco-agri-
food system. Many dimensions of the eco-agri-food system
create complex analytical and policy challenges. Systems
thinking allows better understanding and forecasting the
outcomes of policy decisions by illuminating how the
components of a system are interconnected with one
another and how the drivers of change are determined
and impacted by feedback loops, delays and non-linear
relationships. To establish the building blocks of a theory
of change, systems thinking empowers us to move
beyond technical analysis and decision-tool toward more
integrated approaches that can aid in the forming of a
common ground for cultural changes.
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CHAPTER 3
‘Eco-agri-food systems'’: today'’s realities and
tomorrow’s challenges

Chapter 3 provides an overview of the diversity of agriculture
and food systems, each with different contributions to
global food security, impacts on the natural resource base
and ways of working through food system supply chains.
We describe “eco-agri-food systems” and further identify
their many manifestations through a review of typologies.
We identify challenges ahead with existing systems due
to prevailing economic and political pressures resulting in
patterns of invisible flows and impacts across global food
systems. We describe pathways to ensure sustainability
by securing the benefits from working with, rather than
against, natural systems and ecosystem processes and
the challenges for farmers, communities and societies to
reorient food value chains and build resilience in eco-agri-
food systems.
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CHAPTER 4

Human health, diets and nutrition: missing links
in eco-agri-food systems

Chapter 4 outlines ways in which the food system impacts
human health - directly or indirectly, negatively or positively
— as well as food and nutritional security. It is illustrated
how human health is compromised throughout our current
food system both for end-point consumers and for those
working along the supply chain. This chapter explores a
number of endpoints in various food system strategies
and creates a context for exploration, mitigation, change,
and ultimately transformation of our global food system
to one in which health — of humans, ecosystems, and
communities — is the norm. We also illustrate ways in
which various trends (e.g. climate change, fresh water,
demographic shifts) alter the challenge of improving
human health via food system activities.

Page 161

CHAPTER 5

Social equity, justice and ethics: missing links in
eco-agri-food systems

Chapter 5 explores the impact of food systems on key
aspects of social equity and justice, addressing particular
ethical considerations related to hunger, sustainability,
human rights, safety, marketing, trade, corporations, diets
and animal welfare among others. The chapter identifies
key components of food systems to promote equity from
production to consumption, to food waste management. In
an equitable food system, everyone has access to healthy
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food and the benefits and burdens of the food system
are equitably distributed. These require policies that
ensure poor people’s access to land, natural resources,
technologies, markets, rights and gender equality. The
chapter concludes that social equity, justice and ethical
considerations should be fundamental values of our food
system and the Sustainable Development Goals (SDGs).
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CHAPTER 6

The TEEBAgriFood Framework: towards
comprehensive evaluation of eco-agri-food
systems

Chapter 6 presents the TEEBAgriFood Evaluation
Framework. The Framework establishes “what should
be evaluated” and represents the next generation in
assessment tools for eco-agri-food systems. It supports
the assessment of different eco-agri-food systems,
covering their human, social, economic, and environmental
dimensions, from production through to consumption.
The common, production-only, focus of assessment,
using for example metrics of yield per hectare, ignores
the significant range of social and environmental impacts
that must be included for a complete evaluation. The
Framework applies a multiple-capitals based approach,
and supports the use of monetary and non-monetary
approaches to impact assessment, including value-
addition. As a comprehensive and universal framework,
it highlights all relevant dimensions, and drives
policymakers, researchers, and businesses to broaden
their information set for decision-making.
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CHAPTER 7

TEEBAgriFood methodology: an overview of
evaluation and valuation methods and tools
Chapter 7 presents an overview of available evaluation
and valuation methods and tools relevant to the analysis
of dependence and impacts of various agricultural and
food systems on human wellbeing. The market and non-
market valuation tools and methods address to varying
degrees the positive and negative externalities along
the value chain of eco-agri-food systems. However,
challenges emerge from the complexity of the systems,
stemming from the temporal and spatial dimensions
and management practices and value attribution across
multiple ecosystem services. As decision making requires
integration of economic values with other social and
economic dimensions, the chapter presents an integrated
systems approach, which helps in incorporating various
dimensions together to evaluate the impact of various
policies on the human wellbeing.
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CHAPTER 8

Application of the TEEBAgriFood Framework:
case studies for decision-makers

Chapter 8 demonstrates an initial exploration of the
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TEEBAgriFood Evaluation Framework through ten existing
case studies that focus on various aspects of the value
chain: agricultural management systems, business
analysis, dietary comparison, policy evaluation and national
accounts for the agriculture and food sector. Various
issues within the Framework are explored, including the
need for future modifications and adaptations. The case
studies have helped identify opportunities to both expand
particular aspects of the Framework for comparisons as
well as to introduce spatial and temporal contexts. The
explorations within this chapter are an introduction to
a process that will continue to expand, as lessons are
learned with each application of the Framework.
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CHAPTER 9

The TEEBAgriFood theory of change: from
information to action

Chapter 9 shows how adopting the TEEBAgriFood Evaluation
Framework can bridge the gap between knowledge and
action. Factors that block the absorption of externalities
in food systems, including path dependency and counter-
narratives regarding healthy diets, lead us to derive lessons
for transformational change reflecting the critical role of
power relations. Experience in agri-food certification and
multi-stakeholder roundtables bespeak the need to address
change from the starting point of key actors and relevant
groups, including farmers, government, industry and
consumers. Successful change in food systems to reflect
invisible values can be enabled by identifying specific
action roles through partnerships and alliances as well as
multilateral agreements including the SDGs.
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CHAPTER 10

TEEBAgriFood and the sustainability landscape:
linking to the SDGs and other engagement
strategies

Chapter 10 applies TEEBAgriFood’'s Theory of Change to
develop specific engagement strategies for TEEBAgriFood.
Transformations of the eco-agri-food system depend
on alliances for change. Therefore, the chapter situates
TEEBAgriFood in the normative framework provided by the
Right to Food and relates it to other valuation initiatives.
The chapter emphasizes TEEBAgriFood's contribution
to the integrated implementation of the 2030 Agenda.
By identifying and mapping the positive and negative
externalities of specific eco-agri-food system measures,
TEEBAgriFood identifies synergies and trade-offs between
the SDGs. Proceeding like this, TEEBAgriFood supports
follow up and review of the 2030 Agenda. Overall,
the chapter emphasizes the benefits from a strategic
application of TEEBAgriFood insights for eco-agri-food
system transformation.



FOREWORD

2,500 years ago Socrates established “the importance
of seeking evidence, closely examining reasoning and
assumptions, analyzing basic concepts, and tracing out
implications not only of what is said but of what is done as
well.”

There are two important elements here. The first is
establishing “the importance of seeking evidence, closely
examining reasoning and assumptions, analyzing basic
concepts” As we wrestle with how to boldly meet the
scale and complexity of the challenges we face as a
global community — climate change, skyrocketing rates of
diabetes and obesity, biodiversity loss, migration, deepening
poverty and hunger — we can't underestimate the need to
find transformative solutions; the need for tools that help
us seek evidence, examine long-held assumptions, and
analyze basic concepts such as transparency, fairness, and
accountability.

There is perhaps no other field for which this kind of urgent
solution-seeking is needed, as much as food systems. Food
systems are one of the most defining issues of our time,
at the centre of many of the critical issues we face today,
with their impacts experienced unequally across the globe
and the burden placed on vulnerable and marginalized
populations. Thus, getting the future of food right, quickly,
is fundamental to fulfilling our daunting commitments to
the Sustainable Development Goals, Paris Agreement, and
other indispensible international treaties and conventions.

This is why what follows in this report is so timely, imperative,
and potentially transformative. The TEEBAgriFood
Framework is arguably one of the most important tools
we now have in our food systems toolbox to understand,
analyze, and shift food systems through its ability to
highlight what's wrong with the current system and point
to changes needed to bring about a more desirable future,
while leaving no one behind.

Which brings us to the second element of Socrates’ efforts:
establishing “the importance of tracing out implications not
only of what is said but of what is done as well.” Evidence and
analysis for evidence-and-analysis-sake is, of course, not
enough in this time of urgency and global consequence.
Socrates’ emphasis was on the “implications for what is
done.” In other words, to imply action.

The ultimate goal of TEEBAgriFood is action. It is food
systems’ transformation towards — in the words of the

1 Foundation for Critical Thinking, 2016, p.1
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TEEBAgriFood leadership — “sustainable agrifood systems
that nourish, provide energy, damage neither health nor
environment, and support equitable access to resources.” It is
getting the future of food right, one that will lead us along
a path to real sustainability, along which we can draw ever
closer to ending poverty, protecting the planet, and ensuring
prosperity for all.

We at the Global Alliance for the Future of Food are behind
this agenda. We are committed to food system reform and
believe that transformational change at the scale and speed
needed requires us to see the whole system in necessary
and powerful new ways. And to make choices about the
future of our shared food systems; choices that avoid siloed
approaches, unintended consequences, and limited, narrow,
short-term solutions.

But it's an agenda for all of us. We are all part of the food
system. For current and future generations, this is a shared
responsibility upon which we, as a global community, simply
must act to better understand the impacts of food systems,
address the most harmful practices, and find new positive
pathways forward, together. TEEBAgriFood now gives us a
potent means by which to do that.

It is our hope, through collective effort and broad-based
support, that TEEBAgriFood will realize its potential as
a formidable tool for change in our urgent pursuit of food
systems that are truly sustainable, secure, and equitable.

| ?&\“}{ﬁ\@_ ;

Ruth Richardson
Executive Director
Global Alliance for the
Future of Food



FOREWORD

The world's food systems face two immense challenges
today. One, to produce enough food to nourish a global
population of seven billion people without harming the
environment. Two, to make sure food systems deliver
nutrition to everyone, particularly the world's poorest,
many of whom suffer from chronic under-nutrition. This
Report produced by The Economics of Ecosystems and
Biodiversity for Agriculture and Food Scientific Foundation,
aims to support the design of sustainable and equitable
food systems for the future.

The way we are currently producing food is negatively
impacting climate, water, top soil, biodiversity and marine
environments. If we do not change course, we will seriously
undermine our ability to deliver adequate food for future
populations. In addition to the negative environmental
impacts, we are struggling to deliver nutritious and healthy
diets in an equitable way. Diet-related chronic diseases
are on the rise even as we fail to deliver nutritious food to
millions of poor people around the world.

As | write, a remarkable change is underway in the West
Godavari district of Andhra Pradesh in India. Thousands
of farmers are now turning to zero budget natural farming,
replacing chemical fertilizers and pesticides with natural
inputs. Its rejuvenating soil, delivering higher yields and
improving biodiversity. UN Environment is proud to be
partnering now with the Government of Andhra Pradesh
and private sector partners to provide private capital to
scale-up this initiative to six million farmers in the state.

The global development agenda aims to “leave no one
behind”. Re-designing food systems that do no harm to
the environment, improve nutrition for all, and ensure
decent work, is at the heart of this agenda. This Report
authored by experts from around the world, provides
a clear set of recommendations on designing and
evaluating food systems for their impact on nature and
human health. | hope that it provides useful insights to
national planners, farmers and agriculturists, and citizens,
thereby strengthening the links between health, prosperity
and our planet.

Foreword

RAVING

Executive Director
UN Environment



PREFACE

In 2015, UN Member States endorsed two global
agreements: the 2030 Agenda for Sustainable Development
and the Paris Agreement on Climate Change. Both
agreements are highly ambitious and require far-reaching
commitments and action from all countries of the world for
their successful implementation.

The 2030 Agenda for Sustainable Development, with its 17
Sustainable Development Goals (SDGs), states that:

“All countries and all stakeholders, acting in
collaborative partnership, will implement this plan. We
are resolved to free the human race from the tyranny
of poverty and want and to heal and secure our planet.
We are determined to take the bold and transformative
steps which are urgently needed to shift the world on
to a sustainable and resilient path. As we embark on
this collective journey, we pledge that no one will be left
behind” (UN 2015).

The Paris Agreement on Climate Change sets out a global
action plan to limit global temperature increase to well
below 2 degrees centigrade. Having agreed upon actions
necessary to mitigate climate change and to adapt to
changing climatic conditions, the Paris Agreement also
refers to necessary financial support to developing
countries and for technology transfer.

Both agreements have very often been characterized as
a global plan of action for “people, planet and prosperity”.
One thing is clear. the main messages coming out of the
2030 Agenda and the Paris Agreement is that business
as usual is not an option! Therefore, clear strategies for
transformative action towards sustainability are needed;
these agreements now require implementation at all levels.

When it comes to their implementation at both global and
national levels, energy and food are often identified as the
two most important issues which are crucial for the success
or failure of these two agreements. Without transforming
the way we produce energy, and the way we produce and
consume food, these international agendas will not be
achieved. Energy and food are not only fundamental for
the everyday life of every single person, they also have far
reaching impacts on the human, social and environmental
fabric of our planet.

Regarding the future of global energy systems, a consensus
is emerging that renewable energies will play a decisive role
in supplying sustainable energy. There are arange of issues
related to this, including complex technical questions,
financing for investments, the vested interests of coal, oil
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and gas companies, countries with high revenues from
fossil fuels which face the problem of how to generate
alternative income, employment and social stability, and
also issues of a geopolitical nature. Nevertheless, it is clear
that emissions from burning fossil fuels have to be cut
drastically and that renewable energy sources are a key to
a sustainable future.

Food, however, is a much more complex arena. For
example, there are many different production systems, food
is produced over a broad range of agroecological zones,
and the cultural heritage and value of agriculture and food
systems should not be underestimated. Agriculture is by
far the largest employer in the world, employing around
1.5 billion people, including landless workers, farmers
(small and big), family members and (legal and illegal)
migrants working to produce food. In contrast to this huge
number of people earning their living through agriculture,
the globalization and concentration of multinational food
business has reached an all-time high; multi-billion-dollar
mergers are happening and input-providers (e.g. agricultural
chemicals, seeds) are becoming a dominant global power.

The impact of today's agriculture and food systems
on natural resources is enormous: globally, agriculture
is responsible for using 70 per cent of all freshwater
withdrawn from the natural cycle, for causing 60 per cent
of all biodiversity loss, and for creating large-scale land
degradation. On the other hand, the world of today is
producing more food than ever, and enough calories to feed
all people. Despite this, over 800 million are hungry and
food-related lifestyle diseases such as obesity and diabetes
are on the rise. At the same time, one-third of all agricultural
produce, around 1.3 billion tons every year, ends up as food
waste or loss. The SDGs will not be achieved without a
transformation of the way we are producing, processing,
distributing and consuming food.

Humankind nourished itself for two and a half million years
by hunting wild animals and gathering plants they could
find in the environment. This changed only around 10,000
years ago as we concentrated all of our efforts on - as Yuval
Noah Harari (2014) put it - “manipulation” of some animal
and plant species. This “agricultural revolution” changed
the everyday life of some and eventually all people; finally,
agriculture has fundamentally altered the face of the earth.
Population growth as we know it today, division of labor,
development of all kinds of technologies and urbanization,
would not have been possible without the agricultural
revolution.

This agricultural revolution is still very strongly influencing



our food production. Today we are producing 90 per cent
of all calories from a handful of plant species based on
the domestication initiated successfully by our ancestors
between the years 9,500 and 3,500 BC. 10,000 years ago,
only a few million sheep, cows, goats and chicken were
living on the planet; today the estimate is that a billion
sheep, more than a billion cows and around 25 billion
chickens are reared to produce protein for more than 7.5
billion people. In the last two thousand years, no important
(in terms of calories) plant or animal species have been
added to our food basket (Harari 2014).

Producing crops and animals to feed a growing population
had and still has a huge impact on our planet. In their book
“Big World, Small Planet”, Rockstrom and Klum (2015)
identified areas where activities of humankind have already
transgressed what is considered a ‘safe operating space’
for humanity — the biophysical state which so far has
supported our modern life. Emissions of CO2, biodiversity
loss, nitrogen and phosphorus overload are the first areas
where we are transgressing planetary boundaries. One
cannot deny it: food production is one of the most important
drivers of change on our planet.

The task for agriculture and food systems in the years
to come is huge: feeding a population projected to reach
10 billion in 2050, achieving the four dimensions of food
security (FAO 1996) for all people by providing healthy
food, drastically reducing the impacts of different types of
agricultural production on the world’s ecosystems, reducing
greenhouse gas emissions to limit climate change and to
adapt to it, developing rural areas to create jobs and to
improve livelihoods of poor people, maintaining ecosystem
services such as clean water and air for a rapidly urbanizing
planet are only some of the challenges.

Tackling these challenges requires a systematic approach.
So far food production has successfully been increased,
but the environmental impacts have received a lot less
attention. They have been eitherignored or been considered
as a necessary trade-off. A comprehensive analysis of the
whole eco-agri-food system including social equity and
jobs as well as health and environmental impacts has not
been developed.

We consider TEEBAgriFood an important contribution
to the transformation of agriculture and food systems.
In this report, you will find the collective legacy of our
broad and diverse community of experts: a systems
approach for bringing together the various disciplines and
perspectives related to agriculture and food, a framework
for evaluation that supports the comprehensive, universal
and inclusive assessment of eco-agri-food systems, a
set of methodologies and tools for the measurement of
positive and negative externalities, and a theory of change
to help integrate TEEBAgriFood into the wide landscape of
platforms and initiatives, like the SDGs, that are tackling
these complex issues.
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Only on the basis of such a complex and comprehensive
analysis can a transformation towards sustainable food
systems take place. We will have to radically reduce the
harmful environmental impacts of food systems while
seeking to produce healthier and more accessible food,
simultaneously improving the livelihoods and security of
vulnerable people and maintaining life-supporting services
for humankind.

This report marks the beginning of many things: of an
analysis to inform researchers, civil society, businesses,
policymakers, farmers and consumers, of a new and unique
approach for evaluating agriculture and food systems,
of an emerging community of practice dedicated to
uncovering the hidden costs and benefits, i.e. the negative
as well as the positive externalities of agriculture and food,
and, importantly, of the timely opportunity for us to work
collaboratively toward a shared set of goals and ambitions
for future generations.

As Study Leader of this initiative, | want to thank all my
colleagues (close to 150 from over 30 countries) having
worked very hard in the last months to contribute to this
report, the TEEB Office in UN Environment, and especially
the Special Advisor Pavan Sukhdev, whose experience with
successfully pioneering the TEEB approach was key for
this report.

Now | hope that you, the reader, will get new ideas and
inspiration on how to achieve really sustainable food
systems to feed a world with 10 billion people. We need to
build an alliance to leave no one behind and sustainable
eco-agri-food systems are a very important building block!

PERTAN

Alexander Miiller
Study Leader,
TEEBAgriFood

Chair, TEEBAgriFood
Steering Committee
Managing Director,
TMG - Thinktank for
Sustainability
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LEXICON

agri-food (as in system): a subset of eco-agri-food in
which ecological considerations (e.g. impacts and
dependencies upon natural capital) are often left out

capital: the economic framing of the various stocks in
which each type of capital embodies future streams
of benefits that contribute to human well-being (see
also ‘stock’ as well as ‘human capital', ‘'natural capital',
‘produced capital’ and ‘social capital’)

consumption: the final of four stages in the value chain,
including purchases of food for consumption
within the household, purchases of food supplied
by restaurants and the hospitality industry more
generally, and consumption of food grown at home

distribution, marketing and retail: the third of four stages in
the value chain, including the activities associated
with the transport and sale of goods, for example to
retailers or consumers

driver: a flow which arises from the activities of agents (i.e.
governments, corporations, individuals) in eco-agri-
food value chains, resulting in significant outcomes
and leading to material impacts

eco-agri-food (as in system): a descriptive term for the
vast and interacting complex of ecosystems,
agricultural lands, pastures, inland fisheries,
labor, infrastructure, technology, policies, culture,
traditions, and institutions (including markets)
that are variously involved in growing, processing,
distributing and consuming food

ecosystem service: the contributions that ecosystems
make to human well-being (e.qg. classified by CICES
into provisioning, regulation & maintenance and
cultural)

externality: a positive or negative consequence of an
economic activity or transaction that affects other
parties without this being reflected in the price of
the goods or services transacted

feedback (loop): a process whereby an initial cause ripples
through a chain of causation, ultimately to re-affect
itself

flow: a cost or benefit derived from the use of various
capital stocks (categorized into agricultural and
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food outputs, purchased inputs, ecosystem services
and residuals)

Framework, TEEBAgriFood Evaluation: an approach for
describing and classifying the range of outcomes/
impacts for a given scope and value chain boundary,
and caused by specified drivers, that answers the
question “what should be evaluated?”

human capital: the knowledge, skills, competencies and
attributes embodied in individuals that facilitate the
creation of personal, social and economic well-being

impact: a positive or negative contribution to one or more
dimensions (environmental, economic, health or
social) of human well-being

manufacturing and processing: the second of four stages in
the value chain, including the operations involved in
converting raw materials into finished products

marketing: (see ‘distribution, marketing and retail’)

natural capital: the limited stocks of physical and biological
resources found on earth, and of the limited capacity
of ecosystems to provide ecosystem services

outcome: a change in the extent or condition of the stocks of
capital (natural, produced, social and human) due to
value-chain activities

processing: (see ‘manufacturing and processing’)

produced capital: all manufactured capital, such as buildings,
factories, machinery, physical infrastructure (roads,
water systems), as well as all financial capital and
intellectual capital (technology, software, patents,
brands, etc.)

production: the first of four stages in the value chain,
including activities and processes occurring within
farm gate boundaries (including the supply of
ecosystem services, the supply of goods and services,
and connections between producers)

retail: (see ‘distribution, marketing and retail’)
social capital: encompasses networks, including institutions,

togetherwith shared norms,values and understandings
that facilitate cooperation within or among groups
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stock: the physical or observable quantities and qualities that
underpin various flows within the system, classified
as being produced, natural, human or social (see also
‘capital’)

system: a set of elements or components that work
together and interact as a whole

systems thinking: an approach that focuses on the
identification ~ of interrelationships  between
components of a system

theory of change: a basis for planning intervention in a
given policy or project arena that helps to identify
processes and preconditions whereby actions can
best attain their intended consequences

value: the worth of a good or service as determined by
people’s preferences and the tradeoffs they choose
to make given their scarce resources, or the value
the market places on an item

value chain: the full range of processes and activities
that characterize the lifecycle of a product from
production, to manufacturing and processing, to
distribution, marketing and retail, and finally to
consumption (including waste and disposal across
all stages)
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Acronyms and abbreviations

ACRONYMS AND ABBREVIATIONS

ADB
AFOLU
AMPA

ARIES
BAU
BFB
BMI
BN
BSDC

CAFO
CBA
CBD
CBOT
CcDC
CEA
CFS
CGE
CGIAR

CICES

CIDA
CLD
CMAP
co
cop
cpPO
CSo
CT
CVD
CYTED

DALY
EC
EDC
EEA
EIA
EJ
ELD
EPA
ESS
EU
EVRI
F&V
FAO
FASID

FBDG
FFS

Addis Ababa Action Agenda

Asian Development Bank

Agriculture, Forestry and Other Land Use
a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic
acid

Artificial Intelligence for Ecosystem Services
business as usual

basic food basket

Body Mass Index

Bayesian Networks

Business and Sustainable Development
Commission

Concentrated Animal Feeding Operations
Cost-Benefit Analysis

UN Convention on Biological Diversity
Chicago Board of Trade

Centers for Disease Control and Prevention
Cost-Effectiveness Analysis

Committee on World Food Security
Computable General Equilibrium
Consultative Group on International Agricultural
Research

Common International Classification of
Ecosystem Services

Canadian International Development Agency
Causal Loop Diagram

Chicago Metropolitan Agency for Planning
carbon dioxide

Conference of the Parties

crude palm oil

civil society organization

conventional till agriculture

cardiovascular disease

Ibero-American Programme for the
Development of Science and Technology
Programa (Iberoamericano de Ciencia y
Tecnologia para el Desarrollo)
disability-adjusted life year

European Commission

endocrine-disrupting chemical

European Environment Agency
Environmental Impact Assessment
Environmental Justice

Economics of Land Degradation
Environment Protection Agency (US)
ecosystem services

European Union

Environmental Valuation Reference Inventory
fruits and vegetables
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SUMMARY

Chapter 1 introduces ‘The Economics of Ecosystems and Biodiversity for Agriculture and Food' (TEEBAgriFood) and its
mission statement, within the context of the wider TEEB initiative. It highlights the need to fix food metrics by applying a
holistic systems approach and evaluating the impacts and dependencies between natural systems, human systems and
agriculture and food systems. Further, it explores the rationale and objectives of the Scientific and Economic Foundations
report based on the extent of positive and negative externalities in ‘eco-agri-food systems’ and the lack of a coherent,
universal framework, thus setting up the narrative and outline for the rest of the report.
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1. TEEB for Agriculture & Food: background and objectives ///

1.0 KEY MESSAGES

Chapter 1 sets the scene for the Foundations report, i.e. why we need a project on The Economics of Ecosystems
and Biodiversity for Agriculture and Food (‘TEEBAgriFood’), and specifically why we need a report on Scientific and
Economic Foundations, and how this report interfaces with the wider TEEB Initiative.

A short answer is that we need to fix food metrics, and we need to start this by interrogating evidence from the
science and economics literatures.

The longer answer — and the mission statement of TEEBAgriFood — is as follows: The TEEBAgriFood study
is designed to: i) provide a comprehensive economic evaluation of the eco-agri-food systems complex, and ii)
demonstrate that the economic environment in which farmers operate is distorted by significant externalities, both
negative and positive, and a lack of awareness of dependency on natural, social, human and produced capitals.

The ‘eco-agri-food systems complex’ is a collective term encompassing the vast and interacting complex of
ecosystems, agricultural lands, pastures, inland fisheries, labour, infrastructure, technology, policies, culture,
traditions, and institutions (including markets) that are variously involved in growing, processing, distributing and
consuming food.

TEEBAgriFood adopts a systems approach: It is neither possible nor sensible to isolate impacts and dependencies
of primary agricultural production (within the farm gate) from the rest of the eco-agri-food system if we are to find
truly sustainable and equitable solutions to the agri-food challenges we face.

Chapter 1 sets out the structure of the report, with four chapter clusters: i) outlining the systems approach;
i) evidence that a change in metrics is required (from agriculture, human health, and ethics perspectives); iii)
defining and setting out examples of how we change metrics via the TEEBAgriFood Evaluation Framework; and
iv) how change might be brought about — the Theory of Change.

The TEEB initiative is ideally situated to operationalize the Theory of Change as it has, for a decade, focused on
the economic invisibility of the costs of biodiversity loss and the degradation of ecosystems, and no industrial
sector is more reliant on well-functioning ecosystems than the agriculture sector.

TEEB has championed valuation in its widest form, and thus has eschewed and criticized the commoditization of
nature. It has also successfully led to values being recognized, demonstrated and captured in a range of decision-
making contexts — for national and sub-national government, for businesses and for consumers and citizens.
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CHAPTER 1

TEEB FOR AGRICULTURE & FOOD:
BACKGROUND AND OBJECTIVES

1.1 TEEB: GENESIS,
SCOPE, ACHIEVEMENTS &
EVOLUTION

Across the world, we are building a better understanding
of the ramifications of environmental change on human
livelihoods. Much of this awareness has been gained
after tipping points have been reached or as a result of
catastrophic events such as flooding, drought, fire and
famine. ‘The Economics of Ecosystems and Biodiversity’
(TEEB) was originally created to help answer the call to
make the values of nature more visible so that decision-
making and policy outcomes can be informed by a better
understanding of our impacts and dependence on the
natural world.

As the world’s population grows, so does the need for
more resilient food and agricultural systems that address
human need while minimizing environmental damage and
further biodiversity loss. TEEB is focused on how we can
make the values of nature visible to support a transition to
agriculture systems that are truly sustainable and benefit
both human and environmental health.

1.1.1 Brief history of TEEB

Inspired by the Stern Review on the Economics of Climate
Change (Stern 2007), which revealed the economic
inconsistency of inaction with regard to climate change,
Environment Ministers from the governments of the G8+5
countries' agreed at a meeting in Potsdam, Germany
in 2007 to “initiate the process of analysing the global
economic benefit of biological diversity, the costs of
the loss of biodiversity and the failure to take protective
measures versus the costs of effective conservation”.
Aiming to address the economic invisibility of nature,
TEEB emerged from that decision.

1 The G8+5 includes the heads of government from the G8 nations
(Canada, France, Germany, Italy, Japan, Russia, the United Kingdom
and the United States), plus the heads of government of five emerging
economies (Brazil, China, India, Mexico and South Africa).

Although the underlying problem of the economic
invisibility of environmental damage in climate change is
similarto the problem of economic invisibility where loss of
biodiversity is concerned, the solutions are very different.
To avoid catastrophic climate change, the world needed,
and still needs, to reduce greenhouse gas emissions; the
task is massive but progress can be charted through the
single, universal metric of carbon dioxide equivalence.
Where in the world carbon savings are made is important
in terms of equity, but in the end it is global emissions
measured in carbon dioxide equivalents that matter.

Biodiversity is very different from this perspective in
that it is the living fabric of our planet including all its
ecosystems, species and genes, in all their quantity and
diversity. It is therefore neither intellectually nor ethically
appropriate to attempt to reduce this complexity to any
single indicator or numeraire. Ethics, social context,
ecology and geography matter to both the costs and
benefits of action — in other words, people and places
are intrinsically important in the context of TEEB. The
costs and benefits are also more diverse, from the
protection and preservation of water flows through
to the pollination of crops as well as links to cultural
identity. There is no single target or metric, but multiple
benefits which all need to be considered. Combined,
these factors implied that, as well as the need to have a
global analysis as per the Stern Review, TEEB would only
be relevant if it also targeted decisions and decision-
makers more directly at the scales and in the contexts in
which they were operating.

Furthermore, TEEB also differs from the Stern Review (and
the wider climate change discourse) in that the effects
of climate change on nature and on human livelihoods
are real and potentially catastrophic but do not emerge
from within. TEEB is concerned with the why and the
how of valuing nature in and of itself, and understanding
the incentives for action (and inaction) in many different
contexts by a whole range of decision-makers: policy
makers at national and local levels, communities,
businesses, and society at large. As such, it is also about
valuing something that we all cherish, and on which all
of our lives depend. This has also meant that TEEB has,
since its inception, distanced itself from any calls to
commoditize nature: our living planet is most definitely
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not for sale. TEEB is concerned with valuing nature's
contribution to people, in all its disparate forms.

With this focus in mind, TEEB aims to provide a bridge
of valuation knowledge and expertise between the
multi-disciplinary science of biodiversity and ecosystem
management and the interconnected arenas of
policymaking in the international, national and local
government domains as well as in business management.
In this context, the original phase of the project (2007-
2011) developed outputs specifically for these audiences
as well as web-based material aimed more directly at
citizens and consumers.

The TEEB Synthesis Report (TEEB 2010) collected this
work from the original phase where it was presented at
the Convention on Biological Diversity's Conference of
the Parties in Nagoya, Japan in 2010. The influence of
the TEEB studies (and the process of bringing authors
and stakeholders together to produce them) was visible
both in the decisions made in Nagoya and the work which
followed. TEEB was officially welcomed by the Parties
in the context of the new Strategic Plan for Biodiversity
2011-2020, as well as featuring explicitly in decision text
around incentive measures and business engagement. It
is notable that of the 20 international biodiversity targets
for 2020 agreed at the meeting (the Aichi Biodiversity
targets), target 2 aimed to address the underlying drivers
of biodiversity loss requiring that “by 2020, at the latest,
biodiversity values have been integrated into national and
local development and poverty reduction strategies and
planning processes and are being incorporated into national
accounting, as appropriate, and reporting systems.”

The TEEB initiative was originally scheduled to conclude
with the Synthesis Report in 2010, however, the decisions
of the 193 countries represented in Nagoya reflected both
the need and desire for countries both to deepen their
understanding of the connections between nature and the
wellbeing of their people, and to ensure these connections
are captured. Several countries announced their intention
to carry out TEEB country studies and their interest in
implementing TEEB recommendations. TEEB revealed
that the drivers of biodiversity loss were widespread
throughout our economies and societies, and the benefits
of addressing these drivers went far beyond biodiversity
alone, to include human health and livelihoods, water
use and climate stability. TEEB stimulated demand to re-
orientate our economic compass, and therefore officially
entered an implementation phase of work aimed to
put theory and into practice across a range of different
areas. This included encouraging the world of business?
to co-create and publish formal and universal guidance

2 “TEEB for Business” (TEEB 2011) led to the creation of a “TEEB for
Business Coalition” comprising business, institutional & government
stakeholders, which was re-named the “Natural Capital Coalition” in
2013 and in 2016 published the “Natural Capital Protocol”.

on measuring, valuing and reporting corporate impacts
and dependencies on nature (TEEB 2012; Natural Capital
Coalition 2016).

TEEB's initial phase catalysed activities to make the
impacts and dependencies of societies and public/
private interests more visible in order to contribute to
better policy and decision-making outcomes, at a number
of levels:

* National - countries started conducting baseline
ecosystem assessments to include Natural Capital
in their national accounts;

* Local and regional — ICLEI, an international
organisation focusing on local government,
actively promoted TEEB tools and decision-
making plans for the management of regional and
municipal biodiversity and ecosystems;

* Business - some businesses (such as Puma)
started to examine the impacts and dependencies
on ecosystems and biodiversity along their supply
chain.

TEEB's priorities have also evolved in the context of the
wider international discourse in this space, a key element
of which has been the emergence of the 2030 Agenda for
Sustainable Development and the associated Sustainable
Development Goals (SDGs) — see Box 1.1.

Critically, a common feature of both the work to date in
the implementation phase of TEEB and the emerging
approach to development and doing business in a world
committed to meeting the Sustainable Development
Goals are the interconnections and interdependencies
between social, economic and environmental problems
and achievements. It is therefore also clear that the
pursuit of solely private profit or value as measured by
markets, which neglect both positive and negative social
and environmental externalities and impacts, cannot
be relied upon to deliver effective or efficient solutions.
Further, there is an economic incentive for those agents
from both the public and the private sector that benefit
from the status quo to lobby for it to be maintained.



Box 1.1 TEEBAgriFood and the Sustainable Development Goals (SDGs)

The SDGs are a series of 17 internationally agreed, universally applicable goals that are recognized as indivisible and
cover issues across the spectrum of development from poverty, food security and water security, through equity, health,
access to decent work, peace and a stable natural environment. In an article, The Guardian (2017) linking the SDGs to
food and agriculture, TEEB Study Leader Pavan Sukhdev outlines some of the challenges of implementation.

Indivisibility is key to the success of the SDGs as progress on one goal might be contingent on another, and this requires
systems thinking. SDG 2 on zero hunger is perhaps most closely linked to TEEBAgriFood, but the fact that fish provide the
main source of animal protein (and essential micronutrients) to more than one billion people globally implies that achieving
SDG 2 also requires addressing SDG 14, on conserving and sustainably using the oceans. As Rockstrom and Sukhdev (EAT
2016) note, we are already using around 40 per cent of available land for growing food, a figure that is projected to rise to
70 per cent under a ‘business and usual’ scenario. How can achieving SDG 2 under this pathway then be compatible with
achieving SDG 15 concerning life on land? The authors also note that the agri-food system also contributes over one-fourth
of greenhouse gas emissions, so again achieving SDG 13 on climate change depends on how we tackle our goal of ending
hunger, improving food security and improved nutrition. Our food choices also make a critical contribution to the global
burden of disease, linking SDG 2 to SDG 3, the latter aiming to ensure good health and well-being. More broadly, global
trends in shifts in the ‘food plate’ also do not auger well for achieving SDG 12 on responsible consumption and production.
The analysis above points to the need for a ‘joined up’ approach and the application of systems thinking, i.e. not focusing on
the delivery of kilocalories as the unifying performance metric of the agri-food sector, and this a core tenet of TEEBAgriFood.

Figure 1.1 The SDG ‘wedding cake’ (Source: EAT 2016)
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Rockstrom and Sukhdev further note that the delivery on the full range of SDGs is based first on achieving ‘biospheric’ or
ecological goals (6, 13, 14, 15), i.e. it is a necessary but not sufficient condition of achieving social goals (such as SDG 1 on
poverty and SDG 10 on reduced inequalities) and economic goals (such as SDG 8 on good jobs and economic growth) that
we have resilient and stable ecosystems. This is reflected in their ‘wedding cake’ structure (see Figure 1.1). TEEB rests on a
central tenet that ecosystems and biodiversity are primary and we must search for incentive mechanisms and achieve the
enabling conditions to make them our core concern.

The focus of the current implementation phase of TEEB the firstinitiatives to develop from an initiative undertaken
(2013 onwards) has included both demand-driven efforts by the TEEB Study Leader and other key stakeholders in
to help build capacity for TEEB-style analysis of policy the TEEB for Business Report (TEEB 2012a) as set out in

issues (at national, regional and local scale, as well Figure 1.2. The Natural Capital Coalition was established
as for businesses) alongside strategic interventions to engage key stakeholders from business, government
internationally to catalyse further efforts - reflecting the and civil society in open source collaboration in order
awareness of those involved in TEEB that it is not the only to raise awareness and provide a leading-edge forum
initiative in this space. TEEB developed (and continues to to shape the future of business thinking and action on
develop) a community of practice. The TEEB for Business ‘natural capital’, i.e. the critical role of properly functioning

Coalition (now the Natural Capital Coalition) was one of ecosystems in delivering economic prosperity.
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Figure 1.2 TEEB timeline and connected global events (Source: authors)
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Key work areas in the current implementation phase
of TEEB have included business, water and wetlands,
natural capital accounting, oceans, and of course TEEB
for Agriculture and Food (henceforth ‘TEEBAgriFood’) —
the subject of the current volume.

1.1.2 The emergence of demand for 'TEEB
for Agriculture & Food'

The agri-food sector featured in the earlier phase of TEEB.
The range of outputs in this earlier phase were all built
on the same foundations — the academic underpinnings
from both the scientific and economic perspective,
brought together in The Economics of Ecosystems and
Biodiversity: Ecological and Economic Foundations (TEEB
2010b). This publication explored the values of biodiversity
to agriculture, the trade-offs between different ecosystem
services in agricultural systems, the cultural values of
agricultural landscapes, as well as ideas of resilience and
the potential value and the livelihood and environmental
benefits of genetic variation in crops and crop wild
relatives. The way that we produce and consume food and
manage agricultural landscapes also featured in the TEEB
publications developed for businesses (TEEB 2012a), for
public policy makers at national level (TEEB 2011) and at
local and regional level (TEEB 2012b), and in three of the
10 key recommendations in the TEEB Synthesis Report
(TEEB 2010a). In short, the original TEEB studies (2007-
2012) sought to highlight the depth of existing knowledge
with respect to the interconnections between nature and
food production.

TEEB for Business/Natural Ca I Coal
TEEB Implementation Phase

O O O O

2013 2014 3 2015 2016 2017

TEEBAgriFood

Although the agri-food sector did feature in the earlier
phase of TEEB, the remit of TEEB was to ‘correct the
economic compass’ by presenting appropriate ways of
recognizing, demonstrating and then capturing the value
of nature. Thus the earlier phase of TEEB considered the
entire economy with its many industrial sectors. For an
assessment of the eco-agri-food systems complex (as
opposed to just the agri-food sector), a comprehensive
understanding of all impacts and dependencies across
the system, including externalities is required. This is the
aim to which TEEBAgriFood seeks to contribute.

1.2 RATIONALE
AND OBJECTIVES OF
TEEBAGRIFOOD

1.2.1 TEEBAgriFood mission statement
The TEEBAgriFood study is designed to: i) provide a
comprehensive economic evaluation of the eco-agri-food
systems’ complex, and ii) demonstrate that the economic
environment in which farmers operate is distorted by
significant externalities, both negative and positive, and
a lack of awareness of dependency on natural, social,
human and produced capitals.
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Figure 1.3 The food and beverage value chain (Source: adapted from Trucost 2016)
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1.2.2 What is the eco-agri-food systems
compex?

Agricultureis an economic sector. It typically encompasses
areas of economic activity beyond farm operations
to include farm-related activities, such as processing,
manufacturing and transport, so we may refer to it as the
agri-food sector. There is a value chain in the sector, as
set out in Figure 1.3, and there are systemic economic
interlinkages and economic cross-dependencies in this
value chain.

This economic system is underpinned by complex
ecological and climatic systems at local, regional and
global levels. Biodiversity and ecosystems — the study
of which is at the heart of TEEB — underpin the delivery
of economic output from this sector. Overlaying these
natural systems are social systems influencing inter alia:
i) the composition of our food plates (i.e. what we eat), ii)
how we go about sourcing, purchasing, storing, cooking,
and consuming food, and then discarding the food waste,
iii) our attitudes and behaviours towards farmers and
the land that is used for agricultural production, and iv)
the way that cultural norms and values are transmitted
between and across generations.
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These three systems (economic, ecological and climatic,
and social) interface and interact with each other, and that
is why we refer to the ‘eco-agri-food systems complex'.

In terms of a definition, as set out in the TEEBAgriFood
Interim Report (TEEB 2015), the eco-agri-food systems
complex is a collective term encompassing the vast
and interacting complex of ecosystems, agricultural
lands, pastures, inland fisheries®, labour, infrastructure,
technology, policies, culture, traditions, and institutions
(including markets) that are variously involved in growing,
processing, distributing and consuming food.

1.2.3 Why is there is a need to examine
the externalities of eco-agri-food systems
complex?

This question was tackled in depth in the TEEBAgriFood
Interim Report and later summarized in an article for the
journal Nature (Sukhdev et al. 2016). This article sets out
the shortcomings of current patterns of crop and livestock
production and of processing, transport and consumption
with respect to what is required by society as a whole -

3 Marine fisheries are out of scope of TEEBAgriFood.
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the delivery of sufficient, healthy, nutritious food that does
not damage nature.

The current eco-agri-food systems complex impacts
both on human health and on the natural environment
in detrimental ways; it is now the source of 60 per cent
of terrestrial biodiversity loss, 24 per cent of greenhouse
gas emissions, 33 per cent of soil degradation and 61 per
cent of the depletion of commercial fish stocks (UNEP
2016). For example, failures in access and distribution
contribute to the fact that 800 million people in developing
countries consume less than the 2,100 kilocalories of
food recommended by the World Food Programme whilst
at the same time 1.9 billion people in the developed world
consume more than 3,000 calories a day (FAO 2015). This
imbalance also has wider ramifications. The impact of
undernutrition across Africa and Asia is estimated at 11
per cent of Gross Domestic Product (GDP) annually (IFPRI
2016). Similarly, one in four adults are now overweight or
obese, with obesity behind many of the chronic diseases
that are sweeping the globe, from type 2 diabetes to heart
disease. The World Health Organization has estimated
the direct costs of diabetes alone at more than US$827
billion per year globally (WHO 2016).

The TEEBAgriFood Interim Report reflects on the role that
agriculture plays in providing employment for around 1.3
billion people in a world that is already short of around
200 million jobs (ILO 2015). One billion of these jobs
are in small-holder agriculture (less than 2 hectares)
so it is important to address how society could provide
alternative livelihoods for as many as 500 million more
people if the concentration and mechanization of
agribusinesses continues.

These are impacts on a global scale, yet in spite of the fact
they are all connected to the same process (producing
and consuming food), they have not yet been evaluated
as an entire system, using a systems approach.

From a human health perspective, the Global Panel
on Agriculture and Food Systems for Nutrition (2016)
includes a call to scientists, governments and donors to
work out how to craft and sustain food systems to provide
nutritious diets for all. The report authors highlight
that SDG 2 (zero hunger) and SDG 3 (good health and
wellbeing) cannot be achieved with piecemeal action: “the
trends are so large and so interconnected that the entire
system needs overhauling” (Haddad et al. 2016, p.31). The
emergence of initiatives such as The Food and Land-Use
Coalition (FOLU), the International Panel of Experts on
Sustainable Food Systems (IPES-Food) and the High Level
Panel of Experts on Food Security and Nutrition (HLPE),
each of which aims to bring together change agents in
this space, shows that decision-makers understand the
need for change and are ready to act.

Similarly, the emergence of the planetary health agenda,
whichis building a better understanding of the ramifications
of environmental change on human livelihoods, pushes the
need for more resilient food and agricultural systems that
address both undernutrition and overnutrition, reduction
of waste, diversification of diets, and minimization
of environmental damage. The impacts arising from
feedbacks in the system from our current behaviour are
likely to be profound. The Lancet Commission on Planetary
Health's report (Whitmee et al. 2015) estimated climate
change will result in 250,000 additional deaths between
2030 and 2050, that soil degradation leads to the loss of
1-2 million hectares of agricultural land every year, and
that by 2050 40 per cent of the world’s population could be
living in areas under severe water stress. The connections
to food systems are clear, especially in terms of some of
the identified solutions for a healthier planet - reducing
food waste, halting deforestation, using water more
efficiently and supporting healthier, lower environmental
impact diets.

The need to bring together the environment, human
health and human development agendas is increasingly
evident. This is illustrated neatly by the impact of Kate
Raworth’s recent book Doughnut Economics: Seven Ways
to Think Like a 21st-Century Economist (Raworth 2017)
which aims to define both an environmentally-safe
and socially-just space for humanity and assess how
economies need to change to achieve this. This builds on
the notion of planetary boundaries and the safe operating
space within which human systems can operate, with its
accompanying environmental limits. Juxtaposing this
with factors which can cause human deprivation can
be useful in assessing options to allow people to thrive
within the limits of the planet. This thinking is very much
embedded within the holistic approach advocated in this
current TEEBAgriFood report.

Irrespective of the particular socio-economic, cultural
and ecological context in which a particular eco-agri-food
system is situated, there are always positive and negative
externalities and impacts across the entire value chain,
i.e. from production, through processing and transport, to
final consumption. The question is thus not whether such
externalities and impacts exist but rather their extent,
which agents in society are affected, and whether we
can promote a decision-making environment in which the
positive impacts flourish and the negatives are mitigated.

1.2.4 Why should TEEB be examining the
externalities of eco-agri-food systems?

The demand for a TEEB study on eco-agri-food systems
was based on at least three key propositions: i) the
extent of the positive and negative externalities (i.e. non-
compensated impacts on third parties) of the agri-food
sector are likely larger than that of any other sector; ii) the
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approaches applied to date have been inadequate owing
in part to the lack of a coherent, universal evaluation
framework that includes these disparate externalities
along with useful metrics; and iii) the TEEB community
can develop, communicate and operationalize such an
evaluation framework; and thereby contribute significantly
to the integrity and functioning of ecosystems and to
improving human livelihoods.

With respect to the first of these - the extent of
externalities in the agri-food sector - an important report
entitled “Natural Capital at Risk: The Top 100 Externalities
of Business” (Trucost 2013) intended to help reveal the
business case for further private sector engagement with
the issue of natural capital and to help prioritize actions.
It examined a wide range of impacts of business on the
natural environment — the effects of which tend not to
be reflected in the market prices of associated financial
transactions (hence termed ‘externalities’).

The report looked at different types of non-market
impacts on natural capital across different sectors and
in varying regions of the world. The top 100 — ranked
by the estimated monetary value of the impacts — were
presented in the report. Whilst the research was open
about the limitations in its the valuation approach, the
magnitude of the figures highlighted the need for attention.
The top 100 externalities had an estimated cost of around
US$4.7 trillion per year in terms of the environmental and
social costs of lost ecosystem services and pollution.
Crucially, in the context of TEEBAgriFood, 11 out of the
top 20 externalities were related to agri-food sectors,
ranging from the land impacts of cattle ranching in South
America, to the water use impacts of wheat production in
East Asia and corn production in North Africa.

In 2014, the Natural Capital Coalition (formerly the TEEB
for Business Coalition) launched the Natural Capital
Protocol, which provides a framework to help businesses
begin to explore their relationship with nature. Reflecting
the frequency with which agri-food sectors appeared in
the top 100, a food and beverage sector supplement was
released in 2016. The Protocol highlights from a business
perspective the interconnections across agriculture
and food systems and the varying degrees of resulting
horizontal and vertical integration, underscoring the
need to look system-wide to understand how to drive
change. The supplement itself provides practical details
and applied examples to help businesses in the food
and beverage sector think about and take account of
their impact and dependencies on natural capital in their
decision making and planning.

What the “Natural Capital at Risk: The Top 100 Externalities
of Business” and the food and beverage supplement
tell us is that there is a need to tackle the externalities
in the sector, and that TEEBAgriFood is not alone in
recognizing this need. TEEBAgriFood offers a unique

value-addition in this space in that the TEEBAgriFood
Evaluation Framework (hereafter ‘Evaluation Framework’
or ‘Framework’) presented in Chapter 6 of this report is
both comprehensive and universally applicable, and applies
a systems perspective (described in Chapter 2).

There are myriad externalities and impacts — both
positive and negative — created in the production and
consumption of food. The Evaluation Framework is
designed to be comprehensive. For instance, there is a
focus not just on the impacts and dependencies between
the agri-food sector/ecosystems and biodiversity but also
on the agri-food sector's contribution to human health
outcomes. This has also meant that the TEEB community
of practice has been extended for TEEBAgriFood to
include academics, policy-makers, civil society groups
etc. operating in the human health and nutrition fields.

A challenge, which is perhaps unique to the agri-food
sector, is the extent of the heterogeneity within and
across food systems. The Natural Capital Protocol's
food and beverage sector guide is targeted at business.
In many ways, all agribusinesses are firms of one kind or
another but small-scale producers are unlikely to have the
same objectives and constraints as large firms. One size
does not fit all in this sector. TEEB from its inception has
championed the ‘GDP of the Poor’ therein flagging the
particular dependence of the poorer segments of society
on well-functioning ecosystems, and thus developing
and applying a universal Evaluation Framework that is
applicable to scenario analysis for small-scale producers.
But equally the Framework must be (and indeed is)
applicable to large-scale agribusiness.

Systems thinking is central to TEEBAgriFood. It is not
possible or sensible to isolate impacts and dependencies
of primary agricultural production (within the farm gate)
from the rest of the eco-agri-food system if we are to
find truly sustainable and equitable solutions. Issues
cut across current commodity productions systems and
across spatial and temporal scales. Analyses will need to
be context-specific. TEEBAgriFood sets out and illustrates
a comprehensive system-wide analytical lens that can be
used to examine different issues given this need.

It is recognized that TEEB engages substantially
with the issues around agriculture and food. The
TEEBAgriFood Interim Report (TEEB 2015) was noted by
the 13" Conference of the Parties of the Convention on
Biological Diversity in Cancun in December 2016 in the
context of a decision focused on “actions to enhance
the implementation of the Strategic Plan for Biodiversity
[agreed in 2010]", which specifically highlights efforts with
respect to mainstreaming the integration of biodiversity
within and across sectors. Recognition is growing that
problems of biodiversity loss cannot (and should not) be
tackled by conservationists alone, but rather by society at
large including the business community.
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This report builds substantially on the TEEBAgriFood
Interim Report (TEEB 2015), focusing on developing the
Framework and analysis on which transformations can
be based. It is therefore both timely and urgent — it is
essential that such a change in how we look at our food
systems is adopted and used quickly.

1.3 STRUCTURE OF THE
REPORT

The aspiration of the TEEBAgriFood project is to change
the way that we produce and consume food, so as to reflect
the hitherto invisible positive and negative externalities
and impacts in the eco-agri-food systems complex.
This report — the ‘Scientific and Economic Foundations'
report - focuses on the need to ‘make the case’ for this
new paradigm. As such, this report contributes to the
aspiration of the TEEBAgriFood project but needs to
(and will) be complemented by: i) other reports targeted
at specific change agents, ii) projects where change is
tested and implemented at corporate, regional, national
and supra-national levels, and iii) communications and
outreach.

Following this Introductory chapter, the report is divided
into four segments, as per Section 1.3.1 through
Section 1.3.4 below. Figure1.4 provides a schematic
representation of the entire eco-agri-food systems
complex - the visible and invisible flows of agricultural
production. This figure is used below to illustrate the
rationale for the chapter ordering and the narrative thread
of the report.

1.3.1 The lens through which we analyse
the eco-agri-food systems complex — the
systems approach

Chapter 2 lays out the foundation for using systems
thinking as a guiding perspective in TEEBAgriFood.
This is required so as to understand the relationships
across multiple sectors, disciplines and perspectives,
thereby embracing holism and avoiding reductionist, ‘silo’
thinking. Systems theory emphasizes circular flows with
both negative and positive dynamic feedbacks between
the economy, the environment and human social systems.
Applying a systems approach requires looking at
feedbacks across the entire value chain from ‘agricultural
production’ through to ‘household consumption’ via
‘manufacturing & processing’ and ‘distribution, marketing
and retail’, while analysing multifarious impacts and
dependencies (c.f. Figure 1.4).

1.3.2 Evidence that we need to change
the eco-agri-food systems complex

Since the metric commonly used to assess on-farm
economic performance has (and continues to be) yield/
hectare, agricultural systems research has focused on
irrigation, breeding, machinery etc. — the visible inputs to
the agricultural system in the schematic. These include —
with reference to Figure 1.4 - ‘labour’ (from human capital),
and ‘manufacturing and infrastructure’ and ‘energy,
fuel, fertilisers and pesticides’ (from produced capital).
TEEBAgriFood aims to change food metrics. Chapter 3
sets out the available scientific data and evidence not
just on the visible flows in Figure 1.4 but also those that
tend to be invisible, with a particular focus on the flows
coming from natural capital. Some flows can be visible
or invisible depending on circumstances. For instance,
agri-tech consultancies market their ‘knowledge’ (from
human capital) to large-scale commercial producers
in ‘manufacturing & processing’, but local indigenous
knowledge of crop varieties — although critical to
maintaining resilient social communities — might remain
invisible.

The TEEBAgriFood assessment acknowledges and
explores the heterogeneity across agricultural systems
and finds that positive and negative externalities and
impacts are pervasive across all eco-agri-food systems,
and further across the value chains in which these
systems are situated.

‘The way we produce, process, distribute, and consume
food (as well as how we deal with its disposal) impacts
human health and nutritional security, which in turn (with
reference to Figure 1.4) impacts on the availability of
‘labour’ and on the types of ‘social networks’. Chapter 4
focuses on this subject, looking across the entire value
chain. Six of the top 11 risk factors driving the global
burden of disease are diet related. The quality of life for
billions of people is impacted by malnutrition. Across the
food system, people can additionally beimpacted via work-
related injuries (or death) or toxin/pathogen exposure.
Coupled with these direct food system impacts are
indirect impacts that are felt now and will be felt in future
generations. The food system can be either an enabler of
food and nutrition security, livelihood procurement, and
environmental sustainability, or it can be a disabler. We
can develop food systems that allow a large number of
individuals to secure a livelihood through the food system
or one in which large numbers of food system workers
are systematically exploited. This chapter explores a
number of endpoints in various food system strategies
and suggests a strategy for exploration, mitigation,
change, and ultimately transformation of our global food
system to one in which health — human, ecosystem, and
community — is the norm for 9-10 billion people.
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Figure 1.4 Capital stocks and value flows in eco-agri-food systems (Source: authors)
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All of the choices that we make vis-a-vis food - as
individual consumers or citizens, as farmers, as fiduciary
agents of agribusiness corporations, as part of sub-
national, national or global policy-making - have an ethical
dimension. In an equitable food system, all people have
meaningful access to sufficient healthy and culturally
appropriate food, and the benefits and burdens of the
food system are equitably distributed. This is the focus
of Chapter 5. The overall objective of this chapter is to
identify key aspects of social equity of the world’s food
systems in order to provide pathways and indicators that
can be used to assess the impacts of food systems in
equity outcomes.

Chapter 3, Chapter 4 and Chapter 5 collectively provide
evidence that: i) the wrong metrics are being used to
assess the eco-agri-food systems complex; ii) applying
today’s metrics leads to outcomes that degrade the
ecosystems and biodiversity that agricultural systems
depend on, and negatively impact on human health; and
iii) these burdens fall disproportionately on the poorer

segments of society. Chapter 3, Chapter 4 and Chapter
5 express the need for a change in the metrics. Chapter 6,
Chapter 7 and Chapter 8 set out TEEBAgriFood'’s proposal
for such a change in the form of the Evaluation Framework.

1.3.3 The TEEBAgriFood Evaluation
Framework: a tool to assess the eco-agri-
food systems complex

Chapter 6 sets out the Framework. The Framework
highlights all relevant dimensions of the eco-agri-food
value chain and pushes policymakers, researchers, and
businesses to include these in decision-making. These
dimensions include social, economic, and environmental
elements as well inputs/outputs across the value chain.
The Framework therefore establishes all of “what should
be evaluated”.

Guiding principles are that the Framework is
comprehensive (covering all elements), universal (be
applicable to all decision-making contexts), and supports
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multi-criteria assessments (e.g. production, consumption,
greenhouse gas emissions, fertilizer use, health impacts
and decent work).

Whereas Chapter 6 is concerned with what to value,
Chapter 7 turns to “how to carry out the evaluation.” The
chapter makes the distinction between (and presents
examples of) methods for the economic valuation of
ecosystem services and disservices in both monetary and
non-monetary terms, evaluation methods, and modelling
tools and techniques. Policy-makers are unlikely to rely
solely on the outcomes of an economic valuation study,
but such information can be an important component
in decision-making. Valuation results might be used as
an input to an evaluation approach such as Cost Benefit
Analysis or Multi-Criteria Analysis, which may be informed
by (for example) Systems Dynamics modelling. Chapter 6
provides an illustrative example of integrated modelling
in Kilombero, Tanzania to help explain the distinction
between valuation, evaluation and modelling.

One of the quiding principles for the Framework as
mentioned above is universality. The objective of Chapter
8 is to provide case study examples of five clusters
of possible applications: i) agricultural management
systems; ii) business analysis; iii) dietary comparison;
iv) policy evaluation; and v) national accounts for the
agriculture and food sector.

The examples in Chapter 8 illustrate not only how a
published study fits into the Framework but also equally
how it does not. We argue that the broad methodological
approaches required to apply Framework testing do
already exist (and are presented in Chapter 7) but, as with
any paradigm shift, the data and results from studies
that pre-date the Framework are not adequate for a full
Framework application. Thus gaps are to be expected.

The aim of Chapter 9 and Chapter 10 is to explore what
has to change in order for us to realize this paradigm shift
— for the Framework to become the new orthodoxy.

1.3.4 How do we change the eco-agri-
food systems complex?

Chapter 9 on the theory of change seeks to explore
how attempts to redirect the eco-agri-food systems
complex might be perceived from the perspectives of
key actor groups, suggesting avenues to escape ‘path
dependencies’ that lock in unsustainable practices.
What form might such path dependency take? It may
be the case that individual farmers or agribusinesses
see the benefit of a transformative shift in the way that
food is produced and, were they all to collectively and
simultaneously agree to shift behaviours, they could then
operationalize this transformative change. But concerted
and coordinated actions are required in such instances,

and there are strong corporate (and sometimes cultural)
forces that dissuade these farmers and agri-businesses
from shifting from the dominant orthodoxy. They are
‘locked into” an unsustainable path dependency.

Chapter 9 explores pathways towards sustainability.
Information alone often fails to motivate change.
Manipulation of data has led consumers to doubt
scientific results, serving special interests at the expense
of public benefit. The chapter sets out a range of actor-
relevant theories of change. These include consumer
advocacy (e.g. the threat of boycotts and reputational
risk), product certification, promoting institutional and
societal learning, developing strategic alliances etc.

Part of the impetus for the transformative shift discussed
above will likely come from TEEBAgriFood aligning
itself with on-going initiatives and processes, be they
global agreements or business-led initiatives, and
demonstrating the value-added of the Framework. This is
the subject of Chapter 10. Such global initiatives include
the Right to Food, the Aichi Targets, and (as discussed
earlier in Box 1.1) the 2030 Agenda and its Sustainable
Development Goals. Linking TEEBAgriFood to business
platforms is important in that they support learning
and, if linked to citizen representation, can enhance
accountability.

1.4 THE TEEB APPROACH:
REPLICATING THE SUCCESS
OF EARLY TEEB WORK FOR
TEEBAGRIFOOD

It is the belief of those who have been involved with TEEB
throughout its development that the initiative's success
and longevity are not solely due to the compelling
narrative behind the work, but also its delivery approach.

TEEB work is not only deliberately open and transparent,
but also reliant on the communities of practice that it
aims to foster and develop. Through open and widely
publicized calls for evidence, both the original TEEB work
and TEEBAgriFood reached out to this community to
gather evidence and to encourage further development
and uptake of best practice.

Change cannot be realised without developing a
community that connects researchers and decision
makers across different sectors. This is a critical element
of the way TEEB works. It is our hope that the reader of this
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report will be inspired to become part of this community,
which is not just focused on knowledge generation,
but the connection of this knowledge to those who can
influence change.

TEEB's governance structure is also supportive of this.
The TEEB initiative is coordinated through the TEEB office
situated in UN Environment and geographically based
in Geneva, Switzerland. The overall TEEB initiative is
guided by a high-level independent Advisory Board with
members spanning government, business, academia
and civil society, and TEEB Study Leader and UN
Environment Goodwill Ambassador Pavan Sukhdev. It is
also supported by a Coordination Group, including those
working directly on the TEEB work programme and policy
makers from supporting countries. This helps to ensure
links to ongoing international policy processes and to see
that TEEB responds to and is relevant in the context of
international demands.

As it is a major new undertaking, the TEEBAgriFood study
also has its own Project Steering Committee (chaired
by Alexander Mueller, the TEEBAgriFood Study Leader),
whose members are more substantively engaged in the
TEEBAgriFood work, providing support in various forms
including expert contacts, direct input and guidance and
peer review. Summaries of the governance structure and
work to date on this project are readily available via the
agriculture and food section of the TEEB website http://
www.teebweb.org/agriculture-and-food/.
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- SUMMARY

Chapter 2 makes the case for using systems thinking as a guiding perspective for TEEBAgriFood's development of
a comprehensive Evaluation Framework for the eco-agri-food system. Many dimensions of the eco-agri-food system
create complex analytical and policy challenges. Systems thinking allows better understanding and forecasting of the
outcomes of policy decisions by illuminating how the components of a system are interconnected with one another
and how the drivers of change are determined and impacted by feedback loops, delays and non-linear relationships. To
establish the building blocks of a theory of change, systems thinking empowers us to move beyond technical analysis and
decision-tool toward more integrated approaches that can aid in the forming of a common ground for cultural changes.
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2.0 KEY MESSAGES

This chapter makes the case for using systems thinking as a guiding perspective for TEEBAgriFood's development
of a comprehensive Evaluation Framework for the eco-agri-food system.

‘Eco-agri-food systems’ is our collective term for the vast and interacting complex of ecosystems, agricultural
lands, pastures, inland fisheries, labour, infrastructure, technology, policies, culture, traditions, and institutions
(including markets) that are variously involved in growing, processing, distributing and consuming food.

Diverse agricultural production systems grow our crops and livestock and employ more people than any other
economic sector. They are underpinned by complex biological and climatic systems at local, regional and
global levels. These natural systems are overlaid by social and economic systems, which transform agricultural
production into food and finally deliver it to people based on market infrastructure, economic forces, government
policies, corporate strategies and consumer and societal preferences. Furthermore, technologies, information
and culture are continually re-shaping production, distribution and consumption, as well as the interactions
among them.

The global food system is one of the most important drivers of planetary transformation and it is experiencing
multiple failures. Many dimensions of the eco-agri-food system create complex analytical and policy challenges.
In the end, the state of human wellbeing, including the health of people and the planet, is determined by the
diverse interlinked “eco-agri-food systems” and consumer choices made within these systems.

Eco-agri-food systems are more than production systems. Using one-dimensional metrics such as “per hectare
productivity” ignores the negative consequences and the trade-offs across multiple domains of human and
planetary wellbeing and fails to account for the various dimensions of sustainability.

Silo approaches are limiting our ability to achieve a comprehensive understanding of the interconnected nature of
the eco-agri-food system challenges. We need a holistic framework that allows the integration of well-understood
individual pieces into a new, complete picture.

Systems thinking allows better understanding and forecasting of the outcomes of policy decisions by illuminating
how the components of a system are interconnected with one another. Systems thinking identifies the drivers
of change as determined and impacted by feedback loops, delays and non-linear relationships. Synergies and
coherence can be gained when evidence is generated and used based on concepts and methods aligned with
systems thinking.

In the context of TEEBAgriFood, an important role of systems thinking is to identify the main components, drivers,
dynamics and relationships that impact the entire value chain of the eco-agri-food system. This helps make side
effects and tradeoffs visible, allows for identification of winners and losers, and uncovers synergies that can be
realized through the implementation of public policies or other behaviour interventions.

To establish the building blocks of a theory of change, systems thinking empowers us to move beyond technical
analysis and decision-tool toward more integrated approaches that can aid in the forming of a common ground
for cultural changes.
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CHAPTER 2

SYSTEMS THINKING

AN APPROACH FOR UNDERSTANDING
‘ECO-AGRI-FOOD SYSTEMS'

2.1 INTRODUCTION

Our crops and livestock arise from diverse agricultural
production systems that employ more people than
any other economic sector globally (ILO 2014). These
production systems are underpinned by complex
biological and climatic systems at local, regional and
global levels. Overlaying these production systems are
social systems, including those involved with agricultural
production and the transformation of crops into food, fuels
and fibre. A third layer consists of economic systems,
which deliver agricultural products to people, based
on market forces, available infrastructure, government
policies, and corporate strategies, all of which interact
with consumer preferences and broader societal norms.
Many of the interactions, both within and across systems,
involve “externalities” (positive or negative), described in
economics as the cost or benefit that affects a party who
did not choose to incur that cost or benefit (Buchanan
and Stubblebine 1962). Furthermore, technologies,
information, divergent views, and culture are continually
re-shaping production, distribution, and consumption
modes, as well as the interactions among them. In the
end, the state of many dimensions of human wellbeing,
including the health of people and of the planet, are
affected by the diverse interlinked food systems and
the consumer choices made within these systems. In
this report, the eco-agri-food system refers to the vast
and interacting complex of ecosystems, agricultural
lands, pastures, inland fisheries, labour, infrastructure,
technology, policies, culture, traditions, and institutions
(including markets) that are variously involved in growing,
processing, distributing and consuming food.

The global food system, one of the most important drivers
of planetary transformation (Rockstrom et al. 2009a;
Rockstrom et al. 2009b; Ehrlich and Ehrlich 2013), is
“failing”, and the “business-as-usual” model is not working
(Vivero-Pol 2017; IFPRI 2016; IAASTD 2009; Rosin et al.
2012a; Rosin et al. 2012b). The Global Food Policy Report
(IFPRI 2016, p.6) points out the failures of the current
food system:

On the one hand, it feeds more than 6 billion people—more
than many in earlier decades and centuries would have
believed possible. On the other hand, it leaves nearly 800
million people hungry. It does not provide all people with
a healthy, safe, and nutritious diet, many of those who get
sufficient calories are still malnourished. The food system
does not generate adequate livelihoods for millions of people
employed in the food system. And in a context of scarce and
degraded natural resources and advancing climate change, it
is not environmentally sustainable.

Humans are the main driver of change in the epoch in
which we live, the new geological era some refer to as the
Anthropocene (Rockstrom et al. 2009a; Steffen et al. 2011;
Steffen et al. 2015). Much of this transformation has been
driven by the commercialization of production and the
mechanization of agriculture globally (see Box 2.1 for
an example), but failure by markets and governments to
address externalities that affect social and environmental
integrity have also contributed to the problem. The
negative impact of human activity on the natural world has
reached crisis levels. Terrestrial vertebrate populations
declined by an astonishing 58 per cent between 1970
and 2010 (WWF 2016). Invertebrate populations show a
global decline of about 45 per cent over the past 40 years
(Dirzo et al. 2014). Similar declines have been documented
for marine species (McCauley et al. 2015). Much of the
declines in wildlife is attributed to habitat loss, pollution
and over-exploitation associated with food production
systems (Rockstrom et al. 2009a; Godfray et al. 2010;
Amundson et al. 2015). Livestock production is the largest
source of anthropogenic alteration to global phosphorus
and nitrogen cycles. Since the 1950s, surpluses in these
nutrients have increased by a factor of four and five,
respectively (Bouwman et al. 2013). Excess quantities
of these nutrients entering waterways are the leading
causes of freshwater and marine eutrophication and the
emergence of dead zones affecting aquatic life. Soil loss
and terrestrial nutrient depletion are also accelerating
(Baveye et al. 2016).

Furthermore, the expansion of industrial agriculture in
many cases has had adverse social consequences for
human communities (Ehrlich and Ehrlich 2013). Land-
insecure smallholders, family farmers and peri-urban
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settlers are being pushed off land they have traditionally
cultivated in many parts of the world, in the face of
commercialization and the purchase of large tracts of land
by foreign or absentee investors (De Schutter 2011; Rulli
etal. 2013; Thorn et al. 2015). Many such cases have been
documented in Latin America (Arancibia 2013; Carrizo and
Berger 2012; Lapegna 2013; 2017; Leguizamén 2014a). In
addition to a host of social impacts, such displacement
leads to the loss of the local, experiential knowledge that
is essential for site-appropriate agricultural production
practices. Locally adapted cultivars and breeds may be
lost, reducing agricultural biodiversity.

Seeking an ecologically sustainable and socially fair
transition out of the current crisis has become an issue
of utmost priority (Vivero-Pol 2017). Multiple voices have
called for a paradigm shift in the structure and operation of
the global food system (IAASTD 2009; Watson 2012; Rosin
et al. 2012b), although the values, narratives, economic
and moral foundations of that new aspirational and
inspirational paradigm have not yet been fully developed
(Vivero-Pol 2017). The application of systems thinking to
understanding and managing the complexity of the global
eco-agri-food system is an important step in achieving
this transformation (Bosch et al. 2007; UNEP 2011). In
this report, TEEBAgriFood sets out to evaluate the reality
of today’s highly complex “eco-agri-food” systems. By
making the invisibles (externalities) visible, the society will
be better positioned to take into account the impacts of
activities that have previously been ignored.

Traditionally, scientists have assessed or analysed
components or subsystems of the eco-agri-food
system in individual studies. The goal has been to
improve the efficiency of each component, based on
the assumption that this will also improve the efficiency
of the whole system. However, little attention has been
paid to connecting the pieces of this puzzle to achieve
a comprehensive understanding of what takes place
in reality. Indeed, a holistic framework that allows the
integration of these pieces into a new, full, picture has
thus far been lacking. Using money as the common unit,
economists have focused on aspects that can be readily
identified, traded and monetized. However, this has left
social and environmental impacts along value-chains
insufficiently considered or valued, especially if they are
financially invisible. By emphasizing evidence-based
choices, political decision makers have relied on best
estimates and expert knowledge, taking into account
only those pieces of the puzzle that are well researched
and leaving out much local, traditional and indigenous
knowledge. Moreover, the lack of information flow between
scientists, practitioners and policy makers exacerbates
these shortcomings, contrary to increased emphasis upon
evidence-based policy (Pretty et al. 2010). Despite evidence
of the interconnectedness of challenges across sectors,
the current political and scientific incentive structures do
not reward integrated approaches that address linkages,

time delays and feedback loops, which cut across multiple
sectors and disciplines, to seek shared solutions. The
consequences, trade-offs and impacts left unaddressed,
too frequently work against achieving sustainability in the
eco-agri-food system overall.

As population and inequity increase worldwide, critical
questions arise regarding how we can produce and
distribute food of high nutritional quality to feed a growing
global population in a sustainable manner (Foresight
2011). Future policy decisions will increasingly pit
multiple domains of ecological sustainability, economic
development, and human well-being against one another,
but this growing complexity cannot be a cause for inaction.
Systems thinking, which focuses on the identification
of interrelationships between components, is urgently
needed to help us find areas where synergies are possible
and where interventions will have the most impact, as
well as identify where trade-offs must be recognized and
negotiated.

The ambition of the TEEBAgriFood evaluation is to
improve the conditions for integrated decision-making
for a more sustainable eco-agri-food system. This can
only be convincingly done by taking a systems approach
to understand how the eco-agri-food system functions
within natural and social systems, while at the same
time considering cultural narratives and the need for
transformational change. To achieve this, the contributions
of natural and social capital to the eco-agri-food system
need to be made visible. This implies not only focusing on
production processes, but also on multiple interactions,
feedback loops, and pathways by which the environment
and agriculture contribute to human health and well-being.
This calls for redoubling efforts to uncover the values of
services of nature and roles of social capital not accounted
forin the market economy (TEEB 2015) and the full benefits
and costs of the eco-agri-food system across all stages
of the value chain. We must recognize that the notion of
developing a “full” picture is in itself value-laden, critically
dependent on what is included (hinging on the nature of
knowing and knowledge), what matters to whom, and how
we structure, reason, connect and interpret what we see
(our underlying perspective or worldview, epistemic beliefs
and assumptions). Considering such factors requires
discovery of and appreciation for the epistemological views
of different social actors, which are inherently value-laden,
in order to form a common ground for cultural changes.

The health of our planet and its population depends
on bringing together all components of the eco-agri-
food system for study and decision-making within an
integrated framework. We need a framework where we
can understand that dzud' in Mongolia, protectionism
in Europe, political change in the U.S., corporate take-

1 A Mongolian term for summer drought followed by a severe winter,
generally causing serious loss of livestock.
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over of family agriculture in Australia, or land grabbing
in Africa all affect the quantity and quality of food on
global markets, the stability of impoverished states, and
the functioning of ecosystems in seemingly unconnected
parts of the world. We need a framework that can capture
how the increasing demand for red meat in Asia could
degrade soils in Australia, lead to extinction of yet-to-be-
discovered insects, and contribute to the socio-economic
collapse of small rural towns. Globalization has created
an interconnected global community. We now need a
systems-based framework that can help us connect the
dots and understand the relationships across multiple
sectors, disciplines and perspectives for improved
decision-making. Any framework will have limitations, but
the one contained in this report was created with the intent
to capture as many factors as possible in order to achieve
a more holistic understanding and accurate evaluation of
the eco-agri-food system.

Understanding the complexity of the eco-agri-food
system and its importance for both the health of people
and the planet requires systemic analysis based on a
comprehensive evaluation framework. This chapter
articulates the need for using systems thinking as a
guiding perspective for TEEBAgriFood's development of
such an Evaluation Framework.

While the empirical evidence of the challenges faced
by the eco-agri-food system and the consequences of
failing to take a systems view are elaborated in Chapter
3, Chapter 4, and Chapter 5, this chapter explores the
role of systems thinking in achieving a more sustainable
eco-agri-food system, by lending conceptual support for
the development and application of the TEEBAgriFood

Evaluation Framework (Chapter 6, Chapter 7 and Chapter
8). Going beyond the Framework to explore other building
blocks of a theory of change and its applications is
discussed in Chapter 9 and Chapter 10.

In this chapter, following the introduction, Section 2.2
explains why we need systems-based analytical tools. An
eco-agri-food systemis morethanjustaproduction system.
Its multiple dimensions create complex analytical and
policy challenges that require inclusive conceptualizations
and analytical tools. Section 2.3 introduces what systems
thinking has to offer, and explains how a systems
approach, including conceptualization, investigation
and quantification, can contribute to informed decision-
making by integrating the key components of the eco-agri-
food system, i.e. their economic, social, health, ecosystem,
and environmental dimensions. It also demonstrates the
application of a systems approach in understanding the
eco-agri-food system and evaluating options for future
changes to the system. Finally, Section 2.4 concludes with
key messages.

Box 2.1
20th century

Case study: pushing the ecosystem beyond its critical safe boundaries in the Argentine Pampas during the

The Pampas of Argentina are a large and complex sand dune system that formed during the last era of Pleistocene
glaciations and later semi-desertic episodes. Humans only colonized the region during the last century, but their action
was powerful enough to push the ecosystem beyond its safe operating boundaries and trigger two catastrophic events:
one during the first half of the century, and the other during the second half. Deforestation and de-vegetation, over
grazing and over cropping plus a non-suitable tillage technology, in interaction with extremely dry and windy conditions
of the 1930s and 1940s, caused a large dust-bowl episode that led to severe dust storms, cattle mortality, crop failure,
farmer bankruptcy and rural migration (Viglizzo and Frank 2006). During the second half of the century, improved rainfall
conditions favoured the conversion of abandoned lands into grazing lands and croplands. At the same time, recurrent
episodes of flooding affected the area between 1970 and 2017, more drastically in the highly productive lowlands of the
area. The configuration of dunes with respect to slope, and the lack of a suitable infrastructure, impeded water removal
and favoured its accumulation. The expansion of the cultivation frontier with annual crops provoked a rapid rise in the
water table, which dramatically increased the severity of floods during humid periods. Both ecological collapses during
the 20th century were the result of a complex interaction of geological configuration, climate variability and human
intervention. Over cropping likely surpassed critical ecological thresholds in the area and this, in turn, triggered both the
dust bowl and the flooding events. On the other hand, natural feedback mechanisms activated by such events helped
with the stabilization and recovery of the affected lands.
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2.2 WHY ARE SYSTEMS-
BASED ANALYTICAL
APPROACHES NEEDED?

2.2.1 Eco-agri-food systems are more
than production systems

Agriculture and food systems have typically been
evaluated based on their yield, with much research
focusing on increasing productivity, rather than on more
holistic, integrative natural resources management (NRM),
and even less on equitable food access and nutritional
security (IAASTD 2009). Using one-dimensional metrics
such as “per hectare productivity” is highly problematic
as it ignores the negative consequences (i.e. externalities
of individuals’' choices/activities and of policies) and
the trade-offs across multiple domains of human
and planetary wellbeing corresponding to the various
dimensions of sustainability. Eco-agri-food system and
sustainability challenges are tightly linked (Liu et al.
2015); however, these are most often studied in isolation.
This isolation is a reason for the failure of food systems
to provide healthy diets to the global population, and a
major driver of pushing us beyond multiple planetary
boundaries (Rockstrém et al. 2009).

The world has experienced an extraordinary growth
in crop yield since the 1960s due to investments in
crop research and infrastructure, and thanks to market
development and government support (Pingali 2014).
While human populations more than doubled during
1960-2010, the Green Revolution enabled a threefold
increase in the production of cereal crops, with only a
30 per cent increase in cultivated land area (Wik et al.
2008). The share of undernourished people decreased
from 24 per cent in 1990-91 to 13 per cent by 2012
(FAO 2015; Thorn et al. 2016a). However, this singular
focus on yields has had important environmental costs.
The IPCC estimated that roughly one-fifth of the total
anthropogenic emissions of greenhouse gases during
the 1990s originated from land use changes (Goldewijk
and Ramankutty 2004). The intensification of agriculture
has had negative consequences with regard to water
availability, soil degradation, and chemical runoff, with
impacts beyond the areas cultivated (Burney et al. 2010).
Part of these externalities have been “internalized” within
agriculture as manifested in the slowdown in yield growth
observed since the mid-1980s, which can be attributed,
in part, to the degradation of the agricultural resource
base. But much of the externalities remain unaddressed.
These environmental costs are widely recognized as
a threat to the long-term sustainability and replication
of the Green Revolution success (IAASTD 2009; Webb
2009; Pingali and Rosegrant 1994). Some authors have
pointed out that the environmental consequences were

not caused by the Green Revolution technology per se,
but rather by the policy environment that promoted
overuse of inputs and the injudicious expansion of
cultivation into areas that could not sustain high levels
of intensification (Pingali 2014). Seppelt et al. (2014)
show that the peak-rate years (defined as the year of
maximum resource appropriation rate) for many of the
world’s major resources are synchronized (i.e., occurring
at approximately the same time in the history of human
civilization), suggesting that multiple planetary resources
have to be managed simultaneously when assessing the
likelihood of successful adaptation of the global society
to physical scarcity.

The overemphasis on productivity has also imposed
significant costs on human health and contributed to
inequity. By 2013, several of the top risk factors driving
disease globally were related to diet (GBD 2013 Risk
Factors Collaborators 2015). Current food systems
over-produce products of low nutritional value and even
harmful foods such as sugary drinks, driven by political
and corporate interests (Mintz 1985; Richardson 2009),
while significantly under-producing many beneficial foods
such as seeds and nuts, fruits and vegetables, as noted
in the Global Burden of Disease report (GBD 2013 Risk
Factors Collaborators 2015).

In addition to the direct food consumption channel,
human health can also be negatively affected by the
environmentally-mediated impacts of food production.
For example, 20 per cent of premature mortality due to
air pollution is derived from agricultural activities and
biomass burning. Clearing forests for agriculture adds
another 5 per cent to these mortality figures (Lelieveld
et al. 2015). Highly hazardous pesticide use is still
widespread across the globe, contributing to a range of
health problems such as reduced fertility of male farm
workers (Aktar et al. 2009; Roeleveld and Bretveld 2008)
and increased incidence of fetal conditions and perinatal
death (e.g. Maertens 2017; Regidor et al. 2004; Taha and
Gray. 1993). Negatu et al. (2017) found that the expansion
of commercial farming in the last decade in Ethiopia has
ledto a 6-to 13-fold increase in the use of pesticides, which
has had an adverse impact on the respiratory health of
workers exposed to these pesticides. In Argentina, recent
evidence suggests that herbicides (including glyphosate,
adjuvants and the metabolite AMPA) have teratogenic
and genotoxic effects on mammals and humans and are
linked to diverse pathologies and diseases (e.g. Beuret et
al. 2005; Avila-Vazquez et al. 2017).

Importantly, increasing crop production has not
guaranteed increased food security or even availability of
nutritious food (Smith 2013). Currently, almost one fourth
of total food production is wasted, an amount that could
feed four times the number of the hungry people in the
world (FAO 2011). Food waste is not just an issue linked
to inefficiency; it raises important questions of equity
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and ethics in the global food system. This is especially
problematic in countries where subsistence farming was
replaced by intensified commercial farming. For example,
Sierra Leone now exports food while people experience
hunger locally (IFPRI et al. 2012). The food justice
movement has pointed out that women farmers and other

marginal groups continue to experience land insecurity
and lack of access to production resources. The case
study presented in Box 2.2 highlights the increasingly
interconnected and systemic nature of a “wicked problem”
and the converging issues that support and hinder socio-
ecological resilience in agricultural landscapes.

Box 2.2 Case study: the complex reality faced by smallholders farming riverside vegetables in the dry season, Northern
Ghana

In the semi-arid Guinea-Savannah zone of Upper West and East region of Northern Ghana, smallholders frequently have to
contend with weather fluctuations, climate extremes (Tall et al. 2014), and hazards such as flooding, drought and storms
(Lopez-Marrero 2010; Barrett 2013). All of these factors present risks to agriculture (Harvey et al. 2014), such as failed
food and seed stores, crop loss, and infrastructural damage. The region is home to the nation’s highest rural population
of predominantly Dagaare and Fare-Fare agro-pastoralists (84 per cent in the Upper West) - 28 per cent higher than the
rural average of 56 per cent and 8 per cent higher than the national average (FAO 2008). However, the current speed and
magnitude of climate change undermines farmers’ ability to employ traditional methods to cope with variability (Harvey
et al. 2014; IFAD 2015). Their vulnerability is exacerbated by the fact that these farmers, like many other smallholders,
tend to live in marginal environments (e.g. river banks, slopes or close to industrial lands); depend mostly on rain-fed
agriculture; farm small parcels of land; and often lack risk mitigation tools, such as regulated long-term credit, cash
reserves, reliable weather forecasts, early warning systems, farming inputs or storage infrastructure. Non-climatic
stressors compound this risk, including market price fluctuation, under- or over-utilization of synthetic pesticides and
fertilizers, and lack of information about appropriate application of inputs. Other issues include limited availability of
organic inputs to boost soil fertility, increasing scarcity of land associated with population growth, and lack of labour due
to worker migration to Southern urban centres (Tall et al. 2014).

Vulnerability is particularly high during the dry season, which typically runs from November — April, when cereal production
comes to a halt due to the lack of rainfall, food stocks run low and demand for labour in the south is high (Laube et al.
2012). Many agricultural producers “sit idle” during this time, but in recent years, vegetable cultivation has increasingly
become an important rural activity (including cultivation of chilli pepper, onion, garden egg, tomato, okra, cabbage, and
sweet potato). Vegetables are space efficient, commonly intercropped with other staples crops like cassava, mango and
banana, have a high nutritional value and cash crop value, and are growing in demand in urban and rural areas (James et
al. 2010; Cernansky 2015). Dry season vegetable farming supports biodiversity in terms of landscape configuration and
land management (Norfolk et al. 2013). Many farmers maintain the landscape surrounding the area in cultivation with
patches of native trees, thereby increasing species diversity and heterogeneity as compared to monocropped landscapes
(Fernandes and Nair 1986). Land management decisions can also benefit on-farm biodiversity. For example, farmers use
mulch to retain soil moisture and promote decomposition, which in turn supports below-ground microbial communities.
Concurrently, biodiversity benefits dry season vegetable farming. That is, trees surrounding farms house populations of
birds and insects, which in turn support crop productivity through pollination and seed dispersal (Jha and Vandermeer
2010). Biodiversity around farms further provide provisioning ecosystem services such as medicinal and aromatic plants
and fodder (James et al. 2010).

Despite these benefits, expanding dry season vegetable cultivation faces challenges. Current methods of irrigation
are labour and time intensive — with farmers spending 4.5 hours per day filling up to 350 handheld buckets to collect
water from riverbanks. The river water is reportedly contaminated, given multiple use requirements for washing, limited
sanitation, livestock and the influence of upstream dams on turbidity and velocity. Labour productivity is hindered by
limited health services, the continued presence of the parasite Dracunculus medinensis (guinea worm), and poor filtration
and monitoring of water quality. External international drivers, e.g. European agricultural subsidies, are reducing the
export markets for smallholder farmers (Laube et al. 2012). Concurrently, farmers suggest that changing climatic
conditions they have observed, such as higher temperatures and humidity, have strongly influenced pest incidence on
crop production (NPAS 2012). Thorn et al. (2016b) confirmed this, showing that in hotter, drier climatic conditions, the
proportional abundance of ground- and vegetation-dwelling Hemiptera increases, particularly the economically damaging
Phytophage, Homoptera auchenorrhyncha cicadellidae, and there is a greater risk of seed predation due to the presence of
more granivores. However, the same factors have led to an observed greater abundance of long-tongued pollinators, from
which farmers may benefit due to more efficient pollen dispersal and decomposition.



This case study highlights the increasingly interconnected converging issues that support and hinder socio-ecological
resilience in agricultural landscapes. This complexity creates challenges in how best to balance needs in a changing
climate. The need for more clarity is evident in current disagreements in national Ghanaian institutions, some of which
advocate for more cultivation of vegetables, while others argue against it. To understand what interventions may enhance
smallholder adaptive capacity and sustainability of crop production for environmental services, biodiversity and food
security, a systems approach that analyses the interrelations between human and non-human systems across temporal
and spatial scales is needed. The TEEBAgriFood Evaluation Framework can help by identifying the total range of impacts
and externalities for vegetable cultivation in this scenario, helping the actors involved to choose the best-suited means

of crop production for these specific circumstances.

2.2.2 The many dimensions of the eco-
agri-food system create complex analytical
and policy challenges

The eco-agri-food system is dynamic, complex
and multifunctional, referring to the inescapable
interconnectedness of agriculture’s different roles and
functions (IAASTD 2009). The concept of multifunctionality
recognizes agriculture as a multi-output activity producing
not only products (including food, feed, fibres, agrofuels,
medicinal products and ornamentals), but also human
health effects, livelihoods and employment opportunities,
environmental services, landscape amenities, and a
source of cultural heritages (IAASTD 2009; Robertson et al.
2014). An important attribute that underpins agriculture’s
multifunctionality is biodiversity. Agricultural biodiversity
is a key component of farming systems and breeding
systems worldwide, and results in nutritious foods that
are culturally acceptable and often adapted to local and
low-input agricultural systems (see, for example, Box 2.1).
Biodiversity is also a source of important traits for breeding
climate-tolerant, nutritious crops and animal breeds in the
future (Bioversity International 2017). This central role
of farm and landscape diversification in transforming
agricultural and food system has been highlighted in the
2016 International Panel of Experts on Sustainable Food
Systems report (IPES-Food 2016).

The multiple dimensions of the eco-agri-food system create
complex analytical and policy challenges (EEA 2017).
Efforts to alter one aspect of the system (e.g. reducing
environmental pressures) will very likely produce impacts
elsewhere (e.g. affecting employment, investments and
earnings). This can also mean that interventions produce
significant unexpected feedback and side effects. In
addition, food systems do not operate in isolation from
other systems such as those involving energy, mobility,
and wider society, which in turn shape the context in which
the food system operates. The use of simplified indicators
(i.e. productivity per hectare or GDP of the agricultural
sector), focused on selected measurable variables, can
lead to poor decisions (EEA 2017). Drawing from reviews
of empirical evidence, the case studies presented in
Box 2.4 (Argentina), Box 2.5 (Malawi) and Box 2.6 (India)
demonstrate how agricultural policies affected the many
interconnected aspects of economy and society.

Agricultural policy, throughits effect on price and availability
of food, is known to be an important determinant of health
(Pekka et al. 2002; Zatonski and Willett 2005; Birt 2007;
Jackson et al. 2009; Hawkesworth et al. 2010; Wallinga
2010; Nugent 2011). However, health has largely been left
out of consideration in agricultural policies (Dorward and
Dangour 2012; Fields 2004; Hawkesworth et al. 2010), and
tension between agricultural and nutritional/health policies
is commonplace, and not only in the EU (Aguirre et al. 2015;
Popkin 2011). The 2013 European Common Agricultural
Policy reform liberalized the EU sugar market in 2017,
abolishing sugar quotas and lowering EU commodity (or
wholesale) sugar prices significantly. Scholars and public
health research centres had projected that these changes
would have the potential to increase sugar consumption
(UKCRC-CEDAR 2015), particularly among the lowest
socioeconomic groups (Aguirre et al. 2015), while causing
substantial losses in sugar exporting by African, Caribbean
and Pacific countries (Richardson 2009).

Policies that seem reasonable in one sector or for providing
a solution to one problem can cause unintended adverse
effects on other sectors, or over a longer time horizon or
larger spatial scale. For example, in the Nagchu Prefecture
of Tibetan Autonomous Region in China, the enforcement
of a conservation area with the aim to restore degraded
habitat has resulted in the eviction of semi-nomadic
pastoralists who have depended for centuries on the
land for grazing livestock, with adverse impacts on their
livelihoods (Yeh et al. 2015).

Encouragement of high-efficiency irrigation can directly
reduce the water use per area and the total water use of
a given system. However, the reduction of existing costs
of purchasing or pumping water affect the economic
productivity of water, which can lead to other changes.
First, crops that were previously unprofitable or even
agronomically unfeasible may become lucrative, increasing
the share of water-intensive crops in the overall cropping
system, and increasing the average water use per area.
Secondly, the overall area planted with crops may expand.
This increase in planted area can again lead to an increase
in global water use. These system responses to improved
technology can create rebound effects, where gains in
efficiency are offset by expanded use. In some cases,
global consumption may increase overall, in what is known
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as the Jevons Paradox. The extent to which a system
rebounds will depend in large part upon the strength of
system feedbacks (the balancing loops) and the new
equilibria they create — at what point increased water and
pumping costs inhibit further intensification, or depressed
prices inhibit further expansion.

These examples show that systems thinking is needed
to improve evaluation and impact assessment before
policies or technologies are put in place. An analytical
framework capable of integrating subsystems and
showing connections between them will improve our
understanding of the consequences of choices in
quantitative and qualitative terms, across the whole eco-
agri-food system. This framework will furthermore help to
gather the information needed to make better decisions by
agents involved across the value chain. Without systems
thinking, we will continue to fail to consider the “what ifs".

extension and research had the government not spent most
of its agricultural support budget on subsidies? What would
have been the overall societal impact if more government
resources had been used to implement ecosystem-based
approaches, instead of agro-chemical input subsidies?

Ideology and culture affect how we understand issues
around food (Rosin et al. 2012a, 2012b). Food is a vital
part of community, family and tradition, and encompasses
many non-economic dimensions that are important for
individuals and society, but it is often evaluated as just
another thing to be bought and sold (Rosin et al. 2012a;
Vivero-Pol 2017). Pretty (2012) called for developing new
alternative models of agricultural and food systems that
are culturally embedded and meaningful. Such models
would put food at the centre of economies and societies,
and ensure that food is produced in ways that improve the
environmental systems of the planet.

For example, in any theoretical scenario, what would have
been the impact of investing in infrastructure, irrigation,

Box 2.3 Case study: genetic diversity and the eco-agri-food system

An essential component of the global eco-agri-food system is the genetic diversity of crops and livestock. These genetic
resources, including both the diversity of cultivated varieties as well as the wild relatives of crops (“crop wild relatives”)
and livestock, are a key form of natural capital, and the conservation and use of agrobiodiversity is essential for the
development of a more sustainable and resilient global food system.

In a way, the improved crops we grow are supported by the entire “genepool” of cultivated and wild diversity to which
we can turn to mitigate pest epidemics and stressors like climate change through the breeding of new crop varieties.
However, the development of improved varieties has at the same time led to a narrowing of crop diversity as farmers
abandon traditional varieties, and as wild lands containing crop wild relatives are cleared for development. Without
considering the important role of genetic diversity within the eco-agri-food system, we run the risk of disaster.

Nowhere are the dangers of low genetic diversity more pronounced than in the case of the banana, where a single, clonal
variety dominates production for the global export market: the Cavendish. Similar to the Gros Michel, an older variety
that was almost completely wiped out by a fungus known as the Panama disease (or Fusarium wilt), the Cavendish is
currently facing a new fungal disease, Black Sigatoka (Pseudocercospora fijiensis), in addition to a mutated new strain
of Fusarium wilt. Currently, banana plantations are sprayed with fungicides up to 45 times on an annual basis (Vargas
2006) at great economic and environmental cost. The wild relatives of the cultivated banana are a valuable source of
resistance genes, and have been used to breed cultivars resistant to Black Sigatoka (Wu et al. 2016). However, wild
banana populations are declining due to the direct and indirect effects of climate change (Emshwiller et al. 2015).

To ensure the long-term viability of banana production, crop diversity needs to be maintained. As this is costly and a
global public good, the most adequate strategy is to manage on a global scale, through collaboration between countries.
This requires that governments invest in conserving crop varieties in genebanks (and in farmers' fields) as well as crop
wild relatives in their natural habitats, work to reduce further loss of agricultural diversity, and facilitate the use of these
genetic resources. An example of how this can be partially accomplished is the International Musa Germplasm Transit
Centre (ITC), home to the world's largest collection of banana varieties, both cultivated and wild. The ITC has distributed
thousands of banana samples over the past 30 years to users in more than 100 countries, as its holdings fall under the
jurisdiction of the Multilateral System of the International Treaty on Plant Genetic Resources for Food and Agriculture,
which was adopted in 2001 and currently includes more than 100 participating countries.

Similar initiatives are undertaken for other crops; notwithstanding, the challenge of eroding genetic diversity remains
huge and is exacerbated by the increasing industrialization of agricultural systems (IPES-Food 2016).



Box 2.4 Case study: what constitutes a “successful” model? The case of soybean industrial production in Argentina

In the last three decades, export-driven industrialized farming was promoted by the Argentinian government as the main
model of production and as an agricultural development strategy especially in regard to GM soybeans (Pengue 2005;
Teubal et al. 2008; Delvenne et al. 2013; Leguizamén 2014a; b; Torrado 2016). Favourable international market forces
and globalization further aided this trend (Harvey 2003, Pengue 2005; Leguizamén 2014a; Caceres 2015). This neo-
extractivist developmental model (Gudynas 2009; 2014) is heavily dependent on modern technologies and inputs in
monoculture-dominated large-scale production systems, as well as the extraction of natural resources (Pengue 2005;
Teubal 2006; Caceres 2015).

However, on what terms is the “success” demonstrated in this case understood? Argentina'’s industrial agriculture model
could be understood as successful within the scope of neoliberalism, and as regards a few “winners”, namely, large-
scale farming and agribusiness corporations. Argentina ranks third in the world in the production and export of GM
soybeans with ca. 20 million hectares under production and an output of 56 million metric tons during the 2014/15
season (Torrado 2016). Soybean has become the most important crop in Argentina (Pengue 2005; Aizen et al. 2009;
Caceres 2015; Leguizamdn 2016; Torrado 2016; Lapegna 2017), with record harvests and profits (Leguizamén 2014a,
2016; Lapegna 2017). The government also benefited tremendously from resulting export tax revenues (Leguizamon
20144, 2016; Torrado 2016; Lapegna 2017).

However, the benefits of this model become less certain (or negative) when other perspectives and criteria are considered.
A large body of studies has documented that neoliberal policies supporting the expansion of industrial agriculture have
generated negative environmental and social impacts. Social inequity is clearly evidenced. For instance, the country is

producing “food” for over 300 million people but more than 30 per cent of its population (40 million people) lives below
national poverty line (Garcia Guerreiro and Wahren 2016). Moreover, industrial agriculture is one of the main drivers
of land use change (Zak et al. 2004; 2008; Gasparri and de Walroux 2015); displacement of other crops important for
domestic consumption (Teubal et al. 2005; Aizen et al. 2009); deforestation and forest fragmentation (Torrella et al.
2011; 2013; Hoyos et al. 2013; Piquer-Rodriguez et al. 2015); fresh water pollution (Pizarro et al. 2016a; b); and reduction
of native plant populations and appearance of invasive species (Vila-Aiub et al. 2008; Binimelis et al. 2009; Martinez-
Ghersa 2011; Ferreira et al. 2017). As a result of forest loss, production of vital resources such as wood, grass and hay
for domestic animals, honey, and fibres have been considerably reduced (Trillo et al. 2010; Arias Toledo et al. 2014;
Leguizamén 2014a), creating substantial negative impacts on subsistence farmers and indigenous people (Caceres
2015; Leguizamén 2016; Cabrol and Caceres 2017; Lapegna 2017). In the land rush for industrial crop cultivation (e.g.
soybean), violence against indigenous and peasant families for land control escalated (Carrizo and Berger 2012; 2014;
Arancibia 2013; Lapegna 2013, 2017; Leguizamon 2014a; b; Berger and Carrizo 2016).

Studies have also documented the negative social-ecological impacts of fumigation, particularly with glyphosate.
Even though glyphosate is considered a less toxic alternative for weed control than some of its precursors, its use is
controversial as there is increasing evidence of possible profound eco-toxicological effects of this herbicide on the eco-
agri-food system (Bourguet and Guillemaud 2016; Cuhra et al. 2016). For example, there have been recent reports in
Argentina of direct negative glyphosate effects on freshwater phytoplankton, bacterioplankton and periphyton (Peruzzo
et al. 2008; Vera et al. 2010; Pizarro et al. 2016a; b); soils, microorganisms and fungi (Druille et al. 2013; 2016; Okada et al.
2016); invertebrates (Casabé et al. 2007; Mugni et al. 2011), amphibians (Lajmanovich et al. 2003; 2017; Attademo et al.
2014; Mariel et al. 2014); reptiles (Burella et al. 2017) and fish (Ballesteros et al. 2017a; b; Bonansea et al. 2017). In wild
mammals, domestic mammals and humans, recent evidence indicates that the herbicide glyphosate (with adjuvants
and the metabolite AMPA) has teratogenic and genotoxic effects and shows associations with diverse pathologies and
diseases (Beuret et al. 2005; Carrizo and Berger 2012; 2014; Arancibia 2013; Avila-Vazquez et al. 2017).

Looking across the multiple tradeoffs derived from the model, Leguizamén (201 4a; 2014b; 2016) pointed out afundamental
conflict between the narrative of “success” of the Argentinean GM soybean boom and socio-ecological sustainability.
Systemic analysis is needed to evaluate alternative models of the eco-agri-food system, providing a comprehensive
picture of performance, while considering different economic, environmental, health, and social indicators.



Box 2.5 Case study: evaluating the impact of fertilizer subsidy policy in Malawi

This case study presents a review of the empirical evidence regarding the impact of an inorganic fertilizer input subsidy
program implemented in Malawi between 2005 and 2010. Smallholder farmers dominate agriculture in Malawi and about
70 per cent of the population depends on agriculture for their livelihood, with maize being the major crop (Denning et al.
2009). Traditionally, most farmers used little or no inorganic fertilizers due to high costs. Also, before the intervention
maize yield response to inorganic fertilizer was low, due to low soil organic matter and poor response of traditional
varieties (Ngwira et al. 2012). Due to variable maize prices on the market, the purchase of fertilizer input was seen as risky
and unattractive (Dorward and Chirwa 2011).

Starting in the 2005/06 growing season, the Malawian government implemented an ambitious program countrywide,
which offered subsidized fertilizer and improved maize seeds through a voucher system, with vouchers distributed
through district traditional authorities.

Despite some questions regarding specific figures, there is a consensus that the subsidy program increased agricultural
productivity, with bumper harvests in 2005/06 and 2006/07. While this enhanced food security for individual households,
the overall impact was uneven. As Sibande et al. (2015) found, only the richest 40 per cent of participating households
achieved food security as a result of the subsidy programs, with 60 per cent remaining food insecure. It was also found
that male-headed households were more likely to be food sufficient compared to female-headed households (Dorward and
Chirwa 2011). This gendered effect was partly due to the fact that land ownership was a requirement for participation. In
a survey by Holden and Lunduka (2013), 40 per cent of sampled households reported a positive effect on their children’s
health, with another 65 per cent indicating that children’s school attendance improved. However, Lunduka et al. (2013)'s
review study suggested that the subsidy program might not have improved the overall food security. While national
poverty rates decreased by 2.7 per cent, it was mostly the urban poor who benefited from lower food prices (Arndt et al.
2016).

At their peak in 2008/09, subsidy costs accounted for 80 per cent of the public budget to agriculture and 16 per cent of
the total national budget (Dorward and Chirwa 2011). This had effects on other areas, with reduced budget allocated to
infrastructures such as roads and irrigation, as well as to extension and research (Arndt et al. 2016).

Importantly, the various studies, which sometimes reached contradictory conclusions (indicated by the “+/-" sign in
Figure 2.1), show that the impact of such a vast subsidy program is often difficult to assess and quantify (indicated
by question marks). This is partly due to differences in timing and methods of data collection. Even when the intended

outcome is observed, distributional effects may or may not be positive (the yellow triangle sign in the Figure indicates
where such distributional effects may rise). A subsidy program as broad as this one has impacts beyond agricultural
practices and food supply. It can improve children’s health and school attendance, for instance. Yet, the impact is often
heterogeneous, e.g. unevenly divided in terms of benefits between male- and female-headed households, rich and poor
households, or urban and rural households. Such a program may inadvertently reinforce existing inequalities. The
interdependencies in an eco-agri-food system are complex and trade-offs need to be carefully weighed.

One interesting question is whether redirecting government budgets from simply providing inorganic fertilizer to
alternative approaches that are focused more on ecosystem functions and sustainable land management would have
helped to avoid some of the documented unintended negative effects while improving productivity in the long run, and
what other unanticipated changes might emerge. Uptake of such techniques remains low in Malawi, and outcomes for
food security and income are mixed. But their appeal may grow if external driving forces such as climate change put even
more pressure on energy supply and crop yields.



Figure2.1 Mapping evidence of policy impact (Source: authors)
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Box 2.6 Case study: energy subsidy and groundwater extraction for irrigation in India

Groundwater irrigation in India covers more than 86 million hectares (ha) out of 192 million ha of gross cropland (Gol
2013). However, agriculture in India is trapped in a complex cycle of groundwater depletion and dependence on energy
subsidies (Shah et al. 2008). The government subsidizes electricity costs for pumping ground water to encourage greater
agricultural productivity, which has encouraged farmers to continue drilling deeper and pumping more. The subsidies are
often priced at a flat tariff, if at all, and the groundwater is seldom effectively regulated. As a result, farmers lack monetary
incentives to save water or use it efficiently (Narayanamoorthy 2004). The resulting crisis in groundwater resources,
especially in northwestern India (Rodell et al. 2009), had ripple effects on smallholder farmers, rural communities, and the
environment. Despite effort by the government to formulate groundwater regulations and pass state laws, enforcement
has largely been ineffective.

Systems thinking is useful for looking at the impact of energy subsidies in India. For instance, several feedback loops
exist between the energy subsidies, national imperatives for economic development, food security, the overexploitation
of groundwater and consequences for rural livelihoods. At the political-institutional level, energy subsidies have
threatened the viability of State Electricity Boards: their capacity is physically stretched by irrigation pumping, and their
capacity as organizations is undermined as there are limited incentives for efficiency. Energy subsidies have affected
rural populist politics in that political efforts to reqgulate water are hindered. Proliferation of pumps has also jeopardized
the power supply in several states, with implications for regional and urban power services. The energy subsidies have
also incentivized farmers to choose water-intensive crops such as rice over less demanding ones, which reinforce the
rising demand for irrigation water.



Many responses have arisen in the wake of the socio-ecological challenges associated with energy subsidies
in agriculture in India. Most of these include various groundwater management proposals. Some, like the strategy
implemented in West Bengal, involve virtually no subsidy on power, because the state has metered all its tubewells
and the government now charges farmers at near-commercial rates (Shah et al. 2012). Other regions have focused on
finding a second-best middle ground that fits the realities of the state level political economy and physical conditions.
One such effort is the Jyotigram scheme introduced in Gujarat which charges farmers a flat rate tariff, while imposing
explicit rationing of high-quality power (Shah et al. 2012). Some are focused on improving irrigation efficiency and
transitioning away from flood irrigation (Fishman et al. 2015). Others have focused on the important role of collective
action in order to restrict highly water-consumptive crops where state capacity to control groundwater use is limited
(Meinzen-Dick et al. 2016). Whether the effort is aimed at correcting distortions rooted in the economic or human
behaviour domain, a systems view is necessary to ensure that we look beyond the immediate steps or consequences
and consider broader scales and dynamics.

2.23 cOnceptuaIizingasensibleoperating On the one hand, the eco-agri-food system, which is

space for the eco-agri-food system bound_ed by. the same .overarchlng (global) ecologlgal
and biophysical constraints and shares the same social

foundations as human development, must operate
within a “safe and just space for humanity”. Defining
this space for a given system obviously depends on the
values and worldviews held, but systems thinking can
play a role in fostering conceptualization and cultural
narratives that better appreciate the social and natural
foundations of sustainability. On the other hand, the
performance of eco-agri-food systems plays a critical
role in determining if humanity can thrive within planetary
and social boundaries. Systems thinking again can offer
conceptual guidance on the methodologies of analysis
and governance.

How can the overall viability and sustainability of any
eco-agri-food system be assessed? Much of the current
research that attempts to look beyond simple productivity
as the only meaningful measure of agricultural production
has focused on the biophysical impacts of production
systems on the environment. Many studies have looked
at how to close the ‘yield gap’ (i.e. raise yields in less
productive systems vis-a-vis industrial agriculture)
(Harvey et al. 2014; Campbell et al. 2014) by examining
the impact of conservation strategies on agricultural
productivity (Branca et al. 2012). It is widely accepted that
for human activities to be sustainable, we must respect
the ecological constraints on what we can do on and with
planet Earth (Clift et al. 2017).

Rockstrom et al. (2009a; 2009b) defined ‘safe operating
space for humanity’ in terms of a set of planetary
boundaries. The concept has significantly influenced
the international discourse on global sustainability
(Dearing et al. 2014) by using nine interlinked biophysical
(hereafter referred to as ecological) boundaries at the
planetary scale that global society should remain within,
if it is to avoid “disastrous consequences for humanity”.
Raworth (2012)'s extension of the Planetary Boundary
concept to include social objectives, such as health,
gender equality, social equality, and jobs, in the context of
sustainability policy and practice has produced a heuristic
with an explicit focus on the social justice requirements
underpinning sustainability (see Figure2.2) (Raworth
2012). Raworth's approach brings planetary boundaries
together with social boundaries, creating a safe and just
space between the two, in which humanity can thrive. The
concept of “safe and just operating spaces” has since
been used to guide analysis of regional social-ecological
systems in a variety of situations and contexts (for
example, in China by Dearing et al. (2014), and in coastal
Bangladesh as described in Box 2.7).



Figure2.2 The safe and just space for humanity (Source: adapted from Raworth 2012)
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Box 2.7 Case study: sustainability of coastal agriculture in Bangladesh: Operationalising safe operating space using
social-ecological system dynamics

The safe operating space concept offers a new basis for negotiating trade-offs for sustainable development in the face
of growing challenges. Using the safe operating space concept to evaluate the complex dynamics (e.g. feedbacks,
nonlinearity) of social-ecological systems, in this case, of agriculture in coastal Bangladesh, involved three research
steps: i) analysis and understanding of the co-evolution (drivers, trends, changes points, slow and fast variables) of social-
ecological systems involved (Hossain et al. 2015; 2016a), ii) unravelling the dynamic relationships (e.g. interactions,
feedbacks and nonlinearity) between social and ecological systems (Hossain et al. 2016b), and iii) simulation and
exploration of the social-ecological system dynamics by generating eight ‘what if’ scenarios based on well-known
challenges (e.g. climate change) and current policy debates (e.g. subsidy withdrawal) (Hossain et al. 2017).

Coastal agricultural production doubled in Bangladesh (1.5—3.0 Mt) from 1972 to 2010 due to technological innovation
and fertilizer input. The ecosystem, however, has degraded since the 1980s due to increasing temperatures and salinity
levels (in both soil and water), rising sea levels and rising ground water levels (Hossain et al. 2015, Hossain et al. 2016a).
Recorded statistics confirm that this area is one of the most vulnerable to climate change (Maplecroft 2010; Ahmed et al.
1999) and is also under stress because of land use change, water scarcity, floods, salinity rise and urbanization (Hossain
et al. 2015; ADB 2005). Projections show that the detrimental effects of climate change in the area are likely to continue,
as rice and wheat yields decrease due to temperature increases (MoEF Bangladesh 2005). In such a context, it is highly

important to know the proximity of the social-ecological system to tipping points and the chances of stepping outside
the safe operating space if a ‘perfect storm’ of social-ecological failings is to be avoided.




Prior to employing system dynamic modelling to explore the safe operating space in the Bangladeshi delta, we defined
the safe operating space in relation to the envelope of variability, environmental limit and impacts on society, assuming
that, outside the envelope of variability for crop production, income and GDP, the society will move out from the safe
operating space, posing danger to humanity. Eight ‘what if’ scenarios were formulated based on well-known challenges,
current policy debates and stakeholder consultations on the Bangladesh delta in relation to issues such as climate
change (debate of 2°C and 3.5°C temperature rise in Paris agreement), sea level rise, withdrawal of subsidy according to
World Trade Organization by 2023 and withdrawal of water in the upstream of Ganges delta. Model simulation results for
the period 2010s to 2060s revealed that a 3.5°C temperature increase over the period would be dangerous for the social-
ecological systems, especially when combined with sea level rise, withdrawal of water and withdrawal of subsidies.
Based on the simulated results, we suggest that agricultural development in Bangladesh can stay within the safe
operating space by managing feedback (e.g. by reducing production costs) and the “slow” biophysical variables (e.g. by
remaining below a 2°C temperature increase), and revising national policies regarding agricultural subsidies. This case
study highlights the value of modelling complex social-ecological systems in data scarce regions and demonstrates
how we can operationalise sustainability science concepts (e.g. tipping points, limits to adaptation) in real world social-

ecological systems.

2.2.4 Currently applied conceptualisations
and analytical tools are limiting

‘Silo analysis’” not only limits a comprehensive
understanding of the complexity of the eco-agri-food
system, but is also a consequence of the limited
availability of data and means to investigate the eco-
agri-food system as an integrated complex whole. In this
section, we provide some examples of the limitations of
the currently applied conceptualizations and analytical
tools, which contributed in part to today’s challenges with
regard to the eco-agri-food system. We also highlight how
synergies and coherence can be gained when evidence is
generated using concepts and methods that are aligned
with systems thinking (Tallis et al. 2017).

Treating natural capital using the tools of national income
accounting

To understand the limitations of current approaches
to assessing the value of natural capital, it is helpful to
understand the origins of these approaches. The current
system of economic accounting was developed in the
1930s, particularly in the U.S. and U.K. with the creation
of the concept of Gross National Product (GNP). GNP
was cast as a way to understand “return on investment”
that depended on maintaining capital stocks (Solow
1956). This enabled the macro economy to be analysed
as if it were one big firm. An important impact of this
conceptual development was that it redirected the
concerns of economic theory and economic policies
away from questions of income distribution towards
production, especially through improving efficiency and
ensuring the optimal allocation of productive inputs.
When employed for long enough, indicators like GNP
can ultimately change underlying perceptions of values,
becoming valued attributes in their own right (Haider et al.
2015) (see the earlier Argentinian case study in Box 2.1).
Although indicators are formulated to measure what we

value, in practice the opposite often happens — we come
to value what we measure (Meadows 1998).

An important advancement in income accounting was
the realization that capital stock should include the
contribution of the services of nature (‘natural capital’)
(Dasgupta and Maler 2000). In 2012, nearly a century after
the rise of GNP as a metric, the UN established the System
of Environmental Economic Accounting - Experimental
Ecosystem Accounting (SEEA-EEA) (UN et al. 2014).
Alongside it emerged the concepts of ‘green accounting’
(Serafy 1996) and ‘inclusive wealth’ (UNU-IHDP and UNEP
2014).

The Inclusive Wealth Report describes four kinds of capital:
manufactured or physical, natural, human, and social
(UNU-IHDP and UNEP 2014). Each of these capitals
is involved in agriculture and all are linked in complex
ways. For example, while it may be technologically
possible to replace human capital (e.g. farm workers)
with manufactured capital (e.g. machinery), this may
have negative consequences on social capital (e.g.
social networks). As Daly (1996) pointed out, the notion
of ‘capital' implies that one type of capital can be
substituted by another type of capital, a viewpoint that
has significant shortcomings. Indeed, the ultimate source
of all manufactured capital is the natural world and its
essential services are not substitutable.

Georgescu-Roegen (1984) argued that land, labour, and
capital are funds, not stocks. Funds must be maintained
by preserving the conditions that enable them to be
perpetuated. Especially in the eco-agri-food system, this
seems a more appropriate concept. Ecosystem services
such as soil fertility and other vital soil characteristics
must be maintained to sustain the output of crops in
the long run. Labour (agricultural workers) must also
be maintained through health care and the supporting
institutions of family and communities. This way of
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thinking emphasizes the importance of social capital
in the economic process. Social capital is particularly
important in the eco-agri-food system, whose success
depends directly on the supporting functions of family
and community (e.g. via the provision of information
or appropriate inputs, or labour sharing). Many aspects
of industrial agriculture work against sustainability by
undermining the social structure that supports farm
workers (Lobao and Stofferahn 2008; Goldsmith and
Martin 2006) and by drawing down the funds supporting
ecosystems services like water quality and availability,
pollination and pest control insects, and soil nutrient
cycling (Kimbrell 2002).

Awareness is growing that a new way to capture
interdependencies and assess trade-offs is required. As
Imhoff (2015, p.5) writes in the report on a “Biosphere
Smart Agriculture in a True Cost Economy":

“In the face of a rapidly overheating climate, collapsing
fisheries, degraded soil, depleted water resources, vanishing
species, and other challenges directly related to agriculture,
we can no longer afford to pursue a flawed accounting
system.”

The Millennium Ecosystem Assessment (MA), The
Economics of Ecosystems and Biodiversity (TEEB), and
the Intergovernmental Platform for Biodiversity and
Ecosystem Services (IPBES) are known for their focus
on the importance of ecosystems to human well-being
and to economic activity. These efforts document the
importance of natural capital to economic activity, and the
cost of environmental degradation on society. Yet, in view
of the magnitude of the continuing deterioration of many
ecosystems and social institutions, we must take the
concept of biodiversity and ecosystem services and the
many dimensions of human wellbeing further by looking
at how these issues might be addressed. One of the most
salient problems is the difficulty of operationalizing the
broad vision of these initiatives; that is, incorporating
complexity and interdependence with a systems approach.
Because the dependencies and impacts are indirect,
interconnected, and complex, seemingly reasonable sector-
based policies can lead to unintended consequences that
make the whole system (along with its stakeholders) worse
off. A key step is to first broaden our analytical framework
to allow for the conceptualization and evaluation of the
far-reaching implications of various options to manage the
eco-agri-food system, in order to inform decision-making,
and to improve the existing standards and guidance (e.g.
IFC Environmental and Social Safeguards, EIA and SEA
directives of the EU).

Beyond single numeraires for evaluating multi-dimensional
challenges

Over the past few decades environmental accounting
has matured and standardized. Researchers across

disciplines can now refer to a set of common methods to
measure nature’s services. However, like any accounting
methodology, environmental accounting is based on
simplifications of reality that affect which variables are
included, the numbers produced, and their relevance. In the
course of reaching consensus on how to construct natural
resource accounts or how to estimate environmental
services, conceptual difficulties have been glossed over
or ignored entirely. Most importantly, in many empirical
applications the ecosystem services narrative reduces
the value of nature to merely monetary terms that can be
quantified and brought into cost-benefit calculations.

Nature is perceived and valued in starkly different and
often conflicting ways, and embracing such diversity
can aid transformative practices aiming at sustainable
futures (Pascual et al. 2017). In the context of eco-agri-
food system, food has different meanings to different
people, including, for example, calorie production,
income generation, ways of living, and cultural heritage.
Developed within the context of the IPBES, the inclusive
valuation of nature’s contributions to people (NCP) aims
to improve decision making using a pluralistic approach
to recognize the diversity of values (Pascual et al. 2017).

Appropriate indicators that reflect the complexity of the
eco-agri-food system are needed. Haider et al. (2015)
proposed four principles to guide researchers and
practitioners when looking at complex systems. First,
indicators are integral parts of a wider monitoring and
management system and they provide the key tool by
which different elements of the monitoring and evaluation
process can be logically connected as attributes change
over time. Second, indicators should be designed and
used with a suite of other assessment tools and as a
coherent part of a wider monitoring system. Even though
the use of a single index can provide information (such
as GDP), the complex nature of social-ecological systems
means that such an index will never adequately capture
measures of sustainability. On the other hand, many
environmental monitoring programs combine various
types of indicators into uncoordinated simple lists with
little hierarchical or interactive structure (Gardner 2010).
Indicators can only have relevance to management and
decision-making processes within complex systems if
they are used in coherent and interactive ways, and in the
context of a particular aim or objective. Third, itis essential
to understand how different indicators relate to the wider
system that is being monitored. Finally, indicators, and
the monitoring and management systems to which they
are linked, should be designed through a participatory
process that involves the key stakeholders who are
responsible for or influenced by the system attributes
that the sustainability indicators are trying to represent.
Participatory approaches to monitoring sustainability
are particularly important in developing countries, where
engagement in the design and execution of monitoring
programs by local stakeholders may empower them to
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better manage their own resources (Haider et al. 2015).
Moreover, a participatory approach can also encourage a
culture of learning, which is paramount to the success of
adaptive management (Cundill and Fabricius 2009).

The limitations of comparative static approaches

“Comparative statics” provide away to evaluate the effects
of achange in policy or a production practice by using two
‘snapshots’, one before and one after a change. However,
there are limits to such comparative static analyses when
dealing with dynamic and evolving systems. These types
of comparisons are usually made based on the assumption
that variables remain constant and will not change in a
significant way in the future, i.e. the ‘all other things being
equal’ principle. This assumption is highly problematic
when considering complex adaptive systems, which are
driven by emergence and characterized by change.

Moreover, a snapshot approach does not look at the
dynamic interaction of elements within a system, so it
may not be representative of the full effects of a change.
Some interdependencies might be poorly captured and
others overlooked because they are deemed irrelevant or
because their effects only become apparent over the long-
term.

The case of genetically modified organisms (GMOs) crops
is instructive. As Hakimoct (2016) summarizes:

“The promise of genetic modification was twofold: By making
crops immune to the effects of weed killers and inherently
resistant to many pests, they would grow so robustly that
they would become indispensable to feeding the world’s
growing population, while also requiring fewer applications
of sprayed pesticides.”

These claims were based on several studies that seemed
to convincingly show that GMOs increased yields,
required fewer chemical inputs, and had no adverse
effects on human health. GMOs were first allowed in
the United States and Canada some 20 years ago, but
were subsequently banned in most countries in Europe.
These political choices led to an unintentional but
useful controlled experiment assessing GMOs effect
on production, biodiversity, and human and soil health,
amongst other factors. According to Hakimoct (2016),
the U.S. and Canada showed no discernible gain in crop
yields per acre compared to Western Europe. Another
unexpected outcome was that herbicide use increased in
the U.S. By comparison, Europe’s major producer, France,
reduced its use of herbicides and pesticides during the
same period. Other unexpected impacts emerged in the
social sphere. In India, many studies have recognized
the adverse social impacts of GMOs stemming from the
inability of smallholder cotton farmers to repay loans,
which leads to a loss of autonomy and control over food
production. These effects have been associated with

farmer suicides, the loss of crop genetic diversity and
decline in the number of locally adapted varieties.

The debate about GMOs is not conclusive, in part due
to a lack of long-term studies and comprehensive
assessments of impacts on ecosystem services, social
dynamics, and human health. For example, we lack
an understanding of how GMOs affect the long-term
evolution of herbicide and insecticide resistance in crops,
impact predators and pollinators, affect irrigation needs
and seed distribution policies, and how GMOs perform
under variable precipitation (Romeu-Dalmau et al. 2015).
To better understand the effect of GMOs, a systems
approach would improve our understanding of the
interdependencies and trade-offs involved, and thus the
situations, contexts and conditions where GMOs would
be appropriate or not.

The limitations of efficiency as policy objective

The goal of efficiency is a central concept in economic
policy and in research to improve agricultural production.
It is not only an essential part of microeconomic theory,
but also a driving force in market economies. Businesses
strive to create their products at the lowest possible
cost, arguably to avoid wasting scarce resources, but
also by externalizing a number of costs linked to the
environmental and social impact of their activities. It is
largely taken for granted that it is an objective criterion
and not a value judgment, but as Bromley (1990) pointed
out, efficiency is a value-laden ideology—part of a shared
system of meaning and comprehension.

The picture from Tanzania in Figure2.3 shows the
stark difference between plots planted in industrial
monoculture versus smallholder agriculture (<0.5ha) (see
Figure 2.3). Using measures of efficiency and profitability,
the industrial system might look preferable, but what
effects are left out? Taking a systems view encourages
policy makers to consider a larger spatial and temporal
boundary, and to assess the impact of alternatives on a
broader set of policy considerations, such as employment
of smallholder farmers, destruction of the family
farming-based system, loss of local knowledge, impact
on bio-diverse multifunctional landscapes, and effects
on connectivity, flood buffers, habitats, and personal
relationships.
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Figure 2.3 Photo showing industrial monoculture alongside smallholder agriculture in Tanzania (Source:
Bourne 2009)

As Bromley (1990) pointed out, efficiency is only one
possible policy goal with no particular claim to being more
important than any other. Efficiency is usually interpreted
as ‘allocative efficiency’, i.e. focusing on allocating
productive inputs among alternative uses in order to
maximize output. However, this is only one way to define
efficiency. In systems thinking the concept encompasses
the efficiency of ecosystems functioning, or efficiency
in the allocation and preservation of social capital to
improve the well-being of society. It should also include
the notion of ‘adaptive efficiency?, where the focus is
on practices and processes that will enable a system to
adapt to changes. This is a core message from resilience
thinking: prepare for the unexpected, for example through
diversification, maintenance of redundant resources
that can be mobilized quickly, and focusing on (social)
learning through on-going experimentation (Folke et al.
2010; Walker and Salt 2012).

The limitations of marginal analysis and discounting

Marginal analysis is a key decision-making tool in many
businesses. It is the process of identifying the relative
benefits and costs of alternative decisions by examining
the incremental change in revenue over costs caused by
a one-unit change in inputs or outputs. The eco-agri-food
system has significant implications for sustainability

2 Defined by North (2010) as a society's effectiveness in creating
institutions that are productive, stable, fair, and broadly accepted-
-and, importantly, flexible enough to be changed or replaced in
response to political and economic feedback.

and equity, and limiting evaluations to the yardstick of
‘value addition’ does not address important equity and
resilience issues (TEEB 2015). Marginal analysis does not
capture the cumulative effects of small decisions. Kahn
(1966) described the “tyranny of small decisions” as a
situation where small, seemingly insignificant decisions
accumulate andresultin anundesirablelong-run outcome.
Such situations abound in environmental issues. For
example, as noted by Odum (1982), the marshlands
along the coast of Massachusetts and Connecticut in
the U.S. were reduced by 50 per cent between 1950 and
1970 because of small incremental decisions made by
landowners.

Discounting is another thorny issue in economic valuation
and one that illustrates the divide between an individual
perspective and the perspective of “human society”
(Gowdy et al. 2010). Ecosystem services that support food
production become more important as external inputs
increase in cost or become scarcer. Even if individuals
demonstrate preference for current over future benefits
(i.e. discounting the future), that does not necessarily
mean that this is appropriate for social decisions (Quiggin
2008). The question of which time frame to use is also
critical. Scenario analysis of diverse plausible futures,
established envisioned desirable and undesirable futures,
and backcasting are approaches increasingly gaining
traction as a planning approach to address possible
future trajectories along varied time horizons over decadal
periods. This diverts from traditional economic planning
of four- to seven-year time horizons.
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2.3 ASYSTEMS
APPROACH FOR THE ECO-
AGRI-FOOD SYSTEM

2.3.1 Origins and evolution of Systems
Thinking

Systems Thinking (ST) is an approach that allows better
understanding and forecasting of the outcomes of our
decisions, across sectors, economic actors, over time
and in space (Probst and Bassi 2014). It places emphasis
on the system, made of several interconnected parts,
rather than its individual parts. Originating from Systems
Theory, ST is transdisciplinary, cutting across social,
economic and environmental dimensions. Further, it aims
at identifying and understanding the drivers of change as
determined and impacted by feedback loops?, delays and
non-linear relationships.

ST supports the integration of information through
the explicit representation of causal relations. It uses
feedbacks, delays, and non-linearity, three crucial
properties of real systems, to describe these relations
(Sterman2000). The strengths of some causalrelations are
determined, among other factors, by cultural norms. New
causal relations may emerge in specific settings, requiring
the application of a systems approach customized at the
local level. To navigate through complexity, ST supports
the identification of the main mechanisms underlying
the performance of a system through the creation of a
cognitive map, such as the Causal Loop Diagram (CLD),
described in more detail in Section 2.3.3.

ST is general in scope, meaning it can be applied to
several topics and types of systems, and focuses on
the integration of drivers of change across fields. As a
result, it builds on other applications of Systems Theory.
Examples include systems biology, ecology, and systems
engineering.

There are several methodologies and tools that support
the implementation of ST. In general, the identification
of the components of a system and of the relationships
among these components represents the so-called soft
side of Systems Theory; attempts to quantify these
linkages and forecast how their strength might change
over time represents the hard side of the field (Probst and
Bassi 2014).

Both applications have greatly evolved over time,
originating from Wiener's (1948) book “Cybernetics” in the

3 “Feedback s a process whereby an initial cause ripples through a chain
of causation ultimately to re-affect itself” (Roberts et al. 1983, p.16).

homonymous field, Odum'’s (1960) article titled “Ecological
potential and analog circuits for the ecosystem”, Forrester’s
(1961; 1969) publications on industrial and urban dynamics
(respectively) in the field of System Dynamics, Lorenz's
(1963) work on chaos theory, von Bertalanffy’s (1968) work
and book titled “General System Theory” in the context of
biology, to cite a few examples.

Over time, advances have been made both in systems
science (e.g. Complex Adaptive Systems, coined by
the Santa Fe Institute) and applications of ST to public
policymaking (e.g. The Limits to Growth, published by the
Club of Rome (Meadows et al. 1972)) and the subsequent
expansion of the field of System Dynamics (see Chapter 7).

When seeking to implement ST, the soft side is
characterized by seeking to understand and map system
complexity. This is achieved through the creation of
system maps, also called Causal Loop Diagrams (CLD),
Bayesian networks (see Box 2.8 for an example), and
mind maps, to cite a few examples. These approaches,
together with additional techniques to harvest expert
opinion (e.g. Delphi Analysis), allow for the creation of a
shared understanding of how a system works, which in
turn helps to identify effective entry points for (human)
intervention, such as public policies. When this is done
using a participatory approach, it helps bring stakeholders
together, creating the required building blocks for the co-
creation of a shared and effective theory of change.

The hard side of ST is represented by several simulation
methodologies and models, as presented in more depth
in Chapter 7. These methodologies and models offer
different ways of unpacking complexity (UNEP 2014).
For instance, models can be bottom-up (e.g. Agent-
Based Modelling, systems engineering models, Partial
Equilibrium Models) or top-down (e.g. General Equilibrium
Models, System Dynamics). Models may focus on the
understanding of the behaviour of agents, and how these
interact with one another, or on explaining the drivers
of structural change in the system. Hybrid approaches
also exist, where various models are integrated into
nested models, or fully incorporated into an integrated
model (Probst and Bassi 2014; UNEP 2011). Overall,
we find that the modelling field is rapidly evolving, and
there is increasing literature on complex systems and
on approaches to tackle complexity. We believe that
the TEEB Evaluation Framework, built on ST, can help in
both: i) identifying what should be included in modelling
exercises, to provide useful inputs to decision making,
and ii) determining what models to use (if in isolation or
in conjunction with others) and, more importantly, how to
interpret their results (according to their strengths and
limitations).

In the current report, our perspective embraces the notion
(and associated behaviours) of embeddedness within the
dynamic flows and cycles of nature, and thereby supports
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the analysis and understanding of a whole system rather
than its parts or subsystems (Meadows 2008; Sterman
2000). Analysing the underlying structure of the system
allows for plausible inferences about its past and future
behaviour (Coyle 2000), which are useful for policy
formulation and evaluation.

2.3.2 Applying Systems Thinking to the
eco-agri-food system

TEEBAgriFood makes use of scientific advances in relevant
disciplines, and argues for better integration of knowledge
across sectorsandactors. Inaddition, the study emphasizes
the importance of sharing results of analysis effectively in
order to better inform decision-making. We argue that using
ST and related tools can help all actors in the eco-agri-food
system to better plan for the future. Applications of ST can
already be found in many other fields within both the private
and public sector; together with an emphasis on Learning
Organizations (Senge 1990) we can better understand
how socioeconomic and ecological systems, as well as
organizations and institutions, learn and evolve over time.
The TEEBAgriFood Evaluation Framework is inspired by ST
and attempts to capture impacts of production, processing
and distribution, and consumption throughout the system,
keeping in mind of the drivers and contexts of the eco-
agri-food system, and important properties of the system
such as dynamics, scales, and feedbacks. By doing so, the
Framework can help identifying what should be included in
more comprehensive modelling approaches.

The eco-agri-food system involves many components, or
subsystems, which interact dynamically and give rise to
unpredictable properties that emerge at different levels
of organization - so-called emergent properties - which
are the essential reason for studying systems in the first
place. We are accustomed to dealing with complicated
systems, composed of many different parts which
interact linearly, and whose behaviour thus follows a
precise logic and repeats itself in a patterned way. These
complicated systems are therefore predictable. Complex
systems are dominated by dynamics that are very difficult
to predict. These dynamics are the result of multiple
interactions between variables that do not always follow
a regular pattern, and are driven by various feedback
loops. As a result, their interplay can lead to unexpected
consequences. The rapidly evolving environment in which
we live requires responses based on careful analysis of
alternative intervention options, especially when multiple
and simultaneous challenges emerge. Decisions that do
not consider the complex dynamics underlying the true
causes of a problem risk unintended consequences or
side effects.

Today'’s challenges are increasingly complex, and it will be
necessary to apply systems thinking if we are to improve
our abilities to address the challenges. In an analysis of the

top 100 questions for global agriculture and food security,
Pretty et al. (2010) identified a series of interlinked and
overarching challenges for this century, grouped into: i)
climate change and water, i) biodiversity and ecosystem
services, iii) energy and resilience, iv) social capital and
gender, v) governance, power and policy making, vi)
food supply chains, and vii) consumption patterns. They
demonstrate the intertwining nature of agricultural and
food systems, and show that solutions will have to come
from more than one sphere of political, technological and
economic life (Pretty et al. 2010; Pretty 2012).

An improved global food system requires radical change
to its organization (Rosin et al. 2012a; IPES-Food 2016).
In reviewing the literature of recommendations for
reconfiguring the global food system, Rosin et al. (2012b)
highlighted that the transformational recommendations
all involve significant shifts in the structure and operation
of the global food system. One example of structural
change in the model of agriculture called upon by the
International Panel of Experts on Sustainable Food
Systems is to diversify farms and farming landscapes
IPES-Food (2016). The environmental limits of our food-
related activities must be respected; the functions of
the ecosystems in which food is produced must be
maintained; the multiple outputs of agriculture and its
multiple roles must be considered. Take conservation for
example. The aforementioned recommendation implies
a recognition of the multiple and often non-monetary
and cultural incentives for conservation in agricultural
landscapes of different actors. Changesinfood production
systems must ensure that the environmental, social,
and human health qualities inherent to food production
and consumption, including but not limited to economic
benefits, are valued and therefore maintained. A radical
shift in our treatment of food is called for, both in terms
of the values we attach to food, and in our imaginings of
more just and flexible systems.

Using systems thinking requires a shift in fundamental
beliefs and assumptions that constitute what are referred
to as our ‘worldviews’. These are essentially intellectual
and moral foundations for the way we view and interpret
reality. This in turn requires a shift in our beliefs about
the nature of knowledge and the processes of knowing.
For instance, when it comes to judgments about what
constitutes improvements to the way land is farmed,
our worldviews reflect our views on the nature of human
values, particularly as they relate to ethics and aesthetics
(Bawden 2005).

Complexity theorists have long recognized the
importance of cultural narratives, what Sahlins (1996)
refers to as “cosmologies.” These are belief systems so
ingrained in language and customs that they are hard to
recognize. Researchers are making headway in applying
the general principles of systems thinking to a variety
of social problems involving sustainability (Newell et



al. 2009; Dyball and Newell 2014), and are moving from
focusing solely on individual behaviour to emphasizing
the importance of cultural institutions and society's
assumptions about which policies are feasible and which
are not. Behavioural economists and psychologists
have made progress in identifying patterns of individual
behaviour relevant to policy formulation. Much more
work remains in order to understand how transformation
towards sustainability can be triggered and supported by
policy at societal level.

Increasingly, various fields of policy and corporate practice
recognize the necessity of ST and systems approaches in
solving today's interconnected and complex challenges.
For instance, the development community is moving
toward more comprehensive—or systems level—thinking
as it looks at issues of poverty, hunger, and malnutrition
(Fan 2016). International development organizations
such as UNDP, the World Bank, USAID, CIDA, and Japan
International Cooperation Agency have shifted to systems
concepts-based (FASID 2010), holistic, and integrated
approaches (FHI 360 2016) for the design, delivery and
evaluation of development programs. The conservation
community is also moving in this direction. The Nature
Conservancy (TNC), for example, recently stated that

creating “systemic change” (creating or strengthening
the social, economic, political, and cultural systems that
comprise and sustain a socio-ecological system) should
be the focus of interventions (TNC 2016). Furthermore,
more cross-sector and cross-disciplinary initiatives are
emerging, aiming to promote integrated approaches and
collaborative work that breaks silos. Among them, the
Bridge Collaborative (TNC 2017) envisions global health,
development and environment communities jointly
solving today’s complex, interconnected challenges, first
by recognizing the interconnectedness of the challenges
each of the three communities face.

These examples show how ST is increasingly embraced
because it takes a holistic view of the world and allows
for the discovery of interactions (Roling and Jiggins
1998). While system science has been around for more
than six decades, to meaningfully embrace the systems
approach requires fundamental changes in the way we
view and analyse problems and design solutions, as well
as the type of institutions we create and use to do this.
The TEEBAgriFood study offers a tool, in the form of an
Evaluation Framework, to help us advance towards this
type of change.

Box 2.8 Case study: Bayesian networks: a useful tool in applying systems thinking?

One of the key challenges in operationalising systems thinking is the integration of interdisciplinary knowledge to
provide robust models for decision-making. McVittie et al. (2015) used Bayesian Networks (BN) to develop an ecological-
economic model to assess the delivery of ecosystem services from riparian zone management on agricultural land. Also
known as belief networks (or Bayes nets for short), BN belong to the family of probabilistic graphical models (GMs),
which use graphical structures to represent knowledge about an uncertain domain (Ben-Gal 2007). For example, the
interface between terrestrial and aquatic ecosystems contributes to the provision of important ecosystem benefits
including clean water and reduced flood risk, and is heavily influenced by land use decisions and policy. A participatory
workshop gathered scientific and policy stakeholders to explore the linkages across these ecosystems and their
ecosystem services. This yielded extremely complex connections that would have presented a considerable modelling
challenge. The use of a BN allowed the capture of elements of this complexity whilst focusing on the key interactions
between underlying ecosystem processes and the delivery of ecosystem service benefits. An attractive feature of the
BN approach is that it can combine quantitative and qualitative data to produce probabilistic outcomes that reflect the
uncertainty of complex natural processes.

A second element in developing the BN model was the integration of values for the benefits of the water quality and flood
risk services. These values can be monetary or non-monetary and as such can be derived using a variety of approaches
(e.g. stated preference valuation, participatory workshops, multi-criteria analysis). The utility or value associated with
different outcomes is in turn used to indicate the optimal management option.

Although the BN is a promising interdisciplinary and participatory decision support tool, there remains a need to
understand the trade-off between realism, precision and the benefits of developing joint understanding of the decision
context (McVittie et al. 2015). Important issues such as feedback loops and spatial and temporal factors are also not
easily incorporated into BNs.
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Figure2.4 Food systems map that shows how multiple subsystems interact (Source: adapted from the

Nourish initiative n.d.)
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Systems can be represented in multiple ways. Figure 2.4,
for example, shows a holistic representation of food
systems used by the Nourish initiative. They can also be
described verbally, through mathematical equations, or
by simulation approaches such as those commonly used
in climate modelling and land use analysis (Malczewski
2004). These diverse approaches are used by systems
scientists to simulate how systems function and,
foremost, to improve our capacity to describe systems,
and eventually predict system changes and outcomes
caused by interventions.

Figure 2.4 shows material flows within the food system,
but also flows of money and knowledge. Importantly,

represented by the figures of humans, it shows how many
dynamics are driven by individual and societal choices,
rather than impersonal ‘principles’ or ‘laws of nature’
Indeed, next to biological, economic and social systems,
the political system is drawn separately to highlight its
role in the food system. Understanding the food system
by only accounting for the economic flows fails to account
for other important driving factors.

To highlight the fact that many different dimensions
are involved in the eco-agri-food system and complex
interconnections and feedback loops drive the relation
between them, a slightly modified version of the
“simplistic” system diagram of an archetypal eco-agri-
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food system is used in Figure2.5. It illustrates the
key components and linkages to be considered when
assessing the eco-agri-food system, including the context
in which the value chain is embedded, as well as some of
the key system features discussed above. These include:

Value chain perspective and its macro contexts

The eco-agri-food system value chain encompasses
all actors and activities involved in food production,
processing, distribution, and consumption. Within the
social and natural subsystems, the stages of an eco-
agri-food value chain are tightly intertwined. Demand,
production, and distribution of food all form closed loops
that are simultaneously and heavily dependent on external
influence as well as on internal dynamics. These are
represented in Figure 2.5 by the four stages of the value
chain appearing horizontally in the middle of the figure.
These stages are connected by two-way arrows showing

(simplistically) examples of flows between capital stocks
and the value chain in both directions.

Because value chains include activities from food
production, postharvest through to consumers, they
provide useful lenses for viewing the broader eco-agri-
food system and identifying entry points for policies and
interventions to improve system performance (Gelli et al.
2015). It is essential to understand the broader macro-
level context, or enabling environment, within which the
value chain operates, including policy and governance,
political and economic context, culture, gender, equity,
climate and environment (Hawkes et al. 2012). Biophysical
structure and process both impact and are influenced by
the eco-agri-food system; as are ecosystem functions
and integrity. Whether these contexts are exogenous or
endogenous to the system depends on the time horizon
over which decisions are made.

Figure2.5 Modified high-level ‘systems’ diagram of an archetypal eco-agri-food system (Source: adapted

from authors of Chapter 1)
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An inclusive conception of an economy’s capital assets

Following the Inclusive Wealth Report (UNU-IHDP and
UNEP 2014), the eco-agri-food system relies on the use
of different types of capital, including: i) produced capital
(roads, buildings, machines, and equipment), ii) human
capital (skills, education, health), iii) social capital (or
the “networks together with shared norms, values and
understandings that facilitate cooperation within or
among groups” (Healy and Coté 2001), and iv) natural
capital (sub-soil resources, ecosystems, the atmosphere).
Other durable assets, such as knowledge, institutions,
culture, religion — more broadly considered as social
capital - are considered enabling assets, assets that
enable the production and allocation of the other three
types mentioned before.

These types of capital are represented in Figure 2.5
by the four outer boxes at the top and bottom of. From
these boxes, arrows surround the value chain stages,
representing the underpinning role of these capitals
for the value chain. The eco-agri-food system not only
depends on these capitals for various reasons along
the value chain, but also, in turn, impacts these capitals,
contributing to positive or negative change in quality,
availability, and distribution across spatial and temporal
scales.

Analysis of flows: impacts and dependencies on capitals

The flows of supply from each of the four types of capital
(natural, social, human and produced) into the activities
across the value chain are represented in Figure 2.5 by
vertical arrows ‘inputting’ toward each value chain stage.
Examples of these inputs for the production stage include:
i) inputs from natural capital such as energy, land fertility
(e.g. nutrients and organic carbon), genetic diversity,
water, and pollination services, ii) inputs from produced
capital, such as machinery (e.g. tractors), agrochemicals
and irrigation infrastructure, iii) inputs from human capital,
such as labour, skills, and land management practices,
and iv) inputs from social capital, such as knowledge and
cultural practices. Among the examples provided above,
some are unique inputs that contribute to a single stage
of the value chain (e.g. nutrient cycling is used as inflow in
the production stage), while others contribute to multiple
stages across the value chain (e.g. fresh water is relevant
to all stages of the value chain).

As a result of the activities developed in each stage of
the value chain, outputs can have a positive or negative
impact on society by affecting different types of capitals.
These are represented in Figure2.5 by vertical arrows
‘out-flowing’ from the value chain towards the different
capital types. Each stage of the value chain generates
potential positive outputs, such as wages, food or carbon
sequestration that lead to broader societal impacts,
such as nutrition and food security (related to crop yield

and income), social equity and human health (including
nutrition and access to clean water). However, adverse
or negative outputs can also arise, such as air and water
pollution (e.g. from the use of chemical fertilizers and
pesticides), and biodiversity loss (e.g. through habitat
loss/fragmentation and agrochemical use); these
negative outputs can also have health and social impacts.

System connections: feedback loops and cascading effects

A cascading effect can be noted between inputs and
outputs, both within a single value chain stage and
across the whole value chain. For instance, all stages
require water, which is influenced by various uses (e.g.
for irrigation and sanitation) and by the use of chemical
inputs and waste (e.qg. fertilizers and pesticides). If water
is not properly managed, systemic consequences may
emerge, where the consumption and contamination of
water in one stage may affect all the others (processing
and distribution and consumption), and also reach beyond
the value chain to affect society.

Feedback loops should be highlighted across the value
chain. Impacts on human health may raise awareness
among the public about the impacts of unsustainable
production, and thus lead to changes in consumer
preferences, such as a shift to fair-trade or organic
products. Subsequent changes in production practices
and processing and distribution standards could improve
the quality of food and reduce environmental impacts,
resulting in mitigated or reduced health impacts.

A second feedback loop also emerges when considering
the full value chain of the eco-agri-food system. The
various stages of the value chain share inputs, which are
affected by the outputs of all the stages of the eco-agri-
food system. Tight interconnections pertain especially
to the natural, human and social capital. In fact, with key
natural resources being impacted at every stage of the
value chain, and being used at each stage (e.g. water
quantity and quality, air quality), the performance of the
eco-agri-food system is influenced by every activity within
its boundaries. Care must be taken when the various
stages are dislocated in space, i.e. when natural resources
are not shared across the value chain within the same
landscape. This is not necessarily an advantage, nor a
sign of resilience. Indeed, the lack of direct connections
across the stages of the value chain may lead to an
overexploitation of natural resources, because this
unsustainable use could go unnoticed or unaccounted for
a long period of time. It is essential to carefully define the
system boundary, both spatially and temporally, to ensure
the sustainability of the system.

Actors and their influence

There are many and varied actors influencing and being
affected by the eco-agri-food system, which are described
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in more detail in Chapter 9. These include, among
others, governments, NGOs, individuals (different than
consumers already considered), financial institutions,
otherbusinesses and sectors, and research and academia,
which in turn formulate, shape, or implement actions that
influence and are affected by the system. These actors
determine the performance of the different stages of the
value chain, through regulations, financial requirements
or engagement policies, campaigns, knowledge and
innovations, etc.

2.3.3 Anillustrative Causal Loop Diagram
of a generic eco-agri-food system model

A causal loop diagram (CLD), i.e. a map of the system,
is a way to represent and explore the interconnections
between the key indicators in a sector or system. ACLD is
thus anintegrated map representing the dynamic interplay
of different system dimensions and exploring the circular
relations or feedbacks between the key elements—the
main indicators—that constitute a given system (Probst
and Bassi 2014).

CLDs make feedback loops visible, and thus the processes
‘Whereby an initial cause ripples through a chain of
causation ultimately to re-affect itself’ (Roberts et al. 1983,
Probst and Bassi 2014). Two types of feedback loops
exist, positive (or reinforcing) feedback loops that amplify
change, and negative (or balancing) feedback loops that
counter and reduce change. Regardless of the complexity
of the system analysed and of the CLD created, only a
handful of feedback loops may be responsible for most
of a system’s behaviour (Probst and Bassi 2014). Thus, if
these dominating feedback loops can be identified, entry
points for effective intervention, or policy levers, can also
be detected.

The creation of a CLD has several purposes. First, it is a
means to elicit and integrate a team’s ideas, knowledge
and opinions. Second, it requires the explicit discussion
and defining of the components and boundaries of the
analysis. Third, it allows all the stakeholders to achieve
basic-to-advanced understanding of the analysed issue’s
systemic properties (Sterman 2000).

Shared understanding is crucial for solving problems that
influence several sectors or areas of influence. When the
process of creating a CLD involves broad stakeholder
participation, all parties involved need a shared
understanding of the factors that generate the problem
and those that could lead to a solution. As such, the
solution should not be imposed on the system, but should
emerge from it. In this context, the role of feedbacks is
crucial. It is often the very system we have created that
generates the problem, due to external interference or
to a faulty design, which shows its limitations as the
system grows in size and complexity. In other words, the

causes of a problem are often found within the feedback
structures of the system.

Figure 2.6 represents a stylized CLD to illustrate some
generic relations and system dynamics of the eco-agri-
food system. This CLD highlights selected feedback loops
that are generally thought to be responsible for the trends
observed inthe last decades. This CLD does not attempt to
comprehensively capture all elements and relationships.
It is presented for illustrative purposes to highlight the
emphasis on indicators, their interconnections, and the
feedback loops that these interconnections form. For
instance, we capture the impact of deforestation on water
(as an ecosystem service that supports agriculture) as an
example of ecosystem service change that resulted from
land use choices, but other important elements such as
the effects on specific species (currently lumped under
biodiversity) are not included here.

Specifically, one of the key drivers of the eco-agri-food
system is food demand, which is primarily driven by
population and income and also by different industries that
convert agricultural production to products beyond food,
such as biofuels, additives, livestock feed etc. An increase
in demand for these items can lead to the expansion
of agriculture land, growth in employment and income,
and hence more food demand. This circular relationship
represents a positive, or reinforcing (R1) feedback loop,
which leads to growth. Further, an expansion of agricultural
land would lead to higher food production (all else equal),
which would have two main effects. The first one (a) would
increase access to food and nutrition, having a positive
impact on human health and population (R2) and on labour
productivity and income (R3). Two more reinforcing loops
are therefore identified, leading to more food demand and
land conversion. The second effect (b) emerges over time,
with the accumulation of profits and with the improvement
of knowledge and technology. This generally leads to an
increase in mechanization and the use of fertilizers and
pesticides, leading to higher land productivity. This in turn
has three main effects, it increases production in terms
of higher yield per hectare (R4 and R5); it lowers food
prices, which increases food demand (R6); and reduces the
amount of land required (B1), all else equal.

At this stage, the eco-agri-food system in Figure2.6 is
dominated by reinforcing loops, and shows a trend of
growth over time. The increase of population and thus
demand, leads to the expansion of agricultural land,
improved employment and income, as well as increased
nutrition, potentially leading to increased population. When
this growth is coupled with an increase in land productivity
and a reduction in food prices, we generally expect growing
demand, production and profits.
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Figure 2.6 lllustrative Causal Loop Diagram of a generic eco-agri-food system (Source: authors)
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On the other hand, several balancing loops, which being faced by the eco-agri-food system: increased

constrain growth, also emerge. First, with the adoption
of mechanization, labour intensity declines. This leads to
higher production and profits for producers, but lowers the
potential growth of employment and income (B2), possibly
leading to growing inequality. Further, the use of fertilizers
and pesticides has negative impacts on water quality
(B3) and food safety (B4), two factors that negatively
affect human health, and hence labour productivity and
population. Finally, the expansion of agricultural land,
and the growth of population (and hence the expansion
of settlement land) might take place at the expense
of forest or vegetation cover. The loss of biodiversity,
carbon storage and sequestration with increased carbon
emissions can further negatively impact human health
(B5), the hydrological cycle, and possibly the productivity
of agricultural land (e.g. due to sedimentation, runoff of
fertile topsoil or erosion) (B6).

As a result, the growth observed historically (and
determined by reinforcing loops) is the cause for the
emerging challenges (represented by balancing loops)

reliance on fertilizers and pesticides, more frequent
water shortages, an increasing trend of deforestation and
growing health impacts (primarily related to the quality of
food and nutrition). A silo approach considering individual
actors and relying solely on economic indicators would
not make visible the emergence of these side effects.

2.4 CONCLUSION

The fact that components or subsystems of the eco-
agri-food system are interconnected and interdependent
is undisputed. This chapter builds on that observation
to make the case for systems thinking as a guide for
the conceptualization and analysis of the eco-agri-food
system, on which the subsequent chapters of this report
offer a concrete attempt to advance.

The many dimensions of the eco-agri-food system
create complex analytical and policy challenges. A
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first step toward a necessary paradigm shift is a re-
assessment of how we conceptualise and interpret the
problems of the global food sector and how we choose
methods to analyse them. To conceptualise what
constitutes a sensible operating space for the eco-agri-
food system, we draw on the concept of “safe and just
operating spaces for humanity” (Rockstrom et al. 2009a;
2009b; Raworth 2012; 2017), emphasizing that we
must respect the planetary boundary (e.g. biophysical
constraints) while simultaneously addressing social
and development objectives (such as health, gender
equality, social equality, and jobs). A sustainable eco-
agri-food system can only be achieved if the social and
environmental dimensions are also taken seriously, in
addition to the economic dimension. Silo approaches
are limiting our ability to achieve a comprehensive
understanding of the interconnected nature and the
many challenges we face. We therefore need a holistic
framework allowing the integration of well-understood
individual pieces into a new, complete picture. Indeed,
synergies and coherence can be gained when evidence
is generated and used based on concepts and methods
aligned with systems thinking.

The shortcomings of current approaches also include the
limited availability of data and methods for the analysis
of the eco-agri-food system as a complex system. In this
chapter we use several examples to explain the limitations
of currently applied conceptualizations and analytical
tools. We call for expanding the analytical boundary
and adopting analytical tools guided by an integrated
approach based on systems thinking.

This chapter offers a conceptual representation for the
eco-agri-food system, presenting a general overview of the
key components and linkages that need to be examined in
order to understand the dynamics of the system, as well as
the contexts within which the eco-agri-food system value
chain is embedded. A stylized Causal Loop Diagram is
presented to illustrate some generic relations and system
dynamics of the eco-agri-food system. The key elements,
dynamics, and relationships will be fleshed out in Chapter
3, Chapter 4 and Chapter 5. The TEEBAgriFood Evaluation
Framework presented in Chapter 6 advances on such
analysis by attempting to examine all potential impacts
and consequences of the respective subsystems.

“Transformability,’ defined as “the capacity to create a
fundamentally new system when ecological, economic,
or social structures make the existing system untenable,’
is about shifting development into new pathways and
even creating novel ones (Folke 2006, Folke et al. 2010,
Walker et al. 2004). Implementing the TEEBAgriFood
Evaluation Framework for the eco-agri-food system puts
us in a much better position in the transformative process
to understand the full set of impacts of externalities,
costs and benefits, particularly on the public goods
affected, and thereby identifies what changes would be

required for a more balanced and equitable development
approach. Further, empowered by systems thinking, the
TEEBAgriFood Framework's contribution goes beyond
technical analysis by contributing to actively enlisting
support for systemic transformations across the
stakeholder continuum (see Chapter 9). Systems thinking
adopted for the eco-agri-food system can aid forming a
common ground for cultural changes through promoting
more integrated approaches.
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3.0 KEY MESSAGES

This chapter provides an overview of the complexities, roles and functions of eco-agri-food systems. The diversity
of global agriculture and food production systems is profiled; the challenges ahead for the world’s agriculture
and food systems are presented; and pathways to sustainability for agriculture and food systems, building on
ecosystem services and biodiversity, are explored.

Globally, there many diverse types of agriculture and food systems, each with different contributions to global
food security, impacts on natural resources and varying ways of working through food system supply chains.
Using a typology recently adopted by international initiatives, the world’s food systems can be characterized
as traditional, mixed and modern. Each of these systems can strengthen their linkages to natural capital and
ecosystem service provisioning.

The contribution of small and medium sized farms of traditional and mixed systems — providing food to an
estimated two thirds of the world’s population in highly diverse landscapes - is highlighted, reinforcing the
contribution of ecosystem services and biodiversity in food and agriculture.

Prevailing economic logic reinforces forms of food production that fail to account for the contributions of nature,
while negatively impacting both the environment and human welfare. This situation has created externalities
such as wide-spread degradation of land, water and ecosystems; high greenhouse gas emissions; biodiversity
losses; chronic over- and undernutrition and diet-related diseases; and livelihood stresses for farmers around the
world. The nature of international trade resulting from such forces and pressures has many ramifications for
equity and sustainability.

An emerging feature of global food systems is the existence of multiple, insidious forms of visible and invisible
flows of natural resources. Socio-economic crises and the often-unpredictable impacts of climate change present
additional and compounding challenges for farmers and local communities.

Pathways to sustainability, going forward, must recognize and strengthen those forms of agricultural production
that explicitly enhance biodiversity and ecosystem services and build the natural capital that underpins food
systems, creating regenerative forms of agriculture and food systems that generate positive externalities.

Pathways to sustainable food systems must look at the dependencies and interactions within the entire food
chain and at multiple scales, from farm to landscape to city to regional food systems.
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CHAPTER 3

ECO-AGRI-FOOD SYSTEMS: TODAY'S
REALITIES AND TOMORROW'S

CHALLENGES

3.1 INTRODUCTION TO AN
‘ECO-AGRI-FOOD’ SYSTEM
APPROACH

Food—the ultimate source of energy and nutrients—is the
central reason for agricultural production around the world
(TEEB 2015) and sustains human life (Vivero-Pol 2017).
The increasing complexity of the global food system and
its intricate linkages with other systems related to energy,
health, soils, water, human knowledge, ecosystems, etc.
are changing how food systems function. To grasp this
complexity and deepen the understanding of the role and
function of food systems, TEEB for Agriculture & Food
(TEEBAgriFood) is presenting a broadly encompassing
perspective that goes beyond the production, processing,
transport and consumption of food. As defined by TEEB,
an ‘eco-agri-food’ system refers to the vast and interacting
complex of ecosystems, agricultural lands, pastures,
inland fisheries, labour, infrastructure, technology, policies,
culture, traditions, and institutions (including markets) that
are variously involved in growing, processing, distributing
and consuming food.

This chapter explores the underpinnings of the 'eco-agri-
food system’, first by reviewing the predominant trends
and patterns in the ways that agriculture and food goods
are being produced globally. As human populations have
grown over time, agriculture and food production systems
have experienced dramatic changes, increasing the levels
of production well beyond what could have been imagined
a hundred years ago. Yet as these systems have become
increasingly productive and global in nature, significant
challenges are impacting upon them. Global issues related
tofood security and sovereignty, nutrition and health, climate
change, migration and economic crises show that current
food systems are not functioning adequately and are in dire
need of reconfiguration. Since the 1950s, with the growing
demand for agricultural produce, many farmers began
using non-renewable energy-based chemical fertilizers

and agricultural processes became specialized and more
monocultural. Ways of processing and distributing food
have emphasized low cost and high productivity while often
devaluing the freshness or wholesomeness of food. We
must be reminded that agriculture and food production are
fundamentally biological processes, reliant on biodiversity
and ecosystem functions and processes. Agriculture
imposes a heavy toll on the environment when it tries to
escape its essential biological limits, yet at the same time
these ecological functions are key to the sustainability
and regenerative potential of farming and food systems.
Many multinational, national and local organizations and
initiatives are attempting to change the existing pattern so
that proper balance with environment is created and any
conflict (economic, political, social) is minimized. TEEB is
one of these efforts, in particular seeking to develop the
tools to value ecological functions that contribute to our
food system, and the negative and positive externalities
that emanate from managing theses agricultural and food
systems. TEEBAgriFood aims to offer an integrated and
holistic perspective that brings such issues into focus.

In this chapter, we unpack the eco-agri-food system, and
identify its many manifestations through a review of
typologies (Section 3.2). We then identify the challenges
ahead (Section 3.3) and finish with a section (Section 3.4)
describing pathways to improve the status of agricultural
and food systems by securing the benefits derived from
working with, rather than against, natural systems and
ecosystem processes.

3.2 TYPOLOGIES OF ECO-
AGRI-FOOD SYSTEMS

3.2.1 Definition of eco-agri-food systems

In Chapter 1, the eco-agri-food system was introduced. In
Chapter 2, generic features of eco-agri-food systems were
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described, and the importance of understanding multiple
interactions and dynamics through systems thinking
was highlighted. In this chapter, we aim to unpack those
generic features, and characterise the diversity and salient
aspects of the main food systems found around the globe
that are of relevance to a TEEBAgriFood analysis.

3.2.2 Characterizing the diversity of eco-
agri-food systems

At a broad spatial scale, one may define an agricultural
system as the land area in a region, district, or landscape
that produces a particular commodity or various crops
(Jones et al. 2016). TEEB (2015) defines ‘agricultural
system’ as an assemblage of components which are
united by some form of interaction and interdependence
and which operate within a prescribed boundary to
achieve a specified agricultural objective on behalf of
the beneficiaries of the system”. For our purposes, we
are focusing on agricultural systems with respect to
the integration of their different components such as
natural resources, energy, labour, marketing, finances,
genetic stock, nutrition, equipment, and hazards—thus
the broader food system. This has been defined as the
interdependent sets of enterprises, institutions, activities
and relationships that collectively develop and deliver
material inputs to the farming sector, produce primary
commodities, and subsequently handle, process, transport,
market and distribute food and other agro-based products
to consumers (UNEP 2016). It thus includes production,
harvesting, storage, processing, packaging, marketing,
trade, transport, demand, preparation, consumption and
food disposal. It thus includes production, harvesting,
storage, processing, packaging, marketing, trade,
transport, demand, preparation, consumption and food
disposal. As a system, it extends to inputs needed and
outputs generated at each step as well as governance,
research, education and varied (e.g. financial) services
around food provisioning.

Food (value) chains are one of the core elements of
a food system that feed a population. Clearly, value
chains are created around economic value and respond
to supply and demand. However, they can also impact
and be impacted by issues related to the environment,
nutrition, equity, quality, cultural acceptability of food.
Food systems also include political, economic, socio-
cultural and environmental drivers and outcomes that
affect actors and stakeholders. Thus, the definition of
food systems should include activities (from production
to consumption), outcomes of the activities (food security,
ecosystem services, biodiversity, social welfare), and
interactions between and within biogeophysical and
human environments (Ericksen 2008). The interactions
among these components may become more important
than how each component functions independently.

Diversity in agriculture is the result of the co-evolution,
in time and space, of human societies and ecosystems,
through the practice of farming, unfolding in different
patterns of resource use and development trajectories
(Ploeg and Ventura 2014). The heterogeneity of farming
systems reflects the diversity of social, economic and
ecological responses to changing adaptive conditions in
different settings (Ploeg 2010).

Certainly, there are unlimited permutations of the
components of eco-agri-food systems, and a great
number of ways of characterizing these. Often contrasting
systems are described as dichotomous entities, from
traditional peasant systems to “modern” food systems,
or as those characteristic of developed versus developing
countries. From the TEEBAgriFood perspective, there are
many different types of agriculture and food systems,
each with different contributions to global food security
and different impacts on the natural resource base. If we
are to better understand the possible pathways towards
sustainable food systems and to encourage intervention
from different stakeholders around the world, we need a
workable way of characterizing this diversity.

Within a TEEBAgriFood perspective, we suggest it is most
productive to adopt current typologies as developed by
ongoing international processes, and to take these as
a starting point to further describe the pathways that
diverse systems may take to recognize externalities and
reorient toward more sustainable solutions. A useful
typology is that developed by the International Resource
Panel of the United Nations Environment (UNEP 2016)
and the related High-Level Panel of Experts on Food
Security and Nutrition’s report on Nutrition and Food
Systems (HLPE 2017).

The International Resources Panel recognizes the
diversity of food systems across the world, and their
multifarious interactions: nonetheless, distinguishing
between traditional food systems, mixed food systems,
and modern food systems can be helpful. Salient
characteristics of these, relevant for the TEEBAgriFood
Evaluation Framework, are described below (UNEP 2016;
HLPE 2017).

Before presenting the aligned typologies of the HLPE and
UNEPR, we should note that the Global Nutrition Report
(IFPRI 2015) has developed a food system classification
on a country level that considers differences between
industrial, mixed, transitioning, emerging and rural food
systems; this typology maps to the three classifications
mentioned above (and by the International Resource Panel
and the HLPE Report), but with a finer level of distinction
and disaggregation to national levels.

The three classifications — traditional food systems,
modern food systems, and mixed food systems - are
described in detail in Table3.1 and the sections below
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(while noting that these are not distinct categories, but
rather a way of classifying a complex continuum):

Traditional food systems: These may also be considered
low-external input-intensive food systems, which primarily
make use of naturally generated inputs, human knowledge
and skills, and production practices that have been
maintained by communities over generations. Yields
and productivity tend to be low in comparison to high-
input systems, although societies within traditional food
systems generally value benefits well beyond production
and income. Under often challenging biophysical
conditions, traditional food systems have often developed
ways of sustaining agricultural production in places where
modern, mechanized agriculture would not succeed.
Agricultural products are either self-produced or sold
in local markets and are largely unprocessed, or are
processed by the local consumers. Production, trade and
processing takes place in small-scale operational units.
Linkages with larger commercial operations are scarce.
Consumption patterns correspond to seasonal harvests,
and are usually dominated by plant-based products,
(although a considerable component of traditional
communities such as pastoralists, fisherfolk, and forest
dwellers may specialize in livestock, fish or wild meat and
honey, respectively). Access to perishable foods such as
certain fruits and vegetables and animal source foods
depends on proximity to the source; thus, local markets are
highly important for food security and nutrition. As food
security primarily depends upon local sources, pressures
on these sources such as extreme weather events or
population changes demand new, usually local responses.

Examples of traditional food systems include Andean
agricultural systems where farming communities cultivate
more than 1,000 native varieties of potatoes adapted to
different environments ascending the Andes under terrace
management. The Ifugao rice terraces in the Philippines
have retained their viability and efficacy over 2000 years
in a system intimately intertwined with that of the local
communities’ culture and beliefs, religious rituals and
traditional environmental management and agricultural
practices (Koohafkan and Altieri 2011).

Traditional food systems often include an important
livestock component, such as pastoralism. The Maasai
in Kenya and Tanzania, for example, practice a pastoral
system, in its essential elements, that is over 1000 years
old. Tothisday, it strikes a social and environmental balance
in a fragile environment, sustaining livestock production
and conserving critical habitat for wildlife (Koohafkan and
Altieri 2011). In Europe, the transhumant pastoralists in
Eastern Spain, or the Sami people in the artic are among
hundreds of good examples of communities employing
traditional food systems.

Small-scale fisheries are another important production
system for subsistence or local markets, often using

traditional fishing techniques and small boats. Collectively,
small-scale fisheries catch a large proportion of all fish
caught for human consumption, and employ 90% of the
labour involved in capture fisheries (FAO 2016b).

Traditional systems tend to have low use of external inputs
and focus on stability rather than increase in production.
Communities practicing traditional systems sustain
themselves by engaging in cultural activities that, tied to
the traditions of certain communities and inherited forms
of production, replicate and improve their own production
and consumption systems, incorporating cultural and
religious elements, as well as social practices, for the
management of resources.

Modern food systems: These are systems that are
generally characterized as high external-input, high
productivity systems, with a strong dependence on
purchased or external inputs such as modern crop
seeds, fertilizers, pesticides and fuel-based mechanical
inputs. There is a strong economic incentive to avoid
risks of crop loss by over-applying both pest control
and fertilizers, resulting in on-site pollution, run-off
and contamination of adjacent land and water. The
impacts of intensive agricultural systems on soil
health, freshwater quantity and quality, greenhouse gas
emissions, and the capacity to conserve biodiversity and
generate ecosystem services may be strongly negative
(Pingali 2012; Godfray et al. 2010).

While farming systems may be considered “modern”,
farmers around the world are generally operating at
small margins, sometimes compensated by government
subsidies. Capacities to invest in more regenerative
practices are thus limited. Crops and livestock rearing
systems, often closely connected in traditional systems,
are generally separated in modern food systems. The
processing, distribution and retail sides of the food
chain in modern food systems are usually specialized
and elaborate, and provide substantial employment and
value addition, but are also greenhouse gas-intensive. The
modern food system is characterized by specialized input
producers and agricultural companies, operating at large
and often transnational scale. The production focus now
includes not only food for direct human consumption,
but also biofuels and animal feed. The processing and
retail segments of modern food systems have a major
influence on both production systems and consumer
behaviour. Consumers in modern food systems have
the choice to purchase food from sources all over the
world, much of it in a processed form. However, “food
deserts' and “food swamps?” may be common in low-

1 Described as geographic areas where residents’ access to food is
restricted or non-existent due to the absence or low density of “food
entry points” within a practical travelling distance (HLPE 2017)

2 Described as geographic areas where there is an overabundance of
“unhealthy” foods but little access to “healthy” foods. (HLPE 2017)
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income areas, creating areas of food insecurity within
modern food systems. Consumption of meat, trans fats
and sugary foods is much higher in modern systems than
in other food systems. The cost of staples, such as rice
and wheat flour, is lower than animal-sourced foods and
perishable fruits and vegetables. Consumers have access
to fairly complete information on food labels, and dietary
guidance is widely disseminated, though not necessarily
widely used. Modern food systems are associated with
comparatively lower levels of undernutrition (although
concentrated areas do occur), but higher levels of
overweight and obesity (Ng et al. 2014).

More recent trends in modern food systems include
greater reliance on modern biotechnology such as
genetic modification, molecular markers, hydroponics and
precision-farming tools (e.g. GPS, GIS, satellite images,
automatic mapping) and procedures that increase
the application efficiency of inputs (Pingali 2012). For
example, in places with land or weather constraints,
experimentation with hydroponics is underway. In Japan,
rice is harvested in underground vaults without the use
of soil. Israel also, where the management of water is
a key point, is experimenting with these new tools and
innovations. In USA, hydroponics farming revenues
reached $821 million nationwide in 2016, growing at a rate
of four to five per cent since 2011, with 2,347 hydroponic
farms (Ali 2017).

A parallel trend within modern food systems is a return to
more organic, local/small-scale and diversified practices,
from production to retail sales. Major aspects of this trend
can be captured under the umbrella of agroecology, in its
different aspects as a science, a practice and a movement
(Wezel et al. 2009). As a science, agroecology reorients
agronomic science to build on the ecological foundations
of farming and agriculture, combining different elements
of nature and its services to maximize synergies between
them. As a practice, agroecology is not prescriptive; it
is based on applying a set of principles (for example,
“enhance recycling of biomass, optimizing nutrient
availability and balancing nutrient flow") to local contexts
(TWN-SOCLA 2015). As a social movement, the focus of
agroecology has moved from the field and farm scale
to the entire food system, emphasizing the importance
of building food networks that link all parts of the food
system, and advocating for social equity and food system
transformation (Gliessman 2015). The farming traditions
that reflect the application of agroecological principles in
one form or another include: ‘permaculture’ associated with
the ecologist Bill Mollison, ‘biodynamic farming’ following
the principles of the anthroposophist Rudolf Steiner, the
‘one-straw revolution’ founded by the Japanese farmer
Masanobu Fukuoka, the ‘Biointensive’ farming system
popularized in the U.S. by John Jevons, the ‘No Tillage’
movement in Brazil led by Ana Primavesi, ‘Agroecology’ as
described by Miguel Altieri and Stephen Gliessman in the
U.S., Latin America, Africa and Asia, and the wide range of

farming systems that in one way or another subscribe to
the formal definition of ‘organic farming’ institutionalized
by the International Federation of Organic Agriculture
Movements (IFOAM). These food systems are often
meant for international markets, but also used for home
consumption, solidarity markets and other approaches
to land and food sovereignty such as promoted by La
Via Campesina, the international movement of Agrarian
Federations for Farmers in the world.

Mixed food systems: While most 'modern’ food systems
may be found in Europe, the U.S. and other industrialized
countries, and ‘traditional’ food systems are far more
common in less industrialized regions, a vast range of
intermediate, or ‘mixed’, food systems exist throughout
the globe, supplying food to an estimated four million
people. Particularly in Latin America, Asia, Eastern Europe
and in some African countries, small and medium-sized
farms provide the majority of food to local and national
populations. In mixed systems, farmers integrate or
incorporate some elements of different technological
packages; for example, they may use pesticides and
fertilizers, but plant farmer-saved, traditional varieties.
Food producers rely on both formal and informal markets
to sell produce. The food systems, however, are not
uniformly small scale; the processing and retail segments
of the system are often quite commercialized and in
the process of becoming linked into regional and global
value chains. Consumers may purchase most of their
food in local or street markets, but other supermarkets
and processed food purveyors are growing as market
presences. Processed and packaged foods are more
accessible than under traditional food systems, while
nutrient-rich foods, such as fruits, vegetables and nuts,
are more expensive. A further notable change is that food
advertising is pervasive, and while food labelling may
appear on packaged foods, most consumers are not well
informed on dietary guidelines and use of labelling to
balance diets. Malnutrition, both in terms of undernutrition
and overweight/obesity, occurs in intermediate or mixed
food systems, with many challenges remaining on how to
address these both in policy and programmes.

Current trends in intermediate (mixed) food systems
include the growing importance of urban agriculture, in
developed and developing countries alike. For example,
urban horticulture in the Congo reaps $400 million for
small growers, giving incomes, and labour and food
security (FAO 2011b).
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elements across a complex continuum from traditional to modern

Food system

feature

“Traditional’ food
systems

Intermediate/mixed
food systems

“Modern’ food
systems*

Details of the key features of these food systems typologies, which serve to distinguish key

Source

Estimated number
of people in system

~1 billion

~4 billion

~2 billion

Ericksen (2008)
UNEP (2016)

Principal . .
. . . In food processing, Ericksen (2008)
employment in food In food production In food production B UNEP (2016)
sector
ly chai . .
igsfd)i(n?c\tg: Ad-hoc. spot exchange Mainly ad-hoc, spot Contracts, standards, | Ericksen (2008),
- s 9 exchange vertical integration UNEP (2016)

Food production

Diverse, mixed
production system (crops
and animal production)
by smallholders; local
and seasonal production

Combination of
diverse, mixed
production system
and specialised
operations with a
certain degree of
inputs, including fossil

Few crops dominate
(i.e. largely
monoculture);
specialisation and
high productivity;
high external inputs,
including fossil fuels.

Adapted from
Ericksen (2008)

system with varied productivit Food production
y i Y| fuels, by both local 2 UNEP (2016)
and diverse benefits; low consumes more
. . smallholder farmers . .
input farming systems. energy than it delivers.
and larger farms
Food systems are the Overall, the system
. often further away. .
main source of energy produces a wide array
Less dependence on
of foods that are
seasonal foods .
available globally
Combination of
. smallholder . .
. Family-based, small to Industrial, larger than | Ericksen (2008)
Typical farm farms and larger . o .
moderate in a traditional setting UNEP (2016)
farms / fishery
operations
Lack of adequate roads .
. Improvements in
makes transporting . . Modern roads, storage
. infrastructure with e
food difficult and slow, facilities and cold
. better roads, storage .
leading to food waste. e storage facilitate food
Storage and s facilities and access
. Poor storage facilities transport over long HLPE (2017)
distribution to cold storage; .
and lack of cold storage distances, and to store
. however not equally
makes storing food, . . food safely for long
. . accessible, especially . .
especially perishables, periods of time
: for the rural poor
difficult
Supply chain . .
. Mainly ad-hoc, spot Contracts, standards, | Ericksen (2008)
coordination Ad-hoc, spot exchange o .
exchange vertical integration UNEP (2016)
system
. . Larger share of
. . Combination of basic . .
Typical food Basic locally-produced roducts and processed food with Ericksen (2008)
consumed staples P a brand name, more UNEP (2016)

processed food

animal products
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Processing and
packaging

Basic processing is
available such as drying
fruit, milling grains
or processing dairy
products. Little or limited
packaging occurs

Highly processed
packaged foods
emerge and are more
accessible

Many processed
packaged foods are
easily available, often
cheap and convenient
to eat, but sometimes
unhealthy

HLPE (2017)

Food bought from
retail/market

Small, local shop or
market

Small, local shop
or market, share of
supermarkets
small but rapidly
growing

Predominantly large
supermarket chain,
food service and
catering (out of home)

Modified from
HLPE (2017)

Nutritional concern

Undernutrition,
and micronutrient

Both undernutrition
and diet-related

Diet-related diseases

Ericksen (2008)

perishables (animal
source food, fruits and
vegetables)

expensive. Many
highly processed and
convenience foods are
inexpensive

perishables, but the
difference is less stark
than in the other food
systems

deficiencies diseases UNEP (2016)
Food places
Food is a large portion moderate demands Food demands less of
of the household on household the household budget.
budget. Staples tend budgets. Staples are The price of staples
Economic access to be significantly less inexpensive, whereas is lower relative to
. . . . HLPE (2017a)
(affordability) expensive relative to perishable foods are

Main source of
national food
shocks

Production shocks

International price and
trade problems

International price and
trade problems

Ericksen (2008)
UNEP (2016)

Main source of
household food

Production shocks; may
be more resilient than
capital-intensive systems

International shocks
leading to food

International shocks

Ericksen (2008)

UNEP (2016)

fuel use

leading to food poverty ..
shocks . overt Altieri (2002
(see Altieri 2002) poverty (e
. Emissions of nutrients
Combination of o
Maior concermns and pesticides, water
. . Soil degradation, land . . demand, greenhouse | Ericksen (2008)
environmental . in traditional and LT
clearing, water shortage gas emissions, and UNEP (2016)
concerns modern .
others due to fossil
systems

Influential scale

Local to national

Local to global

National to global

Ericksen (2008)

UNEP (2016)

*It should be noted that the parallel trends within modern food systems as noted above - fostering
agroecological, small scale and diversified systems - do not correspond to the features presented here.
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3.2.3 Differential contribution of diverse
food systems to global food and nutrient
production

A basic typology of food systems (traditional,
intermediate/mixed and modern) permits a more focused
consideration of how different food systems contribute to
global food and nutrient production. A key point from a
recent paper by Herrero et al. (2017) is that understanding
the differential contributions of diverse food systems
is essential. Within this paper, the authors provide a
breakdown not just of global agricultural production but
also of nutrient production, by farm size. While there
are no clear cut-offs in farm size between different food
systems, small to medium sized farms tend to be found in
traditional and mixed food systems, while larger industrial
farms are part of modern food systems.

Figure 3.1
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The Herrero et al. (2017) report finds that globally, small and
medium farms (<50 ha) produce 51-77 per cent of nearly
all commodities and nutrients examined here, with key
regional differences. As can be seen in Figure3.1, small
farms (20 ha) produce more than 75 per cent of most food
commodities in the populous regions of Sub-Saharan Africa,
Southeast Asia, South Asia, and China. Very small farms
(s2 ha) are important and have local significance in Sub-
Saharan Africa, Southeast Asia, and South Asia, where they
contribute to about 30 per cent of most food commodities.
In Europe, West Asia and North Africa, and Central America,
medium-size farms (20-50 ha) also contribute substantially
to the production of most food commodities. Large farms
(>50 ha) dominate production in North America, South
America, and Australia and New Zealand. In these regions,
large farms contribute between 75 per cent and 100 per cent
of all cereal, livestock, and fruit production. This pattern is
similar for other commodity groups.

Production of key food groups by farm size (Source: adapted from Herrero et al. 2017)

China

North America

Europe

Southeast Asia

World

N
(5
o
o
~
(3]
_
o+
o
© ==
N
o

=g 8
S

o
o
~
o
_
o -4
o
© ==
N
(5
o
o
~
(3]

Production (%)

Farm size (ha) . <2 . >2-20

s >20-50 >50-200 s > 200




3. Eco-agri-food systems: today’s realities and tomorrow’s challenges

Herrero et al. (2017) also looked at how the diversity of
food production changes with the diversity of agricultural
landscapes and production systems. They documented
that the majority of vegetables (81 per cent), roots and
tubers (72 per cent), pulses (67 per cent), fruits (66 per
cent), fish and livestock products (60 per cent), and
cereals (56 per cent) are produced in diverse landscapes
(taken as the number of different products grown within
a geographic area). Similarly, the majority of global
micronutrients (53-81 per cent) and protein (57 per
cent) are also produced in more diverse agricultural
landscapes. By contrast, the majority of sugar (73 per
cent) and oil crops (57 per cent) are produced in less
diverse ones (H<1-5), which also accounts for the majority
of global calorie production (56 per cent). The diversity of
agricultural and nutrient production diminished as farm
size increase, but regardless of farm size, it is shown
that areas of the world with higher agricultural diversity
produce more nutrients (ibid.).

Thus, it is evident that both small and large farms are
important contributors to food and nutrition security,
but very small, small and medium sized farms (found
mostly in traditional and mixed food systems) produce
more food and nutrients in the most populous regions
of the world than large farms in modern food systems.
Maintaining diverse agricultural landscapes, globally,
is linked to producing diverse nutrients in viable,
sustainable landscapes.

3.2.4 Inland fisheries and livestock

production

Woven into the three typologies presented above are
different ways of incorporating and managing the
important components of inland fisheries and livestock
production. The Herrero et al. (2017) study discussed
above included seven livestock and 14 aquaculture and
fish products; nonetheless, as these are often quite
distinctive production systems, and a further profile of
their production patterns is provided here.

Production in Inland fisheries: The world's apparent fish
consumption is projected to increase by 31 million tons
in the next decade to reach 178 million tons by 2025.
The driving force behind this increase is rising incomes
and urbanization, interlinked with the expansion of fish
production and improved distribution channels. Per capita
fish consumption is expected to increase in all continents,
with Asia, Oceania and Latin America and the Caribbean
showing the fastest growth. In particular, major increases
are projected in Brazil, Peru, Chile, China and Mexico.
Consumption of fish will remain static or decrease in a
few countries, including Japan, the Russian Federation,
Argentina and Canada (FAO 2016b). While much of this
production comes from wild ocean fisheries, in the last
two decades, a dramatic growth in aquaculture production

has boosted the average consumption of fish and fishery
products at the global level. The shift towards relatively
greater consumption of farmed species compared with
wild fish reached a milestone in 2014, when the farmed
sector’'s contribution to the supply of fish for human
consumption surpassed that of wild-caught fish for the
first time (HLPE 2014).

Although annual per capita consumption of fish has
grown steadily in developing regions (from 5.2 kg
in 1961 to 18.8 kg in 2013) and in low-income food-
deficit countries (LIFDCs) (from 3.5 to 7.6 kg), it is still
considerably lower than that in more developed regions,
even though the gap is narrowing. In 2013, the per capita
fish consumption in industrialized countries was 26.8 kg.
In 2013, fish accounted for about 17 per cent of the global
populations’ intake of animal protein and 6.7 per cent of
all protein consumed. Moreover, fish provided more than
3.1 billion people with almost 20 per cent of their average
per capita intake of animal protein.

As noted above, capture fisheries, which includes the
artisanal fisheries characteristic of traditional and mixed
farming systems, contribute about 50 per cent of fish
production globally, with aquaculture—as part of modern
farming systems contributing the remaining half. Growth
in aquacultural production, however, is increasing rapidly,
while yields from capture fisheries have largely plateaued.

Inland fisheries can be separated into two categories—
capture fisheries and aquaculture systems. Inland
capture fisheries are characteristic of the artisanal nature
of fisheries in traditional food systems, while aquaculture,
with a growing sophistication of technology, is considered
within modern food systems. As illustrated by Figure 3.2,
with continual growth in fish production (mostly from
aquaculture since the 1990s), increased production
efficiency, and improved distribution channels, the world's
fish production has increased almost eight times since
1950 (HLPE 2014). Inland aquaculture contributes at
least 40 per cent to overall world fish production.
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Figure 3.2 World fish production, 1950-2016 (Source: adapted and updated from HLPE 2014)
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Livestock production: Livestock is the world's largest
user of land resources. In 2013, with almost 3.4 billion
hectares, permanent meadows and pastures represented
26 per cent of the global land area (i.e. the earth’s ice-free
terrestrial surface) (FAOSTAT). The Food and Agriculture
Organization (FAO) estimates that between one-third
and 40 per cent of global arable land is used to grow
feed crops (FAO, global livestock environmental model
— GLEAM). Together, permanent meadows, pastures and
land dedicated to the production of feed thus represent 80
per cent of total agricultural land.

There are many different systems of livestock production,
which enter into the food systems described here in
different ways. However, as a general rule of thumb,
pastoralist and smallholder livestock raising systems are
found in traditional and mixed food systems.

Pastoralist systems are the result of a co-evolutionary
process between populations and the environment. They
have developed a variety of modes of land tenure and
management that are strongly associated with mobility,
the use of common pool resources and the ability
of animals to convert local vegetation into food and
energy. Pastoralism is globally important for the human
populations it supports, the food and ecological services
it provides, the economic contributions it makes to some
of the world’s poorest regions, and the civilizations it
helps to maintain (Nori and Davies 2007; WISP 2008).

Smallholder systems include “Mixed”, “Backyard” and
“Intermediate” methods (HLPE 2016). These systems
often combine livestock and crops on farm. They are

W Aquaculture, marine
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found in all countries throughout the world, but are most
heavily concentrated in Asia, Latin America and Africa.
The diversified agricultural systems developed by these
smallholders are often characterized by the presence of
different animals and multipurpose breeds where organic
farming and agroecological management integrate
holistic systems. Commercial grazing and intensive
livestock systems, on the other hand, are integral to
modern farming systems.

Commercial grazing systems can be found both in
developed and developing countries in areas covered by
grasslands, but also in forest frontiers where pastures
expand into forests and woodlands such as in the
Amazon forest in Brazil. Latin American countries have
a small number of commercial farmers who produce the
bulk of agricultural production. In some regions, a smaller
number of large commercial ranches co-exist with a much
larger number of small farms, whereas in other countries
such as Brazil, Argentina and Paraguay, large commercial
ranches are the predominant land use.

Intensive livestock systems (including “Industrial” and
“Feedlot” systems) are most typical in pig and poultry
production and are found in all regions of the world,
especially in high-income countries and emerging
economies. Intensive landless systems are located
around urban conglomerates of East and Southeast
Asia, Latin America or near the main feed-producing
or feed-importing areas of Europe and North America.
Concentrated animal feeding operations (CAFOs) globally
account for 72 per cent of poultry, 42 per cent of egg and
55 per cent of pork production (Harvey et al. 2017). In 2000,
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there were an estimated 15 billion livestock in the world,
according to the FAOSTAT. By 2016, this figure had risen
to about 24 billion, with the majority of the production of
eggs, chicken meat and pork taking place on intensive
farms (Harvey et al. 2017).

From the standpoint of diversity, however, it has been noted
that the majority of vegetables, fish and livestock products
(60 per cent), are produced in heterogeneous landscapes,
under systems of production that provide a diversity of
products and essential nutrients (Herrero et al. 2017)

3.2.5 Typologies of supply chains

Also interwoven into the typologies described above are
diverse supply chains, spanning from a simple straight
line of firms, strictly guided by the focal company, to a
loose bundle of firms interacting via informal relationships
and with almost no governance other than market. This
section discusses six different chain typologies relevant
to the agri-food sector, as seen in Table 3.2. Some of these
typologies account for very large shares of the worldwide
food markets and involve stakeholders, farmers, retailers
and consumers. Others represent small market niches
and are extremely dynamic.

Supply chains driven by a large retailer are found across the
world and hold extremely large shares of total turnover
(defined as the amount of revenue earned in a particular
period) of the food sector (Carbone 2017). Their massive
presence is the result of growth that has taken place at
a fast pace during the last decades even in so-called
‘emerging economies’ and it is still ongoing (Sexton
2012). The retailers that govern the supply chain operate
at a large scale and in many cases are multinational
global companies.

Supply chains driven by a global processing company have
a very well established reputation in final markets and
usually govern the food chain in which they operate. They
are usually multi-locational, global corporate companies
that buy raw materials and other inputs from a large set
of farms/firms that are in a quasi-captive position and
are connected to the focal company mainly with vertical
sequential relations.

Supply chains driven by a cooperative historically play
an important role in the organization of food supply
worldwide, although their nature and role varies
significantly across countries. Cooperatives are
themselves hybrid institutions marked by strong and
stable horizontal coordination and pooled relationships.
These are usually associations of farmers.

Supply chains with geographical indications (names) derive
from names for traditional food referring to the location
where production takes place. All the producers based in

the area are entitled to sell their product with the name
of the place of origin. Darjeeling Tea from India and
Prosciutto de Parma from Italy are two examples.

Short chains where the focal company is a small farm or
processing firm, or even a small-scale retailer, and where
there are few transitions for the raw material to reach the
final consumer, all mainly confined to the local markets.
These are new, yet increasingly common in the modern
food sector and common in mixed systems. These
chains are essentially demand-driven as they respond
to consumers’ inclination for simple and local food that
is assumed to be more genuine and fresh. Consumers
associate short chains with the idea of traceable and
transparent processes. Both aspects are seen under a
different perspective compared to the previous chains
where information is conveyed formally and codified by
certifications and standards. Consumers in short chains
tend to privilege and prefer face-to-face relationships
that are regarded as more reliable and able to foster
connections among human beings and add a personal
touch to transactions. The growing proliferation of “food
hubs”, serving to aggregate, distribute and market local
produce in the United States, are examples of efforts to
create short chains.

Supply chains driven by a specialized high quality retailer
are focal companies (generally retailers) that offer high
quality food. Their competitive leverage and consumer
appeal is the quality and provenance of their products
rather than the price or affordability. Sellers offer a rich
knowledge of, and intimate relationship with, small and
local producers, linking them directly to the consumer
(Carbonne 2017). These chains are often characterized
by products that might have difficulty competing in larger
markets, e.g. local, regional, traditional, ethnic, artisanal,
nutritious, organic, fair trade, etc.
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Table 3.2 Typologies of supply chains (Source: Carbone 2017)
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3.2.6 Spatial and cultural aspects of food
systems

Key factors responsible for food system choices are
peoples’ thoughts around the food they eat and the
multiple processes that affect food habits, linked with
race, class, health, sexual orientation, social justice and
history (Harper 2011). In other words, views around the
way food is produced, processed and consumed are
directly shaped by the degree of identity we humans
connect to these diverse processes and how we link
them with a “good quality of life” (IPBES 2014; Pascual
et al. 2017a), both as producers and as consumers. Over
historic time, genetic resources, but also food and feed,
have been transported and exchanged among regions
through time, leading to new adoptions, adaptations and
uses of crops and animals.

- no relevant role for the correspondent chain, ‘+' relevant, ‘++' very relevant, ‘+++' extremely relevant

Both of these processes — the evolution of agriculture in
distinctly different agroecological zones, and the trade
and exchange of agricultural resources and knowledge-
have led to high spatial diversity in agriculture and food
systems, with considerable diversification in the ways
cultures around the world value and interact with their
food systems. As an example, smallholder rice production
systems in much of Asia have been the product of
indigenous agricultural innovations and communal
decisions and customs. The ancient Subak water
management systems developed more than 1000 years
ago for paddy rice cultivation on Bali Island, Indonesia
are a premium example of this. Subak is a traditional
irrigation system that has been adapted over generations
to respond to ecological flows as well as cultural
imperatives. It does not simply supply water to rice fields
according to the ebbs and flows of seasonal rains; it is
a cultural service that considers the entire water needs
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of the community and provides a pulsed provisioning of
water to that community. The centrality of rice cultivation,
both to food security and in its religious dimensions, is a
strong element in many Asian cultures and influences the
shape of its food systems (Lansing 2009; Marchi 2012).

The further away societies are from the primary sources
of food, the more people may be detached from valuing
the chosen ways of food production, processing
and distribution, and the more likely they are to lack
understanding and appreciation of food systems, leading
to serious implications for nature. Today, this is true for
a majority of human beings who live in urban areas and
have unwittingly detached their reality from their food
sources as well as their sense of responsibility for the
ways food arrives to their plates. As Pascual et al. (2017a)
reemphasized following the IPBES (2014) framework, “it is
critical to acknowledge that the diversity of values of nature
and its contributions to people’s good quality of life are
associated with different cultural and institutional contexts”.
This idea also applies to the existing agricultural models.
Closeness and relatedness to food sources provide
people with identity and the opportunity to develop an
integral understanding of how food is produced and
obtained and thus, it creates stronger bonds of identity
in relation to the food they eat. By being detached from
the food production processes themselves, we humans
lose its cultural significance and knowledge and skills
developed over centuries.

3.2.7 Temporal aspects of food systems:
food regimes and their historical context

Food systems are often understood in a comparative,
historically grounded way as food regimes. By definition,

food regime is “a rule-governed structure of production
and consumption of food on a world scale” (Friedmann
1993). According to McMichael (2009), the food regime
concept allows us to refocus from the commodity as
an object to the commodity as a relation, with definite
geopolitical, social, ecological, and nutritional relations at
significant historical moments. Friedmann and McMichael
(1989) contend that “international relations of food
production and consumption to forms of accumulation
broadly distinguish periods of capitalist transformation
since 1870". Food regimes are characterized by often
contradictory forces of the state, business and social
movements to highlight the changing role of agriculture
in the development of (capitalist) world economy
(Friedmann and McMichael 1989).

Bernstein (2016) defined eight key aspects of food
regimes, namely: i) the international state system, ii)
international divisions of labour and patterns of trade,
iii) the ‘rules’ and discursive (ideological) legitimations of
different food regimes, iv) relations between agriculture
and industry, including technical and environmental
change in farming, v) dominant forms of capital and their
modalities of accumulation, vi) social forces (other than
capitals and states), vii) the tensions and contradictions
of specific food regimes, and viii) transitions between
food regimes. These configurations generate stable or
consolidated periods (as well as transition periods) of
capital accumulation associated with geopolitical power
and forms of agricultural production and consumption
(McMichael 2009) (see Box 3.1).

Box 3.1 A brief history of food regimes

Emerging frameworks for understanding sustainable food systems are to some extent based on history - where we have
been and where we may be going. The Food Regime Theory of Friedmann and McMichael (1989) traces the legacies of
previous “food regimes” — starting with those from the late 1800s to 1930 in which family labour and its contribution to
export agriculture underwrote the growth of food markets and nation-state systems. The period of 1950 to the 1970s
witnessed a second regime comprised of the extension of the state system to former colonies, and the restructuring of
the agricultural sector by agri-food forces. The authors suggest that two complementary alternatives are now possible
choices to transform food systems: i) global institutions capable of regulation of accumulation, and ii) the promotion and
redirection of regional, local and municipal politics deriving from decentralized ideologies. More recent articulations of the
current “food regime” (McMichael 2009) continue to note the inherent contradictions as corporate food regimes embrace
environmental dimensions, with the risks that “green capitalism” fosters new forms of accumulation by appropriating
the demands of environmental movements. The key counterweights to such accumulations of power are seen as social
movements, such as Food Sovereignty or Fair Trade Movements and others from the Global South. These perspectives
demand that we address the “externalities” in food regimes (Biovision and Global Alliance for the Future of Food 2018),
“embracing a holistic understanding of agriculture that dispenses with the society/nature binary, and politicizes food
system cultures” (Friedmann and McMichael 1989).
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3.3 CHALLENGES
AHEAD FOR THE WORLD'S
AGRICULTURE AND FOOD
SYSTEMS

Various external forces and “lock-ins” reinforce forms
of food production that neglect the contribution or
negatively impact nature and harm human welfare. The
impacts include widespread degradation of land, water
and ecosystems; high greenhouse gas emissions; major
contributions to biodiversity losses; chronic over and
under malnutrition and diet-related diseases; and livelihood
stresses for farmers around the world (IPES-Food 2016).

In this section, we will look at economic pressures and
external forces that pose challenges to sustainable
agriculture, and then explore pathways to viable solutions.
Throughout, we will seek to highlight those invisible and
visible flows in the food system that are the focus of the
TEEB perspective.

Too often the analysis of agricultural systems focuses on
production while paying far less attention to subsequent
steps such as transformation, transportation, distribution,
consumption and recycling. This is a serious problem since
most of the economic benefits are concentrated in the
stages after biomass production. The segmented approach
also does not allow an analysis of materials and energies
used in the food chain, and the interactions between them.
The TEEBAgriFood Evaluation Framework, this chapter, and
other sections of this report address the different value-
chain stages, incorporating the visible and invisible flows
of different indicators (quality and quantity indicators).

3.3.1 Economic pressures and external
forces around agricultural and food systems
transitions

Models of agricultural development: For many decades,
developing countries have been encouraged to follow
the path of industrialized countries by undergoing a
“structural transformation” from having large, low-
productivity traditional agricultural sectors to more
industrialised agricultural sectors as a precursor to
a modern industrial economy with high productivity
(Byerlee et al. 2009) and an expanded service sector
(Dorin 2017). More recent models consider agriculture
not merely as the facilitator of industrialization but as
central to development itself. Nonetheless, productivity
remains central to the predominant economic models for
growth and development, fed by increases in land and
labour productivity in agriculture. Tensions in this model
are apparent in many regions. For example, the majority
of African countries have limited arable land resources

with high population pressures. Yet most projections for
substantial yield increases earmark African countries as
the locale where these increases are most needed. Current
yield gaps in Africa are both pervasive and complex, with
clear biophysical limitations but also issues that call for
greater attention to social contexts (Tittonell and Giller 2013;
Mapfumo et al. 2015), diversification and infrastructure
investment (Van Ittersum et al. 2016). Large-scale land
purchasing by foreign investors or “land-grabbing” is also a
problem in Africa (UNEP 2014). Thus, both land and labour
are under conflicting economic pressures in the agriculture
sector, as we review below.

Labour and employment in the food and agriculture sector:
The agricultural sector employs one out of every three
economically active workers (FAO 2014). Figure 3.3 shows
that, as countries develop, the share of the population
working in agriculture declines. While more than two-thirds
of the population in poor countries work in agriculture,
this percentage decreases to less than 5 per cent in rich
countries (Roser 2018).

In developing countries, labour in the agricultural sector
is a key area of focus for current and future economies.
There are 1.5 billion smallholder farmers, and an estimated
500 million family farms, i.e. those that are managed and
operated by a family and predominantly reliant on family
labour globally (FAO 2014). These family farms make up
more than 98 per cent of the world’s farms (Graeub et al.
2016).

With this in mind, new voices are suggesting that the
“structural transformation” trajectory is not and will not be
a reality in much of the developing world (Dorin 2017). As
has been true in India, it is highly plausible that the rural
population and labour force in agriculture in Africa (and
India) can be expected to remain massive through the next
few decades. These findings require areconsideration of the
“modern” model of increasing land and labour productivity
in agriculture. In view of the size of the rural labour force,
it has been argued that increases in agriculture in these
regions should not rest on large scale monocultures and
intensive use of inputs, but rather on a context-specific
agroecosystems that build biological synergies and
boost biodiversity and ecological functions to increase
and sustain productive growth in multiple dimensions,
delivering multitude of long-term benefits (Dorin 2017).
Certainly, finding sustainable means to increase access,
availability, utilization and stability of food is critical to both
avoiding deforestation and addressing food security in
many developing countries.

An overriding challenge and concern in developing and
developed countries alike is the eroding profitability of
farms, with farming professions ceasing to provide a living
wage and viable livelihoods within rural communities.
As noted by Buttel (2007) the practice of farming has for
many decades been in the grips of a “profitability squeeze”,
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undermining social, economic and environmental
sustainability. In developed countries such as the US, net
farm incomes have declined consistently and dramatically
since 1948, a trend that has to some degree been lessened
in severity through the application of subsidies. Such
resources and public policies are not available to lessen the
severity of declining and volatile profitability in agriculture
for farmers and communities in developing countries.

Investment and land demand and supply: Altogether,
worldwide foreign direct investment in agriculture has
increased significantly since 2000, especially in developing
countries, reaching more than 3 billion USD per year since
2005 (UNCTAD 2009). However, global foreign direct
investment flows lost growth momentum in 2016, showing
that the road to recovery remains bumpy (UNCTAD 2017).
FDI inflows decreased by 2 per cent to $1.75 trillion
in 2017, amid weak economic growth and significant
policy risks, as perceived by multinational enterprises
(UNCTAD 2017). Agriculture and food systems have been
particularly impacted by land grabbing, the large-scale
land acquisition—be it purchase or lease—for agricultural
production by foreign investors. In the three years from
2007 to 2010 for example, more than 20 Mha are thought
to have been acquired by foreign interests in Africa (Hallam
2010). Several countries are now changing rules for direct
foregoing investors. Argentina eased certain restrictions
on the acquisition and leasing of rural lands by foreign
individuals and legal entities. Malawi lifted a ban on oil and
gas exploration in Lake Malawi. Myanmar introduced the
new Condominium Law, permitting foreigners to own up
to 40 per cent of a condominium building. Poland adopted
new restrictions for the acquisition of agricultural and

forest land and for purchasing shares in Polish companies
that have agricultural property (UNCTAD 2017). The
discussion of foreign investment in and purchase of land
is on the table and is generating deeper consideration of
benefits and costs.

While the concept of acquiring land abroad to pursue
economic interests is not new, this new type of land grabbing
may also lead to violations of human rights (Rosset 2011)
and environmental consequences which directly counteract
the commitments of countries made to eradicate such
occurrences (as in the case of the Millennium Development
Goals). Early experiences with biofuel production in
countries like Tanzania, Mozambique, India and Colombia
have been characterized by land purchases marked by
illegitimate land titles, water access denied to local farmers,
inadequate compensation agreements, and displacement
of local communities by force (Cotula et al. 2008; 2009).
In Argentina, 14 million hectares have been sold with
consequences for rural peasants, indigenous people and
even completed towns that have been sold to individuals
or companies (Pengue 2008). Such projects often do little
to improve regional food or energy security. Because of the
industrial, high-tech agriculture that land grabbing favours, it
often means a step backward for peasants or small farmers
and sustainable agriculture. This contradicts authoritative
international recommendations, which see the support
of smallholder agriculture as a fundamental effort in the
struggle against hunger (UN Human Rights Council 2010).
Displacing local producers and diverting resources to cash
crop production may increase the vulnerability of local
communities to the volatility of food prices.

Figure 3.3 Relationship between participation in agricultural sector and GDP per capita, 2015 (Source:

adapted from Roser 2018)
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Investment in biofuel and biomass: Investment in the
biomass sector is a growing issue, increasing the demand
for land practically all over the world. This demand is
not only related to food production but also includes
demand related to animal feed, biomass, biomaterials
and others. As the intention of biofuel projects is to later
export the fuel, this does little to substantially improve
the energy situation in the country of production. For
instance, roughly two-thirds of Mozambique is without
electricity, but even projects intending to keep 20 per cent
of the ethanol produced within the country are unlikely
to contribute to the amount of electrification needed to
improve living conditions (FIAN 2010).

Subsidies and distorting fiscal measures along the value
chain: Due to the rapidly increasing productivity in major
OECD countries in particular, the 1970s and 1980s were
characterized by domestic overproduction of food,
resulting in domestic surpluses. The subsidized export of
these surpluses tended to depress world prices, affecting
agriculture production in other countries. Distortions
in global markets reached a peak in the 1980s, with
overproduction of food in the European Union (EU) and an
export/subsidy war between the United States of America
(USA) and the EU further depressing agricultural prices
in low- and middle-income markets (UNEP 2016), thereby
affecting millions of farmers in developing countries and
their markets. Despite these negative impacts, OECD
countries have continued to pursue policy measures that
promote the intensification and overproduction of food
commodities, and the liberalization of trade to facilitate
export to more vulnerable developing economies.

Distortions in global markets create social, economic
and environmental impacts. Some discussion of the
nature of current subsidies in the agriculture sector
is provided here, while recognizing that the subject is
complex and the analysis of impacts is very challenging.
By way of a simplified explanation, perverse subsidies
tend to create distortions in the global market and can
lead to more overexploitation of natural resources and
human resources. Globally, the tendency for subsidies to
encourage the intensification of production at the cost
of the environment (negative externalities) has been
noted, but largely ignored. If global farm subsidies were
ended and agricultural markets deregulated, different
crops would be planted, land usage would change, and
some farm businesses would contract while others would
expand (Edwards 2016). Where subsidies are underwriting
farming with highly negative externalities, the withdrawal
of this support would result in different crops being
planted, land usage changing away from such systems,
and some farm businesses contracting while others
would expand. The absence of deleterious subsidies could
contribute to a stronger and more innovative industry. New
relationships in the food system could emerge that have
greater resilience to market fluctuations (Edwards 2016).
Private insurance, other financial tools, diversification, and

payments to farmers to recognize their role in protecting
the environment could help cover risks, as they do in other
industries and small and midsized farmers and peasants
would find a clearer connection between their labour and
prices and a greater recognition of their efforts.

Consolidation in the food sector: A number of external
forces have increasingly impacted global food systems
in recent decades. The introduction of neo-liberal modes
of governance, globalization, de-regulation, privatization,
the establishment of WTO rules for agriculture, and the
increase in the size and influence of financial institutions
have all contributed to the dismantling of the state-centred
national agricultural development models (Barker 2007).
These have been supplanted by privatized agricultural
systems (marked, for example, by the dismantling of
state marketing boards), structured to service global
markets and rapidly expanding trade (Barker 2007). At
the same time, the information technology revolution has
transformed logistics, leading to the expansion of globally
traded foodstuffs, fertilizers and pesticides possible on
scales that would have been unimaginable in the mid-
20th century. The biotechnology industry has enabled
the commercialization of genetically modified organisms
(GMOs) with strong proprietary rights. As a result of these
developments, an unprecedented level of consolidation is
occurring in the food sector globally (IPES-Food 2017).

Since the elimination of most public commodity stock-
holding programmes in big exporter countries — Argentina,
Canada, New Zealand, including the USA and the EU
(a gradual process that started in the 1980s) — the
international firms involved have themselves begun to
hold more physical stocks. The existence and control of
these physical stocks can have an important impact on
grain prices, and information about them is likely to be
very important in guiding these firms with respect to their
financial investments in agricultural derivatives markets.
In this way, the storage function of the large global
agribusiness firms is tightly integrated with other aspects
of their business activities.

Trade in any commodity is characterized by risk. Any
number of factors — natural disasters, crop failures,
political or economic shifts, market speculations — can
affect the prices of agricultural commodities, which may
be locked into a long supply chain. While prices can change
quickly, commodity traders are dealing with a physical
stock that is bulky, expensive to store, and harvested only
at certain periods of the year. Prices are as much about
anticipated supply and demand as they are about existing
conditions. The level of risk and volatility in the trading of
standardized and generic products pushes the companies
to look for strategies that will increase their stability and
predictability.

Overall, the period of high prices and high volatility appears
to have served financial interests of the large global
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agribusiness firms well, though they have lost money
in some areas too, and all suffered in 2009 following the
financial crisis and the collapse in international trade.
Disruptions to commodity markets in 2010, including the
Russian export ban, created opportunities for grain trading
firms to profit from food price shifts (Murphy et al. 2012).

International trade and trade policies: International trade and
trade policies affect the domestic availability and prices of
goods and also affect factors of production such as labour,
with implications for food access. International trade can
also impact market structure, productivity, sustainability
of resource use and nutrition among various population
groups in different ways. Assessing trade’s impact on food
security is thus highly complex.

For example, banning grain exports can boost domestic
supplies and reduce prices in the short run. This benefits
consumers, but has negative implications for farmers
producing for export. Import or export restrictions by
major players affect global supplies and exacerbate price
volatility at the global level. Lowering import duties reduces
food prices paid by consumers, but can put pressure on the
incomes of import-competing farmers, whose own food
security may be negatively affected (see Table 3.3).

Policies to increase openness to international trade have
generally taken place in the context of wider economic
reforms, and it is therefore difficult to disentangle their
effects.

Table 3.3 The possible effects of trade liberalization on dimensions of food security (Source: adapted

from FAO 2015a)

Possible positive effects Possible negative effects

Food net-exporting countries, higher prices in international
Trade boosts imports and increases both the quantity and markets can divert part of production previously available
E variety of food available. for domestic consumption to exports, potentially reducing
4 domestic availability of staple foods.
E Dynamic effects on domestic production: Greater
- | competition from abroad may trigger improvements in For net food-importing countries, domestic producers unable to
§ productivity through greater investment, R&D, technology compete with imports are likely to curtail production, reducing
<t | spillover. domestic supplies and foregoing important multiplier effects of
agricultural activities in rural economies.
For net food-importing countries, food prices typically
decrease when border protection is reduced.
In the competitive sectors, incomes are likely to increase as | go¢ et food-importing countries, the domestic prices of
» the result of greater market access for experts. exportabl duct ;
7 portable products may increase.
8 Input prices are likely to decrease. ) ) . )
2 Employment and incomes in sensitive, income-competing
The macroeconomic benefits of trade openness, such as sectors may decline.
export growth and the inflow of foreign direct investment,
support growth and employment, which in turn boosts
incomes.
A greater variety of available foods may promote more Greater reliance on imported foods has been associated with
% balanced diets and accommodate different preferences and | increased consumption of cheaper and more readily available
E tastes. high calorie/low-nutritional-value foods.
N
= | Food safety and quality may improve if exporters have Prioritization of commodity exports can divert land and
5 | more advanced national control systems in place or if resources from traditional indigenous foods that are often
international standards are applied more rigorously. superior from a nutrition point of view.
For net food-importing countries, relying primarily on global
Imports reduce the seasonal effect of food availability and markets for food supplies and open trade policies reduces the
t consumer prices. policy space to deal with stocks.
=
5 Imports mitigate local product risks. Net food-importing countries may be vulnerable to changes in
= trade policy by exporters, such as export bans.
9 | Global markets are less prone to policy- or weather-related
shocks Sectors at earlier stages of development may become more
susceptible to price shocks and/or import surges.
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Financialization of the food system entered a speculative
mode beginning in the 1990s, when the deregulation of
commodity futures trading in the United States made it
possible for institutional investors to enter this market on
a large scale. Since then, on the world’s most important
futures exchange CBOT in Chicago, the percentage of
commercial traders has decreased remarkably, while the
number of speculative traders has exploded. In 2002,
eleven times the actual amount of wheat available was
traded on the CBOT; in 2011, 73 times the actual US
wheat harvest was traded (Global Agriculture 2017).
Although these speculative deals in food commodities
are generally oriented towards the real situation of supply
and demand, the psychology of the stock exchange and
the algorithms of the computers that control the trade
have led to increasingly nervous fluctuations. According
to many analysts, the investors who bet on long-term
increases in food prices are now having a price-driving
effect (Global Agriculture 2017).

A handful of global corporations now organize the world’s
agriculture and food-consumption patterns. They are
remarkably long-lived: many of today's leaders were
founders of the modern agri-food system. This has led
to two major developments — a shift towards finance
capital and the impact of biotechnologies — that have
led to a wave of mergers and acquisitions since the
1980s, changing the face of the sector and transforming
financing in agriculture (HBF 2017).

3.3.2 Responses to economic pressures
and external forces in global agriculture
and food systems

The economic pressures and external forces described
above have exerted significant changes, especially
over the past fifty or so years, on the nature of food
and farming. In this subsection, we will highlight these
challenges, which impact production systems and the
global environment (as well as nutrition and human
welfare, which are featured in subsequent chapters of this
report).

Move away from use of renewable resources: Human
domination of the terrestrial space has grown enormously,
to the point that agricultural systems occupy much of
the geographic space available to produce biomass to
sustain flora, fauna and human populations. Croplands
and pastures are estimated to be one of the largest
terrestrial biomes on the planet, occupying~40 per cent
of land surface (Foley et al. 2005), making agricultural
production the planet's single most extensive form of land
use (Campbell et al. 2017).

Agriculture is inherently a resource-intensive enterprise
(Campbell et al. 2017). As agriculture has expanded in land
area, so has its environmental impact. Figure 3.4 shows

that, in multiple dimensions, agriculture is contributing
substantially to destabilizing key Earth processes at the
planetary scale: land-system change, biosphere integrity,
biogeochemical flows, biosphere integrity, and freshwater
use have all been impacted to some degree (ibid.)
Currently, degradation of the Earth’s land surface through
human activities is negatively impacting the well-being
of at least 3.2 billion people, pushing the planet towards
a sixth mass species extinction, and costing more than
10 per cent of the annual global gross product in loss of
biodiversity and ecosystem services (IPBES 2018a).

To a large extent, these destabilizing forces have arisen
as agriculture has increasingly moved away from
its dependence on natural processes and renewable
resources towards non-renewable resources. For example,
biogeochemical flows have been profoundly transformed
as farming systems have discarded traditional means of
maintaining soil fertility (through fallowing, integrating
livestock with crops, and use of composted material) in
favour of increased use of fossil-fuel-based and mined
fertilizers. Similarly, stratospheric ozone depletion is
linked to increasing rates of N,O emissions (associated
with nitrogen fertilizer application and manure from
confined livestock operations). Concentrations of half
the pesticides detected in freshwater aquatic systems
currently exceed regulatory thresholds, a consequence
of the high dependence in many agricultural systems on
agrochemicals rather than natural pest control (Campbell
et al. 2017). The tremendous increases in productivity
over the last half century, propelled by the external
forces of international markets and competition over
land among others, have come with a number of costs,
including stability and consistency of food security for
many stakeholders.

Current trajectories have been driven by imperatives
to increase both efficiency and productivity. Many
observers note that there is an equal imperative to
reduce the environmental impacts of these trajectories.
Given the need to simultaneously address productivity,
sustainability and equity, solutions will be complex.
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Figure 3.4 The status of the nine planetary boundaries overlaid with an estimate of agriculture’s role in

that status (Source: Campbell et al. 2017)
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Recent analyses of agricultural and environmental trends
suggest that the environmental footprint of agriculture
can most effectively be addressed by avoiding further
expansion into natural ecosystems, increasing the
efficiency of inputs, and improving soil health (Clark
and Tilman 2017). Of these, reducing expansion into
natural ecosystems seems imminently possible, given
that agricultural production in developing countries has
increased by about 3.3 per cent per year over the last two
decades, while agricultural land area increases due to
deforestation have been on a much smaller order, of .3 per
cent (Angelsen 2010), reversing earlier trends (Gibbs et
al. 2010). At the same time, it should be noted that these
positive global trends mask differences between tropical
deforestation, which has accelerated since the 1990s
while temperate forest cover has remained stable or
grown (Kim et al. 2015), pointing to the need to address all
approaches simultaneously. Approaches to improve input
efficiencies and build soil health are measures that build
on ecosystem services, of great relevance to this report
(see Section 3.4.1 on the interdependence of nature and
agriculture).

The impact of loss of connections to local communities:
Agricultural systems have also lost many of their

connections to local communities, as they have become
- in some regions - monocultures oriented to external
markets through the purchase of industrial inputs to
sell commodities for profit (FIAN 2009). Many modern
agricultural systems have ceased to use local labour,
and dispensed with the benefits received from biodiverse
landscapes, creating a loss of regional environmental
services. Resulting problems such as deforestation, soil
erosion, biological species loss, toxic contamination,
greenhouse gas emissions, and rural migration have
arisen.

Impacts of food prices on the dynamics of food systems: The
dynamics of food systems are a complex issue, strongly
influenced by market and international prices. Food prices
in turn are driven by a complex combination of factors. The
investment of international capital in food and agriculture
has major implications for the distribution and cost of
food. Financial institutions and instruments have become
increasingly involved at all points of the agri-food system.
When average prices of (food) commodities increase,
this gives rise to growing speculation (e.g. by trading
of futures) (UNEP 2014), which may also result in price
spikes. Fluctuating prices are a core problem for stable
food production. Agricultural price volatility increases the
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uncertainty faced by farmers and affects their investment
decisions, productivity and income. Instability in prices is
a complex factor in the agricultural domain as well as in
biomass processing and consuming sectors.

The markets around biomass can serve as an example.
Biomass— defined as energy obtained by burning wood
or other organic matter — has been a part of human
societies for millennia. But recently biomass has become
an internationally traded commodity for use not only as
food and feed in agroindustry, but also as biofuels and
biomaterials. The growing demand for food, feed and fibre
exerts additional pressure on suppliers and consumers
through higher level and volatility of prices, compromising
food security (in particular for the poor, as happened in
2008). Growing prices of food and non-food biomass
render productive land a more precious asset and have
encouraged private and state investors to realize larger
land purchases in low cost countries with often less
favourable social and environmental controls.

Consumer behaviour, changing diets and new trends:
The combination of rising income and urbanization is
changing the nature of diets (Msangi and Rosegrant 2009)
and thus food systems. While the consequences are
dealt with in more detail in Section 3.3.7, here we outline
the major trends and pressures in both urbanization and
diet changes.

Urbanized populations consume less basic staples and
more processed foods and livestock products (Rosegrant
etal. 2001). This implies more potatoes for fast food, more
oilseeds for feed and more sugar for food processing
and manufacturing (Fischer et al. 2009; OECD and FAO
2010). UNEP (2013) predicts that 4 billion more urban
dwellers will live in developing world cities between 1950
and 2030, in what might be considered a “second wave
of urbanization”. This “wave” now underway promotes
a major transformation of demand for environmental,
natural resources and ecosystem services from urban
areas. Processed, prepared foods may require a higher
use of agricultural commodities to create a given number
of calories (von Witzke and Noleppa 2010), and meat
consumption requires pastures for grazing and cropland
for growing feed. The expansion of agricultural land has
happened at the expense of natural ecosystems.

Projections on food production (both calories and
nutrition) increases needed over the next several decades
are often contested (Meyfroidt 2017), although a few key
points are emerging around which there is a fair amount
of agreement. The productionist argument, that the
amount of food produced globally will need to double
(Tilman et al. 2011), or increase by 70 per cent (FAO 2009),
or by 60 per cent (Alexandratos and Bruinsma 2012) has
been tempered by the realization that clean water and
sanitation, and female education have been responsible
for 68 per cent of the reduction in child malnutrition

(between 1970 and 2010 in a longitudinal study across
116 countries), while increased food supply accounted
for only around 18 per cent (Smith and Haddad 2015).
A recent parsing (Chappell 2018) lays out the logic to
suggest that we currently produce almost enough food
on a calorie basis for the estimated 9.14 billion people
projected for 2050, even with no changes to diet or
waste. Thus, meeting global needs in the future might
best focus on changes in production systems that
might conceivably slightly reduce yields in some regions
to favour environmental benefits, but more generally
address yield gaps through ecosystem services while
focusing on diets and reducing food waste. Increasingly,
the focus is on the nutritional quality of food produced,
noting that the spectacular production increases of the
last half-century have come from high-yielding and not
nutrient-dense cereals, such that more food needs to be
consumed to attain recommended dietary levels for many
nutrients than in the past (DeFries et al. 2015).

Much of the structural change in diets is occurring in
developing countries, as diets in developed countries are
already high in processed foods and livestock products.
For instance, the three food groups of livestock products
(meat, milk, eggs), vegetable oils and sugar currently
provide around 29 per cent of total food consumption
in developing countries (in terms of calories). If current
trends continue, their share is projected to rise to 35
per cent in 2030 and 37 per cent in 2050, whereas their
share in industrial countries has been around 48 per
cent for several decades (Alexandratos and Bruinsma
2012). In 2008, 80 kg per capita of meat was consumed
in developed countries in 2008, compared to 29 kg in
developing countries (Alexandratos 2009). Projections
for 2050 carrying forward current trends expected an
increase to 103 kg in the former and 44 kg in the latter
(FAO 2006). However, a more recent revision of these
estimates suggests that not all developing countries
— such as India — will shift in the near future to levels
of meat consumption typical of western diets, and
thus the estimates of how much the growth of world
food production will be required to increase to meet
demands have been revised downward (Alexandratos
and Bruinsma 2012).

Altogether, the projections for world food consumption
predict an increase of about 10 per cent in the global
average caloric intake per person from 2005 to 2050, along
with projected increases in population numbers. In 2009,
around 5 per cent of the population was still expected
to be chronically undernourished by 2050 (Alexandratos
2009); three years later this figure was modestly revised
to estimate 4 per cent of the population (Alexandratos and
Bruinsma 2012). Bruinsma (2009) has forecast an increase
of 71 Mha of arable land needed to meet these rising food
and feed demands. A 12 per cent expansion is predicted
in developing countries, especially in sub-Saharan Africa
(64 Mha) and Latin America (52 Mha), whereas a 6 per
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cent decline is expected for developed countries. While
Fischer et al. (2009) also forecasts a 12 per cent increase
in cultivated land in developing countries, he estimates
an overall increase of about 124 Mha between 2010 and
2050. Neither scenario considers biofuels, biomaterials
and changing demands from other industries.

Changing diets implies a shift from vegetable protein to
animal protein. This “battle for the protein” (plant-based
foods vs. animal-based foods) is changing the face of
the earth (Pengue 2005). If current trajectories continue,
a more diverse food production model will be replaced
by the extensive cultivation of feed crops for animals,
largely destined for Europe and China. As a result, poor
people will no longer produce or be able to afford the
diverse diets they once enjoyed: traditional diets with
reasonable portions of high value meat protein grown on
less intensive pasture will increasingly be displaced by
cash crops such as soybean (Rosin et al. 2013) destined
for animal feed.

3.3.3 Externalities and invisibles: global
costs of global food trade

For centuries, countries have relied on trade in agricultural
and food commodities to supplement and complement
their domestic production. The uneven distribution of land
resources and the influence of climatic zones on the ability
to raise plants and animals have led to trade between and
within continents.

Trade, in itself, is neither a threat nor a panacea when it
comes to food security, but it can pose challenges and
risks that need to be considered in policy decision-making.
To ensure that countries’ food security and development
needs are addressed in a consistent and systematic
manner, policy makers need to have a better overview of all
the policy instruments available to them and the flexibility
to apply the most effective policy mix for achieving their
goals (FAO 2015a).

Moreover, the hidden costs of the global food trade are
largely not known or recognized by policy makers. Itis such
externalities and invisibles that are a focus of true cost
accounting in agriculture and food, and thus this report.

Externalities generally refer to the social or economic
costs that are not recognized within financial
transactions. Externalities, defined as “a positive or
negative consequence of an economic activity or transaction
that affects other parties without this being reflected in
the cost price of the goods or services transacted” These
may be either negative (such as pollution by nitrogen
run-off from crops) or positive, such as the pollination of
surrounding crops by bees kept for honey.

Several of the externalities in the agriculture sector are
directly related to international trade in agricultural and
food production. Agriculture and food consumption
are identified as one of the most important sources of
negative externalities, creating serious environmental
pressures on natural habitats, land use change, climate,
water use and air quality (UNEP 2010).

As international trade in food and feed products has
increased, insidious forms of visible, and invisible, flows
are occurring. For each shipment of food being transported
from one part of the world to another, the natural resources
used in the production of each shipment is also, in a sense,
being “virtually” transferred to the recipient country.
Essentially, the evolution of international trade has
facilitated the transfer of resources from the centres of
supply to the centres of demand. The inequities involved in
such transfers have been noted. An “Ecological Prebisch”
analysis (as articulated in Pérez-Rincén 2006) follows on
the thesis of the famous economist Prebisch, that the
gains of international trade and specialization have not
been equitably distributed and that in the current century
there is an unequal international ecological exchange
(natural resources/environmental services/ecological
impacts) in the global trade matrix.

These same dynamics are identified in the concept of
“off-stage” ecosystem service burdens, recognizing that
many place-based analyses ecosystem assessments
overlook the distant, diffuse and delayed impacts of
current economic systems, including the increased
reliance on final and embedded imports and exports of
natural resources in the sectors of food and fisheries
(Pascual et al. 2017b; Liu et al. 2013), particularly through
the commodity supply chains of high income and high
price-elasticity crops (Meyfroidt 2017).

As a result of these analyses, indicators such as “material
footprint”, “water footprint” or “nutrients footprint”, have
emerged and allow the characterization of material (or
carbon, or water, or land and soils) consumption levels of
individual countries, including the upstream flows used
to produce respective imports and exports (Hoekstra and
Wiedmann 2014; Tukker et al. 2014; Wiedmann et al. 2015).
These upstream material requirements are also known
as, ‘materials embodied in trade’, ‘indirect flows’, ‘hidden
flows', ‘virtual flows’ or ‘ecological rucksacks’. Indicators
for upstream resource requirements should capture
resource use along the production chain and allocate
environmental burden to the place of consumption.
Beyond directly traded masses, upstream flows provide
insights into the overall physical dimension of trade.

Biomass: Biomass can serve as a case in point. In 1900,
biomass was still the major resource used by societies,
as a source of nutrition as well as for construction and
energy provision (Dittrich 2012). Global biomass use
stood at 5 billion tons in 1900 (Krausmann et al. 2009),
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which represented 75 per cent of all material use. By
2010, biomass trade had increased to 21 billion tons.

Overall, around 15 per cent of all biomass materials
globally extracted are redistributed through foreign trade
(UNEP 2015). Biomass materials are homogeneous in
terms of their chemical composition [hydrocarbons]
but still comprise different materials. The major share

of biomass use comprises crops (36 per cent, cereals,
vegetables, roots, fruits, etc.) and crop residues (20 per
cent, mainly straw and beet leaves), followed by fodder
crops (6 per cent), grazed biomass (26 per cent) and timber
(11 per cent). Fish catch is relatively small, compared to
total biomass extraction, amounting to only 0.4 per cent
(UNEP 2015). Figure 3.5 and Figure 3.6 show the extent
of trade by commodity and by country, respectively.

Figure 3.5 Trade in biomass by main sub-category, 1980-2010 (Source: adapted from Dittrich 2012)
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As biomass is transported in large volumes across the world,
the underlying agricultural production acts like a “mining”
process in several parts of the world. Biomass production
requires large amounts of the nutrients N, P and K, amongst
other nutrients (oligo and micronutrients), to provide the
building blocks of all plant and animal life. Countries with
substantial farming activities tend to use intensified
farming practices, which extract nutrients from soils. To
balance this, modern conventional farming enterprises
generally increase the use of NPK inputs in fertilizers (Liu
et al. 2010). If nutrients are not replenished, then soils
become depleted and plant growth is restricted. This soil
exhaustion represents a ‘hidden cost’ or environmental
intangible (Pengue 2009), since nutrients exported from
soils as natural capital remains unaccounted for (Diaz de
Astarloa and Pengue 2018). Agricultural intensification and
mining soils, carried out without regenerative practices,
accumulates disturbances over time, putting millions of
hectares under the possibility of a collapse via nutrient
degradation and soil erosion. Mining agriculture is reducing

soil, fauna and root diversity, causing replacement of native
species by invasive species of invertebrates, fungi and other
important biological components of the soil, homogenizing
the agroecosystem, simplifying landscape structure and
increasing the occurrence of bioinvasions (Binimelis et al.
2009; FAO 2011a). This means degradation in the quality
of these lands that are on the producing end of biomass
transfers globally.

Figure 3.7 Regions of greatest nitrogen use in the world (Source: adapted from Townsend and Howarth 2010)
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Shifting hotspots

Regions of greatest nitrogen use (red) were once limited mainly to Europe and North America. But as new economies develop and agricultural
trends shift, patterns in the distribution of nitrogen are changing rapidly. Recent growth rates in nitrogen use are now much higher in Asia and
in Latin America, whereas other regions -including much of Africa- suffer from fertilizer shortages.
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Changes in nutrient flows and concentrations: Changes
in nutrient concentrations globally can also serve as an
example of externalities and invisibles in global trade. Under
the current agricultural and food trade at international level,
the issue of nutrients flow is a relevant point, especially in
terms of the environmental, agronomical and socioeconomic
effects that the situation generates. While many modern
agricultural activities - as well as traditional and mixed
farming methods pushed to the limit by population and
market pressure - are causing nutrient depletion, erosion
and degradation in exporting territories (Styger et al. 2007;
Tittonell and Giller 2013), in the importing territories of these
grains, nutrient pollution is one of the main issues as aresult
of accumulation (Halberg et al. 2006).

Nutrient concentration in several regions of the world (see
Figure 3.7) as a result of agriculture’s increased biomass
production and consumption is producing a nitrogen and
phosphorous cascade with environmental and social
impacts. As Townsend and Howarth (2010) indicate, the
regions of greatest nitrogen use were once limited mainly
to Europe and North America. However, as new economies
develop, and agricultural trends shift, patterns in the
distribution of nitrogen are changing rapidly. Recent growth
rates in nitrogen use are now much higher in Asia and in
Latin America, whereas other regions—including much of
Africa—suffer from depletion of nutrients in soils.

Continual increases in beef production lead to surges in
nutrients flow (Townsend and Howarth 2010; Chemnitz
and Becheva 2014). The demand for grain for cattle
feed, and thus the intensive production of corn and soy
in the American Midwest along with Brazil, Paraguay and
Argentina has far reaching impacts. Such high levels of

production are often only made possible by a production
system equally high in inputs. Yet the application of
agricultural chemicals to annual row crops is extremely
“leaky”; it is estimated that less than 15 per cent of
phosphorous, and 40 per cent of the nitrogen applied to
crops is actually absorbed by the plants; the rest remains
either in soils or in waterways each year, contributing to
the over 400 oceanic dead zones (Zielinski 2014). This
dynamic is variable, depending on soil characteristics and
other environmental conditions, but remains problematic
in the regions of greatest animal feed production.

Invisible flows in nutrients are also due to disconnects in
production systems, across borders and continents. The
international trade of food and feed products has profoundly
affected the flows of nitrogen in the form of vegetable or
animal protein between continents over the last fifty years
(see Figure 3.8). Generalized representation of N transfers
through the world agro-food system in 1961 and 2009).
The largest component of traded agricultural commodities
is animal feed, which enters international trade primarily
from countries producing feedstuffs to countries where
the proportion of meat in the human diet is high or rapidly
increasing (Kastner et al. 2012), and which have intensive
animal production facilities. This disconnect between crop
and livestock production between countries and usually
continents results in the inability to close nutrient cycles,
thus causing nitrogen surpluses and inefficient use of
nitrogen (Billen et al. 2015, Lassaletta et al. 2016). The
large N surpluses are lost to the environment via surface
runoff, leaching to ground and surface water, and gaseous
emission, all representing large costs to society (van
Grinsven et al. 2013; Sobota et al. 2015).

Figure 3.8 Generalized representation of Nitrogen transfers through the world agro-food system, 1961
and 2009 (Source: adapted from Lassaletta et al. 2016)
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Virtual water: The concept of virtual or embedded water
(Mekonnen and Hoekstra 2011) was first developed as
a way to understand how water-scarce countries could
provide food, clothing and other water intensive goods to
their inhabitants. The global trade in goods has allowed
countries with limited water resources to rely on the
water resources in other countries to meet the needs of
their inhabitants. As food and other products are traded
internationally, their water footprint follows them in the form
of virtual water. This allows us to link the water footprint
of production to the water footprint of consumption in any
location. The analysis of “virtual water flows” help us see
how the water resources in one country are used to support
consumption in another country. The largest virtual water
exporters are in North and South America (Dalin et al.
2012). Virtual water flow between the six regions in Figure

3.9 remained somewhat similar in patterns between
1986 and 2007, but with large changes in volumes. South
America, as can be seen, increased its participation in the
international trade of virtual water, while Asia converted
into one of the main importers (see Figure 3.9).

Figure 3.9 Virtual water flows between the six world regions (Source: adapted from Dalin et al. 2012)
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Note: Numbers indicate the volume of virtual water flows (VWT) in km?, and the colors of the links correspond
to the exporting regions. The circles are scaled according to the total volume of VWT. Total VWT in 1986 was

259 km? versus 567 km?in 2007.
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Figure 3.10 Trade balances of virtual land for the EU-27 (Source: adapted from UNEP 2015)
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Virtual land: In the case of land, the terms of embodied
land or intangible land are directly related to the
ecological footprint concept (Costello et al. 2011; Steen-
Olsen et al. 2012; Weinzettel et al. 2013; Yu et al. 2013).
The concept recognizes that some agricultural and forest
products — such as cattle, biofuels and forest produc