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EXECUTIVE SUMMARY

The current structure of the food system lies at the center of a nexus of global problems, stretching from
poverty to environmental degradation. The increase in food production needed to meet the anticipated
demands of the near future cannot be achieved by simply extrapolating current trends in production
and consumption. A continuation of the recent historical trends of expansion and intensification will
undermine the very resource base on which the food system itself depends.

The preservation of ecosystems and the future wellbeing of the human population are all centrally
dependent on a structural transformation of the food system towards a sustainable and resilient state.

THE CURRENT FOOD SYSTEM IS THE PRODUCT OF
A HISTORIC DEVELOPMENT PATHWAY

Global food and agricultural production have increased significantly since the end of WWII spurred
by a combination of population and economic growth along with technological and cultural shifts in
production practices. Due to increases in population, wealth, and urbanization, the world has seen an
overall increase in food demand, coupled with a shift in dietary preferences towards more resource-
intensive foods.

The Green Revolution played a significant role in establishing intensive agricultural production methods
globally and shaping the reigning philosophies in mainstream agricultural practice. Global yields have
steadily increased since the 1950s; there is more food produced today per person than ever recorded.
Though widely credited with helping avert anticipated large-scale food shortages in the post-WWII era,
the intensification practices brought on by the Green Revolution have also been critiqued for driving
ecological degradation, unsustainable resource consumption, and entrenching dependency on non-
renewable resources like fossil fuels.

Intensification, consolidation, and specialisation are some of the large scale behavioural trends
inherent to the food system. Intensive practices dominate the system as a whole and a small number
of actors in the fields of production, processing and retail control most of the food system and strongly
influence policy making. Loopholes in trade agreements are widely abused by more powerful nations,
resulting in unfair competition for developing countries, ultimately manufacturing dependence and
eroding local food security.

Recent trends and policies towards growing non-food crops, like biofuels and biomaterials, are leading
to re-assignment of land and other base resources, resulting in less availability of these resources for
food production. Funding for agricultural research and development is mostly available in higher-
income nations, leaving lower-income nations behind. Research and development efforts have been
focused on enhancing conventional production methods, with very little funding allocated to the
development of sustainable agricultural techniques.

THE FOOD SYSTEM IS THE LARGEST CONTRIBUTOR TO BOTH
ENVIRONMENTAL AND HUMANITARIAN IMPACTS

Agriculture now occupies roughly half of the plant-habitable surface of the planet, uses 69% of extracted
fresh water and, together with the rest of the food system, is responsible for 25 - 30% of greenhouse
gas emissions. The expansion of industrial fishing fleets and a higher demand for seafood globally have
led to the collapse or total exploitation of over 90% of the world’s marine fisheries. A growing demand
for land-based animal products is the primary driver of tropical deforestation. Through its direct and
intermediate impacts, the food system is the largest contributor to the depletion of biodiversity.

The agri-food sector is the world’s largest economic sector and is therefore deeply entwined with
poverty. Half the global workforce is employed in agriculture. A majority of the world’s poorest people
are subsistence farmers and fishermen. Small farmers and fishers around the world are caught in cycles
of poverty, without access to education, employment, economic and social infrastructure, and political
representation. Many do not receive adequate compensation, work in unacceptable conditions, or
do not have access to sufficient, affordable, or proper-quality food. Poverty is the largest threat to
producers of food globally and the largest driver of food insecurity.

However, simply ensuring a sufficient level of food production will not address the more entrenched
impacts and humanitarian imbalances within the food system. We currently produce more than enough
food for the global population, yet over 795 million people remain undernourished.



INCREASED POPULATION AND GROWING WEALTH SUGGEST THAT A DOUBLING OF
FOOD PRODUCTION MAY BE NECESSARY BY 2050

Though its environmental and humanitarian impacts are already severe, the food system is poised for
further expansion. In 2012, the Food and Agriculture Organization of the United Nations (FAO) estimated
that by 2050 we will need to increase food output by 60% based on a business-as-usual scenario. Since
the FAQ’s projections, population increases have been further revised upwards and food demand is likely
to double. This represents a larger increase from today’s production than we have seen since the 1960s.

Past concerns about the scalability of global food supply have historically been laid to rest by a continuous
increase in output through intensification, but recent trends have renewed concerns about the continuity
of global food supply in the coming decades. The genetic potential of major crops is being reached, land
is being degraded, and there is a structural lack of investment in low-producing regions. These combined
issues have led to a lower rate of growth in yields in recent decades; yield increases are not currently
on track to meet projected increases in demand. This situation drives policy-makers and researchers to
redouble their efforts on further advancing the intensive practices that led to dramatic increases in yields
in recent decades.

THE PLANETARY BOUNDARIES AND UNSUSTAINABLE RESOURCE
EXTRACTION ARE HARD LIMITS TO THE FOOD SYSTEM'S
FURTHER EXPANSION BASED ON PAST TRENDS

The FAO’s 2012 global food projections study concluded that sufficient global land, water, and fertiliser
resources exist to supply the 2050 projected global food demand, though with difficulty due to emerging
scarcity. Even so, these conclusions are based primarily on the physical availability of basic resources and
do not take into account the transgressions of planetary boundaries.

Four planetary boundaries have already been transgressed; biospheric integrity, the biogeochemical
cycles of nitrogen and phosphorus, and climate change. Biospheric integrity is an apex boundary
that is further breached when any of the other boundaries are impacted. The extraction of biological
resources accounts for around 21% of the total material extraction by mass globally, but is responsible
for a disproportionate majority of impacts that relate to planetary boundary transgressions. A majority
of biological resource extraction can be attributed to the food system, making it the primary single
contributor to the transgression of many planetary boundaries.

In addition to the planetary boundaries, a second set of limits to the expansion of the food system is the
depletion of non-renewable or slowly renewable resources, such as fossil fuels and wild fish stocks.

From our survey of impacts stemming from the global food system, we conclude that pursuing a growth
and intensification trajectory is untenable as the main strategy for addressing the projected food demands
of the 2050 population. Moreover, this pathway will only provide temporary solutions at the expense of
long-term productive capacity due to, for example, the erosion and salinisation of soils.

ALTERNATIVE PATHWAYS CAN PROVIDE FOR THE NEEDS OF OUR GROWING
POPULATION WITHOUT COMPROMISING HUMAN OR ECOLOGICAL HEALTH

The growth and intensification pathway is not the inevitable choice for addressing the 2050 food demands
of the population. Over 30% of food is currently wasted; a larger percentage of the population is now
overweight than undernourished; land resources are increasingly allocated towards non-food uses;
nutritious diets can be provided with a fraction of the average resource demand that they currently
require. All of these systemic failures present opportunities for transitioning the food system in a direction
where it provides fully for the needs of people without infringing on key limits.

A counter-movement to intensive, conventional agricultural and extractive systems is slowly emerging.
These practices still only make up a minority of the global agricultural production and are generally under-
researched. New practices and food processing techniques present a small, but promising, new direction
for innovations in the food system. We can produce sufficient food, even for a much larger population, if
structural changes are made to how we approach both production and consumption.



To successfully move towards a sustainable and resilient food system, we must consider the systemic
nature of the system’s behaviours and impacts. Severe, irreversible and non-linearimpacts that may lead
to the crossing of key systemic tipping points should be avoided at highest cost. These include impacts
in areas of preservation of global biodiversity, mitigation of climate change, management of soils and
essential non-renewable resources, the preservation of culture and heritage, and the preservation of
human health. If we do not address and change the central root causes that lead to multiple impacts,
impacts will continue to occur. To ensure that solutions are comprehensive and adaptive, we need to
hard-wire systems thinking into the food policy. By accounting for systemic effects, we can come to
understand feedback loops and adverse effects early on and adapt policy accordingly.

Making food policy decisions for the global food system requires stronger and more cooperative
international governance. Many impacts in the food system today can be traced back to a structural
limitation of governance and enforcement.

WE NEED TO ADDRESS FOUR MAIN CHALLENGES SIMULTANEOUSLY IN
ORDER TO TRANSITION TO A SUSTAINABLE AND RESILIENT FOOD SYSTEM

Challenge 1: Adaptive and Resilient Food System

An adaptive and resilient food system is one that will be able to respond to changing circumstances and
new challenges as they emerge. This is one of the most important systemic criteria for a sustainable
food system, since we cannot predict all of the conditions or changes that will emerge in the future.

Adaptive capacity and resilience must be built into both biophysical aspects of the system (through the
preservation of biodiversity, maintenance of healthy soil systems, maintenance of buffering capacity
in water bodies, etc.) and socioeconomic aspects of the system (knowledge transfer, development or
organizational capacity, elimination of poverty cycles, etc.).

Challenge 2: Nutritious Food For All

The most basic and fundamental challenge that the food system must address is to ensure the
supply of adequate nutrition for the world’s population. Ideally, it should achieve the objective
set out by the World Food Summit in Rome, which states that food security is addressed when,
“all people, at all times, have physical and economic access to sufficient, safe, and nutritious
food to meet their dietary needs and food preferences for an active and healthy life.”

Some of the priority objectives for addressing this challenge should, at minimum, include: reducing
overall food demand (e.g., through reducing food waste); progressively shifting to lower-impact, less-
resource-intensive food sources; ensuring that scarce resources (land, water) are allocated to food
production as a priority over non-food uses; improving economic access to food; and improving farmer
productivity in the developing world.



Challenge 3: Within Planetary Boundaries

A sustainable food system should remain within planetary boundaries in all of the key biophysical
impact areas across the entire life cycle of food production, consumption, and disposal. Though we
should continuously strive for full net zero impact within the food system, there are some areas, such as
preservation of biodiversity, which should be prioritized over others. In general, severe and irreversible
impacts to complex ecological and cultural systems, and the depletion of non-renewable natural
resources caused by the food system, should be addressed with the highest urgency.

Many of the approaches that are necessary to address Challenges 1 and 2 are also essential for
bringing the operations of the food system within the scope of the planetary boundaries. Notably,
reducing food demand and shifting to lower-impact sources of food are critical prerequisites for
bringing down the overall resource throughput of the system. In addition, this challenge requires at
least the following measures: reducing the impact of existing agricultural and extractive practices (e.g,
applying conservation measures, moving to lower-impact fishing techniques); Placing limits on system
expansion and intensification, particularly when addressing the global yield gap (e.g., reducing arable
land expansion, and if necessary directing it towards marginal lands); and investing in the development
of new sustainable agricultural techniques (e.g., organic cultivars, agro-ecological practices).

Challenge 4: Supporting Livelihoods and Wellbeing.

The food system should structurally support the livelihoods and well-being of people working within it.
It should be possible to fully nourish and support oneself and earn a reasonable living wage in exchange
for average work hours within the food system.

Ensuring that the food system supports livelihoods and wellbeing is more than an end in itself; it is
also essential for addressing the other three challenges. Without secure livelihoods, smallholder
farmers and fishermen will continue to struggle in building the necessary capacity and resource base
to transition to sustainable models of production. A resilient system cannot be built upon an unstable
foundation. Therefore, addressing the systemic structures that perpetuate poverty is critical to the
success of achieving a sustainable and resilient food system.



The global food system is in need of dramatic
transformation. The pathway we are currently on is
leading to an impasse: the increases in food production
needed to meet the anticipated demands of a much larger
and wealthier human population cannot be achieved by
simply extrapolating current trends in production and
consumption.

Can we achieve a food system that works within the
planet’s biophysical boundaries, inclusively supports
human livelihoods, and ensures food security for a
growing and changing population? This has become one
of the central questions in humanity’s broader quest to
shape a sustainable future.

Inthe8-10,000yearssincewebegan practicingagriculture
(Harlan & MacNeish, 1994), only a small fraction of the
200,000 years that modern humans are estimated to have
existed (Harpending & Eswaran, 2005), food production
has altered our environment more dramatically than
any other socioeconomic activity.  Agriculture now
occupies roughly half of the plant-habitable surface of
the planet (FAO, 2015b), uses 69% of extracted fresh
water (Aquastat, 2014), and, together with the rest of the
food chain, is responsible for between 25 - 30% of global
greenhouse gas emissions (IPCC, 2013). The expansion of
industrial fishing fleets and an increased global appetite
for seafood have led to the collapse or total exploitation
of 90% of the world’s marine fisheries (FAO, 2014b).

Likewise, a growing demand for land-based animal
products is the primary driver of tropical deforestation
(Convention on Biological Diversity, 2015) . Through
its myriad direct and intermediate impacts, the food
system is the single largest contributor to the depletion
of our most precious non-renewable resource: global
biodiversity (see section 3.1).

Though its environmental impacts are already severe,
the food system, which we define as the complete
set of people, institutions, activities, processes, and
infrastructure involved in producing and consuming
food for a given population, is poised for a necessary
expansion.

In 2012, the Food and Agriculture Organization of the
United Nations estimated that by 2050 we will need to
increase food output by 60% based on a business-as-
usual scenario. Since the FAO’s projections, population
increases have been further revised upwards and the food
demandis likely to need to double (United Nations, 2015).
This represents a larger increase from today’s production
levels than we have achieved through advances of the
Green Revolution since the 1960s (Searchinger et al., 2013).

Simply ensuring a sufficient level of food production,
however, does not address some of the more entrenched
impacts and humanitarian imbalances in the current
food system. We currently produce more than enough
food for the global population, yet despite this fact, over
795 million people remain food insecure.

On the other side of the spectrum, in 2014, the number
of overweight people reached 1.9 billion, with over 600
million obese (World Health Organization (WHO), 2015).
Due to a combination of poverty, lack of education, and
evolving commercial practices in the food industry, there
is an increasing emergence of “double burden” families
that have members who are both overweight and
malnourished(World Health Organization (WHO), 2015).

As the world’s largest economic sector, the agri-food
system is also deeply entwined with the issue of global
poverty. Half of the global workforce (1.3 billion people)
are employed in agriculture, with an estimated 2.6 billion
deriving their primary livelihoods from it (International
Labour Organization (ILO), 2015). A majority of the world’s
poorest people are subsistence farmers and fishermen,
whose basic livelihoods continue to be threatened by
structural poverty traps (Carter & Barrett, 2006).

Itis clear that ensuring adequate food globally, though
critical, is just one piece of a much more complex puzzle.
The current structure of the global food system lies at
the centre of a nexus of global problems stretching from
poverty to environmental degradation.



BREAKING THE PATTERN

The dilemma of the global food system is a deeply
existential one. On the one hand, we have a moral
imperative to ensure an uninterrupted food supply, on
the other, doing so based on the expansion of current
practices will have devastating consequences for our
natural environment, undermining the very basis of the
food system’s functioning. Most of the solutions proposed
to resolve this dilemma focus on the expansion of arable
lands and the increase of yields per hectare through the
intensification of agricultural production. There is good
reason to question whether or not this approach, which in
many ways represents a continuation of existing trends,
will result in a food system that sufficiently resolves the
nexus of problems we face:

» Universal food security has not been achieved despite
the fact that food production levels are sufficient to
feed everyone globally; 10.8% of the global population
remains food insecure despite a global surplus in caloric
production of over 20% (Marx, 2015; authors’ estimates
based on FAOSTAT data).

» The global nutrient cycles of nitrogen and phosphorous
are broken, not only because of practices in agriculture,
but to an equally large extent through the lack of
collection of nutrients from municipal waste water
systems (Vitousek et al., 1997).

» Production practices are evaluated based primarily
on short-term increases in yields, rather than on their
ability to sustain long-term productive output based on
care for soils, appropriate labour systems, and the need
for adaptation to the effects of climate change (Phelps,
Carrasco, Webb, Koh, & Pascual, 2013).

» Despite clear indications that allocating arable land
use to the production of first generation biofuels is not
a good use of resources by almost any measure, policies
remain in place to continue this trend (Bastos Lima &
Gupta, 2014).

» Around one third of food globally is wasted, indicating
large potential gains for reducing impact and saving
scarce resources (Gustavsson, Cederberg, & Sonesson,
2011).

» The very structure of global food markets and trade
continues to keep individuals trapped in poverty and
threatens local food access in developing countries
(Serpukhov, 2013).

THE GLOBAL FOOD SYSTEM: AN ANALYSIS

As the food system has expanded over the past decades,
many of these concerns have come into sharper focus
rather than becoming resolved. This observation points
to the fact that more effective and durable solutions to
achieving a sustainable and resilient food future may lie
in deeper parts of the system: in its very structure and the
underlying incentives that lead to continued problematic
outcomes.

NEW PATHWAYS

Food is a daily necessity, a carrier of our cultural values,
family traditions, and even personal ideologies. The
very discussion of the challenge of the food system
is often framed politically, as a battle between the
needs of humans versus the needs of the environment.
Discussions about organic agriculture or Genetically
Modified Organisms (GMOs) are almost never merely
about technological efficiency; they touch on several
polarizing debates around people’s identities, ethics, and
views of the world.

We need a multitude of strategies at different levels of
the food systems functioning that go beyond individual
convictions in order to address the urgent challenges at
hand. To that end, it is essential to take an objective look
at the data and look beyond the well-worn pathways of
argumentation.

This report presents a baseline analysis of the global
food system using methodologies taken from systems
science. One of our primary objectives is to present a
clear overview of the current performance of the global
food system: its inputs, outputs, impacts, structure,
and behaviour. With this factual basis, we hope to lay
the foundation for further in-depth analysis, and inform
a deeper and broader look at the potential systemic
approaches for transitioning towards a truly sustainable,
resilient food system.

The inevitability of an expansion of food production
based on current business as usual models is far from
a closed question; a coordinated effort between policy
makers, knowledge institutes, producers, financial
institutions, and consumers is needed to shape a new,
coherent pathway forward.
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This report has five main chapters, each focused on answering specific questions regarding the food system. The first
four chapters of the report provide an overview of the current state of the food system, its behaviours and global trends,
the impacts and challenges associated with it, and the structural causes underlying these features. In the fifth chapter,
we present an outlook for a sustainable and resilient food system.

1. CURRENT STATE

The first chapter of the report provides a first, broad look
into the food system, following food as it moves ‘from farm
to fork.” The data presented in this chapter form the basis
for the analyses that follow in subsequent chapters. The
chapter is structured to sequentially address all major
phases of the food production chain. The chapter begins
with an overview of global production of food crops,
livestock, and seafood; the resource demands of this
production; and the techniques and practicesimplemented
in the productive and extractive sectors. In the following
sections we present data on the food processing industry,
global trade in food commaodities, and food sales. Global
consumption patterns and quantities, as well as food waste
along the food chain are discussed.

2. BEHAVIOURS AND TRENDS

Reflecting on the overview of the current state of the global
food system, we present a high level look at some of the
main trends and emergent behaviours that characterise
the system. We further elaborate on how the food system is
evolving and some of the broader implications for its future
trajectory.

3. IMPACTS

The food system is associated with a range of biophysical
and humanitarian impacts; these are discussed in more
detail in this third chapter of the report. This chapter
provides insight in the magnitude of these impacts as well
as their key drivers. The discussion that follows examines
the impact-based limits to the further expansion of the
food system under its historic model of development
and suggests a systemic approach for considering how to
holistically address these impacts in policy and strategic
development.

THE GLOBAL FOOD SYSTEM: AN ANALYSIS
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4. STRUCTURAL CAUSES

This chapter uses an analytical framework, Root Cause
Analysis, to identify the structural causes that drive the
system to its current negative impacts and behaviours. In
this chapter, we provide a deeper layer of insight than in the
impacts chapter, since we seek to identify not only the direct
causes of these impacts, but also the underlying structures
(trade architecture) and self-reinforcing mechanisms (the
poverty trap) that keep these impacts in place. These
underlying structures are the targets to address in order
to tackle the abuses and problems that characterise the
system in a lasting manner.

5. TOWARDS A SUSTAINABLE AND
RESILIENT FOOD SYSTEM

This chapter outlines an outlook for a truly sustainable food
system. This outlook is sketched by outlining the changes
necessary with regards to the biophysical and humanitarian
impacts of the current food system identified in chapter 3.
These performance areas are then grouped into four over-
arching categories or “challenges” that a sustainable food
system should address.



CONCEPTUAL FRAMEWORK

SYSTEM STRUCTURE

BIOPHYSICAL ELEMENTS

P ECOSYSTEMS AND BIOMES

» solLs

» WATERCOURSES AND WATER BODIES
» BIOGECHEMICAL FLOWS

PEOPLE

p FARMERS AND FARM LABOURERS
p OTHERS EMPLOYED IN THE FOOD SYSTEM
p CONSUMERS

ORGANISATIONS

P MULTINATIONAL ORGANISATIONS
) SMALL AND MEDIUM ENTERPRISES
P GOVERNMENTS

ECONOMIC STRUCTURES

P MARKETS
) CAPITAL FLOWS
p FOOD AID

GOVERNANCE STRUCTURES

P POLICIES AND REGULATIONS
) PUBLIC PRIVATE PARTNERSHIPS

SOCIAL STRUCTURES

P SOCIOCULTURAL NORMS
) ECONOMIC PARADIGMS

TO CHANGE OUTCOMES,
IDENTIFY BEHAVIOURS AND
CHANGE STRUCTURES

The behaviour or functioning of complex socio-ecological
system, such as the food system, is difficult to predict.
This is because the functioning of the system arises from
the collective behaviour of a large number of actors
(e.g. farmers, fishermen, multinational companies, and
consumers), while in return the behaviour of each of these
actors is influenced the structure of the food system and
the behaviour of other actors.

) TRADE AGREEMENTS
) SUBSIDIES

0

) CERTIFICATIONS :

p LAND TENURE SYSTEMS :
()
[}

P ATMOSPHERE AND CLIMATE
P AGRICULTURAL INPUTS
P INFRASTRUCTURE AND TRANSPORT .

P UNIVERSITIES/RESEARCH INSTITUTES
p GLOBAL GOVERNANCE INSTITUTIONS
p BANKS AND FINANCIAL INSTITUTIONS

EDUCA

o
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p SCIENTIFIC PARADIGMS -

Farming practices are a case in point. When a farmer
decides what crops to cultivate, and how to cultivate them,
he or she will make this decision based on for example
the local climate and soil conditions (which are part of
the biophysical structure of the food system), or available
subsidies (which are the result of another actor’s behaviour,
in this case probably an (intra)national government. In
turn the actions of the farmer have an influence on the
biophysical structure of the food system: for example, when
fossil fuels are used for agricultural machinery farming
can, in the long run, influence local and global climate
conditions.
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»  SYSTEM STATE (IMPACTS)

BIOPHYSICAL IMPACTS

» BIOPHYSICAL INTEGRITY
» BIOGEOCHEMICAL FLOWS
» CLIMATE CHANGE

» WATER USE

» EMISSIONS AND WASTE

HEALTH AND
WELLBEING IMPACTS

P FOOD SECURITY, SAFETY, & NUTRITION
» ECONOMY AND FINANCE

P EQUITY AND FAIRNESS

P ANIMAL WELFARE

Figure 1. The conceptual framework used in this systems analysis. In this graphic, “emergent behaviour” is not intended to accurately depict
the actual interactions between actors, nor how this behaviour affects actors outside of the food system. (Metabolic)

Systems theory proposes that the structures of a system
give rise to behaviours, which are in turn the drivers behind
system impacts. The figure above illustrates some of the
most important system structures in the food system:
biophysical elements, the people and organisations in the
system, and economic, governance, and social structures.
Specific actors, such as farmers, or consumers, interact
with these structures; from the collective action of all these
actors, a certain state of the system emerges. The systems
state can be observed by looking at certain biophysical or
humanitarian impacts, such as biodiversity loss.
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Ultimately, the state of the food system is the result of
the behaviour of many different actors, who interact with
many different parts of the systems structure. Therefore,
researchingthe food system fromthe perspective of systems
thinking, we focus precisely on these interrelationships.
Our approach takes a holistic lens that understands the
system as a dynamic whole, rather than looking at certain
parts of the system in isolation. This way we avoid one-
dimensional solutions, which may solve one problem
while triggering another, and instead come up with a set of
holistic strategies for a truly sustainable food system.
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1.0 INTRODUCTION

The food system is both enormous and complex. The trend of globalization has
intensified the level of interdependency between its actors and processes over the last
half century, leading to an increasingly “global” system in the true sense of the word.
The full scope of the food system stretches to include the vast majority of the human
population (as either producers, traders, or consumers), the majority of all economic
activities, and a large proportion of many categories of resource use.

A wealth of data is collected annually on the performance of the global food system
by intergovernmental organisations such as the Food and Agriculture Organization
of the United Nations (FAO), national and local governments, non-governmental
organisations (NGOs), and a variety of research and academic institutions. Statistics
collected cover everything from agricultural yields and regional availability of tractors
to trade balances and malnutrition rates. In this chapter, we explore the current state
of the global food system through the lens of some of its core processes: production
and extraction, processing, trade, retail, consumption, and waste. We present key
statistics along each of the steps of this chain, which will serve as the basis for further
interpretation and analysis in later parts of the report and in the follow up studies to this
work. Understanding the basic nature of the resource flows and production practices
in the food system is an essential prerequisite to gaining insight into the problems at
hand.

KEY MESSAGES

» Currently 30 major crops account for 90 to 95% of human food consumption (United Nations
Environmental Programme, 2007). Cereal production occupies the largest percentage of
cultivated land, accounting for almost half of total cultivated area, followed by oil crops,
which occupy almost one fifth.

» Of the 1.5 billion hectares of agricultural land worldwide, only a third is used for the
production of food crops. The remainder is primarily dedicated to the production of
livestock. Because 38% of global crops are used as feed for animals, only 20% of global
agricultural land is utilized for the direct production of crops for human consumption (FAO,
2015b).

P
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Fish provide 4.3 billion people with around 15 percent of their animal protein intake (FAO,
2014b). The global fisheries and aquaculture sector produced over 176 million tonnes of
seafood in 2011 (FAQ, 2015b). Although the production of fish, seafood, and algae is still
dominated by extractive wild capture fisheries, global aquaculture (aquatic farming) has
more than doubled since the start of the millennium, and is positioned to become the
primary contributor to seafood production in the near future.

P
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The production of food is dominated by East Asia, Latin America, and Europe; between
them, these regions produce over half of the world’s food supply.

» Contrary to popular expectations originating from topics like “food miles” and import
dependencies, the amount of international trade is relatively insignificant compared to
total volumes of production (14% of total annual production), though some commaodities,
like coffee, are outliers in this regard.

» Thereisenormous variability in global agricultural production and wild extraction systems.
The type of practice selected is one of the main determinants of resource demand and
yield, and by extension, environmental impact.
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1.1 WHAT IS THE FOOD

SYSTEM?

The food system can be defined as the complete
set of people, institutions, activities, processes, and
infrastructure involved in producing and consuming
food for a given population. Specifically, food-
system-related activities include: growing, harvesting,
processing, packaging, transporting, marketing, selling,
cooking, consumption, and disposal of food and any
food-related items. Also included are any inputs needed
(land, agricultural chemicals, labour, water, machinery,
knowledge, capital) and outputs generated apart from
food (greenhouse gas emissions, agricultural wastes,
municipal wastewater) at each step along this chain.
The food system further encompasses the public
officials, civic organisations, educators, researchers,
and all other parties that influence it through policies,
regulations, or programmes. On the highest, most
abstract level, the food system includes the frameworks,
belief systems, and paradigms that define its rules and
invisibly controlits functioning.

GEOGRAPHICAL SYSTEM
BOUNDARIES

Though the world can be said to have a multitude
of smaller-scale food systems that serve local
communities or regional populations, the last century
has seen the progressive emergence of a global food
system that has effectively linked disparate geographic
regions into an interdependent structure. Though
different activities within the food system are highly
dependent on local contextual factors and the severity
of key impacts s likewise determined on different scales
(for example, water scarcity), the central drivers of the
system’s behaviour are more centrally dependent on
the dynamics of the global system.

THE GLOBAL FOOD SYSTEM: AN ANALYSIS

FUNCTIONAL SYSTEM
BOUNDARIES

The function of the food system can be defined
as transferring energy and materials into organic
components, which provide human beings with the bio-
available energy and key physical nutrients they need
in order to function. Despite the range of important
secondary functions fulfilled by the food system, such as
education, employment, and maintenance of cultural
systems, minimally reduced, the primary function of the
system remains the delivery of food to people.

Inourresearch, we have specifically focused on products
for food uses, and have only given attention to products
for non-food uses (such as fibre, fuel, pharmaceuticals,
and chemicals) insofar as they compete for the same
systemic resources as required by food production
(land, water, energy, labour). While we consider wild
harvest of plants and non-fish seafood as part of the
scope of the food system, the availability of data on
these activities is scarce, and therefore is not covered
explicitly in this report.

We have also delineated the boundary of the system
to exclude the full impact of adjacent supply chains
(e.g., petrochemicals, machinery, cooking fuel, etc.). In
calculating the impacts of the food system, we have
taken into account the impact of direct inputs (such as
fuel and agricultural chemicals), but not the impacts
of the broader supply chains that are responsible for
producing those inputs.
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1.2 GLOBAL FOOD PRODUCTION

The food we eat daily is the final product of the world’s
largest production line: the global agri-food complex.
In this section we provide a snapshot of the volume of
food produced annually using the planet’s land and
water resources (for the reference year 2011). As shown
in Figure 2, about 1.5 billion hectares of land are used for
crop production (arable land), while an additional 3.4
billion hectares of non-arable land are used to pasture
animals (FAO, 2015b). The total area of agricultural land
represents 38% of the earth’s terrestrial surface (and
almost 50% of its vegetated area). The food system
also uses 69% of fresh water resources and 26% of
final energy consumption through the entire food life
cycle (FAQ, 2011; IEA, 2010). Plants capture around 65
billion tonnes of carbon from the atmosphere every
year through photosynthesis; an estimated 24% of
this annually captured mass is consumed by humans
(Haberl et al., 2007).

This section provides a high-level overview of the
system’s crop and animal production. We consider land
use for food production in terms of tonnes produced.
The nutritional and caloric density of food is covered
in section 1.7. Our main objective in this section is to
understand how land resources are currently used and
what opportunities might exist for their reallocation.
Figure 3 is a full page graphic that shows an overview
of how our global appropriation of land and ocean
resources is used for production and extraction
activities, which ultimately result in products for food
and other uses.

1.2.1 CROP PRODUCTION

Using data from the Food and Agriculture Organization
(FAQ), we examined the production of crops in terms
of their demand for land area (FAO, 2015b). Some
of the most important conclusions of this analysis
are discussed in this section. In 2011, global crop
production amounted to nearly 12 billion tonnes using
just over 1.5 billion hectares of land. This resulted in a
global average yield of around 7.9 tonnes per hectare,
though a significant portion of this figure consists of
inedible fractions and fodder (FAO, 2015b).

THE GLOBAL FOOD SYSTEM: AN ANALYSIS

FOOD CROPS

Currently, 30 major crops account for 90 to 95% of
human consumption (UNEP, 2007). Cereals occupy
the largest extension of arable land area at 47%,
followed by oil crops at 19%. Other important sources
of carbohydrates, proteins, and fats, such as roots and
tubers, pulses, and nuts, jointly cover 10% of cultivated
land area, while fruits and vegetables use just under
8%. Only 4% of arable land area is dedicated to crops
such as sugar, spices, and stimulants, which are used
for human consumption but do not provide significant
amounts of essential nutrients.

FOOD VS. FEED

Only 45% of our arable land is used to produce food
that is directly consumed by humans; 33% is used to
produce animal feed. Oil cakes, the protein remnant
afteroilisextracted from oilcrops, are anotherimportant
component of animal diets. Oil cake, a residual product
from oil crop processing, represents 64% of the mass
of oil crops. Because of its by-product status, it has not
been accounted for in the land allocation for animal
feed.

NON-FOOD CROPS

Only 1.1% of global arable land is dedicated to the
production of non-food crops like fibres, rubber, and
tobacco.

PROCESSED FOODS

20% of all crops go through major transformation
processes prior to consumption. Of the total amount
of crops and processed products, 39% are consumed
by humans; 38% are used as animal feed, and the
rest are used for industrial purposes including energy
production and chemical manufacturing. A more in
depth lookinto food processing can be found in section
1.3.
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NON-FOOD USES OF FOOD CROPS

Besides fibres, tobacco, and rubber, which are inedible
and grown for industrial uses, a significant fraction of food
crops is used for purposes other than human or animal
consumption, occupying 12% of arable land globally. The
majority of these are crops used for the production of
biofuels. Other uses of these crops include the production
of materials, like bioplastics, chemical substances with
industrial uses, and medicines.

The largest sources of crop-derived raw materials for
industrial processing are, sugar (47%) and cereal crops
(36%). In terms of the total production of these crops,
15% of the sugar produced, 10% of cereal crops and
36% of vegetable oils produced are destined for industrial
processing.

FORESTS
(3.7 billion ha)

TOTAL
LAND AVAILABLE
ON EARTH
(billion hectares)

OTHER
(6.2 billion ha)

PASTURES
(3.4 billion ha)

RETAIL CONSUMPTION WASTE

POST-HARVEST LOSSES

Just under five percent of crop output is lost before being
consumed or processed, representing a total of 5% of arable
land use. Roots and tubers suffer the highest percentage
of losses (10%) followed by fruits (9%), vegetables (8%),
and sugar crops (7%). Roots and tubers suffer most losses
during the post-harvest and processing stages mainly
since fresh roots and tubers are perishable and susceptible
to damage or disease post-harvest, especially in places
that lack proper storage facilities. In the case of fruits
and vegetables, losses mostly result from damage due
to handling or spoilage. In the case of sugar crops, most
losses occur during distribution and industrial processing
(Gustavsson et al., 2011).

| -
- 18bilion ha)

(0.0,

ARABLE
LAND
(1.5 billion ha

Figure 2: A breakdown of how global land is divided into basic functional categories and how arable
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land is specifically divided into different functions.
(FAOSTAT, 2015)
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1.2.2 LIVESTOCK PRODUCTION

We used data from the Food and Agriculture
Organization (FAO) to examine the production of animal
products and its associated land use (FAO, 2015b). A
striking proportion of agricultural land, almost 80%, is
directly or indirectly allocated to livestock production.
This includes intensive and extensive pasture lands, as
well as one third of the arable land area, which is used
to produce fodder crops.

There are over 31 billion animals kept as livestock in
the world: 21 billion chickens, turkeys, ducks, geese,
and other birds; 4.6 billion rabbits and guinea pigs; 2.1
billion sheep and goats; 1.6 billion cattle and buffalo,
just under a billion pigs; 150 million horses, asses,
camels, and llamas; and nearly 6 million deer, ostriches,
antelopes, and other animals. In addition to this global
stock of cultivated birds and mammals, there are over
78 million beehives.

THE GLOBAL FOOD SYSTEM: AN ANALYSIS
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A wide range of primary animal products is derived
from the global livestock population: 1.1 billion tonnes
of food in total. Milk constitutes the largest share of this
volume (64%). Meat, on the other hand, accounts for
25%, most of it coming from pork (34%), poultry (32%),
and beef (21%). With a share of 6% by mass, eggs are
the third largest category of primary animal products.

As can be seen in Figure 2, most animal products are
consumed directly by humans (86%), with a particularly
high percentage in the case of meat (97%). A significant
portion of animal products (7%) is used as animal feed.
This is the fate of 11% of milk, 1% of animal meat, and
7% of animal fats. 4% of all animal products are used for
non-food purposes, such as the manufacturing of soap,
clothing, and carpets. The proportion of non-food use
in terms of animal products is highest for fats, of which
47% are destined for industrial uses.
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1.2.3 FISHERIES AND
AQUACULTURE PRODUCTION

Fish provide 4.3 billion people with around 15 percent of
their animal protein intake (FAO, 2014b). Fishing from wild
populations is the remaining form of large-scale hunting
within the food system. Aquaculture, by contrast, is a form
of farming: the rearing of fish and other aquatic organisms
within enclosures. As such, these sectors are highly distinct,
though because they produce many common products
and aquaculture relies in part on wild fish as feed, they are
linked in economic terms.

The globalfisheries and aquaculture sectors produced over
176 million tonnes of seafood in 2011. Most of this consisted
of finfish (67.8%) with a smaller fraction attributable to
crustaceans and mollusks (19.8%) and algae (12.4%).

% Catfish ponds in Louisiana
Creative Commons: US Department of Agriculture

Other forms of seafood constituted 13% by mass the total
of animal products in 2011 (FAO, 2015a). It is important
to note that the official figures from the FAO only reflect
data on monitored fish stocks. Rough estimates indicate
that unmonitored (IUU) fishing lands an additional 11 - 26
million tonnes of fish each year, representing 12 - 28.5%
of global capture fisheries production (FAO 2014b). The
global fisheries sector has and continues to be heavily
influenced by subsidies that encourage overfishing, mostly
in developed countries. This has led to the expansion of
the global fishing fleet to a size 2 - 3 times larger than wild
fisheries can sustainably support (Sumaila et. al, 2010, 2013;
Nelleman et al, 2008). This continuous structural support of
overfishing has led to the progressive decimation of global
wild fish stocks since the 1950s (FAO, 2014b).

With 90% of wild fish stocks fully- or over-exploited (FAO,
2014b), the aquaculture sector has been expanding rapidly
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to keep pace with global seafood demand. Trends in
aquaculture production continue showing growth while
capture fisheries reached a peak in output in the 1990s
and have since modestly declined. With an average
annual growth rate of 6.2% between 2000-2012, global
aquaculture has more than doubled since the start
of the millennium, and is positioned to become the
dominant form of seafood production in the near future
(FAO, 2014b; Steffen et al., 2015).

Despite aquaculture’s rapid expansion, capture fisheries
still dominated the sectorin 2011, when over half of the
total production of seafood took place via extractive
production methods rather than aquaculture. This
fraction remains particularly high for finfish, of which
over two thirds are supplied by capture fisheries (FAO,
2015b).

FISHERIES

With more than a third of global catches in seafood and
algae, the Atlantic Ocean provides the largest share
of seafood for wild capture fisheries (FAO, 2015a). The
Pacific and Indian Oceans come next, each contributing
17% of the total mass of captured seafood. Inland
fisheries provided 17% of global captures, but this
number obscures the fact that inland fisheries are
almost entirely dedicated to finfish capture (94%) with
a relatively minor fraction of crustacean, mollusk, and
algae production. In fact, almost one fourth of the total
mass of all annual finfish production can be attributed
to inland captures whereas for other seafood and algae
only a minor share (2.7% and 1.1% of total capture
respectively) takes place in inland waters. Globally,
the most important species, by tonnage caught, is the
anchoveta or Peruvian anchovy (which is used almost
exclusively for the production of animal and fish feed
rather than for human consumption), followed by
Alaskan pollock (FAO, 2014b, 2015b).

AQUACULTURE

Aguaculture is the practice of farming fish or other
aquatic organisms in enclosures in rivers, lakes, at sea,
orintanks. ltcan bedonein fresh, brackish, or saltwater.
There are at least 567 species produced in aquaculture
systems; besides finfish such as carp, other products
include crustaceans, like shrimp and crab; mollusks like
octopus, shellfish, and snails; other invertebrates, like
sea cucumbers; amphibians and reptiles, like east Asian
bullfrogs and crocodiles (FAO, 2014b). For some species,
hatchery and nursery techniques have been developed,
but many other production techniques still depend on
wild seed and juveniles.
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Although not as commonly discussed as animal
production, aquatic plants, like the water caltrop and
edible lotus, and algae, like the Japanese kelp and the
micro-algae Spirulina, are also produced in aquaculture
systems. These are commonly used as fish feed (Hasan
& Chakrabarti, 2009), or for the extraction of food
additives (Magsood, Benjakul, & Shahidi, 2013). Overall,
the most important aquaculture species produced by
tonnage is the grass carp, while the whiteleg shrimp is
the most significant in terms of economic value (FAO,
2014b).

Crustaceans, mollusks, and algae are already primarily
produced through aquaculture. The total area of water
and land surface dedicated to aquaculture production
systems is not globally documented. Most production
takes place in marine waters (36%) or brackish waters
(35%) such as coastal zones or estuaries. The remainder
of aquaculture production is located in fresh water
bodies such as lakes and rivers. Freshwater aquaculture
is dominated by the farming of finfish (88%) whereas
the majority of production in brackish waters (83%)
and marine waters (54%) is used for the production of
crustaceans and mollusks (FAO, 2015b).

Aquaculture’s rapid growth initially led to several
adverse environmental impacts, but these effects have
since been reduced; for example, by slowing conversion
of mangroves to shrimp ponds and through reduced
reliance on wild-caught fish as feed (Paul & Vogl, 2011).
However, given the growth of the aquaculture sector, its
associated impacts are at risk of increasing. In addition
to the ongoing demand for wild caught fish for feed
production, many problems have been associated
with poor management, lack of capacity and access to
technical knowledge, and irresponsible practices (FAO,
2013).

FOOD VS. FEED

Although the majority of primary production from
fisheries and aquaculture (81%) is directly consumed as
food by humans, a significant portion is used as animal
feed in aquaculture or livestock production (13% of
the global total). The share of production dedicated to
feed is particularly high for finfish, of which 19% of the
mass ends up as feed. A majority of Peruvian anchovy,
the most-landed species by mass, is destined for use
as feed. Around 7% of fisheries production is used for
non-food-related purposes. For example, 40% of algae
is used for industrial purposes, such as the extraction
of chemical substances and energy generation (OECD-
FAO, 2015).
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Figure 3. This sankey diagram shows the allocation of land and

: oceanic resources into various types of crop, livestock, and seafood
production for the year 2011. The second column of the diagram

shows the mass of production of each crop, indicating the large

variability in production per hectare for the different crop classes

presented here. The diagram also shows the production of fisheries

products and livestock.
(FAO, 2015b; FAO, 2006)
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1.2.4 REGIONAL DIVISION

Food productionis notevenly distributed around the world;
there are large differences between regions regarding both
the quantity and the type of food that is domestically
produced. The specialization of regions with regards to food
production is one of the drivers behind both inter-regional
trade as well as different consumption patterns across the
globe. In this section, we discuss the geography of food
production in more detail. The results presented here are
based upon an analysis of data on production quantities as
assembled by the FAO (FAO, 2015b).

THE DISTRIBUTION OF FOOD PRODUCTION

As shown in Figure 4, the United States, China, India, Brazil,
and Russia are the world’s most significant food-producing
countries in terms of quantity; together they produce over
half of the world’s food supply. On the other hand, countries
in Africa, the Middle East, and Oceania are together
responsible for a mere 10% of global production. East Asia
is the world’s most productive region, accounting for 20%
of global food production, followed by Latin America and
Europe (including Russia and Turkey), which contribute
19% and 17%, respectively.

These numbers mean little on their own. It is more
interesting to compare total domestic food production with
the population of the regions in which that production is
taking place. Although food availability is only a small piece
of the puzzle when it comes to ensuring food security for
a region’s population, it does provide a crude indication

s &8
'574‘750‘,
‘ \av; ‘VA
WY
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Figure 4. Regional distribution of crops, livestock, and seafood
production in total tonnes per country. (FAO, 2015b)

of the extent to which domestic production is sufficient
to guarantee food availability (FAO, IFAD, & WFP, 2015).
Measuring food production on a per capita basis reveals a
very different geography of production, as seen in Figure 5.
While Oceania has an annual primary production of nearly
15 tonnes per person, which is over 8 times the world
average, Sub-Saharan Africa’s production stands at barely
0.8 tonnes per person. The U.S. and Canada, Europe, and
Latin America are all at above world average levels, while all
five Asian and African regions are under the world average
of 1.7 tonnes per person (FAQ, 2015b).

REGIONAL SPECIALIZATION

Countries and regions have specialized in the production
of certain food types for a number of reasons varying from
the regional climate and soil conditions to historically
determined path-dependencies, cultural preferences, and
economic factors. The data presented in this section are all
based on an analysis of the FAO’s 2011 production statistics.
In the United States and Canada, fodder crops constitute
almost 50% of primary production. Together with cereals
and oil crops, these three food categories account for 80%
of this region’s output.

In Latin America and the Caribbean, sugar and oil crops
dominate agricultural production. The region is also the
leader in the production of stimulants and takes second
place, after East Asia, in the production of fruits.

Europe produces a large share of the world’s primary
animal products. The region accounts for nearly a third of
the world’s milk output, more than any other region, and
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a fifth of global meat production, second only to East
Asia.

East Asia is a major and diversified food-producing
region, leading in the production of vegetables (with
more than half of the world’s output) as well as fruits,
nuts, meat, eggs, honey, meat, fish, mollusks and
crustaceans, and algae. Meat production is focused on
swine and poultry and production of dairy is minimal.

The Middle East and North Africa, a region with low
availability of arable land per capita, concentrates much
of its production on vegetables; crops with high added
value. However, it also has considerable production of
cereal and fodder crops.

Sub-Saharan Africa is unique in relying on roots and
tubers as its primary staple crops instead of cereals.
This region produces only 5% of the world’s food
supply, but it is the leader in production of roots and
tubers; 30% of the global production of these crops
occurs here. Secondly, Africa has very high production
of pulses, nuts, and stimulants, taking second place in
the production of all of these food categories.

Southeast Asiais second in fish and seafood production.
Together with East Asia, these two regions account
for 63% of all fish and seafood production. Southeast
Asia’s crop production is concentrated on cereals and
sugar crops. This region also has the highest production
proportion of both oil crops and stimulants. The region
of Central and South Asia dominates the production of
spices, accounting for over half of the global total. This
is also where animal products form the highest share

THE GLOBAL FOOD SYSTEM: AN ANALYSIS
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Figure 5. Regional distribution of crop, livestock, and seafood
production in total volume per capita (FAO, 2015b)

of regional production (14%) though in this region they
consist almost entirely of dairy products.

Oceania has the highest per capita food production in
the world, though fodder crops represent over 70% of
the region’s primary output. Its share in total primary
animal production (3%) is more than twice its share
in global food production, indicating a high degree
of specialization. Cereals have the lowest proportion
of regional production here, at just 9%. Surprisingly,
considering its access to coastal waters and fisheries,
the region accounts for only 1% of the world’s fish and
seafood production.

THE EFFICIENCY OF PRODUCTION

The efficiency with which crops and livestock are
produced is one of the key factors in explaining regional
differences in the quantity of food that is produced.
In terms of production per arable land area, the most
efficient region is Latin America, with a yield of almost
12 tonnes per hectare, or 1.5 times the world average.
Sub-Saharan Africa, meanwhile, has a yield about three
times smaller than the global average. Almost directly
mirroring the pattern of global production per capita,
the U.S. & Canada, Europe, and Oceania also all exhibit
a greateryield than the world average, while Central and
South Asia, Southeast Asia, the Middle East and North
Africa, and Sub-Saharan Africa are all below it. The one
major exception is East Asia, which has relatively limited
per capita availability of arable land, but manages to
achieve the second most efficient average yield in the
world (FAO, 2015b).
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1.2.5 AGRICULTURAL INPUTS

Today’s level of food production relies on vast, continuous
suppliesofagriculturalinputsincludingwater,land, fertiliser,
pesticides, labour, and capital. Agriculture is particularly
water-intensive relative to all other economic activities.
The FAO estimates that agriculture was responsible for 69%
of global fresh water withdrawals in 2007 (Aquastat, 2014).
Contemporary production methods also require significant
inputs of fertiliser and pesticides. The graphics on these
pages depict the estimated annual demands of fresh water,
fertilser, and pesticides by the agricultural sector.

WATER

Agricultural production uses 7.4 trillion cubic meters of
water annually based on estimates of the Water Footprint
Network (Mekonnen & Hoekstra, 2011). Qil crops, on
average globally, consume more water per tonne than
cereal crops. Similarly, meat and animal products are
very water-intensive. Beef, in particular, consumes more
water per tonne than any major category of food with a
global average of about 15,000 m* per tonne (Mekonnen &
Hoekstra, 2012). Spices and stimulants are also very water-
intensive per tonne, but do not represent a large portion of
agricultural water consumption due to their relatively low
volume of production.

The outerring of the large graph depicted in Figure 6, shows
direct water consumption per food product category, while
the inner ring shows indirect water consumption divided
into two overarching categories: animal products and
crops. One third of all crops produced are used as animal
feed. The water used for the production of these crops
is therefore allocated to the production of animals as
embodied or indirect water consumption. Combining both
the direct and indirect water consumption of animals, we
see that animal products are responsible for almost 30% of
agricultural water consumption, despite representing only
11% of global agricultural production in kilograms (FAO,
2015b). This demonstrates the variability in water resource
intensity between crops and animal-based products.

While the graphic does not reveal water sources,
understanding the water demands of different crops reveals
their relative input intensity. Gaining more insight into
the origin of the water used for crop production is critical
to understanding the potential impacts associated with
specific crops. Date palms and cotton, for example, receive
a low proportion of their water from rainfall relative to other
crops, relying on irrigation instead. Areas of India, Pakistan,
and Bangladesh near the Ganges and Indus rivers, eastern
China, and the Mississippi river have particularly high water
footprints (Mekonnen & Hoekstra, 2012). The impacts
associated with agricultural water use are discussed further
in section 3.1.3.
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Water consumption is not limited to agricultural
production, but is a vital resource throughout the life
cycle of food products, especially in food processing. It is
therefore important to note that this graphic only depicts
water consumption through the production phase of raw
commodities.

FERTILIZERS

The global food system uses around 200 million tonnes of
fertilisers annually, the vast majority of which are synthetic
and derived from fossil fuels (FAO, 2015b). Figure 6 shows
that, following the pattern of water consumption per crop,
cereals also dominate fertiliser consumption at 71% of the
global total. Fodder consumes the second highest amount
of fertiliser at 15%. Nuts, which represent only 0.2% of
global production mass, consume nearly 3% of global
fertiliser. Fertiliser is applied on a per-hectare basis, making
total fertiliser consumption per mass of food output highly
dependent on crop yields. Sugar crops use 2% of global
land, representing 21% of global production mass, yet
account for only 0.7% of global fertiliser use (though it is
important to note that these figures are distorted due to the
factthatsugarharvests are measured pre-processing, which
includes all of the harvested inedible, cellulosic fractions).
Finally itisimportant to note that fertiliser use varies greatly
across different production systems for the same type of
crop, demonstrating the high impact variability between
different agricultural practices (as further discussed in
section 1.2.7).

PESTICIDES

“Pesticide” is an umbrella term describing any form of
chemical control of unwanted biological agents, including,
but not limited to, rodents, insects, weeds, and pathogens.
Pesticides, forthe purposes of this report, referto herbicides,
fungicides, and insecticides. Herbicides control the growth
of unwanted plants, often called weeds. Fungicides control
the growth of fungal pathogens on plants. Insecticides
are used to control the presence of insect pests, and are
generally applied either as a seed dressing or topically
in prevention or response to a pest incident (Eurostat,
2000). In our assessment, we do not include pesticides
that are expressed in plant tissue, as is the case with
certain Genetically Modified Organisms. Globally, the food
system used an estimated 4.4 million tonnes of pesticides
in 2011 (FAO, 2015b). Figure 6 shows that cereals and
fruits consume the largest share of pesticides. Vegetables,
stimulants, roots and tubers, and oil crops each consume
around 9% of global pesticides. Although not evident from
this graph, total pesticide consumption is the product of
both application rates (kg of pesticide per hectare) and
total hectares of each crop type. Cereals’ large share of
total pesticide consumption is due to their share of total
land use, while the large portion of pesticides used in the
production of fruits can be attributed to their high pesticide
demand per hectare (Eurostat, 2000).
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PESTICIDE, WATER, AND FERTILIZER USE PER FOOD CATEGORY
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Figure 6: Pesticide, fertilizer, and water inputs per major food type.
(FAO, 2015b; Mekonnen & Hoekstra, 2011)
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1.2.6 LABOUR

Though it is difficult to accurately measure, more than
2 billion people are estimated to work within the global
food system by the International Labour Organization (ILO,
2007). Of these individuals, roughly 1.3 billion, or 50% of the
globalworkforce, is thought to work in agriculture (UNCTAD,
2013b). Of all farms, the overwhelming majority (95%) are
family farms managing fewer than 5 hectares of land (FAO,
2014a). However the definition of “small-scale farms” varies
depending on the geographical location, ranging from less
than 1 hectare to 10. In Africa and Asia small scale farms
predominate with an average size of 1.7 hectares (UNCTAD,
2013b). Farms below 10 hectares managed by pastoralists,
forest keepers, and small farmers represent 80% of the total
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farmland in Sub-Saharan Africa and Asia and IFAD estimates
that they produce 80% of food consumed in these regions
(IFAD, 2010).

Because most small-scale farmers live in poor, rural areas,
children are often required to work on family farms to
provide essential labour. According to the International
Labour Organization, 60% of all child labourers globally
work in agriculture, representing 0.5% of the world’s
child population (ILO, 2015). It is important to note that
not all participation of children in productive activities is
considered child labour. There are appropriate activities
that can benefit both children and their families that do
not expose them to hazards or detract from their schooling.
However, in most instances, child labour is directly
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correlated with a lack of access to, or poor quality of
education as well as structural poverty within the family
and region (ILO, 2015).

The incidence of poverty among small and medium
scale farmers is very high. The largest segments of the
world’s poor are women, children, and men who live in
rural environments, most of whom fall in this category
(UNCTAD, 2013a). Poverty among farmers is not a
problem limited to the developing world; across all
regions globally, farmers are the lowest income earners
in the food system. For example, nearly 30% of all U.S.
farm workers had family incomes that placed them
below the national poverty line (National Farm Worker
Ministry, 2015).

In addition to farming, it is estimated that 58.3 million
people were worked in the fisheries and aquaculture
sectors in 2012, which is approximately 2% of the
global workforce (FAO, 2014b). Taken together, Asian
countries make up 97% of global fisheries activities.
For aquaculture specifically, East Asia, including India,
accounts for 92% globally, of which China represents
61% (FAO, 2014b). Fishermen (those not working in
aquaculture) are numbered at approximately 28 million.
Roughly 84% of fishermen work in Asia, with China
being the most dominant labour market. For these
people, fisheries are a vital means to provide income
and livelihoods.

Just as subsistence farming is the dominant
economic model for a majority of the world’s farmers
(smallholders), subsistence fishing is common for most
of the world’s fishermen. Forced and child labour is
similarly prevalent in fishing and aquaculture as it is in
farming, often for similar reasons, such as filling crucial
labour gaps for families (FAO & ILO, 2011). While precise
figures on child labour in fisheries and aquaculture are
scarce, case specific evidence suggests that its rate of
occurrence could be high (ILO, 2013). Forced labour in
the fisheries and aquaculture sectors mostly involves
migrants, temporary, or illegal crew members.

Next only to farmers, fisheries workers are the lowest
income earners compared with others employed in the
food system. While it is difficult to account for different
poverty thresholds in each country, it is clear that most
people employed in food production (farmers and
fishers) are in close proximity to, or below, the poverty
threshold.
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The number of labourers in the food and drink
manufacturing industry is significantly lower than in
primary production. The ILO estimates that there are
over 22 million people are employed globally in the
food and drink manufacturing sector (ILO, 2007). In the
U.S. alone the food processing industry provides 1.5
million people with employment (United States Bureau
of Labour Statistics, 2011). Interestingly, individuals
working in different steps of the food chain such as in
transportation, wholesale, and processing tend to earn
more than those in food production (for an example in
the coffee chain, see Beshah, Kitaw, & Dejene, 2015).

31




g

PRODUCTION PROCESSING

1.2.7 PRODUCTION PRACTICES

There is enormous variability in global agricultural
production and wild extraction systems. The type of practice
selected is one of the main determinants of resource
demand andyield, and by extension, environmentalimpact.
Getting fine-grained insight into why certain practices are
more productive or less impactful than others, and how
these features may vary across geographic regions, is
essential to understanding what is happening in this critical
part of the food system and informing appropriate policy
decisions for how to steer it.

This section presents a high-level overview of the different
production practices that are commonly used in crop
cultivation, livestock production, and fisheries and
aquaculture production. This information, once connected
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with contextual geographic data and detailed studies
on each type of practice, can inform the construction
of scenarios for evaluating future pathways for the food
system.

CROP PRODUCTION CATEGORIES

Thereisno generic classification system for crop production
categories, though a number of farm classification schemes
have been proposed and used for data surveying or
mapping of agricultural areas. These farm classifications
have often focused on geographic or economic parameters
like local climate zones, presence or absence of irrigation,
or degree of farm commercialization (Robinson et al., 2011).

Our primary interest in categorizing production typologies
here, however, is to review the variety of techniques and
production philosophies that can be implemented by any

CROP PRODUCTION SYSTEMS, TECHNIQUES, AND PHILOSOPHIES

CROP GROWING
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crop-producing farmer in any geographical region,
which have central influence over environmental
impact and productivity. Figure 7 presents an overview
of the different production techniques and practices
under discussion. Reading the diagram from left to right
allows the creation of a pathway that combines several
types of crop production philosophies and practices.
There are many layered combinations possible among
the practices listed, with only certain categories that are
incompatible with one another.

In recent decades, a distinction has been made
between conventional agricultural techniques and
variously called “sustainable” or “aspirational”
agricultural practices. In practice, these are descriptive
rather than rigorous terms due to the many possible
combinations of techniques they can both encompass.
For example, it is quite common to have large-
scale organic monocultures, which may or may

WATER PHILOSOPHIES
MANAGEMENT & APPROACH
M M
CONVENTIONAL
RAINFED GENETICALLY
MODIFIED
ORGANIC
INTEGRATED
PERMACULTURE

Figure 7: A classification of different production methods.

PRACTICES

not implement aspects of conservation agriculture
(Goodman, 2000). Likewise, cropping systems can use
a combination of Genetically Modified Organisms and
typical conservation practices like crop rotation and
no-till farming. Many combinations of practices, from
what might seem like contradictory philosophies, are
possible.

Perennial vs. Annual Crops

One of the first distinctions between cropping systems
is made between perennial (also called permanent)
and annual crops. Perennial plants, like fruit trees,
berry bushes, and woody vines, live for many years and
invest in intensive root and vascular structures before
reaching productive maturity. Depending on the type
of plant, reaching this stage can take from two years to
over a decade. Properly managed perennial cropping
systems can enhance soil quality and biodiversity, since
these production systems are not annually disturbed
and re-planted. Annual crops on the
other hand, grow from seed each vyear,
going through a full annual life cycle
of flowering, fruiting, and dying. The
vast majority of agricultural crops are
annual species, requiring a yearly cycle
of replanting (cereals, most vegetables,
oil crops, etc.).

Perennial crops have been shown to
reduce energy use, erosion and nitrogen
loss rates to less than 5% compared
to annual crops (Gantzer, Anderson,
Thompson, & Brown, 1990). However
there are currently no domesticated
perennial varieties for grains, legumes,
or oilseeds, which make up 69% of the
current production. The reason why
perennial varieties were originally not
domesticated by farmers is that wild
annual varieties produced higher yields
per hectare. Cultivating perennial crop
types that are equally productive could
theoretically be possible, but would
require a long time using artificial
selection (Cox, Glover, van Tassel, Cox,
& De Haan, 2006). Active research is
underway to develop perennial cereal
varieties in many parts of the world
(Batello et al., 2013).

There are however some disadvantages
to growing perennials when compared
with annual crops. Namely, their

This is a non-exhaustive list, but covers those which are permanence has a number of
most common. (Metabolic) consequences, such as a structural
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water demand that can be difficult to adapt to local rainfall
and weather patterns, and the inability to be rotated which
increases risk of pest damage.

GROWING PRACTICES

Because of their basic biology, perennial crops are generally
only grown in soil-based cropping systems, whereas most
annuals can also be cultivated using soil-free techniques
like hydroponics. There are many varieties of hydroponic
systems, which range from deep bed systems where plant
roots are directly suspended in water with liquid nutrients,
to a variety of systems where species are planted in a soil-
less medium (rockwool, coconut fibre, clay pellets, etc.).
Aeroponics, another variation, involves applying a fine mist
of nutrient solution directly to roots hanging in air without
the use of any substrate.

Annual plants grown using soil-free techniques can present
significant advantages over traditional soil-based systems.
“Closed” recirculating water supplies are commonly cited
to save 60 - 90% of water use and 20 - 30% of fertilizer use
over outdoor, soil-based cultivation (Jovicich, Cantliffe,
Simonne, & Stoffella, 2007). Combining soil-less plant
production with fish cultivation in aquaponics systems (a
mixed aquaculture and hydroponics system), provides a
source of dissolved nutrients to the plants (from fish waste)
and recirculates purified water back to the fish in a symbiotic
arrangement. This kind of solution addresses both the
problems of nutrient run-off from concentrated fish farming
aswell as the need for nutrient inputs into plant production
systems (F. Blidariu & Grozea, 2011). The yields of soil-less
cultivation systems are generally much higher than those of
soil-based systems due to more precise levels of control for
nutrient delivery, oxygenation, pH, and temperature control
(Jensen, 1999).

Despite the demonstrated benefits of soil-free cultivation, it
isonly applied on a small fraction of global agricultural land
(on the order of magnitude of 0.0001%) though in some
countries, it holds a significant percentage of farm share
for certain types of crop production (authors’ estimate,
based on figures presented in Peet & Wells, 2005 and FAO,
2015b). For example, hydroponic techniques are used for
the majority of tomato and bell pepper cultivation in the
Netherlands (Cantliffe & Vansickle, 2009).

The primary reason that soil-free systems are not more
broadly applied is that they require a great deal of starting
capital and a variety of high-tech inputs (precision
management tools and software), not only for the systems
themselves, but also for the greenhouses in which they
are typically located (Peet & Wells, 2005). For this reason,
they are commercially economically viable only for a range

of high-value vegetable crops and primarily implemented
in the developed world. An important note regarding soil-
free cultivation systems is that they cannot be certified as
organic production systems, based on the standards set
forth by international certification bodies, since they do not
make use of soil, which is the cornerstone of the organic
production philosophy (Goodman, 2000).

Soil-less systems also have a number of disadvantages that
are worth mentioning. Due to the materials and format
of soil-less systems, they are typically quite energy and
fossil fuel dependent, and not easily integrated with the
environment.

Soil-free cultivation is generally only ever applied in
protected cultivation systems: greenhouses or an emerging
classofhigh-techindoorfarms, which often usefully artificial
conditions for plant cultivation, including artificial lighting.
Greenhouse cultivation can either be soil-based or soil-less,
though the productivity of soil-less greenhouse systems
is generally higher (Gotaszewski et al., 2012) Protected
cultivation systems, which include both glasshouses and
plastic greenhouses, were estimated to occupy 1.6 million
hectares in 2005, which would translate to 0.001%, of
current global arable land use (authors’ calculations based
on Peet & Wells, 2005).

Yields in greenhouse systems are generally far higher than
in traditional field production systems, partly owing to the
fact that they extend the growing season for crops. This
allows them to disproportionately contribute to global
production relative to their small footprint. Certain varieties
of plants, particularly leafy greens and Asian cabbages, can
produce up to 12 harvests per year in a greenhouse system
as opposed to one or two annual yields in outdoor fields. A
single planting of tomatoes can continue to produce for 11
months out of the year in a greenhouse system, effectively
boosting the total productivity of a single area of land
(Jensen, 1999). This practice at least partially explains the
extreme range found in global tomato yields, which spans
from an average of approximately 1 tonne per hectare (in
Somalia) to 560 tonnes per hectare (in the Netherlands)
(FAO, 2015b).

MONOCULTURE VS. POLYCULTURE

A further critical distinction in the classification of crop
productionsystemshasto dowith the numberand variety of
plants selected for sequential or simultaneous cultivation.
There are two broad categories to consider here, though
they each have some sub-variations: monoculture and
polyculture.
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Monoculture, is the practice of growing a single crop
on a large tract of land. It is a hallmark of industrial,
conventional agriculture, since it is very well suited
to supporting mechanisation and presents large
economies of scale (Fitzgerald-Moore & Parai, 1996).
Continuous cropping, or mono-cropping, refers to
growing a single type of plant species year after year
on the same soil (C. E. Murphy & Lemerle, 2006). Strictly
speaking, continuous cropping is a term only applied to
agricultural production systems that do not implement
any form of crop rotation (the practice of growing a
winter-season crop on fallow land in order to prevent
soil erosion and moisture loss, among other potential
benefits). True mono-cropping is less common than
is typically made out to be the case in discussions of
conventional farming. Even in the United States, which
is known for its vast tracts of single-crop agriculture,
a significant majority of crops (82 - 94%) is grown
with some kind of rotation (corn and soybean being
a very common example), though cover cropping,
an important conservation agriculture technique,
remains uncommon (White, 2014). These rotation
systems, however, do not qualify as polycultures
under stricter definitions of the term, which generally
refer to production systems that grow multiple crops
simultaneously on the same plot of land.
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Large-scale monocultures are widely reported to result
in agricultural problems ranging from depletion of
soil fertility due to continuous extraction of the same
nutrients, to the intensification of pest problems
by providing uninterrupted breeding grounds for
specialized pests. Because of their design for large-scale
productivity, they typically require very high inputs
in terms of both chemicals and energy (for operating
machinery, for example) (Olesen & Bindi, 2002).

Multiple cropping, also known as poly-cropping or
polyculture, involves growing multiple crops on the
same plot of land. The intensity and productivity of
polyculture systems can range significantly. In general,
multiple cropping is associated with stable productivity
and on average higher relative yields than are found
single crop systems. Certain crop combinations have
much higher combined total yields, and can be selected
for high productivity (Gliessman, 1985).

Multiple cropping can allow for better pest control
through mutualistic interactions, increased microbial
activity in the soil, more efficient fertiliser use, better use
of time and space with more crops per unit area, pattern
disruption for pests, reduction in water evaporation,
shared benefits from nitrogen fixation from crops like
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legumes. There are also potential disadvantages such as
difficulty with mechanisation, competition between plants
for nutrients, water, and light; difficulty with incorporating
fallow periods; and the possibility of allelopathic
interactions between plants (Gliessman, 1985). However,
agricultural research is typically focused on maximizing
single crop vyields, instead of thinking of yields on a long-
term diversified basis, which has translated into minimal
investment in high-yielding polyculture systems (U.S.
Congress Office of Technology Assessment (OTA), 1985).

WATER MANAGEMENT

On average, irrigated agriculture produces more than
twice the yields of rainfed agriculture (Steinfeld, H., Gerber,
P., Wassenaar, T, Castel, V., Rosales, M., & De Haan, 2006).
However, despite significant bluewater extraction and
the doubling of the global irrigated area since the early
1960s (FAO, 2011), rainfed agriculture remains the world’s
predominant production system (FAO, 2013) Irrigation is
typically associated with large water losses, however new
and more efficient irrigation methods such as drip irrigation
can reduce water usage considerably; by 15-25% according
to one estimate (Mushtag, Maraseni, & Reardon-Smith,
2013). Itisimportant to emphasize, however, that efficiency
N 4%
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doesnot necessarily equate to sustainability. Improvements
in efficiency do not necessarily lead to sustainable use
patterns, as total water withdrawal using efficient methods
can still resultin a netincrease in consumption.

PRODUCTION METHODS AND PHILOSOPHIES

Despite the possible variability in applying the term
“conventional” agriculture, what is typically meant by this
phrase is: outdoor crop cultivation in monoculture systems
with high levels of mechanisation and artificial inputs,
largely implementing the techniques introduced through
the Green Revolution (see Chapter 2). Most conventional
agricultural systems use high-yielding varieties that
have been bred specifically for large-scale monoculture
production, and often have features (like shorter stalks)
to facilitate mechanical harvesting, boost vyields, and
prevent crop spoilage. Generally speaking, conventional
agricultural techniques also implement ploughing of
soils as a technique for homogenizing and breaking up
the top layer of soil prior to planting. This combination of
techniques results in a high-input, energy-intensive, soil
and biodiversity depleting, low labour and high-yield form
of agricultural practice (Matson, Parton, Power, & Swift,
1997).
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Conventional, Genetically Modified

Arelatively newadditiontotherepertoire of conventional
farming techniques is the genetic modification of
cultivated species in order to artificially enhance them
with desirable traits. As of 2013, 174 million hectares
(12.5% of all arable land) was cultivated with genetically
modified (GM) crops (GMO Compass, 2014). GM crops
are still primarily limited to a few species such as
maize, soy, cotton, and oilseeds, though sugar beet,
alfalfa, papaya, and squash are also emerging as more
common GM crops. In the U.S., in terms of planted area
in 2014, 94% of soybeans, 96% of cotton, and 93% of
corn were GM varieties (“USDA Economic Research
Service - Adoption of Genetically Engineered Crops in
the U.S. n.d.).

Genetic modification of crops has most commonly
involved the introduction of non-native traits that confer
eitherherbicide-resistanceorpest-resistance. Herbicide-
resistant crops can be sprayed with herbicides, allowing
for the elimination of weeds without negative effects
on the crop itself. Pest-resistance has most commonly
been conferred to crops through the expression of
foreign inserted genes for the expression of Bt toxins,
derived from the bacterium Bacillus thuringiensis.
The insecticidal proteins produced by Bt are a class of
natural insecticides, which are pest-specific, and also
used in powdered or liquid form in organic agriculture
(Caldwell, Sideman, Seaman, Shelton, & Smart, 2013).

GM crops and foods have been the subject of numerous
controversies centred around the topics of food
safety and potentially unforeseen ecological impacts
(Finucane & Holup, 2005). Additionally, concerns have
been raised by various civil society groups around the
role of GM crops in supporting greater consolidation
and corporate control of agricultural supply chains.
The controversy continues, with fierce rhetoric and
complicated realities clouding both sides of the debate
(Gilbert, 2013).

Organic Agriculture

Organic agriculture (sometimes referred to as biological
or ecological agriculture), is a production philosophy
and set of practices that were first defined in the
beginning of the 20th century with a focus on healthy
soils as the foundation of agricultural productivity
(Ma & Joachim, 2006). This production philosophy
has been codified in strict guidelines through the
definition of organic certifications, which include strong
prescriptions against the use of synthetic chemical
inputs, genetically modified seeds, antibiotics in the
case of livestock rearing, and so forth (Baier, 2005).
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The growth in adoption of organic agriculture has
been estimated at a compounded annual growth rate
of 8.9%, greater than any other form of agricultural
practice (Paull, 2011). The total adoption of organic
agriculture is now estimated to cover 37.5 million
hectares (0.9 of total agricultural land) (Paull, 2011;
Ponisio et al., 2014; Willer & Lernoud, 2014). In total, 1.9
million organic producers were reported, with over % of
these located in developing countries (Willer & Lernoud,
2014). As a result of the rapid growth in demand for
organic food, the production of organic crops has
become predominantly a highly intensive monoculture
production method (Guzman, 2014).

Organic production has a number of benefits over
conventional agriculture. For example, it was found
to have a 29% lower energy demand when compared
with non-organic systems, averaged across a large
subset of products in a UK study commissioned by
the FAO (Ziesemer, 2007). Higher use of pesticides and
other chemicals in non-organic agriculture leads to the
unintentional killing of non-pest insects, which can lead
to a decrease in beneficial predatory insect species and
a reduction of sources of nutrition for animals higher
up the food chain (Kim, 1993). Partly because of these
dynamics, organic agriculture has been associated
with higher levels of biodiversity. According to a meta-
analysis of studies comparing biodiversity with organic
and non-organic practices, on-farm biodiversity
measures were on average 30% higher with the use
of organic practices when compared to non-organic
controls (Fuller et al., 2005).

There has been a great deal of debate historically about
the sustainability of organic agriculture, particularly
from a yield perspective. Organic agriculture has
generally been found to result in yields 20% lower on
average than in conventional agricultural practices,
though with a high variation between crops and
farms (De Ponti, Rijk, & Van Ittersum, 2012), leading
to concerns around the need for larger amounts of
arable land potentially needed to satisfy global food
demand under an organic production model (Badgley
& Perfecto, 2007; Connor, 2008; De Ponti et al,, 2012). A
recent meta-study published results indicating that the
yield gap between organic agriculture and conventional
farming systems is smaller than expected previously
(Ponisio et al., 2015). The Rodale Institute, which
promotes organic agriculture, released the results
of their 30-year trial of side by side controlled plots,
maintaining that organic yields matched conventional
yields, outperformed conventional in years of drought,
built rather than depleting organic matter in soil, and
used 45% less energy than conventional systems (The
Rodale Institute, 2011).
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Many groups have argued that increased research and
development funding targeted specifically at organic
practices could lead to an elimination of the organic yield
gap (Ponisio et al.,, 2015). Regardless of this assumption,
surveyingglobaldatamakesitclearthatafarmoredominant
cause of low yields is simply less advanced agricultural
practice. Organic tomato production in the Netherlands
yields 350 tonnes per hectare, while conventional tomato
production in otherwise similar conditions ranges from
50 - 120 tonnes per hectare in other parts of Europe (FAOQ,
2015b; Gotaszewski et al., 2012). This indicates that the yield
gap between organic and non-organic forms of production
can be much less significant than the yield gap that results
simply from lack of knowledge, technique, or sufficient
resources.

There are several other agricultural systems which
implement some of the same basic principles as organic
production as a basis, for instance biodynamic agriculture
and permaculture. Within certain contexts, they can be
considered variations on organic production (Nesme,
Colomb, Hinsinger, & Watson, 2014).

Integrated farming attempts to produce food that is better
for the environment taking into consideration a large
number of factors. The management practice does not
ban or require certain practices or inputs, but attempts to
optimize practices depending on a number of conditions
analysed using a systemic approach. For example, no-till
agriculture may reduce energy use under certain conditions,
but increase it if additional crop protection measurements
are required in exchange. All of the inputs and effects in
the entire system as the result of a change in practice are
considered (EISA, 2012).

Studies have shown that though energy use and emissions
with integrated farming are higher per hectare than in
organic production, they are lower per tonne produced
than in organic and conventional agriculture (Tuomisto,
Hodge, Riordan, & Macdonald, 2012).

Conservation agriculture is a term that encompasses three
crop management principles: no-till agriculture, crop
rotation, and residue retention. It has gained international
support in policy circles as a method of improving long-
term soil productivity. Currently around 100 million hectares
worldwide apply conservation agriculture principles
(Sommer et al., 2012). Anecdotal evidence suggests that
herbicide-resistant GM crops have facilitated the adoption
of conservation tillage practices due to the increased ease
of weed control through herbicide application (Fernandez-

Cornejo, Hallahan, Nehring, Wechsler, & Grube, 2013).
Conservation tillage practices have frequently been
associated with an increase in herbicide use, because the
lack of ploughing allows weeds to become established.
Other methods of weed control, such as mulching and cover
cropping, can also be applied with conservation tillage
practices, removing dependence on chemical weed control
(Bullied, Marginet, & Acker, 2010; Moyer, Roman, Lindwall, &
Blackshaw, 1994; Sans, Berner, Armengot, & Mader, 2011).

No-Till

No-till farming (also called zero tillage or direct drilling)
involves cultivating crops or pasture without using
ploughing, thereby maintaining soil ecology, decreasing
erosion and compaction, and improving water retention
(Holland, 2004). This practice increases soil quality by
increasing the amount of infiltrating water and increasing
retention of organic matter and nutrient cycling. In addition
to reducing soil erosion, it increases new soil formation
by promoting the amount and variety of life in the soail,
including soil-forming organisms (Martin R. Carter, 1994). In
2014, around 125 million hectares or around 9% of cropland
was under no-till cultivation (Pittelkow et al., 2014). In 1999
no-tillage farming was only practiced on around 45 million
hectares worldwide. Its adoption grew at a rate of around
6 million hectares per annum between 1999 and 2009. The
practice has been widely adopted in all types of climates
and on all types of soils (Derpsch, Friedrich, Kassam, &
Hongwen, 2010).

Though no-till agriculture provides many benefits for soil
and has been largely adopted for this reason, adopting the
practice alone may come with drawbacks. Recent findings
indicate that, contrary to common beliefs, no-till agriculture
generally has been found to have a negative effect on crop
yields, of an average of 5.7% in one meta-study, unless
applied with other conservation agriculture principles (crop
rotation and residue retention), which then narrow the
yield gap (Pittelkow et al., 2014). By contrast, under dry and
arid conditions, no-till was found to confer a yield benefit
regardless of whether it was applied with other techniques.
Additionally, no-till practices may initially require a higher
need for fertiliser (Frankinet, Roisin, Baumer, & Ehlers, 1989)
and pesticides (Soane et al.,, 2012) in order to maintain
yields. If combined with other practices, such as crop
rotation and residue retention, the potentially negative
effects of conservation tillage can be avoided and benefits
strengthened. Regardless of some drawbacks, conservation
tillage has been shown to be one of the only agricultural
techniques that reduces the rate of soil erosion to within
the background geological rate of soil loss and formation
(Montgomery, 2007) (see section 3.1.2).
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Crop Rotation

Crop rotation is the second practice within the
conservation agriculture portfolio. Methods such as
intercropping or crop rotation can increase resistance
against pests and disease, as well as increase soil
quality, thus reducing the need for expensive inputs.
One estimate states that these methods can reduce U.S.
pesticide use by 50% without reducing vyields (Pimentel
&Lehman, 1993). Additionally, polycultures can improve
total yields per area by taking advantage of symbiotic
relationships (Naeem et al., 2013).
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Residue Retention

Residue retention is the third primary component of
conservation agriculture. Even when applying no-till
agriculture, the removal of crop residues can reduce
the fertility of the soil over time. One study showed that
organic carbon in the soil was reduced by 75% after 15
years of no-till cropping with residue removal (Chivenge,
Murwira, Giller, Mapfumo, & Six, 2007). Several studies
have suggested that in addition to improving soil
fertility, the combination of residue retention with other
conservation agricultural practices leads to an increase
in the amount of water available to plants through
increased infiltration, reduced runoff and reduced
evaporation (Sommer et al., 2012).
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LIVESTOCK PRODUCTION PRACTICES

Livestock production uses almost 80% of global agricultural
land, most of which is pastureland. The vast majority of
grasslands used for pasture are relatively inexpensive and
eitherlow-carbon, arid,cold,steep,orrocky, offeringveryfew
options for other food-producing uses (Capper et al, 2013).
As illustrated in Figure 8, livestock are produced in either
mixed, grassland-based, or industrial (landless) systems.
Though pastures have long served as the foundational
resource for rearing the world’s domesticated animals,,
the livestock sector has gone through a transformation
in recent decades fueled by growth in demand for animal
products. Producers have turned from primarily depending
on feeding animals using residual materials and pasturing
them on low-fertility land, to more intensive production
approaches. In Concentrated Animal Feeding Operations
(CAFOs), purchased feed crops and equipment are used
to replace land and labour, though one can argue that it

TRADE

RETAIL CONSUMPTION WASTE

simply increases demand for high-quality, crop producing
land over larger amounts of low-quality pasture. As an
example, the EU imports enough soy to account for the use
18 million hectares of agricultural land outside the EU (Idel,
Fehlenberg, & Reichert, 2013), a large part of which is used
as a main component in animal feeds.

With livestock now consuming food that would otherwise
be suitable for human consumption, meat production for
the wealthier part of the population has begun to compete
directly with food availability for the global poor. A key
factor here is the relatively inefficient conversion rate of
cerealsinto animal protein. UNEP has reported that it takes
approximately 3kgof grain to produce 1 kg of animal protein
using cereals as feed (Nellemann et. al., 2009). Though
there is no global shortage of staple crops, competition for
cereal crops can drive up prices globally, which reduces
the economic availability of food in food insecure regions
(UNEP, 2012).

CLASSIFICATION OF LIVESTOCK PRODUCTION SYSTEMS

Figure 8: A classification of different production methods for livestock (FAO, 1995)
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It is important to note that different animal products
have highly varying resource demands in production.
A commonly cited number in discussions of animal
production impact is the Feed Conversion Ratio (FCR),
whichisameasure ofananimal’s efficiencyin converting
feed mass into an increase of a desired output (e.g,
milk, meat, eggs). FCR ranges greatly, from an average
of 1.6 in fish, 2 in poultry, and 3 in swine, to up to 11 in
cattle (Boyd, Tucker, Mcnevin, Bostick, & Clay, 2007).

An alternative to extensive grazing on monoculture
pastures and CAFOs is silvopastoralism, where livestock
grazes on mixed vegetation. Less land is required

because dry matter production in silvopastoral systems
is 27% higher than monoculture pastures. Additionally,
silvopastoralism requires fewer and less agricultural
inputs, such as fertilisers and pesticides, and less
upkeep than monoculture pastures (Broom, Galindo,
& Murgueitio, 2013). Additionally, such systems can be
more productive than extensive grazing. For example,
silvopastoral systems lead to a higher milk production in
cowsthanstandard, buthighly productive, monoculture
pastures (Broom et al., 2013).

A herd of cattle moving across a farm field.
Creative Commons: uacescomm
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FISHING PRACTICES

The FAO defines the term “fishery” as an activity leading
to the harvesting of fish through either wild capture or
aquaculture. Fisheries are further defined in terms of at
least some of the following: “people involved, species or
type of fish, area of water or seabed, method of fishing, class
of boats, and purpose of the activities” (FAO Term Portal,
2015). As such, fishing methods must always be considered
in context: any fishing method not appropriately matched
to a species, location, or time of year can potentially result
in ecological harm.

Over 90% of fishers involved in global capture fisheries
operate in either small-scale or artisanal fisheries. Though
many of them are at least partly engaged in fishing for
subsistence reasons, they are estimated to produce
approximately 50% of fish supply for human consumption
(Johnson, 2005).

Small scale fisheries are not necessarily considered
artisanal, and vice versa, though when one term applies to
a fishery, the other often does as well. Artisanal fisheries are
those that typically utilise relatively low levels of technology
and have relatively low levels of capital investment per
fisher, often making use of traditional fishing techniques
(e.g., hook and line, beach seines, cast and lift nets, fish
traps and weirs, manual harvesting). They are typically
associated with lower ecological impact, lower running
costs and fuel consumption, lower cost of technology,
higher versatility, and higher employment opportunities.
These relative benefits do not imply that artisanal fisheries
do not contribute to overfishing or ecological damage,
however, as these fishers can and do overfish available
resources and occasionally use ecologically damaging
methods such as poison or dynamite (Johnson, 2005).

Large-scale, industrial fisheries employ around 10% of
fishers globally and are responsible for an estimated 50%
of global fish landings (Johnson, 2005). There are four
main large-scale commercial methods of catching fish
and seafood; trawls and dredges, line fishing, net fishing,
and traps. A description of these methods as well as some
others are shown in Table 1, along with a brief overview of
their relative impacts.

In general, bottom trawling and net methods have the
highest negative impacts, but are the most economical
as they catch an enormous volume of fish using relatively
little labour and time. A survey about impacts due to
different fishing methods showed that experts agreed that
bottom trawling produced the largest negative effect on the
environment, attributed largely to the direct effect on the
seafloor habitat (Chuenpagdee, Morgan, Maxwell, Norse, &
Pauly, 2003). Bottom trawling accounts for a large part of
the destruction to coral reefs and sponges, around 1 million
pounds were destroyed between 1997-1999 in the water
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around Alaska alone (Lewison, Crowder, Read, & Freeman,
2004). While bottom trawling damages the seafloor habitat
by scraping and ploughing the floor up to 30 cm, it also stirs
up soil, causing an additionalimpact through increasing the
turbidity of the water (Dayton, Thrush, Agardy, & Hofman,
1995).

Similar to trawls and dredges, other types of nets have
little species selectivity, producing a lot of bycatch,
including through lost nets (referred to as ‘ghost fishing)
(Suuronen et al,, 2012). In particular, gillnets (or driftnets)
are particularly damaging, resulting in the highest bycatch
levels of mammals, sea turtles, and seabirds (Chuenpagdee
et al., 2003). Such nets were banned in international waters
in 1992 by a U.N. resolution, though individual nations
can still use driftnets of up to 2.5 km in length in their own
waters (Lewison et al., 2004).

Longline fishing uses relatively little fuel, inexpensive
equipment, is relatively species-selective, and generally
causes minimal habitat damage (Pham et al., 2014). The
most significant downside to longline fishing is that it still
results in capture of non-target species such as marine
birds, mammals, and turtles. The method is also labour-
and time-intensive, and is dependent on the price of bait
(Suuronen et al.,, 2012). Similarly, trolling, which requires
dragging fish lines through the water to attract fish, is more
species selective than nets, trawls, or dredges, but also
produces a low catch.

Traps and pots catch fish and crustaceans by using barriers
thatallowfishto enteran area or trap but make it difficult for
them to escape. Trap design or bait selection can result in
species selectivity. Specialized gear can be very effective at
targeting certain species, such as lobsters (FAO, 2001). This
method can be a relatively low impact manner of fishing
when managed properly, but often old traps are forgotten
ordiscarded, leading to ghost fishing and additional marine
debris (Arthur, Sutton-Grier, Murphy, & Bamford, 2014). For
example, one program to collect derelict pots and traps
around Virginia estimated that 41% of the gear found had
been abandoned (Bilkovic, Havens, Stanhope, & Angstadt,
2014).

AQUACULTURE PRACTICES

Agquaculture may offer some benefits over fishing as it does
not lead directly to overfishing and can be separate from
natural habitats. The problems and solutions associated
with aquaculture are generally more similar to those
encountered with conventional agriculture. However,
the methods that are typically applied for aquaculture
can and do have negative effects on the environment.
For one, aquaculture isn’t typically separate from marine
and freshwater environments. According to the FAO 2012
Fisheries and Aquaculture Yearbook, around 63% of the
aquaculture production of fish, crustaceans, and other
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OVERVIEW OF COMMON FISHING AND AQUACULTURE METHODS

METHOD

Bottom trawl

Dredge

Gillnetting

Harpooning

Jigging

Longlining

FISHING METHODS

Midwater traw!
Pole fishing
(Purse) Seining
Traps and pots
Trolling
Bag/rack

Hatcheries

Open net pens,
cage pens, or
submersible
net pens

Ponds

Raceways

AQUACULTURE METHODS

Recirculating
systems

Shellfish culture

Tuna ranching

DESCRIPTION

Bottom trawling involves dragging a weighted net
along the sea floor to catch various types of fish.

Dredges involve dragging metal-framed baskets
along the seafloor to catch shellfish.

Gillnetting make use of nets suspended
with weights and floats to catch fish

Harpooning means shooting or throwing a
harpoon (spear with a rope attached) into
a large fish and pulling it onboard

Jigging involves jerking submerged lines
fitted with hooks in order to snag fish

Longlining involves hanging rows of baited
fishing lines to catch fish on individual hooks

Midwater trawling involves dragging a net, as
with bottom trawling, but then midwater.

Pole and troll fishing methods use lines to catch
one fish at a time, as in recreational fishing

Purse seining involves encircling schools of fish with
anetand then pulling the bottom of the net closed

Using traps and pots involves submerging
baited cages which attracted target species

Trolling involves dragging baited fishing lines through
the water to attract species that follow moving prey

Bag/rack aquaculture involves cultivating
shellfish in bags or racks above the seabed

Hatcheries involve breeding and
growing fish in nurseries.

This method involves cages holding aquaculture
fish suspended in wild habitat waters.

Aquaculture ponds involve detached
ponds used to grow seafood.

Raceways involve diverting water from a
waterway into channels with fish.

Recirculating systems involve raising
fish in tanks that recycle water

With Shellfish culture, shellfish are grown on ropes or

bags which are suspended in water or left on beaches.

Tuna ranching involves capturing species of fish as
juveniles and fattening them up before harvesting.

IMPACT

Large amount of bycatch and scraping of seafloor

Large amount of bycatch and scraping of seafloor
Large amount of bycatch, both fish and sharks and turtles

No effect on environment, though certain
species may be overfished.

Asmall amount of bycatch

Other animals are attracted to the bait and there is a small
amount of bycatch of seabirds, turtles and sharks.

Bycatch and the simultaneous removal of entire schools
of fish, which can have effects on fish populations

Small amount of bycatch, but non-target species can be released.

Medium amount of bycatch, varying
depending on what gear is used.

Asmall amount of bycatch

Small amount of bycatch, but non-target species
can be released, as will pole fishing.

Minor impacts as wild fish aren’t used as feed and shellfish
come from hatcheries instead of deleting wild populations

Impacts are minor unless genetically insuperior
fish end up in the wild or large amounts of
hatchery fish compete for food in the wild.

Impacts are high because of concentrated amounts of waste
entering the environment, competition for resources, introduction
of diseases and parasites to the wild and interbreeding.

Discharge of untreated wastewater or infiltration of
polluted water to groundwater can cause impacts
depending on management techniques used.

Discharge of untreated wastewater or infiltration of
polluted water to groundwater can cause impacts
depending on management techniques used.

Environmental impacts are low, but these
systems are dependent upon electricity

Waste accumulation can pose a problem
with concentrated production

Captured species are removed from their environment,
similar to fishing. Additional impacts are cause by the high
use of feed and the concentration of waste production.

Table 1: An overview of the most common fishing methods, and their impacts to the environment. (Monterey Bay Aquarium Seafood Watch, 2015)

species, occurred inland, while 37% of the production
was marine aquaculture (FAO, 2012). Freshwater
aquaculture often comes at the expense of other
ecosystems. For example, in Vietnam, 290,000 hectares
of wetlands were converted into shrimp aquaculture
(McDonough, Gallardo, Berg, Trai, & Yen, 2014). Both
freshwater and marine aquaculture produced through
methods such as growing fish in pens, can lead to

THE GLOBAL FOOD SYSTEM: AN ANALYSIS

effects such as disease, parasites, and concentrated
waste, due to the crowded nature of aquaculture.
Additionally, for predator species of fish, fish farming
doesn’t entail a detachment from wild ecosystems.
Salmon, for example, require a higher volume of wild
fish for consumption than they yield in terms of edible
meat (Seafood Choices Alliance, 2005).
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1.3 PROCESSING

Food processing can generally be described as the
“transformation of agricultural crops, livestock, and
seafood into secondary products”  However, the
types and intensity of processing vary greatly between
products. Processing could refer to, for instance, the
simple cleaning and packaging of vegetables, but it
also includes the production and packaging of sugar,
breakfast cereals, or soft drinks (Monteiro, Levy, Claro,
Castro, & Cannon, 2010).

SHARE OF GLOBAL
FOOD PRODUCTS GOING
INTO PROCESSING

The wide variety of options included in the concept
of processing results in data inconsistencies, which
make it challenging to accurately estimate the total
amount of food that is processed globally. However, as
mentioned in section 1.1, the FAQ’s statistical database
does contain information on the processing of primary
crops, of which around a fifth are routinely processed
into secondary products before consumption. Sugar
and oil crops make up the largest share of primary
crops going into processing (1,940 million tonnes;
92%), the remainder is split among cereals (89 million
tonnes), fruits (55 million tonnes) and roots and tubers
(15 million tonnes). The main outputs for human
consumption are alcohol, sugars and sweeteners, and
vegetable oils, while oil cakes are the main product
destined for animal feed (FAO, 2015b).

1/50F ALL PRIMARY
CROPS ARE PROCESSED
BEFORE CONSUMPTION.

These figures only tell us something about the share
of primary production initially used in processing, but
do not say much about the total amount of secondary
processing such as breakfast cereals, yoghurts, or
soft drinks. In this regard only broad estimates are
available; the United Nations Industrial Organization
(UNIDO) estimates that in the percentage of all food
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going through some form of processing ranges from 30
percent in the Global South, to 98 percent in the Global
North (FAO, 2012a).

FOOD PROCESSING INDUSTRY

Although globaldataisunavailable, thereareindications
that the food processing market is experiencing
continuous growth. The U.S. food processing industry,
for example, has shown market growth of up to 5%
annually. Currently, the size of the American food
processing marketis on the order of $2 trillion, providing
jobs for an estimated 1.5 million people (Feldman,
2011; United States Bureau of Labour Statistics, 2011).
The growth rate for the European processing industry is
more modest (a 3.4 percent growth in turnover between
2011 and 2014); the industry’s growth rates appear to
have stabilized in recent years (Food and Drink Europe,
2015).

THE VALUE OF PROCESSING

Processing can have several objectives, which
include complying with food security standards,
extending product life, developing special products
(e.g. cheese, sausage, vegetable oil) or increasing
consumer convenience - with the latter increasingly
becoming a driving factor. Legal standards on health
and hygiene, technological innovations, as well as
consumer demands are additional factors influencing
developments the global food processing industry (A.
Regattieri, M. Gamberi, 2007; Market Research Reports,
2015).

THE US FOOD PROCESSING
INDUSTRY IS GROWING AT
A RATE OF 5% ANNUALLY.

Aside from these considerations the main goal of
the food processing industry obviously lies in adding
value to primary or secondary food products with the
purpose of extracting a profit. The value added in food
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processing and subsequent stages of the production chain
such as retail and distribution, is often much larger than
that of primary producers such as farmers and fishermen
(fora casein point, see Beshah et al., 2015).

NUTRITIONAL VALUE AND
BIO-AVAILABILITY

Aside from the objectives mentioned above, food
processing is associated with a range of negative impacts
such as an increase in energy use or, depending on the
exact production process, a decrease in the nutritional
value of food. The processing of food can have considerable
impacts on the nutritional value of food products. Exposure
to high levels of heat, light or oxygen can lead to a decisive
nutrition loss. High heat levels, for example, destroy certain
vitamins and reduce the biological value of proteins (Rong,
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Workers.in a food processing plant.
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Hai-Yan, Dongfang, Xingrong, & Aluko, 2013). Oxidation, on
the other hand, degenerates lipids and destroys oxygen-
sensitive vitamins. Water-soluble vitamins (such as vitamins
C and B) are generally more affected by processing than fat-
soluble vitamins (vitamins K, A, D, or E) in this respect. High
nutritional losses occur, for instance, during the milling and
grinding of cereals to remove their fibrous husks; most of
the plant’s fibre, B-group vitamins, phytochemicals, and
minerals are in these husks. While the freezing of products
does not affect the nutritional value of foods, blanching
and canning both cause nutritional losses due to high
temperature exposures. Nutritional losses also occur
through the peeling and trimming of fruits and vegetables
to remove their skin, as a major fraction of nutrients tend to
lie close to the skin surface (State Government of Victoria,
2014).

Processing of food products can vary to a great degree.
While fresh meat, milk, grains, and vegetables usually
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undergo few processing steps that include practices
like cleaning, removing of inedible fractions, portioning,
refrigeration, or bottling to make products more
accessible to the consumer, also different highly
processed products exist that have been altered a great
deal (Monteiro et al., 2010). Examples of these highly
processed foods are breads, biscuits, confectioneries,
crisps, cereal products, sugared and soft drinks, and
processed meat products. They often contain additives
such as flavours, colours, or other substances that make
them more palatable or even habit-forming (Moubarac
et al., 2013). Global diets today increasingly consist of
highly processed foods. The more processing, usually
the lower the nutritional value and the higher the
adverse impacts on human health resulting from low
nutrient density, insufficient dietary fibre, and a surplus
of simple carbohydrates, saturated fats, sodium, and
trans fatty acids (Monteiro, Levy, Claro, de Castro, &
Cannon, 2011).

Theprocessingoffoodalsocanhavepositiveimplications
and can increase the bioavailability of nutrients from
raw food products. Perhaps unexpectedly, frozen
vegetables can have a higher nutritional value than
‘fresh’ vegetables (Rickman, Barrett, & Bruhn, 2007).
Furthermore, cooking is a traditional form of processing
that is essential to ensuring the bioavailability of
certain nutrients (see section 1.6 for more on cooking
and food preparation). Finally, methods like canning,
pasteurization, dehydration and freezing preserve
nutrient contents and can make food longer available
(Pasha, Saeed, Sultan, Khan, & Rohi, 2014; Weaver et al.,
2014).

RESOURCE CONSUMPTION IN
FOOD PROCESSING

The preparation of processed foods requires resources
such as energy, water, and materials (e.g., for
packaging). The high demand for energy in the food
processing industry arises mainly from increasing
automation and machinery use during this production
stage (Canning, Charles, Huang, Polenske, & Waters,
2010). In an advanced food industry like that found
in the United States, food processing is responsible
for around one third of total energy use in the food
system. Up to 1,000 calories of energy are needed per
production of 1 calorie of processed food (Verma, 2015).

From another perspective, looking at the embodied

energy in the diet of an EU citizen, it has been estimated
that of the total embodied dietary energy, 28% is due
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to food processing making it the second largest share
next to the production stage (33%). All in all, in the year
2013, the European food industry consumed 28.4 MTOE
of energy, or 2.6% of the EU-28's average final energy
consumption (Dallemand et al., 2015).

As there is a multitude of diverse food products that
require different production methods and different
numbers of processing steps, energy inputs vary widely
per product. Canning of fruits and vegetables (575 kcal/
kg) and also freezing of fruits and vegetables (1,815
kcal/kg) have lower energy inputs as opposed to food
products that entail more processing steps like the
production of breakfast cereals (15,675 kcal/kg) or
chocolate (18,591 kcal/kg). With a growth in demand
for more convenient or new food products (e.g. pre-
cut vegetables, salad mix products) which entails more
processing, preparation and packaging, the energy
intensity of the sector will also increase (Verma, 2015).

Data for the U.S. food processing industry between 1997
to 2002 confirm this trend showing an annual increase
in energy consumption of 8.3% (Verma, 2015). The
increase in energy intensity is a long term trend: since
the early 20th century yearly increases in energy use
between 9.6 and 13 percent have been documented
for cereal products, baking products, fresh dairy and
snacks, frozen and canned food, spices and condiments
(Canning et al., 2010). On the other hand, the EU region
has managed to decrease its food processing sector’s
energy consumption over the past years (2005-2013),
despite an overall growth in processing (Dallemand et
al., 2015).

Aside from inputs in the form of energy, food processing
also typically increases the demand for specialized food
packaging. The impact of packaging and associated
material wastes is discussed in section 3.1.6.

Global estimates of the share of resources associated
with food processing are not available as most studies
focus on the production stage of food products where
most environmental impact still occurs (Boye & Arcand,
2012).
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1.4 TRADE

Every year, about a billion tonnes of raw and processed
food commodities are traded internationally; this
amounts accounts for 14% of the world’s food supply.
Forty-one percent of this trade happens within regions
while 59% takes place between them. Using data from
FAQ’s statistical database, we analysed trade in food
commodities between regions for the year 2011. The
high-level results of this analysis are summarized in
Figure 9 (FAO, 2015b).

Eggs and algae are the least traded commodities in
proportion to their production. On the other hand,
for each 100 tonnes of stimulants (like coffee and tea)
produced, 109 tonnes are traded. This happens because
some countries, mostly European ones, engage in
importing and re-exporting these goods. Cereals are
the most traded commodities on Earth (accounting for
30% of trade by mass). The U.S. and Canada, Europe,
and Oceania are the world’s major exporters; East Asia
and the Middle East are its major importers.

Five regions form the core network of international food
trade: The U.S. and Canada, Latin America, Europe, East
Asia, and South East Asia; 88% of the world’s food trade
passes through them. Moreover, there are three main
trade patterns in the world:

» Intra-European trade movements, which are mostly
self-contained.

» Therole of EastAsia as the largest food importer region
in the world.

» The role of the U.S. and Canada and Latin America as
the largest food exporter regions.

As seen in Figure 9, Europe is the region most involved
in international trade. 38% of global trade by mass
involves product movements between its countries
or outside of its regional borders, with 30% of the
world’s trade taking place entirely within this region.
Considering only extra-regional trade, Europe provides
11% of global exports and 18% of global imports, which
results in a regional net trade deficit.

Together, the U.S. and Canada and Latin America
account for over 60% of the world’s inter-regional trade.
Two thirds of all Latin American exports reach Europe
and East Asia. The U.S. and Canada region sells 43% of
its exports to East Asia alone. This dwarfs the exports
destined for Inter-American trade, which account for
only 18% of exports. Southeast Asia is the third-largest
food exporter, but at a far lower proportion.

THE GLOBAL FOOD SYSTEM: AN ANALYSIS

East Asia purchases 35% of the world’s traded food
products, with which it manages to provide for only
8% of its food supply. Its main trading partners are
the regions surrounding the Pacific Ocean (East Asia
imports 43% of the US & Canada’s exports, 24% of Latin
America’s exports, 39% of Southeast Asia’s exports, 40%
of Oceania’s exports, and 44% of its own exports end up
as intra-regional flows).

The Middle East and North Africa region purchases
13% of the world’s extra-regional exports. This amount
represents a third of the region’s food supply, making it
the most dependent on international trade to meet its
food availability needs.

Oceania has the highest participation in international
trade relative toits domestic production, butin absolute
terms it accounts for less than 3% of trade movements.
The Central and South Asia region has little involvement
in international food trade. In general, it is a self-
sufficient region with a small trade surplus. Finally, Sub-
Saharan Africa is the region most disconnected from the
world in terms of food trade. Its participation is less than
3% of the world’s extra-regional trade movements, with
a small trade deficit.

FOOD TRADEDIN 2011

Cereals 16%
Roots & Tubers 7%
Qil Crops 7%
Vegetable Oils 51%
Pulses 18%
Nuts 45%
Fruits 8%
Vegetables 16%
Sugar (Refined) 29%
Stimulants 109%
Spices 24%
Fodder 11%
Meat 14%
Animal Fats 14%
Milk 14%
Eggs 3%
Honey 31%

Table 2: The total percentage of each food product category that
was traded in 2011 (FAO, 2015b)
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GLOBAL TRADE FLOWS IN 2011 =

EUROPE

EXPORTS: 201,807 M

US & CANADA

3% EXPORTS: 201,807 M TONS

SUBSAHARAN
AFRICA

EXPORTS: 17,933 M TONS

2/
¥ CEREALS

OILAND OIL CROPS

. FODDER
)
S
.‘ FRUIT:

f} ROOTS AND TUBERS LATIN AMERICA 3%
' & THE CARIBBEAN 9%
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VEGETABLES

EXPORTS: 225,405 M TONS 24%
SUGAR AND SUGAR CROPS

% FIBRES
\ ALCOHOL

D wear

EAST ASIA IMPORTS THE LARGEST THE MIDDLE EAST AND NORTH AFRICA
VOLUMES OF FOOD ARE THE MOST DEPENDENT
East Asia imports only 8% of its food supply, but is the The Middle East imports 31% of its food supply, including
region thatimports the largest volumes of food in the world. 55% of its cereals, 91% of its oil and 70% of its sugar. It is the
The region also imports 41% of other products, including region with highest import dependency for its food supply.
seaweed, sugar, and fibres. Inturn, it exports a mere 9% of its food output, mostly crops

such as nuts and fruits, but also oils and sugar.
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SOUTH &
CENTRAL ASIA

EXPORTS: 35,958 M TONS
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EXPORTS: 91,619 M TONS

OCEANIA HAS THE MOST FAVOURABLE
TRADE BALANCE

Oceania imports a mere 7% of its food supply, yet it
exports 51% of its production. It has the most favourable
food trade balance in the world. Its main exports are
cereals, which go to the East Asia and South and Central
Asia regions, and oil crops, which are primarily sold to
Europe.
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EXPORTS: 23,825 M TONS

SOUTHEAST
ASIA

42%
3%

OCEANIA %4

EXPORTS: 45,021 M TONS

Figure 9: An overview of total international trade volumes between regions.
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This diagram does not include intra-regional trade

(Trade flow calculations based on FAO, 2015b for the reference year 2011)

LATIN AMERICA IS THE LARGEST
IMPORTER OF NON-FOOD CROPS

Latin America imports 15% of its food supply, yet
exports 21% of its production. Its main exports are
oil crops, which are sold to East Asia, and a range
of other productsincluding sugar, fruits and cereals.
The region imports mostly non-food crops, such as
flowers and live plants, from Europe, but also food
products from the U.S. and Canada.
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1.5 RETAIL

THE BIG PLAYERS IN
FOOD DISTRIBUTION

Distribution channels have undergone significant
changes since the economic reforms of the 1980s
and 1990s. Globalisation has created space for large
retailers to dominate over much of the developed and
developing world (Wrigley & Lowe, 2010). Today, an
estimated 51% of global food sales are purchased
through supermarkets and hypermarkets. Food sales
through these channels are growing at a rate of 2%
annually (Nielsen, 2015). While the world’s largest food
retailers were traditionally based in the U.S. and Europe,
waves of supermarket development have begun
globally out in what has been labeled the “supermarket
revolution” (S. Murphy, Burch, & Clapp, 2012).

GLOBALISATION HAS CREATED
SPACE FOR LARGE RETAILERS TO
DOMINATE OVER MUCH OF THE
DEVELOPED AND DEVELOPING
WORLD. TODAY 51% OF GLOBAL
FOOD SALES ARE PURCHASED
THROUGH SUPERMARKETS
AND HYPERMARKETS. FOOD
SALES THROUGH THESE
CHANNELS ARE GROWING AT
AN ANNUAL RATE OF 2%.

Supermarkets first spread out in the 1990s to South
America, Central Europe, and South Africa. In the early
2000s they only accounted for between 5 to 10% of the
food retail market share, however later that decade they
grew to 50% of the market. A similar pattern occurred
in Central America, South East Asia, and Mexico. The

THE GLOBAL FOOD SYSTEM: AN ANALYSIS

-

RETAIL CONSUMPTION

WASTE

final wave and most recent market expansion has been
in China, Vietnam, India, Russia, and Africa. Generally,
within nations, the spread of these large retailers has
developed out from urbanized cities and middle class
regions to rural communities (OECD Competition
Committee, 2013).

MANAGING THE BIG RETAILERS

Globalised food networks, high technological
management, diversified product branding, and
reduced nutritional content, are all characteristics of the
modern food distribution system. Retail giants such as
Walmart now use high level ICT systems to improve their
logistical management and gain a market edge on their
competitors (OECD Competition Committee, 2013). The
ICT boom of the late 1990s enabled the collection of
immediate demand-related data which helped retailers
to reduce their incumbent investments and improve
their supply chain efficiency (Deloitte Touche Tohmatsu
Limited, 2014). Because of their scale, scope, and
bargaining power, large food retailers have continued
to offer generally cheaper priced food commodities
than their small-scale competitors (Ruppanner & Mulle,
2010). So-called “supermarket price wars” between
large retailers have also led to continuous downward
pressure on food prices, which is a burden that food
producers (farmers, fishermen) are ultimately forced to
bear (Consumers International, 2012).

PROCESSING AND HEALTH

As discussed in section 1.3, food processing is increasing
in both volume and complexity over the last decades.
This trend in processing is also connected to the
structure of the retail market. While a majority of
supermarket products once consisted of relatively
basic raw ingredients and vegetables, large retailers
increasingly make their profits from “value added”
or processed goods (Deloitte Touche Tohmatsu
Limited, 2014). Roughly 80% of supermarkets goods
are processed and made by a decreasing number of
manufacturing firms due to market consolidation with
in this industry. These firms include manufacturers
and traders such as a General Mills, Nestlé, Con-Agra,
and others (OECD Competition Committee, 2013).
While some of these processed foods are relatively
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benign, “ultra processed foods” that have a high level
of additives, fats, salt and sugars and pose significant
issues for general health trends in the countries where
supermarkets dominate (Bloomberg, 2014). The majority of
these manufactured goods are low in price, high in calories,
and relatively low in valuable nutritional content (OECD
Competition Committee, 2013). This has in part contributed
to a global increase in food related illnesses such as heart
diseases and diabetes (Bloomberg, 2014).

EQUALITY

Where giant retailers have controlled a large share of
the food supply, market power has been increasingly
recognized as a potential cause of monopolistic practices
(Food & Water Watch, 2013). Recent OECD commission
studies have looked at the overall competition within
the food retail and manufacturing industry to assess the
impacts of consolidation in the market. With fewer food

-
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retailers and manufacturers, consumer prices seem to be
less closely tied to commodity prices and supplier revenue
isdecreasing (Giovannuccietal.,2012). Thisis because large
retailers and manufacturers cooperate in buyer groups to
buy bulk stock from suppliers and negotiate lower prices
for raw food and commodities (Giovannucci et al., 2012).
This is a trend which is reducing small farmers’ ability to
get paid for the full value of their produce because of a
lack of potential buyers and a loss of market power (OECD
Competition Committee, 2013).

In developed countries, the growth of large retailers is
decreasing, having gone through its largest expansion in the
early2000s (Ruppanner&Mulle,2010). While this decreasein
growth is complex, it correlates with a growth in traditional
food and local food production and distribution systems
in both Europe and the U.S. (United States Department of
Agriculture, 2012). However, as urbanisation and wealth in
developing countries increases, so does the global market
share of the largest food retail firms (Nielsen, 2015).

FOOD RETAIL CHANNELS BY REGION
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Figure 10: An overview of the different types of food retail channels in each region of the world.

(Adapted directly from Nielson “The Future of Grocery,” 2015)
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GLOBAL AVERAGE DAILY FOOD CONSUMPTION (2011)

TOTAL CONSUMPTION IN MASS TOTAL CONSUMPTION IN CALORIES
1,878g 2,870 cal.

Other Cereals 28g

Oil Crops 19g

Eggs 24g

Eggs 35 Cal

Beef 26g Beef 40 Cal

Other l4g Other 21 Cal

Pulses 19g

Other 37 Cal

Other 22g

Figure 11. Daily average global food consumption, divided into major food groups, in both mass and calories.
(FAO 2015b for food consumption volumes; USDA for average caloric data tables)
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1.6 CONSUMPTION

After a long and sometimes extremely complex journey
through the global food production line, most food
products finally reach their ultimate destination: the
proverbial plate. Food consumption patterns largely
dictate trends in food production through market
response mechanisms, while consumption practices
affect environmental and social outcomes.

CONSUMPTION PATTERNS

Consumption patterns describe both the types and
quantities of food consumed. The evolution of these
patternsis constrained by food availability and prices. As
countries develop, food expenditures tend to decline as
a fraction of total household expenses. For example, in
the U.S. and U.K,, food budgets constitute an average of
10% of household costs. In many developing countries,
food expenses remain a much larger percentage - for
example, 70% in Tanzania and 45% in Pakistan (UNEP,
2012).

BETWEEN 1350 AND 2009,
CONSUMPTION OF ANIMAL
PRODUCTS DOUBLED. IF
THE TREND CONTINUES,
GLOBAL ANIMAL PROTEIN
CONSUMPTION WILL
QUADRUPLE BY 2050.

In addition to prices determining the amount of food
consumed, prices for different types of foods also affect
dietary choices. Higher incomes and a lower fraction of
incomespenton food are associated with a shift towards
a more nutritionally diverse diet and replacement of
grains with animal products (Regmi, 2001). Within the
boundaries of food availability and price, consumption
patterns are largely determined by social, personal,
cultural preferences and by knowledge.

THE GLOBAL FOOD SYSTEM: AN ANALYSIS

CONSUMPTION QUANTITIES

Average caloric intake varies widely across the least
developed, developing, and industrialized countries,
amounting to 2,120, 2,640, and 3,430 kilocalories per
person per day respectively in 2011 (FAO, 2011). Most
regions in the world have access to a sufficient supply of
calories. However, calorie intake remains far below the
recommended daily amount in certain communities,
particularly in South Asia and Sub-Saharan Africa.
Roughly one third of Indians and 44% of those
living in Sub-Saharan Africa continue to suffer from
undernourishment (UNEP, 2012). On the other hand,
in the developed world, there is an increasing amount
of over-consumption, especially in regard to protein
(Forum for the Future, 2014).

ROUGHLY 1/3 OF INDIANS AND
44% OF THOSE LIVING IN SUB-
SAHARAN AFRICA SUFFER
FROM UNDERNOURISHMENT.

Simultaneously, there is an increasing number of
overweight individuals, both in developing and
developed countries. Nearly 2.5 times as many people
are overweight as undernourished, with cases of
severe overweight (obesity) rising in parallel. There
are a number of factors contributing to rising obesity
rates, including food prices. In the United States and
many other countries, crops like corn, soy, and wheat
are subsidized, while fruit, vegetables and nuts are not
(Mortazavi, 2011). While prices for carbonated sodas
(made with corn syrup) fell between 1980 and 2010,
prices for fruits and vegetables rose (Powell, Chriqui,
Khan, Wada, & Chaloupka, 2013). Processed foods are
typically less expensive than fresh foods because they
largely consist of cheap (often subsidized) ingredients
such as grains, sugar, and oil. These foods also contain
more calories when compared to their mass and
nutritional value. Figure 11 illustrates how unevenly the
mass of food consumed translates into caloric value.
Consumption quantities and their surrounding trends
are further discussed in sections 2.2 and 3.2.2.
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GLOBAL AVAILABILITY OF CALORIES PER CAPITA (1961) (KCAL)
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() 3200-3599 @ 2000-2199 4
3000-3,199 @ :600-1999

2600-2999 @ 5eow 1600

() 2200-2599 () Nodata

GLOBAL AVAILABILITY OF CALORIES PER CAPITA (2009) (KCAL)
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Figure 12: Acomparison of global availability of calories per capita in 1961 and 2009.
(FAO, 2015b)

58




PRODUCTION PROCESSING TRADE

NUTRITIONAL QUALITY

The composition of diets and quality of nutrition varies
globally. Most high-calorie countries have high intakes
of nutritionally insubstantial sugar and sweeteners,
with North America ranking highest with 15% of calories
coming from this category. Moreover, almost all high-
calorie regions obtained more than 10% of their calories
from meat, whereas low calorie regions obtained less
than 5% of their calories from meat (FAO, 2011). Rising
incomes and purchasing power results in a nutrition
transition, with the largest impact being an increased
amount of consumption of animal protein. Between
1950 and 2009, consumption of animal products
doubled. If the trend continues, global animal protein
consumption will quadruple by 2050, compared to
1950s levels (Nellemann, 2012).

Humans require a large volume of macronutrients
such as protein, carbohydrates, and fats for growth,
development, energy provision, and many other vital
functions. Additionally, there are a large number of
micronutrients which are necessary in smaller amounts,
including other essential vitamins and minerals. Over- or
under-consumption of vitamins and minerals can lead
respectively to toxicity or deficiency. While nutritional
deficiencies are often coupled with undernourishment,
itis possible to consume a sufficient amount of calories
and still suffer from a lack of important micro-nutrients.
The most prevalent deficiencies of vitamin A, iron,
iodine, and zinc in the diet, contribute to an estimated
19% of childhood deaths and 6% of DALYs (disability-
adjusted life years) (Black, 2003).

Although there is an indication for increasing conscious
and healthy food choices by some consumers, this is
a small dynamic in the context of general consumer
choicesaroundtheworld. The conceptofthe healthiness
of food varies across cultures, and geographic regions.
When considering consumer perceptions of healthiness
more broadly, there are a few key points that influence
their purchasing behaviour. For one, consumers may
not be educated on what types of foods are healthy.
Low levels of literacy and general education reduce the
ability to understand nutritional labeling and thus the
ability to make informed consumption choices (Wagner,
2014).
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RETAIL

»

CONSUMPTION WASTE

FOOD PREPARATION

In addition to the quantity and quality of foods that are
consumed, methods of preparing and storing food are
important for overall outcomes of the food system.

The process of cooking is important for a number of
reasons such as sterilizing harmful bacteria and other
microorganisms, removing toxins, and increasing the
availability of certain nutrients (Carmody, Weintraub,
& Wrangham, 2012; Miglio, Chiavaro, Visconti, Fogliano,
& Pellegrini, 2008). At the same time, cooking requires
energy, contributing to emissions due to electricity
production, and other fuels like wood and gas (Hager
& Morawicki, 2013). Around 2.7 billion people rely on
burning biomass for cooking globally, leading to further
air emissions and health problems for those cooking
indoors (IEA, 2014).

The bioavailability of protein is commonly measured
by the percentage of nitrogen present that is retained
(referred to as the biological value) and varies by
source between around 60-70%. Plant-based sources
generally have a lower biological value than animal-
derived products, requiring a higher volume of protein
consumption to ensure an adequate nitrogen balance
(Reeds & Garlick, 2003). Proteins are denatured by
heat, making them more easily digested by humans
when cooked. Proper processing and cooking methods
can also decrease anti-nutrients such as phytate,
polyphenols, and oxalate, which reduce absorption of
nutrients, while also increase bioavailability by freeing
nutrients from chemical compounds. Such processing
and cooking methods include thermal processing
(boiling, steaming), mechanical processing (pounding),
soaking, fermentation, and germination (Hotz & Gibson,
2007).

In some instances however, cooking may reduce the
nutritional value as a result of losses and changes in
major nutrients, including proteins, carbohydrates,
minerals and vitamins (FAO, 1990). In particular,
cooking in water or oil which is then drained off and not
consumed removes a large portion of nutrients, varying
between 35-70% for different nutrients and raw foods
(United States Department of Agriculture, 2007).
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1.7 WASTE

All industrial activities within the current economy,
including agriculture, lead to the production of material
by-products that do not have an immediate useful
function, otherwise known as “wastes” The food
system is no exception to this rule, and is implicated
in the generation of many kinds of waste, including,
but not limited to: crop residues, agricultural plastics,
chemically contaminated waste water, manure, food
packaging, and food waste. These topics are individually
dealt with in more detail in Chapter 3.

PROCESSING  TRADE

Some of the most salient statistics around waste in the
food system to briefly mention in this overview chapter
include:

» An estimated 31% of all food (by mass) is wasted
rather than consumed, representing a massive [0ss
in embodied land, water, labour, and energetic
resources (FAO, 2015b). Some estimates of food waste
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go as high as 50% of total production (IMechE, 2013).
Figure 13 shows the fraction of food losses and waste
taking place at the consumer stage across different
geographic regions.

Solid waste from food packaging contributes up to
half of the volume of municipal waste streams in many
countries (Bournay et al., 2006,).

The food system’s almost 30 billion animals produce
over 200 billion tonnes of manure annually, much of
which is inappropriately handled and contributes to
global nitrogen cycle overloading (FAO, 2006).

80% of all domestic wastewater is untreated, further
contributing to imbalances in the global nutrient cycle
and leading to “wasted” nutrient streams, which could
otherwise be recovered for further use in the food
system (UNESCO, 2003).

PER CAPITA FOOD LOSSES AND WASTE BY REGION (KG/YEAR)

300 kg/ yr

200 kg/ yr

100 kg/ yr

il

EUROPE NORTH INDUSTRIALIZED SUBSAHARAN NORTHAFRICA, — SOUTH& LATIN
AMERICA ASIA AFRICA WEST & SOUTHEAST AMERICA
S&OCEANIA CENTRAL ASIA
ASIA

Figure 13. Food waste at the consumer
stage across geographic regions
(FAO, 2015b)
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Sunrise in Peachy Canyon vineyard in California.
- Creative Commons: Malcolm Carlaw



2.0 INTRODUCTION

The enormity of the food system is plainly apparent from the data presented in the
previous chapter. Since World War Il, the system has tripled its output across many
categories of foods to keep pace with population growth and changes in food demand
patterns (FAO, 2015b). As we discuss in more detail in Chapter 3, the continued increase
in resource throughput accompanying this expansion has placed ever greater stresses
on both the biophysical resource base of the food system as well as the people and
animals influenced by it.

In this chapter we present some of the trends and underlying dynamics of the food
system in order to better understand how its current shape and direction have evolved.
The resource flows linked to the different aspects of the food system have not all grown
uniformly. With regards to some parameters (land, greenhouse gas emissions) the food
system has gotten much more efficient (though absolute throughput has stillincreased),
whereas with regards to other parameters (pesticides, fertilizers), the food system has
gotten much more resource-intensive over the period examined, with some recent
signs of increased efficiency. In addition to looking at the quantifiable outcomes of the
food system’s activities (food production, resource consumption), we also examine a
few of the driving trends (population, GDP) and emergent behaviours (intensification,
consolidation) that have shaped the system and characterise its current functioning.

In the discussion section at the end of this chapter, we further look at the implications
of the food system’s current trajectory for the coming decades using the FAO’s business
as usual projections for 2050 as a starting point. Despite its current enormity, the food
system is poised for continued expansion due to projected increases in population
growth and wealth. This projected increase in demand raises critical questions regarding
limits to the system’s expansion under its historic model of development.

KEY MESSAGES:

» Global food and agricultural production have increased significantly since the end of WWII
spurred by a combination of population and economic growth along with technological
and cultural shifts in production practices. The amount of food produced per area of land
(yield) has steadily increased, demonstrating an emphasis on increasing agricultural
output per unit of land area.

» The Green Revolution played a significant role in establishing intensive agricultural
production methods globally and shaping the reigning philosophies in mainstream
agricultural practice. Though widely credited with helping avert anticipated large-scale
food shortages in the post-WWII era, the intensification practices brought on by the Green
Revolution have also been critiqued for driving ecological degradation and entrenching
dependency on non-renewable resources like fossil fuels.

» Thereis more food produced today per person than ever recorded. Both calories and grams
of protein per capita have steadily increased since the 1950s.

» Growth in yields has begun to slow in recent decades, with annual yield increases in cereal
crops now growing on average at half the rate necessary to reach a (potentially necessary)
doubling of food production by 2050. The genetic potential of major crops is being reached
and land degradation as well as lack of investment in low-producing regions is leading to
overall yield declines.

» There is enormous global variability in yield, and the global yield gap between the most
and least productive farms globally has increased dramatically since the 1950s.
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The food system’s absolute resource use (water, pesticides, fertilizer, energy) has increased
significantly over the period evaluated. However, resource intensity per unit of food output
has been improving for certain resources. Emissions intensity measured in tonnes of CO,
eq. per tonne of food has decreased. Fertilizer and pesticide intensity have more recently
begun to show signs of decline as well. These are indications that the system is becoming
more efficient as it expands.

Key trends that have been driving the expansion pattern and structure of the food system
include increases in global population, wealth, and urbanisation. These increases are
associated with changes in consumer dietary preferences, which have led to the increased
complexity and resource-intensity of average diets.

Policy-supported trends have also led to structural shifts within the food system. Notably,
demand for non-food uses of crops, particularly biofuels and biomaterials, is putting
significant pressure on the resource base needed to support continued food production.

The food system exhibits several large scale behavioral trends including intensification,
consolidation, specialisation, and regionalisation. As evidenced in steadily increasing
yields, intensive practices now define much of the food system. Control of the system has
consolidated onto a handful of actors in production, processing, and retail. Intra-regional
trade now encompasses the majority of international trade, indicating a slow-down in the
effect of globalisation towards a more regional model.

Funding for agricultural research and development is not evenly distributed across
nations or production methods. This has allowed certain nations and regions to improve,
while many low-income nations are excluded. Similarly, funding has been prescriptive
in developing specific production methods, allocating little opportunity or funding for
alternative practices to take hold.

A slowly growing counter-movement to the intensive practices brought on by the Green
Revolution has begun to emerge in the form of alternative, lower-impact agricultural
systems. However, these practices still make up a small minority of agricultural production
worldwide and are generally under-researched. New practices and food processing
techniques (advanced greenhouse horticulture, symbiotic agricultural systems like
aquaponics, agroecological practices, vertical urban farming, alternative and synthetic
protein products), present a small, but promising frontier for food system innovation.
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Understanding the history of the food system and the
origins of its current development patterns provides vital
insights for shaping a more sustainable pathway for its
further evolution. In this section we review some of the
major trends that have characterized resource throughput
in the food system over the last decades, some of the
proximate drivers that have shaped these trends, and a
few of the key emergent behaviours that have defined
larger-scale patterns in the system. An important backdrop
for any discussion about trends in the food system is an
understanding of the major transformation of agriculture
that took place in the 20th century known as the Green
Revolution.

THE GREEN REVOLUTION

The Green Revolution refers to the decades-long
technological development and transfer process, which
lasted roughly from the 1930s to late 1960s, and centered
around the implementation of intensive agricultural
production methods that characterise present-day
“conventional” agricultural practices (see section 1.2.7).
The technologies implemented included high-yielding
crop cultivars, synthetic chemical inputs, mechanisation,
modern irrigation, and monocultures (Fitzgerald-Moore &
Parai, 1996). Asia was the primary beneficiary of the Green
Revolution, where its practices led to unprecedented
increases in yields of rice, maize, and wheat (FAO, 2000).

In the 1980s and early 90s, trade negotiations and
agreements such as NAFTA and the Uruguay Round formed
new freetraderelations, furtheraidingin the spread of Green
Revolution practices (Brainard, 2001). Global markets were
flooded with cheap agricultural goods, whose production
wasenabled by moreintensive cultivation techniques. Local

Figure 14. Trends in global agricultural
and food production, agricultural land
use, and global population.

(FAO, 2015b)

producers, who up until then used less-intensive methods,
were pressured to adopt intensive agricultural practices in
order to remain competitive on the global market.

Norman Borlaug, the agronomist known as the “Father
of the Green Revolution,” received the 1970 Nobel Peace
Prize for his work and has been credited with saving over
a billion people from starvation through the production
increases associated with the new intensive practices
(Easterbrook, 1997). Though it may have indeed helped
avert global famine as broadly reported (FAO, 2011 ), the
Green Revolution also led to many structural changes in
the global food system, many of which are now viewed in
a less-positive light.

One such example is the resulting increased dependency
on fossil fuels and their derivatives, creating a lock-in
effect that has been argued to undermine the structural
resiliency of the food system (Pfeiffer, 2013). Because
Green Revolution techniques rely heavily on automation
(and its associated fuel use) as well as fossil-fuel derived
chemicals (fertilisers, pesticides), the agricultural system
is now more tightly bound than ever to the volatility of the
fossil-fuel market (see section 3.3). The long-term effects
of the Green Revolution have also led to public awareness
of environmental degradation issues associated with
agriculture, including serious human health effects from
pesticide use (Culver, Mauch, & Ritson, 2012). The negative
impacts of the food system, further discussed in Chapter 3,
are broad and varied; many of these can, at least in part, be
attributed to the intensification of agricultural practice that
had its origins in the Green Revolution.

GLOBAL AGF
PRODUCT

GLOBAL POPULATION

GLOBAL FOOD
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2.1 OUTCOME TRENDS

It is likely that without the Green Revolution, the food
system would not have been capable of undergoing
the expansion that we have witnessed since the end
of World War II, which has largely underpinned global
capacity for providing an uninterrupted food supply for
a growing, wealthier population.

Agriculture now occupies 38% of global land, consumes
69% of global fresh water withdrawals, and uses 30% of
the world’s primary energy each year (AQUASTAT, 2014;
FAO, 2012a; The World Bank, 2014a). In this section we
survey some of the most evident physical trends that
have accompanied the expansion of the food system
to its current state, both in terms of absolute growth
and relative efficiency. First we focus on the “outcome
trends;” those that are often seen as performance
metrics of the food system, rather than those that have
been driving the changes at hand.

FOOD PRODUCTION

The amount of food produced globally more than
tripled from 1961 - 2011, growing at an average rate
of 2.30% per year. In 2011, 4.54 billion tonnes of food
were produced (FAO, 2015b). In this time period, global
meat and crop production more than tripled, growing
t0 205% and 209% above 1961 levels respectively, while
global fisheries output quintupled (416%). Meat, crops,
and fisheries production had annual growth rates of
2.26%, 2.28% and 3.34% respectively. Though meat and
fisheries production have increased significantly, their
collective share of production has remained relatively
stable at around 25%. Fisheries, individually, have
increased in share of production from 1.8% in 1961 to
3.1%in 2011 (FAO, 2015b).

GLOBAL AGRICULTURAL PRODUCTION, LAND USE,
AND POPULATION BETWEEN 1961 AND 2009

8 BILLION
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Global statistics obscure the localized nature of many of
thesechanges.Asdescribedinsection 1.2.4, there arestrong
regional differences in food production, both in terms of
type as well as volume of food produced. Food production
has grown irregularly throughout the world, continuing
historical imbalances in food availability. Notably, as
discussed in chapter sections 1.6 and 3.2.1, increases in
global food production have not led to a commensurate
increase in overall global food security, despite the fact that
sufficient food is currently produced to provide nutrition
for the entire population (FAO, 2015b). This emphasizes the
critical importance of economic factors, such as poverty, in
the question of food security.

A large part of the variations in food production globally
derive from changing patterns in yields, which have also
progressed at an uneven pace across regions.

YIELD

From 1961 to 2011, global agricultural yield (both food and
non-food) increased by 186% at a rate of 2.13% annually.
In 1976, the global agricultural system crossed an historic
threshold, reaching an average global production level

GLOBAL TOMATO YIELD VARIATION
IN 2011 (TONNES / HA)

Comoros
Surinams
Cook Islands
Jamaica
Ukraine

of over one tonne per hectare. By 2011, global average
yield had once again almost doubled since this previous
milestone, reaching 1.988 tonnes per hectare. Figure 14
illustrates these evolving trends and correlation between
population, agricultural output, and land use. The data
clearly present a much higherincrease in global agricultural
production relative to a comparatively low increase in land
use, demonstrating significant increases in food output per
unit of land area (in other words, yield).

YIELD GROWTH IS SLOWING

Theimpressive gainsinyield largely facilitated by the Green
Revolution allowed for food output to exceed population
growth for much of the 20th century. Though population
and wealth have continued to rise, recent empirical studies
have shown that growth in yield has significantly declined
since the early adoption era of intensive practices.

Yield increases for major cereal crops, which are responsible
for nearly two-thirds of the calories delivered by agricultural
production, are increasing at a much lower rate than they
have historically. Ray et al. found that cereal yields are
generally growing at an average of half the rate required to
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Figure 15: An overview of total yield (tonnes per ha) for tomatoes. Only a few countries have

been highlighted in this graph. (FAO, 2015b).



reach a doubling of global production by 2050, which
is frequently cited as a target figure for avoiding food
shortages by 2050 (Ray, Mueller, West, & Foley, 2013).
Similar findings are echoed throughout the literature,
concluding that the gap between average farm vyields
and genetic yield potential of major crops is closing and
thatland degradation is leading to overall yield declines
(T. Robinson et al., 2011; Wirsenius, Azar, & Berndes,
2010).

Once again, however, though global statistics provide
an important metric, the evolution of yields has varied
greatly across regions and is greatly dependent on local
context.

VARIATION IN GLOBAL YIELDS

Variation in vyield is enormous across products,
geographies, and production systems. As a simple
indication of the significant spread in yields, Figures
15 and 16 show the global range in average yields for
two products: tomatoes and wheat (FAO, 2015b). The
highest average tomato yield (in the Netherlands) is
around 500 times greater than the lowest (Somalia).
This is a much more extreme range than that which is
seen for wheat, where the difference between highest
and lowest average yields amounts to around a 10-
fold difference. At the same time, maximum average
tomato vyield per hectare can generally reach masses
several hundred times than wheat yield (on the order
of 500 tonnes per hectare versus 10 tonnes per hectare),
showing the significant differences in yields inherent
between product types (though it is important to note
that nutritional density of these products is also highly
variable). In short, certain agricultural products result in
inherently greater production yields. These differences
in yield result both from the inherent biology of the
products and the agricultural practices implemented
by farmers.

In addition to showing wheat yields, Figure 16 shows in
parallel the total area harvested per country. The clear
indication is that many of the countries with the largest
areas planted arefarfromthe most productive. From this
we can conclude that even moderate increases in yield
in these low-yielding regions could have dramatically
positive impacts on the global food balance.

THE YIELD GAP

The un-captured yield potential between what a crop
could biologically and technically yield in a given
context and what it actually yields is referred to as
a “yield gap” (Van Wart, Kersebaum, Peng, Milner, &
Cassman, 2013). The global yield gap refers to the total
unexploited yield potential across farms globally. This
topic is the subject of much study, since capturing
this potential could reduce the need for the future
expansion of arable land and contribute to improving
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farmer livelihoods. However, the full scope of the global
yield gap is not currently known, because actual yield
potentials are highly contextually variable (based on
factors like local climate and soil conditions and the
potential for irrigation). Efforts are underway to gain
more fine-grained insight into the full scope of the
global yield gap, through projects such as the Global
Yield Gap Atlas (www.yieldgap.org).

In many parts of the world, agricultural intensification
has already run its full course exploiting the maximum
genetic potential of crops. By contrast, there are
many regions in the world where intensification
practices were never introduced and yields remain
exceedingly low (most notably in Sub-Saharan Africa).
Combinations of factors that often go beyond mere
technical performance have led to the stagnation of
crop vyields. These factors include declining research
and investment and the increasing opportunity cost of
labour (Reardon, Barrett, Berdegue, & Swinnen, 2009).
More discussion on  this topic can be found in section
5.2.3.

RESOURCE USE

The primary instruments behind the increases in
productivity and yield throughout the Green Revolution
relied on an intensification of resource inputs such as
water, fuel, fertilisers, and pesticides. These increases
in inputs, as already discussed in the previous section,
allowed for sharp gains in land-use efficiency at the
expense of impacts in other parts of the system (see
Chapter 3). In this section we look at some of the trends
surrounding the evolution of input use over the last fifty
years.

LAND

Land has consistently been alimitingfactorforthe global
agriculture system’s expansion. The moderate growth
seen in land use reflects the system’s limitations. From
1961t0 2011, the area of land devoted to food increased
by 11%, with an annual growth rate of 0.2%. In 2011, all
agricultural land (food and non-food) accounted for
4.54 billion hectares. The total expansion of agricultural
land has amounted to roughly 500 million hectares
since 1961 (FAO, 2015b).

Although growth in land use has been moderate
relative to production trends, the impacts of land use
change are often significant. The continued expansion
of cropland and pastures is the primary driver of
habitat disappearance and fragmentation globally,
which in turn is the single largest cause of biodiversity
loss (Convention on Biological Diversity, 2015). The
conversion of natural ecosystems to agricultural land,
resulting in the loss of their carbon sequestration
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GLOBAL WHEAT YIELD VARIATION (TONNES / HA) (IN GREY) AND GLOBAL
LAND AREA PLANTED TO WHEAT (IN BLUE)
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Figure 16: This graph shows global weigh yield variation (in blue) compared to global land area
planted for wheat (in grey).(FAO, 2015b).
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potential, is also one of the more significant sources
of global greenhouse gas emissions. Estimates for the
contribution of deforestation to global GHG emissions
have ranged from 6 - 17% (van der Werf et al., 2009),
with more recent research suggesting 10% as the most
likely figure (Baccini et al,, 2012; Harris et al.,, 2012).
Expansion of arable land is therefore considered highly
undesirable, to avoid both biodiversity loss and climate
change impacts. While there is some further availability
of arable lands, analysis shows that land suitable for
pasture has been fully exploited worldwide (Robinson
etal, 2011).

Despite the fact that expanding agricultural land is not
a preferred direction, significant attention has been
paid in research to understanding the existing potential
for further agricultural land development. This has
largely been in response to doubts concerning the
feasibility of sufficiently increasing yields on currently
developed land resources. The Global Agro-Ecological
Zones (GAEZ) study conducted by IIASA and FAO,
concluded that a total of 1.4 billion hectares of prime
and good agricultural land that could be brought into
cultivation if needed (Fischer et al., 2008). Though this
assessment did not exclude lands used for pasture, it
did exclude land currently under cultivation, forested
land, protected land, or land already occupied by non-
agricultural uses. In theory, this land could be brought
into use for cultivation, though this would often come
at the expense of pastures or require considerable
investments in infrastructure, soil preparation, or
disease eradication.

Though this may sound like a positive prognosis, a
majority of these suitable lands are considered too
remote or costly to develop to be worth the investment.
Moreover, most of this land is concentrated in just a few
countries (60% of it is located in just 13 nations), which
is a spatially insufficient distribution of this resource
when considering regional demand for food production
(Alexandratos & Bruinsma, 2012).

The impacts of and limits to land use change are further
discussed in section 3.1.1 in relation to biospheric
integrity and in relation to soil management in section
3.1.2.

WATER

Though irrigated agriculture covers only one fifth of
arable land it contributes nearly 50 percent of crop
production, indicating that continued water supply
is one of the most critical inputs for increasing yields
(Steinfeld, H., Gerber, P, Wassenaar, T., Castel, V.,
Rosales, M., & De Haan, 2006). Since the 1960s, the
area of irrigated lands has doubled, to around 300
million hectares. Areas limited to rainfed agricultural
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production face significant disadvantages in terms
of yields. Various studies have indicated that global
expansion potential for irrigation is limited for reasons
including access to sufficient water resources as well
as costs of development. The FAO estimates that 180
million hectares remain suitable for expansion, of which
they estimate that around 20 million will be developed
by 2050 (Alexandratos & Bruinsma, 2012).

Global freshwater resources are highly irregularly
distributed in both spatial and temporal context. A
number of countries worldwide is significantly over-
extracting their available water resources. Using more
than 20% of renewable water for irrigation is considered
entering the threshold of impending water scarcity.
22 developing countries have already passed this
threshold, with 13 in the critical, “over 40%” class. On
the regional level, North Africa and South Asia already
withdraw 52 and 40 percent of their water resources
respectively (Alexandratos & Bruinsma, 2012), leaving
little room for expansion in these regions where yields
are among the lowest globally and undernourishment
remains pervasive.

The impacts associated with the over-consumption of
fresh water are further discussed in section 3.1.3.

FERTILISER

Fertilisers are essential for maintaining yield levels
as they provide nutrients necessary to support plant
growth and maintain soil quality. Over-application
of fertilisers is also associated with the disruption of
the global nutrient cycle and a plethora of negative
impacts, which are further discussed in section 3.1.7.
Synthetic fertilisers, derived from fossil fuel sources,
were one of the most significant innovations of the
Green Revolution.

From 1961 to 2002, global fertiliser use increased by
353%, with an annual growth rate of 3.75% (FAO, 2015b).
In 2002, global fertiliser use was reported at 141 million
tonnes. Using fertiliser consumption rate per crop as
reported by FAO and 2011 agricultural land use figures,
total fertiliser use in 2011 was estimated at 200 million
tonnes (FAQ, 2007). In the early 1990s global fertiliser use
declined significantly. This dip in fertiliser consumption
can be attributed to changes in Eastern European
growing practices caused by regional restructuring after
the dissolution of the USSR.

With respect to yields, fertiliser intensity (tonnes of
fertiliser / tonne of crop) increased from 1961 - 2002, but
peaked in 1988 at 51 kg / tonne. An increase in fertiliser
intensity is expected as yield increases, but a peak in
fertiliser intensity suggests that the system is becoming
more efficient with regards to fertiliser usage.
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PESTICIDES

Pesticide use also increased as the global food system
grew. Globally, pesticide use more than doubled from 1990
-2011, with an annual growth rate of around 2%. According
to FAO data, pesticide use peaked in 2007 at 3.68 million
tonnes (FAO, 2015b). This report estimates global pesticide
use to be 4.4 million tonnes annually, based on per-crop
pesticide demands. While reported quantities differ by
source, the FAO data provide invaluable historicinsight into
global trends of pesticide use.

Pesticide intensity follows a similar path to pesticide
consumption, peaking in 2007 at 0.42 kg of pesticide /
tonne. From 1990 to 2011, pesticide intensity increased
by 76%, but had more than doubled as of 2007. While
global food production has steadily increased, pesticide
and fertiliser use has wavered. This shows a slow, but
progressive, decoupling between yields and inputs. The
impacts associated with the use of pesticides are further
discussed in section 3.1.5.

GREENHOUSE GAS EMISSIONS

Synthetic fertilisers and pesticides increase the food
system’s overall energy consumption and associated
emissions because of the high energy use associated
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with their production. Global emissions from agriculture,
defined as IPCC tier 1 emissions, which include embodied
emissions of inputs, almost doubled between 1961 and
2011, growing annually at a rate of 1.34% (FAOSTAT, 2015;
Intergovernmental Panel on Climate, 2014). However,
the largest contributor to agriculture emissions is enteric
fermentation - which results in the release of methane
gas from the digestive system’s of livestock - at 40%,
while synthetic fertilisers account for 13% (Tubiello et al.,
2014). When weighed against total agricultural production,
the intensity of CO,-equivalent emissions has steadily
decreased from 1961 to 2011 to 62% of 1961 intensity, which
is a reduction rate of 0.85% annually. These trends show the
increasing efficiency of the global food system with regards
to greenhouse gas emissions.

Greenhouse gas emissions have an important feedback
loop with the agricultural system, since they are the
primary driver of anthropogenic climate change. Climate
change is expected to have variable effects with regards
to agricultural yields in different parts of the world (some
positive, some negative), though on balance, it is projected
to have negative impacts on yields in some of the most
sensitive regions in the world (Alexandratos & Bruinsma,
2012). The impacts associated with GHG emissions and
climate change are further discussed in section 3.1.4.



2.2 DRIVING TRENDS

In this section, we focus on some of the underlying
quantifiable trends that have served as drivers for the
growth and transformation of the food system. Many
such driving trends can be documented. Here, we focus
on four that are broadly considered some of the most
significant: the global human population, global human
wealth (as measured in GDP), changes in consumer
diets, and a significant shift towards the production of
biofuels and biomaterials.

POPULATION

The vast growth in food and agricultural production
can be partially attributed to global population growth.
Global population more than doubled between 1961
- 2011, with an annual growth rate of 1.65% (FAOSTAT,
2015). As the food system's ultimate function is to
provide adequate nutrition to the world's population,
major increases in population challenge the food
system to produce enough food to adequately meet
demand.

While population increases help drive growth in food
production, this does not present the complete picture.
Food production has outpaced population growth,
with food production per person increasing from 1961
- 2011 at an annual rate of 0.64%. In 2011, there were
669 kilograms of food available per person compared
to 487 in 1961, an increase of 37% (FAOSTAT, 2015). By
this measure, there is more food available per person
globally than ever before. Looking more closely at this
trend, the availability of energy from food, measured
in kcal per capita per day, increased by 31% from 1961
to 2011 at an annual rate of 0.54%. Similarly, available
protein, measured in grams of protein per capita per
day, also increased by 31% from 1961 to 2011, growing
at an annual rate of 0.54% (FAOSTAT, 2015).

GROSS DOMESTIC PRODUCT

Production growth has also been influenced by growth
in global wealth. From 1961 -2011, global GDP (constant
2005 USD) increased by 461% while per capita GDP
(constant2005USD) increased by 148% (The World Bank,
2014b). Increased wealth grants populations access
to more food both in quantity and diversity (Gerbens-
Leenes, Nonhebel, & Krol, 2010). The significant growth
seen in food production relative to GDP and population
can be partly explained by the combination of growth in
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both metrics. The global population is larger and richer
than fifty years ago, which has direct implications on
food demand patterns and therefore production trends.

CHANGING CONSUMER DIETS

The primary shift in consumption patterns since the
1960s has been a large-scale increase in the throughput
of food consumption as a result of increases in
population. In addition, as discussed in section 1.6,
the past decades have witnessed a global shift towards
more complex, processed, and resource-intensive diets.
The increase in overall food consumption as well as
changes in the composition of the global average diet
have been driven by at least three underlying global
trends: population growth, urbanisation, and increased
wealth.

SINCE THE 1950S CONSUMER
DEMAND FOR MEAT AND FISH
HAS ROUGHLY DOUBLED.

Global economic trends are driving more people to
move to urban areas (Madlener & Sunak, 2011). Urban
consumers have access to the global food chain, and
thereby a more diverse, nutrient-dense, and resource-
intensive diet. Urbanisation is also often followed by
increases household income. The process of dietary
change has been described to follow two main stages
upon the increase in wealth: an “expansion” phase
followed by a “substitution phase (Kearney, 2010). The
expansion phase is characterised by higher levels of
consumption to provide increased caloric input, usually
from cheaper, vegetable-based foods. The substitution
phase involves a shift from carbohydrate-based staple
foods to more desirable and expensive categories of
food such as animal products, sugars, and vegetable
oils. Between 1950 and 2009, consumption of animal
products doubled. If the trend continues, global animal
protein consumption will quadruple by 2050, compared
to 1950s levels (UNEP, 2012). In addition, average per
capital fish consumption increased globally from 9.9 kg
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in the 1960s to 19.2 kg in 2012 (FAO, 2014), which has been
a notable driver in the unsustainable expansion of fishing
fleets (as discussed in section 1.2.3)

As will be discussed in more detail in section 3.2.2, food
over-consumption and the related trends of increasing
overweight and obesity are now prevalent across both the
developed and developing worlds. Obesity is now found in
all developing regions, and is growing rapidly, even where
hunger exists. In China, the number of overweight people
jumped from less than 10% to 15% in just three years. In
Brazil and Colombia, the figure hovers around 40%-a level
comparable to a number of European countries. Even Sub-
Saharan Africa, the region with the highest percentage of
undernourishment, is seeing a rise in obesity (FAO, 2012b;

Kruger, Puoane, Senekal, & van der Merwe, 2005).

BIOFUELS AND BIOMATERIALS:
COMPETING WITH FOOD

Asidefromthethree primarydrivingtrends discussed above,
there are many policy-driven shifts that are dramatically
affecting the food system. Though it is beyond the scope
of this report to address all of these, one of the dynamics
that has recently been impacting crop choice and land use
allocation within the food system is policy support for a
transition to a biobased economy. In 2011, 7,4% of primary
crops and 14,4% of processed crops were diverted to non-
food uses, accounting for 11,6% of global arable land use
(FAOSTAT, 2015). A majority of these uses can be attributed
to biofuel production (Lampe, 2007).

BIOENERGY

Already in 2006, over 50% of Brazil's annual sugar crop was
utilized for bioethanol production, while in the EU around
30% of vegetable oil production was diverted to biodiesel
manufacturing (Lampe, 2007). This heavy toll in terms of
land resource use only displaces a minor fraction of global
fuel demand (2,5% in 2010) (Searchinger & Heimlich, 2015).

Based on current policy commitments and subsidy
programs targeted at its expansion, production of biofuels
is expected to more than double by 2021 over 2011 levels,
increasing from around 30 billion gallons of production
to around 65 billion gallons (Bastos Lima & Gupta, 2014;
Lawrence & Wheelock, 2011). Most of this projected
expansion is anticipated in Latin America and Asia.

Though production of biofuels has recently slowed down
due to low oil prices, many governments continue to
mandate biofuel blending in liquid fuels, which has largely
dictated biofuel production levels. Brazilian ethanol
blending mandates were recently increased to 27%, though
mandates in the United States and European Union are
expected to remain stable (OECD & FAO, 2015).
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Some institutions have endorsed broader bioenergy goals;
the International Energy Agency, for example, recommends
a target of 20% of world energy from biomass. Achieving
this goal would require the equivalent to the total harvest
of all global crop, grass, crop residue, and woody biomass
produced in the year 2000, and would, according to
estimates by the World Resources Institute, increase the
projected 2050 shortfall in food availability by an additional
31% (World Resources Institute, 2013a).

The key feedstocks used for the production of first
generation biofuels and biodiesel are food crops, with oil
crops serving as the main source of biodiesel, while cereal
and sugar crops serve as primary feedstock for bioethanol
(US. Energy Information Administration, 2012). As such,
these first generation biofuels present a source of direct
competition for food through the diversion of primarily
food products, and the competition for land that could be
used for other food production.

ACHIEVING THE INTERNATIONAL
ENERGY AGENCY'S SUPPORTED
TARGET OF 20% OF WORLD
ENERGY FROM BIOMASS WOULD
REQUIRE THE EQUIVALENT OF
THE TOTAL CROP, GRASS, CROP
RESIDUE, AND WOODY BIOMASS
PRODUCTION IN THE YEAR 2000.

For foreseeable decades, projections indicate that the
majority of the volume of biofuels will be produced using
first-generation technology based on carbohydrate and
lipid feedstock (OECD & FAO, 2015). Second generation
biofuels, based on cellulose and its derivatives, are generally
considered less problematic for food competition because
they utilize plant residues that are inedible by humans and
occur as agricultural byproducts. However, itisimportantto
note that even agricultural residues can have critical roles
to play in sustainable agriculture, for example as animal
feed or for the benefits associated with residue retention
(IAASTD, 2009).



BIOMATERIALS

Biofuels are not the only non-food use for food crops.
Though still small, the bio-based materials segment
is also poised for rapid growth according to market
analyses. Bio-based polymers are projected to triple in
production capacity from 5.1 million tonnes in 2013 to
17 million tonnes in 2020, going from 2 to 4% market
share respectively. (“Fast growth of bio-based polymers”
2015). Overall, the growth of major bio-based chemical
groups is projected to increase at a rate of 5.3% per
annum between 2008 and 2020, reaching an overall
market share of 6% in the chemicals sector. The long-
term perspective of the bio-plastics market could reach
70-100% market share post 2030 (Europe Innova, n.d.).

PROCEED WITH CAUTION

Though the biomaterials market may seem small in
comparison with the one forbiofuels, they are ultimately
both competing for the limited land, nutrient, water,
and photosynthetic capacities of our planet’s vegetated
ecosystems. There is a paradoxical tendency for policies
relating to the same resource base, and often even the
same ecologically-minded intentions, to be made in
isolation from one another. Policies surrounding both
biofuels and other biobased materials should be made
with a nuanced perspective on material origin, with a
critical evaluation of their potential impact on resources
that compete with food security.

CURRENT AND PROJECTED BIOFUEL PRODUCTION BY FEEDSTOCK
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Figure 17: The current and projected production of biofuel crops, by feedstock type (in billions of litres per year).

THE GLOBAL FOOD SYSTEM: AN ANALYSIS

(Lawrence & Wheelcock, 2011)_

75




2.3 BEHAVIOURS

When taken together, the trends described in this chapter
result in observable, larger-scale “behaviours” that have
characterised the identity of the food system. System
behaviours are ‘emergent properties, arising from the
aggregate actions of many different actors within a system.
Therefore, a behaviour cannot be linked to single country,
company, or moment. Observing these behaviours can
provide important clues regarding the underlying rules
and structures of the system, which define the overall
constraints shaping the system's performance. Some of the
underlying structures and rules within the food system are
further discussed in Chapter 4 of this report.

Out of the many behaviours of the food system, in this
section we highlight intensification, consolidation,
and regionalisation. In addition, we discuss how these
behaviours have been further entrenched in the system
through the agricultural research and development
sector. Finally, we briefly touch on the growth in more
sustainable agricultural practices, which present a (slowly)
growing counter-movement to some of the intensification
philosophies introduced through the Green Revolution.

THE INTENSIFICATION
OF PRODUCTION

Agricultural intensification can be defined as the increase in
agricultural production perinput unit. Metrics for evaluating
intensification include land, fertiliser and pesticide use,
monetary investment, and labour.

10% OF THE INCREASE IN CROP
PRODUCTION IN DEVELOPING
NATIONS BETWEEN YEARS 1360
AND 2000 CAN BE ATTRIBUTED
TO INTENSIFICATION PRACTICES.

The global food system has undergone significant change
through the proliferation of intensification. As discussed
earlier, yield, fertiliser, and pesticide use per hectare have
all increased since 1961. Irrigated surfaces and overall land
use have also increased in the same time period (Knudsen
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et al,, 2006). Similarly the agricultural sector has become
increasingly mechanised. The number of tractors used in
the agricultural, an indicator for sector mechanisation,
more than doubled between 1961 - 2004, growing at an
annual rate of 1.6% (FAO, 2015b).

From 1960 to 2000, 70% of the total increase in global
crop production in developing nations can be attributed
to intensification (FAO, 2002). Increasing production while
mitigating expansion in land use directly addresses issues
of food security while preventing conversion of ecosystems
into farmland; however, these figures mask the growing
yield disparities between the world’s most and least
productive practices. During the same time of 1950 to 2000
where total food production more than doubled, the gap
between the most and least productive systems increased
by twenty fold (Knudsen et al., 2006).

Intensification is both a tool and a burden to the global
food system. The intensification of agricultural production,
associated with the Green Revolution, initially sought to
address global issues of food security through improving
production methods, but now has embedded intensive
agricultural practices into the global food system. It has
enabled ‘land saving’ at the costs of other environmental
impacts. At its best, intensification can address issues of
hunger and food security without encroachment on other
land uses or natural ecosystems. At its worst, intensive
practices strip soils of key nutrients causing diminishing
yields over time, and marginalize populations that cannot
compete with high yield practices (Tilman, Cassman,
Matson, Naylor, & Polasky, 2002).

CONSOLIDATION WITHIN FOOD
PRODUCTION CHAINS

The food system’s growth in size and efficiency is driving
actors within the system to keep pace with these trends. If
they are able to, actors within the system are incentivised
to grow in both size and productivity to out-compete
other players. This natural competition yields a trend of
consolidation, where those participants most adapted to
the system’s dynamism collect the largest market shares.

As intensification helped to increase yields, it has allowed
those companies most adept at intensive production
practices to flourish in the agricultural sector, resulting in
the consolidation of key markets in the hands of a small
number of corporations. Consolidation and intensification,
combined, have allowed corporations to have prescriptive
influence over the global agricultural system, where specific
growing practices and crop types dominate markets.



From the data presented in this chapter it becomes
clear that there are three major points of consolidation
within the food system: production, processing, and
distribution. Each of these parts of the agri-food chain
has seen large-scale consolidation of market power in
the hands of a small number of major corporations.

In the production of agricultural inputs such as seeds
and fertilisers, 10 companies own 50% of the global
seed market as seen in Figure 18 (Zacune, 2012).
Monsanto, in particular, owns 17.5% of the global
seed market, with particular dominance in the soy
industry where it has a 90% global market share in soy
seed. Fertilisers and pesticides have followed similar
trends, where large corporations control the majority
of the market (Worldwatch Institute, 2013). Lastly, a
similar phenomenon has also occurred within the
farming sector, where 1% of farms now control 65% of
agricultural land. (FAQ, 2014). These large farms are an
extreme in the spectrum of farm size where many farms
are small, low-technology businesses, far removed from
the production methods dominating the market.

Processing has consolidated onto agribusinesses -
food traders that control food supply chains including
transport and processing. Currently, four agribusinesses
control 90% of the global grain trade (Murphy, Burch, &
Clapp, 2012). Processing is also growing in developing
nations. In India, for example, food processing is the
fastest growing industrial sector, with the present rupee
value of processed foods in India now 1000 times the
value in 1960 (Hulse, 2004).

CURRENTLY, ONLY 4
AGRIBUSINESSES CONTROL 90%
OF THE GLOBAL GRAIN TRADE.

Food retail has seen major consolidation in the past
decades as supermarket retailers have established a
dominant position in the market. As discussed in section
1.5, 51% of food globally is sold through supermarket
chains, much of which is controlled by major market
players, namely Walmart (US), Tesco (UK), Costco (US),
Carrefour (France) and Kroger (US) (Hulse, 2004). Market
globalization has helped to fuel consolidation as these
companies establish branches in less competitive
international markets, facilitated by a global trend of
trade liberalization. Tesco, for example, had a 2.4%
increase in total sales in 2004 due to its investment in
Asian markets. This is compared to only 0.2% growth
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in the UK market in the same year (TESCO, 2015).
These large corporations are often welcome in foreign
markets, as opening up the market to competition from
imports can lower local food prices and improve food
availability (FAO, 2012b). Such liberalization, however,
can be detrimental to the same communities trade
policies seek to benefit.

Food system consolidation can have negative impacts
for small farmers who cannot compete with the scale
of large agricultural corporations. Likewise, large
retailers, producers and processors can sell goods at
prices inconsistent with commodity and production
inputs, out-competing the smaller farmers and retailers.
In developing nations, cheaper goods from outside
markets decrease local commodity prices, making
them more volatile while damaging local businesses’
revenues. Small retailers are forced out of business,
while local farmers are trapped in a poverty cycle
(Kearney, 2010). These impacts are discussed in more
detail in Chapter 4.

REGIONALISATION OF
WORLD TRADE

The food system’s expansion in both size and scope
has allowed diverse foods to become more globally
available with significant growth in international food
trade. From 1986 - 2011, food trade increased 2.3
times in absolute terms due to increases in both total
production and trade across borders. While in 1986 only
9% of food produced was traded internationally, that
number rose to 13% in 2011. Emerging nations in Latin
America, Africa, Asia, and Southeast Asia have driven
much of this growth. Though food trade trends suggest
market globalisation, they hide a more nuanced picture
of regionalisation of food trade and shifting geographies
of production (FAO, 2015a).

In the 25 years between 1986 and 2011, intra-regional
trade - defined as trade within a global region -
increased its share of total international trade from 29
to 42%. The most important driver behind this trend is
European political integration (Vicard, 2012). European
trade maintained a share of around 30% of world trade
throughout this period. However, in the early 1990s
Europe shifted much of its trade away from the Atlantic
bolstering intra-regional trade. Europe’s inward shift
had impacts on the contribution of other regions to
global trade. North America in general saw its presence
in world trade decrease from 21% to 14%, while Latin
American countries gained ground, jumping from 12 to
15% of world trade share. Meanwhile, Southeast Asia
increased its share of global trade from 1 to 2%, while
Central and South Asia moved from 2 to 3%.
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MARKET CONSOLIDATION IN THE GLOBAL FOOD CHAIN
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Figure 18: An overview of the consolidation at each step in the food chain from inputs to production to retail.
(FAO, 2014a; FAO, 2010; OECD Competition Committee, 2010; Nielsen, 2015)
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Most world regions have also shifted to focus more on
intra-regional trade. Trade within Southeast Asia, the U.S.
and Canada, Central and South Asia, the Middle East and
North Africa, and Sub-Saharan Africa increased between
1986 - 2011, with Latin American countries experiencing
the largest increase. These trends towards regionalisation
are facilitated by trade agreements such as NAFTA, ASEAN,
and Mercosur (FAO, 2012b). East Asia was the only region
that moved towards more extra-regional trade.

There are two main ways in which trade has changed in
this period, first, most regions, led by Europe, have turned
towards their interior; secondly, the Global South has very
slowly increased its share of total trade, pulling a greater
proportion of trade away from the Atlantic into the Pacific
and Indian Oceans (see section 1.4).

RESEARCH AND DEVELOPMENT

Substantive change in the global food system requires
nations and regions to critically assess current practices
and trends to find means for continuous progress towards
multiple goals (food security, sustainability). Investment in
agricultural research is vital for ensuring that nations have
the means and foresight to meaningfully address their food
issues. Funding for agricultural research has generally been
increasing, but investments have been highly variable in
terms of geographical distribution and timing. Globally,
agricultural research saw increased investment between
1981 and 2008, with an annual growth rate hovering
around 2% (N. Beintema, Gert-Jan, Keith, & Paul, 2012) (N.
M. Beintema & Stads, 2008). While the majority of research
spending comes from high-income nations, the majority
of growth in spending during this time period came from
low and middle-income nations, mainly China, India, and
Brazil. Globally, the narrative of research investment is split
between high-income and low and middle-income nations.

In 2008, public agricultural research spending as a share
of agricultural GDP in high and middle-income nations
was at its highest for the 1981 - 2008 time period. High-
income nations appropriate significant public funding
for agricultural research; however, funding has not been
annually consistent, while growth in research investments
has stagnated. In OECD nations, funding from all donors
to all developing nations for agricultural research ranged
from $358 million (2005 USD) to $822 million between 2005
and 2013 (OECD, 2014). Similarly, appropriated funding
for agricultural research in the United States from 2002 -
2013 ranged from $1.5 billion to almost $2.2 billion (USDA,
2014a, 2014b). These fluctuations in research investment
demonstrate that, while present, public funding from high-
income nations is inconsistent in level of commitment from
year to year. Such variances in the availability of research
funding create uncertainty, especially for research in need
of long-term financing, thus hampering progress in the
areas that need it most. Although investment in agricultural
research by private market actors in high-income nations
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has grown recently, it has not reached the levels of funding
coming from publicinstitutions and governments. Between
2000 and 2008, global private spending in agricultural
research grew by 26%, with high-income nations driving
the trend. Still, private spending accounted for only 21% of
total research spending in 2008 (Beintema et al., 2012).

In middle and low-income nations, research investment
has grown steadily. These nations represented 49% of total
global investment in 2008, up from 38% in 1981 (Beintema
et al,, 2012). China appropriated 4 billion USD in research
funding in 2008, a more than 450% increase since 1981.
These investments have yielded large national growth in
productivity, as China and Brazil have each seen more than
100% productivity growth from 1970 - 2009 (Beintema et
al., 2012). However, within this group of countries there are
wide disparities: in contrast to middle and high income
nations, low-income nations had the lowest share of
research spending in 2008 (Beintema et al., 2012). Since
low-income nations have the most serious food security
issues, bringing investment levels up in these areas, either
from outside donors orinternally, may yield positive returns
similar to those seen in China, India, and Brazil.

While overall financial commitment to research is an
important metric, a key concern for agricultural research in
both in high-, middle-, and low-income countries, relates
to the type of research funded. Historically, the majority
of funding for agricultural research and development
has been allocated towards improving conventional
agricultural practices by emphasizing yield gains through
the application of synthetic inputs such as chemical
fertilisers. Less funding is appropriated to research
exploring alternative practices. In the U.S,, certified organic
farming systems receive less than 2% of funding from the
USDA’s Research, Extension and Education (REE) program
(Carlisle & Miles, 2013).

A GROWING COUNTER MOVEMENT

In the past two decades, there has been a rise in production
methods that seek to alleviate the impacts of the
damaging production practices proliferated by the Green
Revolution. Many alternative methods are now practiced
including conservation agriculture, organic agriculture,
and permaculture, among others. These practices, thus
far, have not had nearly the scale of influence over the
food system as the Green Revolution’s intensive practices.
Organic agriculture currently occupies 0.9% of global
agricultural land; conservation tillage occupies 9%, while
other practices have marginal representation (Derpsch
et al., 2010). While their role is currently small, alternative
practices’ representation in the food system is growing
(Chappell & LaValle, 2011).
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In addition to a slow, but progressive growth in more
ecologically-minded production techniques, there are a
number of areas of innovation in both food production
and processing that may hold promising pathways for
producing lower-impact sources of food.

The greenhouse production sector has been an active
area of focus for innovation on topics including:
saltwater greenhouse production (for coastal desert
areas), advanced artificial lighting, sensors and
automation, new soil-less cultivation techniques (e.g.,
aeroponics), aquaponics systems, and many other
directions (Flavius Blidariu & Grozea, 2011; Pannekoek,
van Kooten, Kemp, & Omta, 2007).

Greenhouse technology and indoor cultivation have
increasingly been implemented as part of urban farming
projects, which have also gained traction and support
over the last decade as pathways for reducing demand
for arable land by making use of buildings, rooftops,
and vertical farming systems to achieve so-called “zero-
acreage farms” (Laidlaw & Magee, 2014; Thomaier et al.,
2014). Though urban farming can contribute to reducing
food miles, food spoilage, packaging demand, land use,
and also be used for the closure of urban nutrient cycles
(organic wastes, wastewater), the volumes of food
produced inanurban and peri-urban context are limited
by the space and property values in urban contexts (Hui,
2011). Perhaps the greatest potential for urban farming
is not in its contribution to overall food production, but
rather as a pathway for increasing consumer awareness
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about the origins and impacts associated with food,
which can potentially lead to changes in consumer
diets (Meier, Acherman, Dahlgren, Xu, 2013).

Another active area of research and development,
largely driven by a growing public understanding of
the environmental and health impacts associated
with the consumption of animal products, has been
the development of new varieties of meat and dairy
replacements. Meat-like products made of legumes,
fungi (both macro and micro), nuts, and algae have
significantly increased in number over the past decades
(Hoek et al, 2011). Taking this trend a step further,
some companies are making forays into fully synthetic
meat production (Datar and Betti, 2010). Relatedly,
the development of insect-based food and feed have
recently received greater attention even in the Global
North, where entomophagy (the consumption of
insects) is not a traditional part of food culture. Insects
present a much lower-impact means of delivering
protein and other key macro-nutrients when compared
with traditional livestock. Moreover, they present new
opportunities for closing nutrient cycles within the food
system through the re-use of waste streams as insect
feed (FAO, 2013).

Though only some of these directions are given
attention in the mainstream discourse on the food
system, they represent part of the food system frontier
that may hold some of the keys for both reducingimpact
and sustainably increasing food production.
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2.4 DISCUSSION

In this chapter, we have examined some of the underlying trends and behaviours that
have shaped the current state of the food system. The expansion and intensification of
the food system since World War Il averted anticipated shortfalls in global food supply,
largely by quickly harnessing vast amounts of resources that were previously untapped
(fossil fuels and their derivatives, freshwater aquifers).

We now turn to consider what the implications might be of the continuation of this
pattern, considering current projections of population growth and wealth increase. Our

basis for this discussion is the FAO’s global food demand projections for 2050, which
were last updated in 2012.

KEY MESSAGES:
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Past concerns about global capacity to produce sufficient food for a growing human
population have historically been disproven by continuous increases in food output, most
recently as a result of the intensification techniques brought on by the Green Revolution.

Projections for continued population growth coupled with declining increases in yields
and recent spikes in food prices (largely driven by market factors), have led to renewed
concern about the food system’s ability to keep pace with future demand.
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In 2012, the FAO released the latest update of their global food demand projections for
2050. Based on a business-as-usual (BAU) scenario, the FAO projected that by 2050, there
will be a 60% increase in food production in mass over 2005/2007 levels. More recent
analysis has resulted in claims that as much as a 70 - 100% increase in food production by
2050 is more likely (Ray et al., 2013; World Resources Institute, 2013a).

To understand the implications of a continued growth trajectory within the food system,
we must first have a solid grasp of the food system’s impacts.
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LOOKING FORWARD

Humanity has long been preoccupied with the
perceived limits to producing sufficient food for its
growing population. In the late 1700s, scholar Thomas
Robert Malthus first published his An Essay on the
Principle of Population, postulating that exponential
growth in human population was likely to eventually
be checked by famine. More recently, Paul Ehrlich's
1968 book, Population Bomb, led to sweeping concern
of impending food shortages (Haberman, 2015). As
described in this chapter, increases in food production
have thus far managed to outpace population
growth, most recently as a result of the intensification
techniques brought on through the Green Revolution.

However, once again we have reached a moment in
history when public doubts are increasingly raised
about the food system's ability to continue producing
sufficient quantities to feed the growing billions (FAO,
2009). As discussed, this concern has emerged partly
because the growth in global yields of staple crops has
slowed or even stagnated in many parts of the world,
while population continues to grow (Alexandratos &
Bruinsma, 2012). As detailed in the next chapter, these
concerns are further aggravated by what have been
called “unacceptably large” environmental impacts
associated with the food system's activities, that may
undermine its very basis for functioning (Alexandratos
& Bruinsma, 2012).

Simultaneously, market and policy pressures on
the food system, which, as already touched on in
this chapter, include a range of influences such as
bioenergy policies, speculation on food commodities,
and regional specialization in cash crops for export,
have led to increased price volatility and “food shocks.”
Periodic and sudden decreases in yields resulting from,
for example, extreme climate events, are expected to
steadily increase in frequency over the course of the
next century (World Resources Institute, 2013a). Spikes
in food prices can disproportionately affect the world's
poorest and hungriest denizens, who commonly spend
over 50% of their income on food and are thus very
sensitive to these fluctuations (Challinor, Elliott, Kent,
Lewis, & Wuebbles, 2015). Bearing out this risk, between
2006 and 2008, a combination of rising oil prices and
droughts resulted in the “world food price crisis,” which
led to riots and social unrest in dozens of countries, and
public concerns about the stability of the food supply
(FAO, 2011).

Partly in response to some of these concerns, the
public, academic, and non-profit sectors have all
actively engaged in the discourse around food system
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expansion scenarios and the system's potential limits
to growth (e.g., Wirsenius et al., 2010; World Resources
Institute, 2013). One of the most-commonly referred-to
sets of scenarios on this topic is the FAO's periodically
updated global food demand projections.

FAO'S PROJECTIONS FOR 2050

In 2012, the FAO released the latest update of their
global food demand projections for 2050. Based on a
business-as-usual (BAU) scenario, the FAO projected
that by 2050, there will be a 60% increase in food
production in mass over 2005/2007 levels. This
extrapolation includes demand shifts as a result of
growth in wealth and urbanisation, modeled after past
trends witnessed in developed countries. A significant
proportion of this increase, which also accounts for
the use of crops for animal feed, is projected to derive
from a growing demand for animal products. Though
the model assumes that global daily average calorie
availability will rise significantly (to 3,050 calories per
capita per day), 290 million people are still projected to
be undernourished by 2050 (FAO, 2012).

To achieve the projected increases in demand, the
FAO estimates that global cereal production will need
to increase by almost 1 billion tonnes by 2050. Meat
consumption per capita is projected rise from 41 kg
per capita at present to 52 kg in 2050 (with the largest
increase in developing countries, going from 30 to 44 kg
per capita), requiring an increase of 470 million tonnes
of meat production (FAO, 2012). A majority of these
production increases will need to occur in developing
countries, necessitating a near doubling of production
over current levels in these areas.

It is important to note that since the publication of the
FAO's 2012 projections, the United Nations issued an
upward revision in population levels projected for 2050
(from 9.15 billion to 9.7 billion, with a disproportionate
growth in Sub-Saharan Africa). Moreover, rather than
peaking at 9.45 billion and then declining after 2075
(as assumed in the 2012 FAO projections), population
is now expected to continue growing to 11.2 billion by
2100 (United Nations, 2015).

Some other key variables that are not fully represented
in the FAO models include the impact of climate
change on agricultural production and the effects of
land allocation to biofuel production (climate change
impacts are largely omitted due to uncertainty; land use
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for biofuels is assumed by the FAO to stabilize at 2020 rates).
These intentional omissions and emerging discrepancies
suggest that latest FAO projections are likely to require
significant upward adjustment. Estimates now frequently
cited call for a 70 - 100% increase in food production by
2050 (Ray et al., 2013; World Resources Institute, 2013a).

IMPLICATIONS OF
CONTINUED GROWTH

There are, broadly speaking, three primary mechanisms
for the expansion of cultivated food production: increasing
crop vyield per unit area, cropping the same land more
frequently, and expanding agricultural production onto
new land. Over the last decades, developing countries have
seen increases in production enabled by these strategies
at a relative rate of 71, 6, and 23 percent respectively
(Steinfeld, H., Gerber, P., Wassenaar, T., Castel, V., Rosales,
M., & De Haan, 2006).

Despite the fact that, as discussed earlier in this chapter,
growth in yields has been declining, the FAO still projects
this to be the largest source of increases in food production
between now and 2050, with 80% of the expansion in food
supply by 2050 anticipated to come from yield gains and
improvements. The 20% remaining is expected to derive
from arable land expansion, primarily in the developing
world.

Though the FAO has emphasized that its projections are
not intended to be normative guidelines for what “should”
be done, but rather merely extrapolations of what is likely
based on a BAU scenario, there has nonetheless been some
criticism of the policy implications of the FAO's models
(Alexandratos & Bruinsma, 2012; Grethe, Dembélé, &
Duman, 2011).
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The largest critique has been the projections' implicit
assumption that the primary strategy for responding to
increases in food demand should remain the expansion of
global agricultural production, following a similar pattern of
intensification and expansion to what has been witnessed
in the past handful of decades.

Theacceptanceofthenecessity of growth based on historical
trends assumes the continuation and acceptance of many
highly undesirable patterns, including: high levels of food
waste, continuation of over-consumption and its related
health impacts, breaching greenhouse gas emissions
boundaries needed to stay within 2°C of global warming,
crossing biodiversity thresholds through arable land
expansion, policy-supported allocation of land to non-food
uses such as first generation biofuels, and unsustainably
intensive soil and water management practices. Many
researchers maintain that strategies focused on reducing
food demand and improving economic access to food
should be given political priority over default support of
expanding production (Grethe et al., 2011).

How can we shape the food system to evolve in such a
way that it provides continued access to diversified and
nutritious food without encroaching on critical ecological
boundaries? Does the food system necessarily need to grow
in the coming decades, or, as some researchers suggest,
would other measures focused on reducing food demand
and improving food distribution be sufficient for reaching
its broader objectives? If the food system must grow, then
which biophysical boundaries should we absolutely steer
it clear of?

Answering these critical questions requires a more nuanced
understanding of the food system's impacts; a prerequisite
to shaping interventions and policy directions for achieving
a sustainable food future.
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INTRODUCTION

The expansion and intensification of the food system that have been discussed in the
previous chapter have led to increasing yields and a growth of overall food production.
However, at the same time the food system is causing a range of environmental and
humanitarian impacts. This chapter provides insight in the magnitude of these impacts,
as well as their key drivers. The discussion that follows with regards to the drivers
behind key impacts of the food system, focusses on direct causal relationships between
drivers and impacts at the global level. Thus it provides a clear overview of the way in
which the food system impacts environmental and social issues that have sparked wide
international concern, ranging from biodiversity loss and climate change, to hunger
and poverty. For purposes of clarity, the key impacts are discussed in this chapter as
if they were points; caused by something, a final consequence. This is, of course, a
simplification of reality. As Figure 19 illustrates, the set of impacts discussed in this
chapter are interrelated, biophysical impacts such as climate change influence other
impacts in turn (e.g. biodiversity or food security).These issues are reflected upon in
more detail in the discussion at the end of this chapter.

KEY MESSAGES

» The food system is the primary driver of several key environmental impacts that are
leading to the transgression of the planetary boundaries. Based on an analysis of the global
material flow for the reference year 2010, the extraction of biological resources accounted
for around 20% of total material extraction by mass. However, this single category of
resource extraction accounts for a disproportionate majority of impacts that are leading to
planetary boundary transgressions (land use change, water management, release of novel
entities into the environment, climate change, biogeochemical cycle displacement, and
through all of these driving mechanisms: biodiversity loss). The food system is the primary
source of biological resource extraction, and is therefore a disproportionate contributor to

overall anthropogenic impact.

»
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The food system is one of the largest sources of emissions accumulating in environmental
“sinks.” The production and dispersion of emissions, novel chemical entities and the large-
scale production of waste burden many of the environmental elements and processes
that are able to convert and eventually remove pollutants. Food waste and the lack of
infrastructure or oversight to avoid it, results in not only higher environmental tolls, but
also humanitarian costs such as a lack of food security. Packaging, while reducing food

waste, adds to waste streams.
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The available physical resource base for food production cannot expand under current
practices to meet the projected needs of the human population by 2050 if we are to remain
within the planetary boundary limits. The food system uses land, soils, water, riparian and
coastal habitats, nutrients, and many other essential inputs. Most of these key inputs are

either fully exploited or projected to become so if current production trends continue.

»

¥

A large proportion of the global population is entirely dependent upon the food system
for their livelihoods and access to affordable food. For many however, inadequate
compensation, unacceptable workingv conditions or unaffordable or low-quality food

continue to result from the functioning of the food system.



The impacts discussed in this chapter have been
selected based on global and scientifically underlined
areas of concern, as described by the Stockholm
Resilience Centre in the Planetary Boundaries, by
OXFAM in the Social Donut, and by the World Wide
Fund for Nature in the One Planet indicators. We have
organized the impacts derived from these frameworks
into two broad categories: seven biophysical impacts,
all of which are ultimately related to biospheric
integrity, and five impacts related to the health and
wellbeing of humans and animals. Figure 19, on the
next page, depicts the interrelationships between these
two umbrella categories of impacts.

BIOPHYSICAL IMPACTS

The Stockholm Resilience Centre, along with several of
its partners, coordinated a research effort to identify the
primary environmental systems that need to be kept
stable in order to keep the biosphere functioning. It
also attempted to define “boundaries” that represent
the amount of change each of these parameters can
absorb without hitting an unsafe and destabilizing
level. Of the planetary boundaries identified by the
Stockholm Resilience Centre, the following impact
areas have been selected based on their relevance to
the food system: biospheric integrity, soil management,
water management, climate change, novel entities,
and biogeochemical flows (in particular, nitrogen and
phosphorus).

Out of these planetary boundaries, it is estimated that
we have already transgressed four: biodiversity loss, the
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nitrogen and phosphorous cycles, and climate change.
Moreover, we are close to crossing an additional
one: land use change. The extent to which the
planetary boundary regarding novel entities has been
transgressed is more difficult to quantify. It is unclear
how much stress the biosphere can take in this area, but
the consequences of crossing a potential tipping point
with regard to this impact could be sudden and severe.

HUMANITARIAN IMPACTS

In parallel to environmental issues, a number of
humanitarian challenges have been aggravated
by environmental problems, the fragility of many
communities, and the growing disparity between the
rich and poor.

By many accounts, western society has achieved rapid
advancement in the past 100 years across a whole
host of social metrics, including basic human rights,
health care and life expectancy, fair labour practices,
and minimum standards of living. Yet in many places
around the world, this progress is hardly felt, as a large
majority of the world’s population relying primarily
on subsistence farming still struggles to provide for its
basic needs (as discussed in section 1.2.6). Theseissues
are explored in more detail at the hand of the following
impact categories: labour and livelihoods, food security
and nutrition, food safety, the preservation of culture
and heritage, and animal welfare.

89




CAUSAL RELATIONSHIPS BETWEEN IMPACT AREAS
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Figure 19. A causal loop diagram showing the
interrelationship between key impact areas.
(Metabolic)

3.1 BIOPHYSICAL IMPACTS

The Millennium Ecosystem Assessment of 2005 concluded
that changes to ecosystems due to human activities
were more rapid in the past 50 years than at any time
in human history, increasing the risks of abrupt and
irreversible changes (Millennium Ecosystem Assessment,
2005). The food system is identified as one of the most
important global drivers of these ecosystem changes. It has
monumental impacts on the earth’s finite resources, and is
one of the major drivers of biodiversity loss, emissions, and
the over-exploitation of freshwater resources. In this section
we provide an overview of the main biophysical impacts
of the food system. We describe the current state of these
impacts globally, highlight the key drivers of the impacts,
and discuss their related trends and future outlook.
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This section further elaborates on the following impact
categories:

3.1.1 BIOSPHERIC INTEGRITY
3.1.2 SOIL MANAGEMENT

3.1.3 WATER MANAGEMENT
3.1.4 CLIMATE CHANGE

3.1.5 NOVEL ENTITIES

3.1.6 SOLID WASTE

3.1.7 BIOGEOCHEMICAL FLOWS



3.1.1 Biospheric Integrity

Human health and wellbeing are fundamentally dependent upon well-functioning ecosystem services, which
provide us with, among many things, the food, water, and clean air that are essential for all life. Biospheric integrity
is an overarching term that refers to the maintenance of biodiversity as an essential global resource. It is one
of the nine planetary boundaries as defined by the Stockholm Resilience Centre. One of its variables is genetic
biodiversity, measured through the global extinction rate, which is currently estimated to be ten times higher than
the estimated “safe” boundary (Steffen, Richardson, et al., 2015a).

Taken as a whole, the food system is the largest contributor to biodiversity loss globally. Though it is impossible to
accurately quantify the exact contribution of the food system to biodiversity loss, we can evaluate it relative to other
sources of ecological impact. Figure 20 is a sankey diagram showing the comparative magnitude of vertebrate
biodiversity loss across different ecosystems over the last 50 years. The relative sizes of the lines indicate a rough
approximation of how significantly certain drivers have contributed to the overall loss of species in each ecosystem
type. The most severely impactful of these drivers (such as habitat loss and wild species extraction), are primarily
attributable to activities within the food system. Most of the secondary drivers, which also have severe impact, like
climate change and the release of novel entities, are also traceable in large part to food-system-related activities.
Despite the absence of exact data, these approximations lead us to conclude with relative confidence that the
food system is the single largest contributor to vertebrate biodiversity loss globally, which can be considered a
proxy for all biodiversity loss. Within the system, production and extraction activities (agriculture, fisheries, and

aquaculture) are the most significant contributors to the transgression of this planetary boundary.

TERRESTRIAL ECOSYSTEMS

In terrestrial ecosystems, deforestation, degradation of
forests and other ecosystems, and land conversion for
the purpose of agriculture is the single greatest driver
of biodiversity loss (Convention on Biological Diversity,
2015).

Natural ecosystems and diverse habitats have been
largely replaced with intensive monocropping systems
that support just a few species. Currently only 40
crops and 14 livestock species account for 90% of all
agricultural production globally (World Wildlife Fund,
2014a). The practice of selective breeding for desirable
traits to improve productivity are the major driving
forces behind genetic erosion, and seriously threaten
long-term food security as the ability for adaptation to
change or recovery from external shocks is being greatly
reduced (FAO, 2011).

AQUATIC ECOSYSTEMS

With regards to aquatic ecosystems, food production
drives biodiversity loss primarily through fishing and
habitat destruction. In the last 200 years, overfishing
has been documented to cause the extinction of 73
species in marine ecosystems. The loss of an additional
60 species that became extinct in this time period, was
attributed to habitat loss and otherthreats (UNEP, 2012).
Destructive fishing practices are a major contributor to
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the loss of coral reefs. Together with climate change and
pollution, fishing has caused at least 70% of all coral
reefs to be threatened or lost (IUCN, 2011).

Species populationsin marine ecosystems are shrinking
rapidly. The proportion of marine stocks estimated
to be under- or moderately exploited declined from
40 percent in the mid-1970s to 12 percent in 2009. In
contrast, the proportion of over-exploited, depleted, or
recovering stocks increased from 10 percent in 1974 to
30 percent in 2009. Of the marine fish stocks assessed in
2011, fully fished stocks accounted for 61.3% and under
fished stocks 9.9% (FAO, 2014b).

Freshwater ecosystems, which host 7 - 10% of all known
species, are heavily affected as well (Veron, Patterson,
& Reeves, 2008). There is general concensus that the
decline and loss of species is far greater in freshwater
ecosystems than marine and terrestrial ecosystems
(Strayer and Dudgeon, 2010). Freshwater biodiversity
is threatened by the food system in a number of
ways, including pollution, habitat degradation, over-
exploitation, and the introduction of invasive species.
The anthropogenic drivers that are anticipated to
contribute mostto biodiversity loss in these ecosystems
are climate-induced changes in water temperature and
hydrological infrastructure projects involving irrigation.
Fifty percent of global crop production stems from
fresh-water-irrigated agriculture (Lake, 2000; Veron et
al., 2008).

91




Shark
Non food

Tuna
Whitefish
Shrimp

Prawns

Whitefish
Shrimp
Salmon

Cotton

Corn

‘:;‘Soy
Rapeseed

Oil palm

¢ Sugarcane

- O Cattle

#® Rice

¢ Banana
& Vegetabes

& Citrus
GMO

Food chain
Non food

Fuelwood
Charcoal

Timber

Mining
Urban & infra
Development

Uncontrolled
Fires

RN
Y
é»

SR,
N

/1

¢

92

A EvissioNs

J FERTILIZER
f PESTICIDES
j’b HORMONES

DISEASE



RELATIVE DRIVERS OF GLOBAL BIODIVERSITY LOSS
AND THE FOOD SYSTEM'S CONTRIBUTION

TOTAL GLOBAL
BIODIVERSITY LOSS

Figure 20: This diagram shows the interrelationships between the food system and total global
biodiversity loss. While total global figures for biodiversity loss are difficult to aggregate, we can
generally conclude that the food system is the main driver of biodiversity loss. This diagram illustrates
the proximate drivers, which are indicative based on a range of literature sources. (Convention on
Biological Diversity, 2015; WWF Living Planet Report 2014; Townsend & Howarth, 2010; IUCN, 2011;
Strayer and Dudgeon, 2010; )
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With over16% offisheriesand seafood production stemming
from freshwater bodies, exploitation of freshwater fisheries
isthe one of the most significant contributors to biodiversity
loss, with effects being seen dominantly in large or long-
lived migratory species. Aquaculture is also a significant
driver of biodiversity loss in specific areas like Asia and
South America, where 35% of mangrove forests have been
cleared for aquaculture installations in the past 20 years
(Heino, Virkkala, & Toivonen, 2009) . The invasion of external

speciesis another important factors of biodiversity loss and
is largely attributed to aquaculture. Infiltration by invasive
species is the least controlled and least reversible of human
impacts on fresh water, and is a main driver of ecological
and economic impacts (Strayer, 2010). The emission of
agrochemicals, especially those associated with intensive
aquaculture, present a significant threat to freshwater
organisms globally, and is often combined with pollution
from urban waste.

3.1.2 Soil Management

Agricultural land and soils provide critical ecosystem services such as filtering water; serving as a living growing medium
for feed, fiber, food, and fuel; and providing habitats for billions of organisms, which make up a significant, though
frequently under-discussed , part of global biodiversity. Agriculture as we know it would not be possible without healthy
soil. However, through its legacy of increasingly exploitative practices, agriculture is one of the largest drivers of soil and
land degradation globally. This is especially worrying since the scope for expansion of agricultural land is very limited. And
even when such expansion would take place, the quality of the land would in many cases be lower than the prime and good

quality lands currently in use (FAO, 2011).

Theoverall quality of soilis negatively affected by agriculture
primarily due to soil erosion, compaction, nutrient
degradation, and saliniSation. Globally, it is estimated
that 52% of the land used for agriculture is moderately or
severely affected by soil degradation. In the past 150 years,
half of all topsoil has been lost, and 24 billion tonnes of
fertile soil is lost each year (United Nations Convention to
Combat Desertification (UNCCD, 2012). Since 1960, one
third of all arable land has been lost globally (World Wildlife
Fund, 2014b). Due to soil erosion, arable land is being lost at
arate of 10 million hectares per year. The loss of agricultural
soil is progressing at a rate 10-40 times faster than the rate
of soil formation; soil losses outpace the regenerative
capacity of the earth at historically high rates. It is estimated
that world food production may be depressed by as much
as 30% in the next 50 years, due to soil erosion and fertility
losses (Pimentel & Burgess, 2013).

SOIL EROSION

The single largest driver of soil erosion is grazing livestock,
contributing an estimated 35% of global erosion losses
(Kissinger et al., 2012). Through overgrazing and eroding
the topsoil with their hooves, livestock also contribute
significantly to soil desertification. Moreover, as degraded
soil is less capable of holding water, areas damaged
through livestock production become more prone to

flooding. Eroded soil can be washed into surface water
during rainfall, causing pollution through sedimentation
and eutrophication of waterways.

Other major drivers of soil erosion are deforestation (30%),
and soil management practices (28%) such as ploughing,
chemical inputs, and the removal of crop residues. The
selection of crop types for agricultural production also
has a significant influence with regards to soil degradation
(Blanco-Canqui, 2008). Two thirds of theworld’s agricultural
area consists of annual monocultures. The practice of
farming annual crops leads to high rates of erosion as
the stability derived from plant roots and crop residues is
regularly removed. In contrast, most of the planet’s natural
vegetation is perennial, which greatly prevents the erosion
of soil and contributes to greater overall soil health (Gantzer
etal., 1990).

SALINISATION

Excessive irrigation on croplands is also a significant
contributor to soil degradation, and more specifically
salinisation of soils. Irrigation increases capillary action,
bringing groundwater to the surface where it evaporates
and leaves behind dissolved salts. Estimates suggest that
between 8 and 32% of irrigated cropland worldwide is
affected by salinisation (Muir, 2014).



IMPROVED PRACTICES

Due to improved soil management and conservation
techniques, soil health has been improving in some
partsofthe northern and eastern parts of North America,
northern and eastern Europe, western Russia, and
southern Asia. New soil conservation techniques are
promising for the improvement of soil health (Pimentel
& Burgess, 2013). One study found no-till agriculture
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to decrease erosion by 29%; in a meta-study, no-till
agriculture was found to bring soil erosion down into
the range of geological background rates (Montgomery,
2007). In addition to reducing soil erosion, no till
agriculture increases soil characteristics by increasing
microbial activity and soil fauna like earthworms that
create and improve soil quality (Puustinen, Koskiaho, &
Peltonen, 2005).
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3.1.3 Water Management

Water is essential to all life on earth. Though 71% of the planet’s surface is covered with water, only 2.5% is fresh water.
A large part of this fresh water is stored in glaciers and deep aquifers, leaving less than 1% available for use. Water is
becoming scarcein many regions of the world, threatening the livelihoods of millions of people and the health of ecosystems.
Agriculture uses more fresh water than any other human activity, often competing with other critical needs such as
drinking water and the sustenance of natural ecosystems (World Wildlife Fund, 2014a). Aside from being the largest single
consumer of fresh water, agricultural activities also lead to the degradation of freshwater resources through pollution
and over-exploitation (which can result in, for example, salt water intrusion into aquifers) (Atapattu & Kodituwakku, 2009;
Parris, 2011). the conversion of natural ecosystems into agricultural land also has a significant impact on the drainage and
water retention capabilities of land areas, leading to structural ecosystem changes (Moss, 2008).

Though the global planetary boundary with regard to
fresh water consumption (4.000 billion m* of fresh water
consumption per year) has not yet been exceeded, this is
not necessarily a boundary that can be set at a global scale
since water is a highly spatially and temporally variable
resource. the current average withdrawal of 2,600 billion m3
per year, doesn’t account for the impact of regional water
scarcity, only for global yearly averages (Steffen, Richardson,
et al., 2015b). When averaging monthly blue water scarcity
values per river basin, global water scarcity is 244%. In other
words, by this measure the global water footprint exceeds
water availability by 2.44 -fold (Hoekstra, Mekonnen,
Chapagain, Mathews, & Richter, 2012). Agriculture impacts
local and regional water availability in many complex ways
- from direct extraction to physical changes in the structure
of river basins. Most of these impacts reinforce each other
and ultimately contribute to ecological damage and water
stress.

WATER STRESS

When the demand for water within a defined time period
cannot be met with locally available resources, either
due to lack of water availability or poor water quality, the
region where this is occurring is said to be experiencing
“water stress.” Regional and temporal variability in water
availability explain why many regions of the world are
water stressed. It is estimated that, globally, more than 2.5
billion people live in water stressed areas (GrowingBlue,
2015). Generally such situations arise due to the increase in
population and economic growth leading to an increased
water usage by municipalities and different economic
sectors.

MORE THAN 2.5 BILLION PEOPLE
LIVE IN WATER STRESSED AREAS.

About70% ofthe planet’s accessible fresh waterwithdrawals
are currently used for agricultural activities, more than
twice that used by industry (23%), and dwarfing municipal
use (8%). Agriculture consumed over 8.300 billion m* of
water per year over the period 1996-2005, representing 92%
of total global fresh water use (Hoekstra et al., 2012).

IRRIGATION

With more food being produced worldwide than ever
before, and an increasing demand for more water-
intensive agricultural products, irrigation has increased
rapidly in the past decades. Globally the total irrigated
land surface of arable land has more than doubled since
the 1960s. | rrigation systems now cover over 300 million
hectares, and this trend has been especially strong in in
developing countries (FAO, 2011). By contrast, in developed
countries, irrigated area is expected to remain constant in
the near future (Alexandratos & Bruinsma, 2012). The over-
development of hydraulic irrigation systems for agriculture
is one of the main drivers behind global and regional
water scarcity, boosting the demand beyond catchment
availability (Luck, Landis, & Gassert, 2015). The excessive
water use is leaving rivers, lakes, and underground water
sources dry in many irrigated areas (FAO, 2012a).

According to a recent analysis by the World Resources
Institute, 28% of all crop land is subject to high water stress;
this figure doubles for irrigated cropland, of 56% is water
stressed. Certain crops are particularly frequently grown
in water-stressed areas, such as cotton (57%) and wheat
(43%) (Gassert, 2013).

WATER FOOTPRINTS

About 38% of the water footprint of global food production
lies within China, India, and the United States. Most of
these regions suffer from moderate to severe water scarcity
(Hoekstra et al., 2012). It is not always straightforward to



determine the total amount of water used by a nation
within the global food system, for example because of
the fact that food is transported all across the globe
due to international trade. In the agricultural sector,
19% of the total water footprint relates to production
for export. The dependence on imported goods for
consumption cause major external water footprints
elsewhere. Globally, the external water footprints
constitute 22% of the total global water footprint,
though in some European countries the external water
footprints contributes 60% to 95% to the total water
footprint. The largest share of the international virtual
water flows relates to trade in oil crops (including
cotton, soybean, oil palm, sunflower, rapeseed and
others) and derived products. This category accounts
for 43% of the total sum of international virtual water
flows; the water “embodied” in crops that is shipped
across international boundaries.

WATER POLLUTION

The food system is one of the primary contributors to
global water pollution via the release of both biotic and
abiotic compounds into the environment (Zia, Harris,
Merrett, Rivers, & Coles, 2013). The U.S. Environmental
Protection Agency estimates that agriculture is still
responsible for a majority of the pollution impacting
rivers and lakes in the United States (EPA, 2009). These
pollutants can originate from pesticides, synthetic
fertilisers, animal manure, or even take the form of
invasive species. Though not discussed extensively in
this report, more information on agricultural pollution
can be found in sections 3.1.5, 3.1.6, and 3.1.7 on novel
entities, solid waste, and
biogeochemical flows,
respectively. The reduction
of water quality associated
with  agricultural  runoff
can result in a continued
negative feedback loop in
terms of adequate water

availability, causing vyet

further water stress.
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. 20-100 TIMES RECHARGE RATE

in undisturbed ecosystems: a scarcity of nutrients,
characteristic physical structure adapted to the local
climate and area, connectivity in the form of unimpeded
links among aquatic and terrestrial systems, and
sufficiency of size to give resilience to change (buffering
capacity). All four of these are essentially disturbed by
the impacts of agricultural practices on water: from the
physical pathways taken by water bodies to their specific
water chemistry (Moss, 2008). The inherent complexity
of the changes that can occur via modifications to
a local water system necessitate a holistic view for
agricultural water system management.

INTERVENTIONS FOR
WATER MANAGEMENT

Because global freshwater resources are irregularly
distributed in both spatial and temporal context,
water, particularly on a local level, will be one of the
main limiting factors to agricultural intensification
and system expansion between now and 2050. On one
hand, there is a need for greater efficiency, precision
application, and recycling of water. For example, waste
water must ideally become a usable resource that can
be recovered for agricultural applications. However,
increasing efficiency of water use is not a satisfactory
solution by itself, as it can quite possibly drive increases
of total water consumption and not necessarily less.
Water efficiency solutions must be considered within
the broader context of the constraints of the local basin,
taking an integrated management approach to the
ecological resilience of local ecosystems.

INTENSITY OF UNSUSTAINABLE WATER WITHDRAWALS
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Figure 21: A global overview of regions where water withdrawals are

higher than recharge rates.
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3.1.4 Climate Change

Climate change is one of the most pressing issues facing human civilization today. The global food system is inextricably
linked to climate change, as it is one of the largest contributors of greenhouse gas (GHG) emissions, from the inputs to
agriculture, to the processing, distribution, and consumption of food. Estimates place GHG emissions from the whole food
system at approximately 25 - 30% of total global GHG emissions. (IPCC, 2013b) The food system is also heavily affected by
climate change. Flooding, droughts, and natural disasters compromise agricultural yields and earnings, food prices, food
quality, and food safety. Globally, it is the lower-income producers and consumers of food that are the most vulnerable,

due to their limited ability to adapt under growing climate risks.

DEFORESTATION

Deforestation is one of the largest contributors to climate
change as the burning and clearing of forests and wetlands
structurally degrades the natural ability of the earth to
sequester carbon from the atmosphere. The conversion of
natural ecosystems to agricultural land, resulting in the loss
of their carbon sequestration potential, is one of the more
significant sources of global greenhouse gas emissions.

THE FOOD SYSTEM IS
THE LARGEST DRIVER OF
DEFORESTATION GLOBALLY.
DEFORESTATION IS ESTIMATED
T0 BE RESPONSIBLE FOR 10%
OF GLOBAL GHG EMISSIONS.

Estimates for the contribution of deforestation to global
GHG emissions ranged from 6 - 17% of the global total
in the past (van der Werf et al., 2009), with more recent
research suggesting 10% as the most likely figure (Baccini et
al., 2012; Harris et al., 2012). Globally, the clearing of land for
agricultural purposes is the largest driver of deforestation,
however other activities that are peripherally related to the
food system such as land speculation, logging, and clearing
of peat lands are also important drivers of deforestation
(Fairlie, 2010).

INPUTS FOR PRODUCTION

As a whole, agriculture is the single largest contributor of
GHG emissions within the food system. The production
of fertilisers and pesticides alone accounts for 40% of

the energy use in agriculture (Arei-Usda, 1996). Irrigation
systems are also highly energy intensive, some estimated to
consume up to 15% of total energy in agriculture (Pimentel,
D. Pimentel, 2008). Other drivers of GHG emissions in
production include the manufacturing and operation of
farmmachinery, operation of greenhouses, and heating and
the cooling in livestock facilities. Since 1990, agricultural
emissions have significantly increased in the developing
world. Over the period 1990-2010, particularly emissions
from synthetic fertiliser, manure on cropland and pasture,
and enteric fermentation have increased, with average
growth rates of 3.9%, 1.1%, and 0.7% per year respectively.
The IPCC estimates that agricultural emissions in the
developing world will increase about 60% over the period
1990-2020, whereas the emissions in the developed world
are estimated to stay roughly the same (Intergovernmental
Panel on Climate, 2014).

GLOBAL FOOD CHAINS

Due to the globalization of the food system the distances
foodstuffs travel between producer and end-consumer
have roughly doubled within the last three decades (James
& James, 2010). Here, refrigeration required to minimize
post-harvest losses and the respective modes of transport
bear the biggest influencing factor for GHG emissions per
food mile. Estimates on the exact numbers vary significantly
as the available studies evaluate very specific products and
geographical contexts or categorize processing, transport,
and refrigeration differently. The FAO estimates that
globally, ‘processing and distribution’ roughly accounts for
20% of food-related GHG emissions (around 4% of global
anthropogenic GHG emissions) (FAO, 2012b). Similarly,
the UNCTAD Trade and Environment Review 2013 refers to
‘processing, transport, packing, and retail’ to account for 15-
20% of global GHG emissions (UNCTAD, 2013a). A US-study
suggests that transportation alone accounts for about 11%
of food-related GHG emissions (James & James, 2010). An
EU study suggests that ¥ of overall transport is due to food
transportation. In terms of refrigeration, it is estimated that
40% of all food is refrigerated, accounting for 15% of energy
usage globally, therefore accounting for about 1% of global
CO, emissions (James & James, 2010).
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IMPACT ON YIELDS

Though climate change is expected to have variable
effects with regards to agricultural yields in different
parts of the world, current models suggest that it will
have negative effects in Sub-Saharan Africa, where
yields are already the lowest in the world (Alexandratos
& Bruinsma, 2012). The total range of climate change
impacts calculated by different models is highly
divergent, however, ranging from relatively mild (Seo,
Mendelsohn, Dinar, Hassan, & Kurukulasuriya, 2009) to
more severe (Kotir, 2011).

THE GLOBAL FOOD SYSTEM:

Sub-Saharan Africa is seen as most vulnerable to climate
change because of the dominant local agricultural
practices,which are highly sensitive to natural conditions
(light, precipitation, temperature). It currently has a
perceived low capacity foradaptation, due largely to lack
of infrastructure and general resource shortages. Severe
weather events are likely to highly disrupt local food
availability. Farm-level climate adaptation strategies
and custom approaches to continued productivity
will be required to handle the most severe anticipated
impacts.




3.1.5 Novel Entities

Some of the main waste products emitted to the environment, through air, water, and land come from agricultural
chemicals, hormones, and antibiotics from animal waste. these and other synthetic substances that are only present in
the environment as a result of human activities, are categorized as “novel entities.” emissions of these substances into
the environment can have many long-term ecological and health consequences (Laird et al, 2013), many of which are not
immediately apparent. Agriculture is one of the primary contributors globally to the release of novel entities.

PESTICIDES

Pesticide pollution is one of the most significant emissions
from agricultural production, and is often exacerbated by
irrigation infrastructure (FAO, 2012a). Pesticides are applied
to protect crops, but contaminate the soil, air, and water
as many are water soluble. It is estimated that over 98% of
insecticides and 95% of herbicides reach destinations other
than targeted species, due to intentional spraying over
agricultural fields (Miller, 2004; United States Department
of Health and Human Services, 2011). Particularly systemic
pesticides like neonicotinoids and fipronil have been
shown to cause significant damage to a range of beneficial
invertebrates and vertebrates, like honey bees, butterflies,
earthworms, and birds, which eat contaminated insects
and crops. Persistent, bioaccumulative and toxic (PBT)
substances are typically deposited in water bodies and
concentrate up the food chain, accumulatingand ultimately
harming fish-eating animals and humans (Acton, 2011).

APPROXIMATELY 98% OF
INSECTICIDES AND 95%
OF HERBICIDES REACH

DESTINATIONS OTHER THAN
THEIR TARGETED SPECIES.

In addition to their use on crop lands, pesticides are used in
aquaculture to treat parasite outbreaks that are generally
promoted by the overcrowded and stressful conditions the
fish are bred in (Animal Welfare Institute, 2015). Pesticides
are also used to control weeds and pests, and to eliminate
certain fish and invertebrates. These pesticides often
travel beyond the point of application and leak into the
environment; they also accumulate in the edible fatty tissue
of fish. The use of pesticides in aquaculture has shown
to have direct devastating effects on the environment,
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yet the effect on human health through consumption of
contaminated fish is still extensively researched as direct
relationship is hard to establish (United States Department
of Health and Human Services, 2011).

The consumption of pesticides varies depending on the
location and year of assessment. Pesticide use peaked in
2007 and has generally been declining, despite a continued
increase in agricultural productivity increases (see section
2.1). When looking at patricide use per hectare of arable
land used, China and parts of South America have the
highest pesticide use (FAO, 2013).

GM CROPS

Though controversial, genetically modified crops can be
designed to naturally deter pests, minimizing pesticide
use. In China, for example, pesticide use for non-genetically
modified crops was 8 to 10 times higher than for GM pest-
resistant crops. On the other hand, there are some serious
concerns about GMO crops. Some pesticide-resistant
GM crops result in the increased use of pesticides and
consequent impacts. Organic crops show lower levels
of pesticide residues, however the pesticides used in
conventional farming still affect organically grown products
(Mullin et al., 2010). Furthermore, it has been shown that
GMO crops have, in some instances resulted in significantly
greater use of herbicides (Benbrook, 2012).

ANTIBIOTICS

In addition to pesticide emissions, antibiotics and
hormones that are used for livestock and in fisheries are
also often emitted to the water table. Accurate data on
antibiotic use is limited due to a lack of publicly funded
surveillance systems, and a reluctance of producers to
report on consumption or sales (Grace Communications
Foundation, 2015). Growth hormones that are applied
to fish and livestock end up in food products and the
environment. The emission of these substances directly
contributes to antibiotic resistance, posing serious threats
to animal and environmental health. Many studies have
found increased risks of developmental, neurobiological,
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genotoxic and carcinogenic effects, but with different
levels of conclusive evidence (European Commission,
1999).

The rising demand for meat across the world has led to
a significant increase in the amount of antibiotics used
in pork, beef, and poultry. The amount of antibiotics
is expected to continue to grow, nearly doubling the
current amount used by 2030. With the projected
increase on meat consumption, it is estimated that
total antimicrobial consumption will increase by 67%
by 2030. This increase is mostly driven by the middle-

Figure 22: Pesticide use per area (kg pesticide use per hectare arable
land). (FAO, 2015b)

income countries as Brazil, India, China and Russia
and the transition to intensified livestock farms where
they are widely used to prevent diseases and promote
growth. The U.S. and China are projected to rank the top
in total consumption (Van Boeckel et al., 2015).

On a regional level however, some efforts are being
made to reduce the amount of antibiotics and
growth hormones used per live animal. It is likely that
restrictions will be more widely adopted on a per animal
level, mainly to prevent antimicrobial resistance (Levy,
2014; Maron, Smith, & Nachman, 2013).
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3.1.6 Solid Waste

The food system as a whole produces a range of different solid waste streams, from animal manure and agricultural
residues, to food packaging and waste. The nature and scale of the impacts associated with these waste streams varies
depending on how the material is collected and handled. In this section, we focus the discussion on three primary waste
categories: food waste, food packaging waste, and agricultural plastics. These categories have among the largest volumes
and impact, and are not discussed elsewhere in this chapter.

FOOD WASTE

By mass, food waste is the largest source of solid waste in
the global food system. Along the entire production chain,
1.3 billion tonnes of all food that is suitable for human
consumption is wasted annually (Gustavsson et al., 2011).
Based on FAO data, around a third (31%) of all food is either
lost through spoilage or disposal throughout the chain, or
wasted at the retail and consumer stage (FAOSTAT, 2015).
Some sources estimate the level of food losses to be even
greater, potentially reaching up to 50% of total output
(IMechkE, 2013).

Food losses in the chain from farm to fork can occur for a
number of reasons. A significant fraction of produce never
makes it off the farm because it does not meet the stringent
quality and aesthetic requirements of supermarkets
and other retailers (Stuart, 2009). Further losses of food
accumulate through the chain at different steps. Spoilage is
natural for fresh produce, however can be exacerbated by a
lack of adequate infrastructure for transportation, cooling,
markets, and storage (Rolle, 2006; Stuart, 2009). Losses
through spoilage typically affect developing countries
more, as they lack these basic infrastructure provisions.

APPROXIMATELY 1/3 OF
FOOD THAT IS PRODUCED
IS ULTIMATELY WASTED.

Additionallosses along the different stepsin the chain occur
duetothenature offood processing. Food trimmings, errors
and unacceptable levels quality, and other damages that
occur in standardized production lines can turn perfectly
edible food into waste (Stuart, 2009; SEPA, 2008).

Although the amount of food wasted differs significantly
between product types, regions, and the stages within the
production chain, at a global level most food waste and
losses are estimated to take place at point of consumption
(35%), followed by production (24%), and handling and
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storage (24%) (The World Bank, 2014b). Much more food is
wasted in industrialized countries than in the developing
world. In North America, Oceania, and Europe about 280-
300 kg of food is wasted per capita every year, from which
95-115kg (~35%) is wasted by the consumer. In Sub-Saharan
Africa and South- and Southeast Asia the total amount of
food wasted per capita is 120-170 kg/yr., with only 5-11 kg/
yr. (~5%) lost due to the consumer. In industrialized regions,
around 60% of the total food waste is attributed to dairy
products (Gustavsson et al., 2011).

FOOD WASTE FROM CONSUMERS

There are a number of contributing factors that determine
the amount of consumer food waste, which vary greatly
across different contexts. A major factor is spoilage, often
connected to concerns about safety. In the United Kingdom
for example, one fifth of all unnecessarily discarded food
is thrown away due to “best by” labeling, which does not
always correctly indicate when a food product has actually
spoiled. Consumers often choose to dispose of food
products beyond their “best by” dates out of precaution,
despite the fact that it is still safe to eat (World Resources
Institute, 2013). In similar fashion as in the rest of the food
chain, damage to food and excessive trimming of food
products leads to waste at home. Other factors contributing
to food waste at the consumer stage can include spoilage
due to excessive preparation or a lack of storage, and
excessive portion sizes of prepared foods and restaurant
meals (Gustavsson et al., 2011).

The amount of food waste is expected to increase with the
rise in per capita calorie intake (Millennium Institute, 2013).
However, food waste is an issue that has also received
attention from governments and companies. Retailers
in some countries, like the United Kingdom, are either
voluntarily choosing, or more often forced by law, to sell
‘ugly’ foods, as 20-40% of all food discarded by farmers is
due to cosmetic requirements imposed by retailers (Geiling,
2015).

PACKAGING

In addition to food waste, packaging is another large
waste stream in the global food system. Of the 3.4 to 4
billion tonnes of municipal and industrial waste generated
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globally each year, almost half of this waste is generated
by  households.(United  Nations  Environmental
Programme, 2011) The share of global packaging
waste differs per country; in some countries like The
Netherlands and the UK it is less than 33%, whereas in
the U.S. itis more than 50%. (Bournay et al., 2006) There
is a clear relationship between income and the share
of non-organic waste in the total amount of waste,
with a positive correlation between income and share
of non-organic waste. (United Nations Environmental
Programme, 2011) It is estimated that packaging waste
comprises around 31% of all waste generated, which
comes down to around 1.1 billion tonnes. 51% of the
global packaging market is attributed to food, resulting
in 561 million tons of food packaging waste every year.
(Marsh & Bugusu, 2007; Statista, 2015)

Packaging reduces the amount of food lost throughout
the long food supply chain, but also has severe impacts
on the environment as large amounts end up in either
landfill or incineration, or are simply thrown out in the
surrounding area. Landfills are a significant contributor
to groundwater and air contamination, polluting nearby
aquifers,waterbodies,and settlements. Especiallyinlow
income countries landfilling and dumping is the most
common waste management practice, that is mostly
unregulated and waste sites receive large amounts
of medical and hazardous waste. In these countries it
is not uncommon that waste is burned, which further
causes negative impacts to the environment and the
health of local residents and workers. In high income
countries incineration is a more common waste
management practice than in low income countries,
and is often combined with energy generation. On
average more than 20% of the municipal solid waste is
being incinerated in high income countries, with a large
variation between countries, causing GHG emissions
and the release of Ozone Depleting Substances.
(Eurostat, 2015)

AGRI PLASTICS

Besidestheplasticin packaging, plastichasalsobecome
important for agricultural production, especially in
techniques associated with intensive farming. Within
these “plasticulture” systems, plastics are used as soil
fumigation films, irrigation drip tape for tubing, nursery
pots and silage bags, and most commonly for plastic
plant and soil coverings. In China alone, 1.245.000
tonnes of plastic sheeting were used in 2011 (Liu, He,
& Yan, 2014). Large amounts of residual plastic film
have detrimental effects on soil structure, water and
nutrient transport and crop growth, and currently most
of this plastic is also either disposed of in landfills or is
incinerated (Garthe & Kowal, 2004).




3.1.7 Biogeochemical Flows

Biogeochemical flows is a term that refers to the natural pathways of chemical substances through the biosphere. In the
Novel Entities section of this chapter, we discussed environmental emissions of pesticides, hormones, and antibiotics.
Here, following the Stockholm Resilience Centre’s Planetary Boundaries, we focus on the Nitrogen (N) and Phosphorous
(P) cycles. These two biogeochemical cycles have been modified dramatically by humans, primarily through agricultural
activities and the related use of chemical fertilisers. The perturbed cycles pose significant threats to marine, freshwater,
and terrestrial ecosystems. Together they are altering the distribution of biodiversity, which poses unpredictable risks and

challenges for the planetary system (Steffen et al., 2015).

Oneof the mostdramatic changes that intensive agriculture
techniques have introduced to the world is the enormous
overloading of soils, air, and water with reactive nitrogen
and phosphorus. The planetary boundary for nitrogen
is evaluated on the the amount of reactive nitrogen fixed
annually from the atmosphere through human activities.
This boundary, which was set at 62 Tg/N/year is currently
being exceeded almost 2.5 fold. The biogeochemical flow
of Phosphate (P) is measured on a global scale through the
P flow from freshwater systems into the ocean, and on a
regional scale through the P flow from fertilisers to erodible
soils. Both of these boundaries have also been crossed
extensively (Steffen et al., 2015).

The importance of keeping biogeochemical cycles in
balance is not generally well understood by the general
public or policymakers (Fields, 2004). Though there is a
common understanding that excess nitrogen contributes
to eutrophication, there are many more pervasive effects to
nitrogen as a pollutant. Over-loading of soils with nitrogen
can lead to changes in soil pH and biological activity,
and eventually results in leaching of nitrogen from soils.
Reactive nitrogen also impacts water and air and is one of
the primary contributors to acid rain. The global oversupply

of nitrogen is seen as one of the top three threats to global
biodiversity (Townsend & Howarth, 2010).

SYNTHETIC FERTILISERS

Because nitrogen is a core element forthe formation of DNA,
RNA, and protein, itis an essential ingredient for supporting
the growth of all living things. Smil (2001) estimated that the
global population was forced to stay below around 3 billion
people before the large scale application of fertilizers,
because of nitrogen as a limiting factor. This entirely
changed with the arrival of synthetic nitrogen with the
invention of the Haber-Bosch process. Producing synthetic
fertilizers is energy intensive, significantly contributing to
climate change impact, but, perhaps more importantly,
whereas human contributions to the carbon cycle are
around 1 - 2%, our contributions to the nitrogen cycle
are at least two orders of magnitude greater: 100 - 200%
(Aiking, 2011).

The largest contributor to the transgression of the
planetary N and P boundaries is the production and
application of chemical fertiliser on agricultural lands. It
is estimated that on
average 20% of N and P

PLANETARY BOUNDARY TRANSGRESSIONS OF N AND P CYCLES
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Figure 23: Current Nitrogen (N) and Phosphate (P) levels
compared to the safe boundaries for the emission of these
chemicals. (Steffen et. al, 2015b)
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fertiliser is lost through
runoff or leaching into
groundwater, and
in addition through
erosion in the case of
phosphorus. However,
this  number ranges
considerably between
crops and depends
on other agricultural
and environmental
factors such as soil
composition and
the slope of the land
(Ongley, 1996).

Fertiliser consumption
isincreasing worldwide,
totaling a globalvolume



of 194.6 billion kg of NPK. Yet, there are clear regional
differences. Fertiliser use is much lower in Africa (2.7%
of the global total) and Oceania (1.6%) than in other
regions. The largest volumes are consumed in Eastern
(36.4%) and Southern Asia (16.5%), and North (12.2%)
and South America (9.4%). It is estimated that the use of
chemical N and P fertiliser will increase by 40-50% in the
next 40 years (FAO, 2013b; OECD-FAQ, 2015).

THE GLOBAL NITROGEN
BOUNDARY HAS BEEN CROSSED
BY 250%; THE PHOSPHATE
BOUNDARY BY 200%.

ANIMAL EXCREMENT

Another contributorto the disruption of biogeochemical
flows is manure and urine from livestock. N and P
enter livestock through feed, and get further cascaded
through meat, and are lost through leaching and
volatilisation from manure and urine. With almost 30
billion animals in the food system, more than 200 billion
tonnes of manure is being produced annually (FAO,
2015). Due to the prevalence of intensified livestock
systems, the concentration of livestock in particular
regions has increased significantly. This has in turn
lead to an increase in regional manure surpluses. This
manure is spread on fields and is often exported in large
volumes to manure deficit regions. As with the nutrients
in chemical fertilisers, manure application or dropping
further exacerbates the disturbance of the nutrient
cycles (World Resources Institute, 2015).

Aquaculture is increasingly becoming a source of
nutrient emissions as well. Fish farms generate
concentrated amounts of N and P from excrement,
uneaten food, and other organic waste. Without proper
management, these nutrients end up in the surrounding
environment. It is estimated that for every tonne of fish
42-66 kg of nitrogen and 7.2-10.5 kg of phosphate waste
is produced. And that N pollution has produced over
400 hypoxic or “dead zones” that no longer support life
in the world’s oceans. (World Resources Institute, 2015).
This effect alone is especially dangerous as complex
food webstopped by large animals are transformed into
much simpler, microbial dominated ecosystems with
boom and bust cycles of toxic dinoflagellate blooms,
jellyfish, and disease” (Jackson, 2008).
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HUMAN EXCREMENT

Once food is delivered and consumed, some of the
nutrients are emitted via human waste to wastewater
streams. In addition, nutrients also enter the wastewater
stream through, for instance, phosphate in dishwasher
detergent. The UN estimates that the amount of
wastewater produced per year is about 1,500 km?
which is six times more water than all rivers in the world
contain. From all domestic wastewater, 80% remains
untreated and nutrients are basically never recovered
(UNESCO, 2003).

Itis estimated that sewage contributes to 25% of riverine
nitrogen in Western Europe, and for 33% and 68% in
China and Korea (World Resources Institute, 2015).
Globally, the human population produces an estimated
3,600 km? of urine and 527 million tonnes of feces per
year. With a population of 7.3 billion people this results
in 33 billion kg N, 4 billion kg P and 10 billion kg K that
is been lost every year. Looking at the food system a as
a whole, it is estimated that around 80% of all nitrogen
and 25-75% of all phosphate is being lost (Sutton M.A,,
Bleeker A., Howard C.M., Bekunda M., Grizzetti B., de
Vries W. et al., 2013).
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Farmers cultivating a rice paddy.
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3.2 HUMAN HEALTH AND
WELLBEING IMPACTS

The food system not only has impacts on the biophysical
sphere; how we produce and consume food also has a
significant impact on the health and wellbeing of humans
and animals. The food system is deeply connected to
a number of global social issues that affect millions of
people around the world, such as: food security, healthy
and equitable working conditions, the preservation of
livelihoods, and animal wellbeing. In this section, we
provide an overview of the main social impacts of the food
system and discuss the current state of these global areas
of concern. In addition, we look at drivers, trends, and the
future outlook of all the impacts evaluated.

This section further elaborates on the following impact
categories:

3.2.1 LABOUR AND LIVELIHOODS

3.2.2 FOOD SECURITY AND NUTRITION

3.2.3 FOOD SAFETY

3.2.4 PRESERVATION OF CULTURE AND RIGHTS
3.2.5 ANIMAL WELFARE




3.2.1 Labour and Livelihoods

Food production is the world’s single largest economic activity, with agriculture accounting for 20-60% of national
GDP in many developing countries. It is the principal source of income and employment in rural areas. Agriculture
is estimated to provide work for 1.3 billion people, who together make up 50% of the global labour force. It provides
livelihoods for approximately 2.6 billion people, which is around 40% of the world’s population (ILO, 2015¢;
UNCTAD, 2013a). Furthermore, the ILO estimates that over 22 million workers were employed in food and drink
manufacturing in 2008. However, even though global agriculture and food industry employ a significant share of
the global labour force there is a range of negative social impacts regarding both the provision of livelihoods and
the circumstances of labour in the sector which make the present situation an unsustainable one.

AGRICULTURE

According to the International Labor Organization,
agriculture (together with construction and mining) is
one of the three most hazardous sectors to work in, in
terms of fatalities, injuries and work-related ill-health.
According to the ILO, 170.000 agricultural workers are
killed each year. The hazards of agriculture can extend
beyond labourers: each year, around 3 million cases of
pesticide poisoning are registered, leading to 220,000
deaths according to the World Health Organization
(WHO) (Tittonell, 2013). Aside from occupational health
and safety theILO also identifies challenges with regards
to labour productivity in the sector (which is generally
low), and limited social protection and benefits and
gapsin workplace conditions between male and female
workers (International Labour Organization, 2015). The

United Nations Special Rapporteur on the Right to Food
states that only a small fraction of agricultural labourers
(20% in 2010) had access to basic social protection, that
collective bargaining (which could be a crucial means
to improving labour rights in the sector) is largely
absent, and that there is a range of issues related to
other marginalized labour groups such as migrants, and
children (De Schutter, 2010).

Globally, 60% of all child labourers in the age group
of 5-17 work in agriculture, including farming, fishing,
aquaculture, forestry, and livestock. This amounts to
over 98 million girls and boys, or 0.5% of the world’s
current population of 1.9 billion children. The majority
(67.5%) of child labourers are unpaid family members.
In the context of small-scale family farming, some
participation of children in non-hazardous activities

PER-SECTOR DIVISION OF CHILD LABOUR OCCURRING GLOBALLY

CHILD LABOUR
GLOBALLY

(5-17years)
164.700.000
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Figure 24: An overview of
the main sectors in which
child labour is occurring
globally. (ILO, 2015)
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can be beneficial for transferring knowledge and skills
through generations (ILO, 2015b). However, these benefits
do not extend to children working in unsafe contexts or
at the broader expense of their development and formal
education. While accurate information on the actual level of
child and hazardous labour is difficult to ascertain, the ILO
has recently indicated that the overall level of child labour
globally has reduced by nearly one third since 2000 (ILO,
2013; The Hague Global Child Labour Conference, 2010).

AGRICULTURE IS ONE OF
THE 3 MOST HAZARDOUS
SECTORS TO WORK IN.

Aside from hazardous and child labour, a vast number of
especially small and medium-sized farmers are unable to
derive a livelihood from agricultural production. Because of
globalized food chains and the pressure from lead firms in
these chains (e.g. large retailers or food processors; Ahold,
Nestlé) suppliers demand lower prices for food products
delivered by farmers. Forinstance, smallholder tea farmers

earn but 3% of the price of tea. Coffee growers in Uganda
were found to earn just 0.5% of the retail price of coffee sold
in London (International Fund for Agricultural Development
(IFAD), 2015). While it is understandable that parties along
the value chain are entitled to their fraction of added value,
itis well documented that farmers do not receive adequate
compensation, and often depend on subsidies to make up
alarge part of their annual revenues (Rigg, 2006).

FISHERIES AND AQUACULTURE

According to FAO estimates, 58.3 million people were
engaged in fisheries and aquaculture in 2012 (FAO, 2014b).
The sector is plagued by a range of severe labour issues
such as child labour, forced labour, and slavery. Although
global data on child labour in fisheries is not available
(ILO, 2015c) case studies indicate that child labour is
predominantly occurring in small-scale capture fisheries
operations; aquaculture; and post-harvest fish processing,
distribution, and marketing, which includes the vast
majority of fishing and fish farming operations, globally
(Chantavanich et al., 2013). Furthermore, a recent study of
the ILO indicates that forced labour is wide spread in the
sector especially among migrant workers from developing
states (ILO, 2015¢). In his study on transnational crimes in
the fishing industry, de Coning mentions the “severity of




the abuse of fishers trafficked for the purpose of forced
labour on board fishing vessels” and “the frequency of
trafficking in children in the fishing industry” as two of
the most disturbing phenomena encountered during
the research for the study (de Coning, 2013).

THE FOOD PROCESSING INDUSTRY

Further upstream in the food chain, there are also a
range of social impacts associated with food and drink
manufacturing industry. According to the ILO, over 22
million people are globally employed in the sector in
which over 4 billion tonnes of food are moved from field
to table every year (ILO, 2007). The ability of workers in
the food industry to derive decent livelihoods is made
difficult due to low wages and lacking worker’s rights.
Generally, food chains are controlled by a very limited
number of suppliers engaged in the processing and
distribution of products, and a small number of retailers
that control the market. Evidence from several countries
and industries suggests that, in the case of processors,
many aspects similar to that of farmers and fisherman
described earlier: they become locked into global food
chains. In such a situation the downward pressure
from leading firms such as large traders or retailers
can lead to a decrease of wages, social benefits and
protection for labourers, and an increasing appliance
of temporary and flexible labour agreements which
are often associated with a decrease in labour rights
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and social benefits (ILO, 2007; Lloyd & James, 2008). A
lack of rights and social benefits applies especially to
migrant workers, who are widely employed in the food
processingindustry and packaging houses in developed
economies are reported to be marginalized and at risk
from exploitation and abuse (ILO, 2013b, 2015d).

Lastly there is a range of occupational health and safety
concerns that should be mentioned. Although food
manufacturing workers are spared some of the dangers
associated with agriculture (e.g. pesticide and chemical
exposure), there are some consistent health and safety
issues associated with the work in the sector (which
is often physically demanding and repetitive) such as
muscular pains and discomfort. The specific health
and safety issues differ per sector. Musculoskeletal
disorders, resulting from carrying heavy or awkward
loads, are common in the beef and poultry processing
industry together with trauma from electrical or
manual cutting (Graham, J.C., Jensen, G., Malagie, M.,
Smith, 2015; James, S. Loyd, 2008). In fish processing
chains, the main health and safety issues are similar
and furthermore include prolonged exposure to noise,
low temperatures and the inhalation of wet and dry
aerosols (Jeebhay, Robins, & Lopata, 2004). In the fruit
and vegetable production chains the most prevalent
health and safety issues relate to continued exposure
to chemicals and pesticides, physical strain, working
in adverse temperatures and inadequate hygiene and
sanitation (Dolan & Sorby, 2003).
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3.2.2 Food Security And Nutrition

The right to food is recognized in the United Nations Declaration on Human Rights as part of the right to a decent standard
of living, and has also been highlighted by the Committee on Economic Social and Cultural Rights (CESCR) and the United
Nations Special Rapporteur on the Right to Food. Food security is the measure to which this human right is lived up to. The
World Food Summit in Rome agreed that food security exists where: “all people, at all times, have physical and economic
access to sufficient, safe and nutritious food to meet their dietary needs and food preferences for an active and healthy

life” (FAO, 1996).

The global food system currently fails to provide significant
portions of the global population with food security.

UNDERNOURISHMENT

One of the most visible aspects of global food insecurity
is the prevalence of undernourishment in developing
countries. According to the FAO around 795 million people
were malnourished in 2015, of which the vast majority (780
million) are living in developing countries (Marx, 2015).

The largest number of undernourished people live in Asia
and Sub-Saharan Africa; these regions account for 65.6
and 29.8 percent of the total undernourished population
in developing countries respectively. In relative terms the
situation is most desperate in Sub-Saharan Africa where a
share of 23.2 percent of the population is undernourished
(Marx, 2015). In developed nations under-nourishment only
affects a marginal fraction of the population.

UNDERNUTRITION

Caloric intake alone does not say much about the
nutritional value of the food consumed. Even when calorie
intake is sufficient, inadequate diets can result in nutrient
deficiencies, such as a lack of iodine, iron, or certain
vitamins. It is estimated that globally, two billion people
lack sufficient vitamins and minerals essential for good
health (Black, 2003). Two of the most impactful and most
widespread nutrient deficiencies globally are Vitamin A and
lodine deficiencies, both of which occur mainlyin the Global
South. Vitamin A deficiencies are a public health problem
in over half of the world’s nations, especially in Africa and
South East Asia (Black, 2003). Although the number of
countries in which the prevalence of iodine deficiencies
is a public health problem has halved in the past decade,
it is still a problem in 54 nations. The percentage of the
population with an iodine deficiency is especially high in
Africa, South East Asia, and Europe (de Benoist, Andersson,
Egli, Takkouche, & Allen, 2004).
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Two of the most vulnerable groups affected by these
deficiencies are women and children. Children are
especially vulnerable in the face of malnutrition since it can
hamper both physical and mental development processes.
According to joint estimates by the World Bank, UNICEF,
and the WHO, over 161 million children under 5 years
old, or 25% of all children under 5 are stunted: they are so
malnourished that they do not reach their full physical and
cognitive potential (UNICEF, 2013).

OVER-CONSUMPTION

At the same time, approximately 2 billion people are
overweight (having a Body Mass Index (BMI) equal or greater
than 25). (Stuckler & Nestle, 2012), and the prevalence
of obesity (a BMI of 30 or greater) doubled between 1980
and 2008 (de Schutter, 2014). Being overweight or obese
increases the risk of non-communicable diseases such
as for example type 2 diabetes or coronary heart disease.
The World Health Organization estimates that at least 2.7
million people die across the globe every year as a result of
being overweight or obese (WHO, 2015b).

As illustrated in Figure 25, overweight and obesity are most
widespread in developed economies. With an average of
45.7% of their population over-acquiring food, versus an
average percentage of 27.6 in developing nations (Food
and Agriculture organisation of the United Nations, 2015b).
However, while the prevalence of overweight and obesity
has risen in all regions, and nearly all countries between
1990 and 2014 (Food and Agriculture Organization of the
United Nations, 2014), the percentage of the population
over-acquiring food has risen more sharply in the
developing nations, than in developed ones (Food and
Agriculture Organization of the United Nations, 2015b).
In both developed and developing nations, it is often the
lower socioeconomic class that is most susceptible to over-
consumption, partly due to the consumption of processed
foods. These are cheap, but combine high caloric density
with low nutritional value.



DOUBLE BURDEN

The rapidly developing and middle income countries,
like the BRICS, are increasingly confronted with the
so-called ‘double burden of malnutrition:” both the
undernourished as well as the overweight fractions of
the population are rising. Contrary to popular belief, it is
often the lower classes that suffer the most from obesity.
Driven by limited financial resources, these people
become dependent on high calorie, low nutritional
cheap processed foods. These cause overweight in
adultsand malnutrition in young children due to vitamin
deficiencies. Studies show that 22-66% of households
in these countries can be classified as double burden
households, which have both an undernourished
person as well as an overweight person (Doak, Adair,
Bentley, Monteiro, & Popkin, 2005).

DRIVERS OF FOOD SECURITY

The extent of food security is determined by four main
drivers: the availability and accessibility of food, stability
and the utilization of food.

The actual amount and diversity of food available
has grown in most regions. The main reason for this
is that the growth in food production has outstripped
population growth in the past decades. Globally, per
capita food supply rose from about 2.200 kcal/day in
the early 1960s to more than 2.800 kcal/day by 2009
(FAO, 2015). Despite this average global increase in
food output, food availability remains insufficient in
Southern Asia and Africa.

Despite a rise in food availability, the physical or
economic access to food remains problematic mostly
in developing regions due to high poverty rates, poor
infrastructure for transportation and distribution of
food, but also due to other factors such as armed
conflict and natural disasters (FAO, 2010). Globally,
economic access to food has increased significantly:
GDP per capita has risen 36% from 2000 to 2013, while
the relative price of food, has increased across the globe
with only 18.1% (FAO, 2010). However, speculation on
commodities is a major contributor to extreme price
volatility, which skews agriculture commodity markets
to such a degree that both farmers and consumers are
impacted (IATP, 2008).

The stability of food access and availability remains a
challenge, especially in regions which rely heavily on
international markets and are characterized by low
domestic food availability. Import dependency makes
these regions vulnerable in the face of price or supply
volatilities on the global market. These issues are
especially relevant in Sub-Saharan Africa, the Middle-
East, North Africa and the Caribbean (FAO et al., 2015).

Utilization is often used synonymously with nutrition,
butthetermalsoincludes also food storage, processing,
healthandsanitation. Factorslike gender, familyincome,
knowledge, and sanitation all play a role in how food is
utilized by the body, however these are rarely the only
factors, and often are aggravated by poor availability,
accessibility, and stability (World Bank, 2006).

REGIONAL DISTRIBUTION OF MEAN BODY MASS INDEX
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Figure 25: A global overview showing the mean body mass index (kg/m2).

(World Bank, 2014b)
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3.2.3 Food Safety

Food safety has to do with the prevention of food borne illnesses, and has become an important point of the agenda
of organisations as WHO and governmental institutions. The number of food-related infections and incident rates vary
between pathogens or chemicals over time, as well as the types or variants of pathogens. Food borne illnesses are either
infectious or toxic in nature. Infectious illnesses are caused by pathogens including bacteria, viruses, parasites, and prions.
Toxic illnesses are caused by biological agents, like fungal and bacterial toxins, or chemical agents, like Persistent Organic
Pollutants (POPs) and heavy metals. Effects vary from diarrhoea, infections, poisoning and long-term diseases, like cancer.

More than 200 diseases are spread through food and
millions of people fall ill due to food borne diseases (World
Health organisation (WHO), 2015a). Vulnerable people,
especially in the developing world, like infants, the sick, and
the elderly generally face more severe consequences from
food borne illnesses. Not only is human health affected
by food borne diseases, they also impede socioeconomic
development by straining health care systems, and
harming national economies, tourism, and trade (World
Health organisation (WHO), 2014). Outbreaks of food
borne illnesses, for example, can have a negative effect
on the reputation of a region for tourism (Smith DeWaal &
Robert, 2005). Unfortunately, there is little aggregated and
comparable data at the global level on food safety issues
(Smith Dewaal, Robert, Witmer, & Tian, 2010).

FOOD-BORNE TOXINS

Estimates for the effects of chemical and toxins on humans
are hard to obtain, since the time between exposure and
symptoms is long, and many diseases occur only after
long-term chronic exposure. However, chemicals present
in food can cause cancer, birth defects, and damage to the
nervous, reproductive, and immune systems (Rocourt, Moy,
Vierk, & Schlundt, 2003).

Well-known chemical contaminants are dioxins and PCBs,
which are highly toxic and accumulate in the food chain as
unwanted by-products of industrial processes and waste
incineration. Heavy metal contamination of food products
can happen via inhalation, feeding, water, and handling,
like through contaminated shipping container (World
Health Organization (WHO), 2014).

Demographic changes, such as a larger participation of
women in the workforce, a larger percentage of elderly
population, and higher numbers of immunosuppressed
people contribute to the increased the incidence of
foodborne illness events. Additional factors include the
consumption of minimally packaged, poorly processed or
cooked food, and lack of hygiene knowledge (Hotchkiss,
1997; Seaman & Eves, 2006).
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PATHOGENS

A pathogen is an organism (e.g. bacterium, virus, or fungus)
which causes a disease. In the USA, there are 76 million
cases of pathogen-caused food borne disease per year, of
which 5,000 result in deaths. The WHO estimates that these
numbers are representative of OECD member countries.
Incident rates for disease are vary between contaminants,
but have for instance shown no change since 2006 for the
nine most common pathogens in the U.S. These same
patterns are visible for the EU (EFSA, 2014). Yet, for most
infections incidence rates are still well above national
health targets, keeping food safety a high priority topic
across nations (Center for Disease Control and Prevention,
2013; Center for Disease control and Prevention, 2013).

ABOUT 60% OF ALL HUMAN
DISEASES AND 75% OF
EMERGING DISEASES HAVE
ORIGINATED FROM ANIMALS
IN THE PAST 3 DECADES.

BACTERIA

Among the most common food borne pathogens are the
bacteria Salmonella and E. coli, which affect millions of
people annually. Animal products are the main sources
of contamination with Salmonella. On the other hand,
E. coli can be spread through both raw animal products
and fresh fruits and vegetables. Vibrio cholerae is another
common bacterium that is spread through rice, vegetables,
millet gruel, and seafood. Around 30% of illnesses and
72% of deaths attributed to food borne pathogens are
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due to bacteria (Roberts, 2001). A major topic of
concern around food safety, is the increase in antibiotic
resistance. Nowadays, the resistance in common
bacteria has reached alarming levels in many parts
of the world. Moreover, surveillance of antibacterial
resistance is neither coordinated nor harmonized, with
many gaps in information on bacteria of major public
health importance (World Health Organization (WHO),
n.d.).

About 60% of all human diseases currently recognized
and 75% of emerging diseases have originated from
animalsin the past three decades. A prominentexample
of a high risk chain component is the livestock industry.
In the U.S., cows are mostly bred in highly condensed
feedlots with feeding capacities of over 800.000
heads (Northwest Farm Credit Services, 2007). The
overcrowded feedlots are stressful, and make it easy for
diseases to spread. Due to the intensified production
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and rapid slaughtering process, contamination from
manure is one of the main health risks (Sofos, 2008). £.
Coli is one of the bacteria that has caused hundreds of
people tofallilland several people to die in the past two
decades (Center for Disease Control and Prevention,
2013). The last reported outbreak was in 2014, when 1.8
billion pounds of ground beef was recalled due to E.coli
contamination (Food Safety News, 2014).

PARASITES

Among parasites, Taxoplasma gondii is an important
issue in food safety. In 2011, it caused over 86,000
illnesses, 4,400 hospitalizations and 327 deaths in
the U.S. Poorly cooked and raw meat is a source of
transmission. Other disease-causing parasites include
Giardia, amoebae, tapeworms, roundworms, and
flatworms. Transmission routes and disease mortality
differ depending on the species and the treatment.
Most are treatable with medical care, however in many
areas appropriate medical care is not available (Food
and Drug Administration (FDA, 2013). In total, parasites
were responsible for 3% of the cases of foodborne
illness, but 21% of the deaths attributed to foodborne
illness (Roberts, 2001).

PRIONS

Prion agents are a particular type of proteins that act in
a manner similar to viruses, but without use of nucleic
acids. To date, all the diseases they are known to cause
are neurodegenerative, untreatable, and fatal. The best
known example is Bovine Spongiform Encephalopathy
(BSE, or “mad cow disease”) which is most likely to be
transmitted via brain tissue from bovine animals. The
spread of this disease in the 80’s and 90’s led to around
80 deaths and hundreds of thousands of infected cattle
(Brown, 2000), which can be largely attributed to the
practice of feeding cattle the remains of infected cattle
(FDA, 2015). As there are no ways to kill the prion agents
in meat, care has to be taken to monitor sick animals
and prevent infected food from being used in order to
avoid human casualties (Brown, 2000).




3.2.4 Preservation Of Culture and Rights

The food system is about more than the provision of livelihoods and food security alone: it carries within it a vast variety of
cultural practices, religious activities, ceremonies and traditions from which people construct both collective and individual
identities (Jacques & Jacques, 2012). These socio-cultural systems are often closely interrelated to local ecosystems. For
these communities, fulfilling lives are inextricably linked to the ecosystems that support them. Preserving such cultural
systems therefore goes hand in hand with the preservation of biospheric integrity discussed earlier.

Since the 1990s, the field of ‘biocultural’ studies has
investigated the link between biological and cultural
diversity, establishing that areas of flora and fauna diversity
were the centres of rich cultural evolution (Green, Cornell,
Scharlemann, & Balmford, 2005). The argument is that
cultural diversity is an adaptive response to niches of
ecological diversity. Modern industrial agriculture looks to
homogenize ecosystems and food practices as a measure
of efficiency but in doing so, can inhibit cultural practices,
undermining ecosystems and identities. Food traditions
require communication and the passing of knowledge
through language and when language is lost, traditional
food practices are put atrisk (Jacques & Jacques, 2012). One
example of this can be found in the Philippines, where local
populations were pressured into abandoning traditional
rice cultivars in favour of modern agri-technical strands
together with their pesticides and fertilisers. This adoption
of these new farming practices led to the abandonment of
the Ifuguao language and the loss of intimate knowledge
related to theirtraditional ricetechnologies (Harrison, 2007).
Other examples exist such as the Ainu people of Japan.
They practiced traditional hunting and fishing in a way
that preserved wetlands and contributed to their culture.
But the introduction of rice and fabrics pressured them to
commodify their products. This commodification lead to
overfishing but also to changes in other cultural aspects,
most notably a reduction in the number of gods recognized
by their belief system (B. Walker, 2006). Similar dynamics
are also documented in Native American populations in the
US and elsewhere (White, 1994).

LAND RIGHTS

A critical issue when considering sustainable management
of agricultural lands and human welfare is need to
recognize indigenous land rights by non-indigenous
interest groups (Cotula, Vermeulen, Keeley, & Leonard,
2009). These can be business investors, governments,
international development funds or even local farmers
looking to utilize larger land area’s (Cotula et al., 2009).
These lands and territories provide food, material resources
and often spiritual connectedness on which the traditional
communitiesdepend butthesevalues may go unrecognized
by outsider interests (Walker, 2006). The people-land
relationship is a part of cultural identity; this relationship is
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often ingrained into their language, practices, rituals, and
history (Bramley, 2014). Therefore, the loss of traditional
lands, which are the socioeconomic and environmental
space on which community life occurs, endangers not only
the material basis of these groups’ survival, but also the
preservation of their culture and heritage. This is also why
many peasant and indigenous political movements, such
as the Zapatistas, have actively used systems of agricultural
production as the symbolic and material core of their fight
against the influence of dominant, foreign cultures on
their own (Walker, 2006). And this is why it is important to
investigate the mutual interactions between the dynamics
of production systems and cultural heritage.

Land privatization, titling, and registration programmes, as
opposed to common property regimes, can have negative
effects on community identity, health, and livelihoods. For
example, in Uganda, 60% of pastoralists have been driven
off their land for investment. Local farmers also suffer from
knowledge imbalances as there is often a lack of local and/
or national government support, especially with regard to
clarity in terms of farmers’ rights. In many cases, there is a
lack of support and representation from local and national
governments. Although many indigenous communities
have the right of consultation and expression of views
regarding national projects, these rights are rarely carried
out appropriately due to various communication and
power imbalance issues (Bramley, 2014).

LAND ‘GRABBING'’

In the past decade, the amount of foreign investment in
cash crops and large-scale plantations has increased,
displacing indigenous populations and driving further
biodiversity loss (Zoomers, 2010). Approximately 126
countries participate in international land trade, with China
being the most dominant. While estimates on the actual
displacement of indigenous populations is not readily
available due to a lack of consistent data and reporting,
the results of virtual land trading shows that 82.2 million
hectares of land were sold in international deals between
2000 and 2012 (Seaquist, J, Johansson, E, & Nicholas, 2014).

In Africa in particular, large-scale land acquisitions are
pushed by investment programs, food security concerns



as well as local small-scale farmers scaling up (Cotula
et al.,, 2009). The uproar over specifically African land-
grabbing arises, because newly established farms are
export driven to serve the domestic needs of investor
countries at the expense of local livelihoods, and
especially that a lot of deals have a complete lack of
transparency. In many cases where local farmers have
been given land, they lack the resources, technologies
and access to markets to climb out of poverty traps.
Thus enabling those with little knowledge or access to
political representation to have their land rights abused
and their culture undermined (Bramley, 2014).

A GLOBAL FOOD CULTURE?

Aside from land, food itself is an important, material,
carrier of culture and symbol of identity. Food culture
arises from a people’s place of origin and it’s influenced
by available resource, belief and information systems,
ethnicity, technology, health, and history (Jacques
& Jacques, 2012). After WWII, Western food culture

changed substantially not only because women
entered the workforce, but also because pre-war
recipes were no longer feasible (Pearson & Gillett, 1996).
Instead, substitute materials with lesser nutritional
benefit but greater accessibility have taken their place.
This has become one of the significant drivers of large
scale processing companies, who were able to utilize
inexpensive, refined inputs to create new kinds of foods
(Pearson & Gillett, 1996).

Presently,globalizationresultsingreaterstandardization
and an Americanization of cultures, as evidenced by the
spread of American-style fast-food chains, colloquially
called ‘McDonaldization’ McDonald’s alone has over
34,000 restaurants in over 120 countries (Chalabi &
Burn-Murdoch, 2013). On the other hand, there is a
re-localisation of food as counter to homogenization
(Kranjac, 2012). However, culinary heritage is seeing
somewhat of a revival for rural tourism, with tourists
seeking an ‘authentic’ experience., This is tied to the
certification of origin of particular heritage foods, such
as cheese and wine in Europe (Sims, 2009).

OCCURRENCES OF LAND GRABBING PER COUNTRY
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Figure 25: A global overview of land grabs per country. A “land
grab”is defined as a large-scale land acquisition made by a foreign
investor (World Bank, 2014b)
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3.2.5 Animal Welfare

Welfare does not only concern human beings, but also animals. The definition of animal welfare according to The World
Organization for Animal Health (OIE) refers to how well an animal is able to cope with the conditions in which it lives
(World Organization for Animal Health, 2013). There are at least four times more livestock animals than the total amount
of humans on earth, and trillions of fish directly concerned with our food production (FAO, 2015b; Mood, 2010). This
excludes the number of wild caught invertebrates and fish in aquaculture, and all wild animals that are indirectly affected
by habitat destruction, toxification, and waste. Animal welfare is inherently connected to our food system and should be
taken into account in a comprehensive assessment of its performance.

The major problem around many industrial farms is
that they restrict animals in performing their natural
behaviours, as grazing, stretching, general free movement
and social interactions. By now, this is broadly recognized
as a causality for stress in animals, and therefore affects
animal welfare. Other animal treatments that are very
common in food production and which are at the centre of
public debate, are practices as (unsedated) tail dockings,
castrations, and beak trimming, and even physical abuse
or violent handling by farmers and workers.(Parente & van
de Weerd, 2012).

Although animal welfare is harder to measure amongst
fish than for instance in cows and chicken, there is growing
evidence that aquatic species suffer from pain and stress
in fishing and aquaculture practices (National Veterinary
Institute, 2008). Fish are subject to stressors such as
crowding during breeding and capture, poor water quality,
food deprivation, exhaustion, injuries, and the most
traditional way of slaughtering, asphyxia, which means
suffocation by being taken out of water. These are just a few
examples of the conditions fish are in and which indicate
that current fishing and aquaculture practices negatively
influence animal welfare (Bergqvist & Gunnarsson, 2011).

REGULATIONS AND POLICIES

Until the 1970s, the pressure for legislation and guidelines
around animal welfare typically came from journalists and
campaigners. Nowadays, also governmental bodies and
NGOs, like the UN, are (lobbying for) stating that “animals
are sentient and consequently that legislation should
ensure their welfare” The increase in concern around
animal welfare is reflected in the amount of research
conducted on the topic, which has been steadily increasing
by 10-15% over the last two decades. This is essential for
future policies and guidelines on animal welfare in the food
industry, as a great deal of legislation is based on scientific
research (M. Walker, Diez-Leon, & Mason, 2014).
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Many countries in the developed world have binding laws
around animal welfare, next to which non-binding codes
of practice and voluntary schemes for certification exist
(FAO, 2008). These certifications have been introduced in
response to consumer demand, and are being developed
by animal welfare organisations, as well as food retailers as
food businesses, including retailers, food service operators
andfood manufacturers. Non-legislative actions are playing
an important role in improving animal welfare and involve
stakeholders such as non-governmental organisations
(NGOs) and non-profit organisations (FAO Investment
Center, 2014).

On a more global level, the World Organization for Animal
Health (OIE) recently developed international Codes on
animal health and welfare which are aimed at promoting
safe international trade between WTO members. Other
international organisations, FAO, OIE, the Council of Europe
and the World Bank’s IFC, have played a major role in the
formulation of international legislation and standards
concerning animal welfare (Ramirez, Patel, & Blok, 2006).

Despite the known detrimental effects to animal welfare,
some development organisations are still promoting
and encouraging intensive livestock and aquaculture
systems in developing countries. Moreover, a recent
report from FAO concluded that the implementation of
the OIE recommendations is poor in many of its member
countries, particularly in the developing world. Altogether,
the challenges around animal welfare far from being solved
and will remain a global political point of concern (World
Animal Net (WAN), 2015).
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ECONOMIC FACTORS

A last major driver of lacking animal welfare are the
costs associated with less intensive production systems,
or perceived to be associated with them. Changing
conditions to improve animal welfare are associated
with higher costs, which initially is generally the case. On
the other hand, there is also a clear business sense for
raising standards for animals. The OIE estimates that,
on a global scale, mortality and morbidity due to animal
diseases cause the loss of at least 20% of livestock
production (FAO-OECD, 2015). This amount equals at
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ickens.

least 60 million tonnes of meat and 150 million tonnes
of milk, and a value of USS$ 300 billion a year. Moreover,
the majority of consumers in the EU and North America
have indicated to be willing to pay more for animal
friendly products. However, consumer demand for
“lower welfare” products is still much higher compared
to the demand for higher welfare products. It is likely
that this is related to the lack of general knowledge/
awareness about the various welfare issues involved
in animal production systems (FAO Investment Center,
2014).
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3.3 DISCUSSION

This chapter’s overview of the key impacts resulting from the functioning of the food
system illustrates the breadth and depth of the problems at hand.

In this discussion, we first turn back to the FAO’s projections, which were introduced
at the end of Chapter 2, and consider them once again in light of the impacts described
here. Despite the FAO’s conclusions that the global resource base is sufficient to fulfill
the anticipated growth in demand by 2050, this claim primarily focuses on physical
availability of resources, and does not take into account planetary boundary constraints.
A future pathway focused primarily on the continuation of historic expansion trends,
as described in Chapter 2, presents unacceptably large risks in a few key impact areas
(e.g., biodiversity loss, biogeochemical cycles). An alternative and more nuanced
combination of strategies, including strong approaches to demand reduction and
ensuring equitable food access, must provide a balancing counterpart to any increases
in growth in production that occur. Moreover, the very nature of the food system’s
future growth should take on a significantly lower-impact character than it had in the
early era of the Green Revolution.

Before we turn to what a balanced strategy for the development of the food system
could look like (in Chapter 5), we must also consider the nature of the impacts at hand
and how these could be tackled from a systemic perspective. Priority should be given
to the largest and most severe impacts that bring us closest to potential tipping points
in both biophysical and human systems (e.g., climate change, antibiotic resistance) and
impacts broadly seen as irreversible (biodiversity loss, loss of culture and heritage).
Finally, strategies aimed at transforming the food system should be aimed at addressing
root causes, which are often shared between multiple impacts (poverty traps), rather
than dealing with superficial symptoms or more proximate causes (undernourishment).
Chapter 4 continues with a more in-depth discussion of underlying system structures
and root causes that should be primary points of focus for a broader system transition.

KEY MESSAGES:

» Though the FAQ’s 2012 global food projections study concluded that sufficient global
resources exist to supply the 2050 projected global food demand, these conclusions are
based primarily on the physical availability of basic resources and do not take into account
the continued likely transgression of key planetary boundaries.

» The four planetary boundaries that have already been transgressed (biospheric integrity, N
and P cycles, and climate change) place limits on the further expansion of the food system.
In particular, biospheric integrity is an apex boundary that is further breached when any
of the other boundaries are impacted. Based on the overview of food system impacts
presented in this chapter, we conclude that the food system cannot expand under current
practices to meet the projected needs of the human population by 2050 without further
crossing planetary boundaries that have already been severely transgressed.

» In addition to the planetary boundaries, a second set of limits to the expansion of the food
system under current practices is the depletion of key non-renewable or slowly renewable
resources (soils, fossil fuels, fossil water, mineral nutrients).

» When developing strategies for moving towards a sustainable, resilient food system we
must consider the systemic nature of the behaviours and impacts within the system.



» Severe, irreversible, and non-linear impacts that may lead to the crossing of key systemic
tipping points should be prioritized avoided at highest cost. These include impacts in the
areas of: preservation of global biodiversity, mitigation of climate change, management of
soils and essential non-renewable resources, the preservation of culture and heritage, and

the preservation of human health.

» Impacts within the food system will continue to occur unless the underlying structures that
lead to their emergence are changed. One of the most effective strategies for creating a
transition in the food system is to uncover and address central root causes that lead to
multiple impacts.

Children plaﬁng on the coas}.
Creative Commons: Yeowatzup
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With a more complete look at the range and severity of
the impacts associated with the food system, we now
return to the FAO’s projections for 2050, which, as reviewed
in the discussion section of Chapter 2, expect at least a
60% expansion in food production over 2005/07 levels.
This growth is expected to come from a combination of
yield improvements (80%) and an increase in arable land
(20%). Yield increases are generally assumed to derive from
conventional intensification techniques (improved crop
varieties, fertilisers, pesticides, mechanisation, and, where
possible, irrigation) (Alexandratos & Bruinsma, 2012).

According to the projections’ authors, there are sufficient
land, water, and fertiliser resources available to support
this anticipated growth in food output, though achieving
this growth is still presented as great challenge considering
the increased scarcity and unequal geographic distribution
of these resources. However, what is not considered
sufficiently in the projections, and in some cases barely at
all, are other limits to the food system’s expansion related
to the planetary boundaries and other impact areas
presented in this chapter.

LIMITS TO THE EXPANSION
OF THE FOOD SYSTEM

Whether we consider crop or animal production (terrestrial
or aquatic), growth strategies involving either expansion or
intensification are typically associated with severe and non-
linear impacts. Even if it could be argued that the planetary
system can withstand another round of food system
expansion between now and 2050, when population is
expected to reach 9.7 billion, it becomes very challenging
to maintain this line of reasoning for the phase of growth
that would be required between 2050 and 2100, when the
world’s population is projected to reach over 11 billion
people (United Nations, 2015). This points to the need for a
paradigm shift in thinking about the structure of the global
food system.

Without aiming to reiterate the impact areas presented in
this chapter, here we highlight a few of the main constraints
and threats to the continued growth of the food system
that we believe are inadequately considered in the FAO’s
projections and related policy-oriented scenarios.

BIOSPHERIC INTEGRITY AS A
KEY SYSTEM BOUNDARY

Biospheric integrity is the most severely transgressed
of all planetary boundaries identified by the Stockholm
Resilience Centre (Steffen et al., 2015). The food system
is the largest single contributor to biodiversity loss out of
all human activities, while at the same time being highly
dependent on the maintenance of biodiversity for its
continued functioning. Ecosystem services, like pollination,
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soil fertility, pest control, and water purification, are
difficult to account for and their importance to agriculture
is systematically under-appreciated (Power, 2010). These
services can be classified as “emergent systemic features”
that are dependent on the healthy maintenance of
commonly shared resources like air and water quality,
forests, and healthy soils (see relevant discussion on the
“Tragedy of the Commons” in section 4.4).

Theemergentnatureoftheseservices,andtheirdependency
on public, common goods, makes them particularly
challenging to quantify or protect. It is difficult to connect
large-scale changes in ecosystem services with singular
activities (like the clearing of a stretch of forest). There is
little insight into related systemic tipping points (how much
over-application of fertilizer on individual farms will lead to
a large-scale eutrophication event?). Time-delays between
action and impact can also cloud relationships between
activities (is the application of neonicotinoids responsible
for declines in bee populations? (Budge et al.,, 2015)). This
makes it challenging to set appropriate limits for individual
activities that collectively pose a grave risk.

Despite these difficulties, we argue that the critical nature
and irreversibility of biodiversity-related impacts calls for
a much more precautionary stance in agricultural policy
settingthan has been seen thus far. The structural depletion
of biodiversity should be considered a hard boundary for
the expansion of the food system, which is currently far
from the case.

Biospheric integrity is impacted by most of the practices
within the food system. This hard boundary should ideally
be integrated in a number of agricultural policy areas,
including, but not limited to:

» Arable land and pasture: The FAO’s projections
estimate a 120 million hectare expansion of arable
land in developing countries by 2050 (12% over current
levels), offset by a decline of 50 million hectares (8%)
in developed ones, resulting in a net total increase
of less than 5%, around 70 million hectares (FAO,
2009a). Though this net total increase in arable land is
considered to be relatively small, the most problematic
aspect of this change is that a majority of these land
conversions will occur in developing countries with
high biodiversity indices. This is anticipated to lead
to a disproportionately high impact on biodiversity
loss, which will not be offset by natural reclamation of
agricultural land in the developed world. Since habitat
conversion is the primary driver of terrestrial biodiversity
loss, arable land expansion should be regarded more as
a last resort than an inevitable pathway when setting
policy plans for agricultural development. If croplands
must expand, then it is critical to consider where the
lowest-impact areas for expansion would be, and create
policies to strongly incentivise these directions. The
World Resources Institute suggests that expanding palm
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oil plantations onto low-cabon, degraded lands in
Indonesia and Malaysia is an important strategy for
diverting their expansion away from primary forests
and peatlands (World Resources Institute, 2013).
Additional strategies for this kind of low-impact
land expansion should be investigated in detail.

Fisheries and aquaculture: Current levels of wild
fish extraction are unsustainable and rely largely on
practices that destroy aquatic habitats abd result
in large amounts of non-target species bycatch.
Because wild fisheries are almost fully exploited (over
90%); larger increases in seafood output will only be
possible through a significant increase in aquaculture
(FAO, 2014b). To maintain the current level of fish in
the average global diet, the World Resources Institute
estimates that the productive output of aquaculture
willneed to morethan double by 2050 from 2013 levels
(World Resources Institute, 2013a). The expansion of
aquaculture practices should be strongly constrained
by considerations of potential ecological impacts
resulting habitat destruction, pollution, and wild
fisheries capture for fish feed supply. In the case of
wild fisheries, improved setting and enforcement of
fishing quotas and much more stringent regulations
surrounding environmentally destructive fishing
techniques should be implemented.

Intensification: As described throughout this

Women harvestingrice
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novel entities into the environment, increased energy
demand, and increased GHG emissions, among
other impacts (Donal, Gree, & Heath, 2001; Kiers et
al., 2008). Notably, the FAO’s 2050 projections did not
take into account the development of agricultural
land to compensate for degraded and eroded areas,
which could lead to at least a doubling in anticipated
land conversion rates if rough estimates in literature
on the rate of arable land loss are correct (Bringezu et
al., 2014). The continuous pursuit of ever-increasing
yields, which is effectively mandated by intentions
for a large-scale expansion of food output, largely
disregards the impacts associated with extreme
agricultural intensification. Agricultural policies that
take biospheric integrity as a serious boundary must
reflect a more moderate stance on intensification
than has generally been supported thus far. For
instance, intensification practices should not be
pursued at the expense of land and soil degradation,
unbalanced applications of fertilizers, or high rates of
GHG emissions; not even in the name of higher yields.
Policies should reflect the understanding that short-
term gainsinyields can be more than negatively offset
by near-term ecosystem degradation (as is already
witnessed in the case of arable land loss due to
degradation and soil erosion). Though intensification
may spare land in the short term, it ultimately leads to
much greater demands for land conversion.

Fully exploited environmental sinks: Connected to the

chapter, intensification practices are associated with
soil loss, land degradation, nutrient runoff, releases of

discussion of biodiversity is the issue of environmental
“sinks,” which refer broadly to natural reservoirs that
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are able to absorb or process chemicals from other parts
of their natural cycle (for example, trees are carbon sinks
in the carbon cycle). Pushing beyond the boundaries
of environmental sinks presents threats to both global
biodiversity and human wellbeing. In many cases, the
boundaries of environmental sinks are not strictly defined
or quantified; this is generally the case with novel entities,
because they are not part of a natural cycle. Three
environmental sinks, which we argue should play a stronger
role in setting a balanced agricultural policy, are nutrient
sinks (namely, nitrogen deposition from both synthetic
and biological sources, like legumes), atmospheric sinks
of greenhouse gases that cause climate change (which
are largely contributed to through agriculture by carbon
dioxide, methane, and nitrous oxide emissions), and
various sinks for novel entities (which are generally poorly
understood, and require greater precaution).

UNSUSTAINABLE RESOURCE DEPLETION

The question of resource depletion is in many cases
related, but nonetheless distinct from the issues described
above, which directly impact biospheric integrity. Certain
resources that the human economy currently relies on
are non-renewable (or very slowly renewable), and are
currently being used at rates far greater than they are
regenerated. In some cases this unsustainable resource
use can also have direct ecological impact (non-renewable
water reserves, soils), in other cases, the impact is largely
economic (fossil fuels, phosphorus). Our food system is
currently largely reliant on the extraction of non-renewable
and slowly renewable resources at an unsustainable rate,
which translates into risks for its continued functioning,
without even considering systemic expansion. Some of
the resource limits we argue should be more strongly
considered as “expansion boundaries” in policy measures
include:

» Water: Though water resources are already generally
considered to be a limiting factor for the growth of the
food system; insufficient attention is paid to our reliance
on depleting so-called ‘fossil groundwater’ (water
deposits from earlier geological periods, which are not
currently recharged) as well as non-renewable water
resources (those which have exceedingly slow recharge
rates not relevant on a human time-scale). Currently,
at least 4% of agricultural activities are dependent on
the extraction of water from non-renewable resources,
though this figure is known to be incomplete due to lack
of sufficient data (UNESCO, 2006).

» Soil: Conventional agriculture practices have been
shown to deplete soil levels at a rate of 10 - 100 times
greater than the geological background formation rate
(Montgomery, 2007). Because of the naturally slow rate of
soil formation, soil can effectively be considered a non-
renewable resource. Soil depletion should be considered
a much stronger boundary in the setting of agricultural
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policies, which should aim to reduce depletion rates to
at least at the geological background rate of formation.
This has been shown to be achievable through the
implementation of conservation agriculture practices
(Montgomery, 2007), and can also result from improved
livestock management (Horrigan, Lawrence, & Walker,
2002; Ward, Ngairorue, Kathena, Samuels, & Ofran, 1998).

Fossil fuels: Though less prominent in discussions on
agricultural resource shortages in writings by the FAO,
UNEP, and the World Bank, the finite nature of fossil fuels
and the extreme dependency of agriculture on these
resources is a concern that has been highlighted by many
(Pimentel et al, 2015). It has been estimated that about
70% of the energy in one kernel of industrially-produced
corn is derived from fossil fuels, with the largest potion
originating from fossil fuel inputs into fertilizer production
(Cuijpers, 2013). The theory of “Peak Oil” has been
generally and broadly accepted, even by traditionally
conservative organisations like the United States’
Department of Energy (Hirsch, Bezdek, & Wendling,
2007). This theory suggests that once global oil extraction
reaches its maximum rate and begins to decline, it will
no longer be able to keep up with global demand. This
will first lead to price volatility followed by a general price
increase driven by competition between sectors for the
remaining quantities of the resource. Modern, intensive
agriculture is one of the most dependent sectors on fossil
fuels (oil and gas in particular), leading to concerns that
this will lead to severe threats to food security once oil
prices destabilize. Though the predicted date of when oil
reserveswill run outvaries annually, current reserves of oil
and gas are not currently projected to last until 2050 (IEA,
2014; Shafiee & Topal, 2009). This brings up an even more
fundamental question: how will modern agriculture look
like oncethe oil heyday is over? Investigating efficient and
productive systems that are entirely powered through
renewable energy is therefore another urgent topic for
research. This concern should be reflected in the shaping
of policies on the future of agriculture.

Non-renewable nutrient sources: In 2008, a short-
term 800% price spike in phosphorus rock and fertilizer
triggered global concern over the long-term security
of phosphorus. This limiting nutrient for crop growth is
elemental, which means it cannot be manufactured.
Because it has no significant gaseous phase, it cannot
circulate freely in the atmosphere, and is therefore easily
“lost” into the environment if diluted in agricultural runoff.
The current agricultural system is highly dependent
on phosphorus mined from phosphate rock, of which
known reserves are concentrated in only a handful of
countries (Cordell & White, 2011; Clabby, 2010) To avoid
reaching limits of concentrated, economically accessible
phosphorus reserves, more efforts should be directed at
its recovery from wastewater streams, which should also
become a strategic and policy priority for further shaping
the food system.



DEVELOPING SYSTEMIC
STRATEGIES

As we have argued here, physical limits to the expansion
of the food system should include the transgression of
planetary boundaries and the unsustainable depletion
of non-renewable resources. However, understanding
the existence of these biophysical boundaries is only
half of the challenge. Trade-offs between impacts are
unavoidable when addressing the multitude of impacts
resulting from the food system. As such, it is critical to
develop a sophisticated approach to prioritizing which
impacts should be tackled first or avoided at greatest
cost. Holistic strategies that address all of these areas
of concern should reflect several key considerations
regarding the nature of impacts within a system:

» The prevention of long-term, irreversible
impacts should be prioritized. Certain impacts
resulting from the food system are more severe and
irreversible than others. Once, for example, keystone
species within an ecosystem, or traditional practices
and language forming the basis of cultural systems
have disappeared, these properties will likely never
emerge in the same form again. In many cases, the
removal of these critical elements from within a
system can lead to severe consequences like localized
system collapse or long-term loss of resilience
(Folke et al,, 2004). As partly highlighted in this
discussion, high priority areas include: preservation
of global biodiversity, mitigation of climate change,
management of soils and non-renewable resources,
the preservation of culture and heritage, and the
preservation of human health.

» The non-linear nature of impacts should be
taken into account in decision making and
policy setting. Systemic impacts are often non-
linear, meaning that increasing a driving agent by
a certain amount will not necessary result in a
continuously equivalent incremental response. For
instance, fertilising a crop will generally increase
yields. However, giving a crop twice as much fertiliser
may result in no yield at all due to over-fertilization
(Weinbaum, Johnson, & Dejong, 1992). Taking
another example, once the natural buffering capacity
of soils surrounding a water body is depleted, even
a short acid rainfall event can lead to rapid growth in
pH and severe ecological disturbance (Krusche et al.,
2003; Vogt et al., 2007). Policies should be structured
around an understanding of the non-linearity of
impacts, taking into consideration that individual
actions can add up to disproportionate effects that
are highly dependent on the time, location, and
context in which they occur.
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» Potential tipping points in the global system
should be identified and carefully avoided.
Severe, irreversible, and non-linear impacts can in
some cases lead to an even more significant effect:
the crossing of tipping points. A tipping point is
crossed when the amount of change to a system
has resulted in a regime-shift, or a transition to
a fundamentally new state of operation (Biggs,
Carpenter, &Brock, 2009). Aside from the extinction of
key species and biodiversity loss, other areas where
tipping points in the food system are likely to be found
include the effects of climate change, eutrophication
related to the use of artificial fertilisers, or loss of
cultural heritage through the extinction of languages,
practices, or institutions.

» The only lasting way to create change in a system
is to address the underlying structures and root
causes leading to undesired impacts. The famous
parable which states, “give a man a fish and he will be
full for one day; teach a man to fish and he will never
go hungry again,” hearkens to a deeper truth about
the nature of systems. As stated elsewhere in this
report, the structure of a system is what determines
its behaviour. If structures and rules are in place (lack
of knowledge about fishing) that consistently lead
to undesirable consequences (hunger), the only way
to eliminate these impacts in a lasting fashion is to
change the underlying structures. As blatantly stated
inthe parable, continuously addressing the symptoms
of food insecurity by providing nourishment rather
than addressing its underlying causes will not be
effectiveinthe longrun. This general principle applies
to other aspects of systemic entrenchment, like the
existence of trade agreements, laws, and taxes that
create structural support for continued agricultural
intensification.

Combining these general insights about how impacts
radiate through a complex system, we can begin to
formulate an approach for developing a holistic and
effective strategy for achieving lasting changes in
the functioning of the food system. Though the non-
linearity and interconnectivity of impacts may present
a challenge, a potentially simplifying factor is that most
can be traced towards a smaller subset of underlying
structures. It is for this reason that we turn to a more
detailed look at some of the root causes in the structure
of the food system that result in these observed
behaviours.
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4.0 INTRODUCTION

There are many studies on sustainability of the global food system that readily identify
a number of important immediate drivers behind sustainability impacts. These drivers
are often identified as (but not limited to) policy failures, exploitative practices,
population growth, and other emergent behavioural phenomena. While these are
certainly an important part of the explanation of how impacts occur, these drivers alone
do not tell the full story. In systems science, understanding the underlying structures
is the key to identifying the root causes of problems. Only by addressing root causes,
rather than the symptoms of problems or their more superficial causes, are we able to
create long-lasting changes in a system’s functioning.

The structures within a system (e.g., the infrastructural elements, rules, and key
relationships) determine the system’s behaviour. Understanding the structure of a
system allows us to pinpoint higher-leverage interventions that can result in target
behaviour and outcomes (Meadows & Wright, 2008).

Taking the main impact categories that we discussed in the Impacts chapter as astarting
point, we identified case studies which are major contributors to these impacts, and
investigated the root causes for each case. What we have observed from these case
studies is that a relatively small set of structural mechanisms are at the root of many
shared problems. While the exact structural elements that make up the “root causes”
for each impact area vary across different contexts, what we can see is that there are
several common themes and patterns that emerge.

KEY MESSAGES

»

Y

There are almost never any single root causes to impacts. The vast majority of structural
root causes that were identified from a case study analysis pointed to several structural
elements working together to create either self-reinforcing mechanisms or other forms
of path dependency. Because there are several structural root causes, the behaviour and
ultimately the impacts that result are deeply entrenched into the system.

»

7

Poverty is the largest threat to producers of food globally. Small farmers and fisherfolk
around the world are caught in a similar cycle of poverty, whereby a fundamental absence
of educational services, employment opportunities, economic and social infrastructure,
and political representation force them to subsist.

»

7

Research and investment in production is locked-in on traditional, intensive approaches.
Alternative, more sustainable practices do not have the opportunity to continually
develop and evolve like conventional paradigms that benefit from reliable funding, further
cementing their market dominance. With funding focused on specific practices, investment
in developing nations from high-income nations has become intermittent, making long-
term development difficult without sustained and reliable resources.

»

¥

Mechanisms and loopholes in the architecture of trade agreements are often abused
by powerful countries to continue pursuing protectionist policies, resulting in unfair
competition scenarios for the developing countries, ultimately creating trade dependence
and eroding local food security.

»

7

Policy making is strongly influenced by wealthy actors in the system. Liberal trade policies
and the revolving door for government lobbyists have solidified a culture where large,
wealthy corporations have disproportionate power over political decision making, whereby
small players in the food system are marginalized both economically and politically.



STRUCTURAL CAUSES IN
THE FOOD SYSTEM

Reflecting upon the outcomes of our research in the
global food system, there are a number of important
structural causes to discuss. While this certainly is not
a definitive list, we have good evidence to claim that
these areas represent some of the key reasons for the
poor performance of the global food system today.

An important finding from our case study research is
that there is rarely a single structural cause behind
any particular impact. In fact, there are almost always
several structural elements working together to create
self-reinforcing cycles that create the conditions
for an impact to occur. Self-reinforcing cycles can
best be thought of as a chain of events, whereby
certain structures of a system, like laws, incentives, or
dominant paradigms act together to reinforce certain
behaviours and decisions, which further perpetuate
impacts in a feedback loop. This phenomenon is also
closely linked to path dependencies, when a certain
way of doing things is further reinforced and entrenched
through various structural incentives that marginalize
alternatives. Actors who find themselves in these
situations experience tremendous difficulty escaping,
sometimes even if taking steps to decouple from a
certain behaviour or decision. We have observed from
our research within the food system that there are a few
root causes that work together to create self reinforcing
mechanisms and path dependencies.

4.1 THE POVERTY TRAP

Poverty is one of the most important structural
challenges at the global level today. The issue of poverty
is especially important for the global food system, as the
world’s poorest countries are those most dependent
on agriculture. It happens that three quarters of those
who live in extreme poverty also live in rural areas (IFAD,
2001), which are far from urban centres with higher
economic activity or have the least productive land.
Even in developed countries like the United States,
poverty is a chronic problem amongst small scale
farmers who face similar conditions (ILO, 2003).

The eradication of poverty has become the overarching
objective of development discourse, as reflected in
internationally agreed-upon development goals,
including the United Nations’ Sustainable Development
Goals, which link poverty and human well being to
ecology. While the total number of people living in
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poverty has reduced from 1.9 billion in 1990 to 836
million in 2015, progress has been uneven, and many
social groups are still largely disadvantaged (DESA-UN,
2010). If we view poverty in terms of the wider definition
adopted by the 1995 Social Summit (DESA-UN, 1995),
which includes deprivation, social exclusion, and lack
of participation, the situation that we see today is far
worse than what only the income poverty line would
suggest.

What makes poverty such an intractable problem
is its multidimensional nature that extends beyond
the economic arena to encompass factors such as
the inability to participate in social and political life
(Sen, 2014). Poverty can be best considered as a
self-reinforcing cycle of restrictions in opportunities,
vulnerability to shocks, and social exclusion. This self-
reinforcing cycle is commonly referred to as the poverty
trap.

THE POVERTY TRAP IS
A SELF-REINFORCING
CYCLE OF RESTRICTIONS
T0 OPPORTUNITIES,
VULNERABILITY TO SHOCKS,
AND SOCIAL EXCLUSION.

The cycle of the poverty trap is driven by a combination
of structural elements working together to limit the
ability of individuals to invest or protect themselves
over the long term. These structures work in such a way
that the only viable option for most poor people is to
further regress into choices and behaviour that will lead
them to a future with fewer opportunities. While many
of these structures are more fully described later in this
section, we will show how some common structural
elements work in a reinforcing pattern to perpetuate
poverty particularly in agriculture.
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EDUCATIONAL SERVICES

One of the main structural elements at work in the poverty
trap is the provision of affordable education. In many
developing countries, the education service is in crisis
(Alderman, 2011). Rural areas are especially impacted due
to existing entrenchment of poverty. Most families require
their children to work on the family farm. Due to the need
for child labour and a historical lack of education services,
many attitudes toward it seeit asawaste of timethat cannot
be afforded. Where schooling is available, it is often in very
poor quality or unaffordable to most. High quality teachers
are in short supply, and equipment and buildings are in a
poor condition (ILO, 2001). This ongoing lack of opportunity
and access make it extremely difficult to provide early
skills that can be fundamental in maneuvering into greater
economic opportunity laterin life.

LABOUR AND EMPLOYMENT

Accessibility to employment and the effect of labour
markets on the global poor are key structural factors in
forming the poverty trap. For young workers, the ability to
find a job is highly dependent on education and the overall
state of labour demand. It is often the less experienced and
educated that are least likely to be hired, and the most likely
to be laid off when the business cycle enters a downturn
(Clark & Summers, 1982). The cost of youth unemployment
to economic and social development is extremely high. It
perpetuates the intergenerational cycle of poverty and is
associated with a number of other social problems such
as crime, violence, and substance abuse, which further
damages communities. A general lack of employment and
labour opportunities makes communities, and especially
the young people within them, vulnerable to illegal or very
dangerous activities. In some countries virtually the only
paid occupation open to many young men is to join the
various armed groups involved in civil conflict. For young
women, the dangers of entrapment in the sex industry are
widespread (International Labour Office, 1998).

GENDER DISCRIMINATION

Cultural and more structural discrimination against
women is deeply ingrained in many regions globally, and
has an important link to the feminisation of poverty and
to the perpetuation of poverty from one generation to
the next (Topouzis, 1990). In addition to discrimination
in pay, access to land, and legacies and credit, women
are also tied to cultural roles that make them particularly
vulnerable to poverty and hazard. Women carry multiple
burdens of having to care for the elderly and children
as well as responsibility for household and farm tasks.
What this means when put together is that women are
structurally discriminated against compared to men, not
only in terms of accumulated social security but also in
terms of opportunities for lifelong learning and continuous
training — without which they have lower employability
(International Labour Office, 2003).
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ECONOMIC AND SOCIAL INFRASTRUCTURE

One of the critical factors in development are the different
forms of economic and social infrastructure that are
provided by governments to its citizens. The general
absence of economic and social infrastructure in poor rural
areas disproportionately affect agricultural workers, even
when they represent a majority of the regional workforce
(Mirle, 2007). While regional contexts vary, many of the
common disadvantages that face rural communities are
a lack of access to credit and subsidies, markets, social
services, labour protection, and social security (DESA-UN,
2010). Perhaps more importantly, the direct lack of social
and economic provisions structurally limits the ability for
poor rural communities to exercise their political voice on
either a local or national level. What we have seen is that
in many cases, rural agricultural areas are often overlooked
in policy making, specifically poverty reduction strategies.
Some countries specifically exclude the agriculture sector
from their general labour legislation. In others, general
protective legislation may not be fully applicable to the
agriculture sector, or may simply not be applied (Tallontire,
Dolan, Smith, & Barrientos, 2005).

POWER ENTRENCHMENT

The entrenchment of power in political and economic
spheres is slightly more abstract, but an important element
in the overall picture of the poverty trap. We will discuss
power entrenchment more fully in the next page, however
its specific link to the poverty trap is covered here. Within
the context of rural agricultural communities, large scale
farmers and landowners have a much more dominant
political and economic role, and can often reinforce their
power through the intimidation of workers to deter them
from building collective organisations, for example by
threats of eviction, the calling in of loans or violence (DESA-
UN, 2010). This is an important structural barrier for those
who are in poverty, as access to, and the costs of legal
protection are out of reach, even when such mechanisms
for protecting civil and political rights are not in the hands
of local elites.

[tisclearthatduetothedebilitatingimpact that poverty has
onsuch a large portion of food producers, finding structural
solutions that break the cycle of the poverty trap need to
be a primary focal point in moving toward a fundamentally
more sustainable and resilient food system.

4.2 POWER-WEALTH
ENTRENCHMENT

In much of society today, we see that dominant power
structures are tightly coupled with the interests of wealthy
actors, whether that be “big business” or individuals
(Piketty,2014). Intheimpact cases we examined, large-scale



businesses, civil groups, and public representatives all
play a role in maintaining their positions of privilege in
theworldfood system.Powerandwealthentrenchments
enables a few actors to have disproportionate influence
on policy, often aimed at further concentrating selective
wealth. This spiraling pattern contributes to the system’s
behaviour of consolidation, marginalization, and short-
term political decision making, that if unchecked by
regulation and monitoring can undermine the social,
economic, and environmental welfare of society at
large.

The entrenchment of wealth and power is a self-
reinforcing cycle. What drives this cycle are a number
of structural elements within the spheres of politics
and economics. While there are potentially many more
factors that could be pointed out and discussed in
detail, we have identified some of the main factors and
how they affect the behaviour of actors in the system.

LIBERAL ECONOMIC POLICIES

Increasingly liberalised economic policies introduced
in the past decades have created a climate which has
resulted in significant restructuring of power and wealth
within the global food system (Food & Water Watch,
2013). Various multinational organisations such as the
World Bank, The International Monetary Fund, and the
WTO have encouraged economic development through

deregulation and free-trade (Baines, 2014). The result of
such deregulation efforts is the increased consolidation
of transnational corporations and big food traders,
producers and retailers in directing what and how food
is produced across the globe. These big players have
also grown the capacity to mediate political discourses
and debates in their favour (Baines, 2014).

The influence and power of parties in the food system
differ per context however, and it is not just large
corporations who always hold the greatest power.
Farmer organisations can also play a significant role
in shaping the food system, as has been seen through
the lobbying of European farmer organisation, Copa-
Cogeca, in support of biofuels (Copa-Cogeca, 2011).
What can be observed though, is that a minority of
market players hold the economic, political and social
resources to maintain and strengthen their positions in
the global food system (OECD Competition Committee,
2013).

In addition to liberalized economic policies that create a
conducive economic climate for market expansion and
growth, there are other mechanisms that are commonly
used that favour large companies in particular. One
common practice is tax evasion, usually through the
exploitation of loopholes in tax codes. An example
of this is establishing operations in countries with
lower regulatory barriers and standards or favorable
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economic structures (i.e. lower taxes, food subsidies, etc.).
This fundamentally favours large corporations as they are
not constricted to the local contexts and nominal regulatory
expenses that smaller competitors are (Baines, 2014).

LOBBYING AND THE REVOLVING DOOR

While on one hand the economic climate and a lack of
structures for regulation favour the expansion and growth
of large companies, there is another side to this cycle
where those powerful companies exercise their power over
the political decision making process through lobbying. It
should be stated that it is not only wealthy corporations
who engage in lobbying. Non Governmental Organisations
and Civil Society Organisations also frequently engage
in lobbying activities, often in cooperation with industry
parties.

From our research however, we have found many examples
of wealthy interests controlling decision making. Itis difficult
to point to a specific behaviour because the structures of
influence in different countries can look much different
from each other. In addition to instances of corruption and
connivance, there are also much more accepted channels
for political influence. These channels are namely lobbying,
and financial assistance, mostly secured through political
donations.

DEREGULATION HAS CREATED A
CLIMATE FOR MULTINATIONALS TO
DOMINATE THE FOOD AND DRINK
SECTOR AND INFLUENCE POLICY
T0 SUIT THEIR INTERESTS.

Perhaps the most prominent example of lobbying and
financial donations is found within the agri-food industry,
which is deeply involved in these activities to sustain their
interests in policy and regulatory discussions (Auble, 2013).
This issue is most clearly articulated by the “revolving
door” phenomenon, where members of the political
elite or agribusiness leaders are commonly employed
interchangeably in regulatory positionsin government or as
directors and CEOs in agribusiness firms after a careerin the
opposing institution/industry (Yoon, 2006). This practice is
highly common in the U,S. with notable examples within
Monsanto, ConAgra, Walmart, and many more (Meghani
& Kuzma, 2010). Essentially, this situation creates informal
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lobbyists, who because of past or future affiliations, have
an interest in pursuing policies which will benefit the
financial development of a company (Auble, 2013). This is
problematic because the interests of food industry giants
are not always in sync with the broader interest of all actors
involved in the production, distribution, and consumption
of food, or with broader societal objectives.

What we have observed through our study of the food
system is that there is a cultural climate where the interests
of wealthy actors have privileged representation in the
political decision making process. Financial restitution is
provided to decision makers for supporting their interests.
What results from this cycle is an erosion of a fair economic
playing field, whereby structural elements like policies,
regulations, subsidies, and other incentives inherently
favour wealthy actors.

4.3 INSTITUTIONAL
LOCK-INS IN TRADE

The WTO was established to reduce and eliminate the
historical protectionist policies used across the world to
protect domestic markets from price volatility, protect
employment, and as a long-term guarantee for food
security. Before the emergence of the WTO, countries used
trade barriers and market-distortion mechanisms to these
ends, including import tariffs, trade quotas, farmer support
through production subsidies and direct payments, and
non-tariff barriers.

The WTO however, institutionalized liberalization as the
official discourse and status quo for international trade.
Liberalization is advocated not as an end in itself, but rather
asameansto achieve development and improve consumer
welfare. There are some clear benefits that have emerged
from the liberalization of trade and the involvement of
large companies in the food system, such as connecting
small scale farmers to international markets (Huang, Jun,
Xu, Rozelle, & Li, 2007). Compared to state-controlled
alternative systems, such as those found in China or the
former Soviet Union, liberalization can have much better
outcomes for people and the environment (Duit, 2008;
Young, 2010).

However, the current global trade system has structural
flawsthatsubjectdevelopingand least developed countries
to unfair competition against richer countries. The most
importantelementofthetrade governanceframeworkis the
World Trade Organization, and in particular, its Agreement
on Agriculture. Agricultural goods have received special
considerations and are subject to different regulations than
other goods because of their importance to food security.

In practice, however, special mechanisms and loopholes in
the institutional architecture are often abused by powerful



countries to continue pursuing protectionist policies.
In this manner, environmental, consumer welfare,
and labour issues are often given a secondary role or
are only invoked, when necessary, as a justification
to enact trade barriers. This behaviour is facilitated
by loopholes in the institutional architecture and
the different productive capacities and resources of
richer and poorer countries, and results in an unfair
competition scenario for the latter, ultimately creating
trade dependence and eroding local resilience against
food insecurity (Birovljev, J., & Cetkovi¢, 2013).

ERODING DOMESTIC PRODUCTIVE CAPACITY

Free trade agreements are not always beneficial for
consumers, and can result in a structural disadvantage
for developing countries that have to compete, without
protection, against developed ones where agriculture
is more productive, heavily subsidized, and credit and
insurance are readily available. For example, subsidies
represent 22% of farm receipts in OECD countries, a
total of 253 billion USD as of 2009, these include direct
payments, agricultural input and export subsidies,
and fiscal incentives (OECD, 2010). A particular set
of emerging economies, including countries in Latin
America and Asia, have been able to leverage the trade
framework in their favor. This has only been possible
through heavy state involvement to strengthen the
agricultural system as trade barriers are progressively
removed.

One of the results of trade liberalization has been the
expansion of global supply chains and increases of
power of transnational corporations, which manage
this trade, vis-a-vis consumers and producers. This is
especially relevant in less developed countries, where
smallholder farmers lack access to production inputs,
capital, and better practices. Faced with consolidated
traders who will only buy specific crops and unable
to compete against imported goods from developed
countries, farmers in the developing world will move
to one of two divergent scenarios; they will be pushed
towards growing cash crops to serve export markets or
to content themselves with subsistence agriculture to
meet their own needs (de Schutter, 2009).

Thus, least developed countries are unable protect
their agricultural industries and achieve their expected
comparative advantages (de Schutter, 2009). A salient
example is Sub-Saharan Africa, where until the 1970s,
many countries were net food-exporters. During the
following decade their competitive advantage was
lost due both to local reductions in investment and to
increases in subsidies in Northern countries, and the
trade balance shifted towards net imports (de Schutter,
2009).
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HIDDEN PROTECTIONISM

Developed and emerging countries play a two-way
game of defending and encouraging free trade in their
official narratives while engaging in trade distorting
behaviours, creating a climate of hidden protectionism.
Common tools used include export tariffs, fiscal
barriers, trade quotas, export subsidies, governmental
purchases from domestic producers, and monetary
policy instruments (namely devaluation of the national
currencies) (Serpukhov, 2013). Protectionism in itself is
not necessarily a negative thing, and in many instances
it has been effective in regulating illegal behaviour. For
example, the US LaceyActand the EU Timber Regulation
have been useful instruments in barring the entrance
of illegal timber products into the United States and
European Union (Brack & Buckrell, 2010; Gan, Cashore,
& Stone, 2013).

In regard to the food system specifically, protectionism
appears in international trade architecture, including
many preferential trade schemes designed to favor least
developed countries. Some of these include the African
Growth and Opportunity Act and the Caribbean Basin
Initiative of the United States; the Everything But Arms
Initiative and the Cotonou Agreement of the European
Union. These schemes, however, have had limited
success in encouraging exports from these countries,
as they are often contested by additional requisites,
such as rules of origin and non-tariff barriers linked
to sanitary and private sector standards (de Schutter,
2009).

A similar issue emerges through the WTO’s dispute
settlement system, which was designed to bring
down protectionist behaviours. However, as it is a
highly complex system that requires extensive legal,
diplomatic, economic, and business expertise, as well
as financial resources to be effectively used, in practice
developed countries are the main parties to make use of
it. In the developing world not only are these resources
scarce, but stakeholders are poorly coordinated
amongst themselves and with their governments. As
of 2011, 400 disputes had been initiated in the WTO,
with only around 30 developing countries and one
least developed country, Bangladesh, represented
amongst the initiators (International Centre for Trade
and Sustainable Development, 2011; Najam & Robins,
2001).

The interaction between the diverse productive
capacities of countries and the institutional architecture
leads to unequal trade positions at the global scale, with
an advantage for northern countries in trade. Year after
year, this provides perverse incentives for countries in
the South to become trade-dependent to meet their
food supply needs, shifting in turn their production to
cash or subsistence crops (ICTSD, 2012). This systemic

131




behaviour inhibits the development of productive capacity
in the South, hampers efforts to close the North-South
income gap, contributes to systemic marginalization, and
ultimately leads to a structural erosion of resilience in food
security matters. All of these effects further propagate
environmental impacts in the Global South, through lack
of investment in improved agricultural practices, which
ultimately lead to the degradation of land resources.

4.4 TRAGEDY OF THE COMMONS

One of the main structural problems within the food system
is what Garrett Hardin famously called the “Tragedy of the
Commons” (Hardin, 1968). Hardin describes this tragedy
at the hand of the behaviour of herders on a pasture,
specifically discussing the circumstances and mechanisms
leading to overgrazing on this hypothetical pasture.
Hardin’s original example relates to the food system, in
that we now see vast ecological over-exploitation due to
individual interests.

THE TRAGEDY OF THE COMMONS
AND THE FOOD SYSTEM

Since the publication of Hardin’s essay a large body
of research has developed around the tragedy of the
commons. This research shows that the dynamics that
have just been described, can also apply to the use of
many natural resources which are an integral part of the
food system. The tragedy of the commons can for example
provide an explanation for the exploitation patterns in
fisheries (Beitl, 2015; Noussair, Soest, & Stoop, 2014), water
management practices (Allouche, 2011; Madani & Dinar,
2013), the management of soils and land (Cao, Yeh, Holden,
Yang, & Du, 2013; Vetter, 2013), and forests (Fleischman,
Garcia-Lopez, Loken, &Villamayor-Tomas, 2013). In all these
examples the decisions of individual actors can potentially
lead to the abuse or depletion of natural resources and
ecosystem services. The mechanisms central to the
tragedy of the commons also applies to the environmental
pollution. Here, the main concern is not ‘taking something
out’ of the common resources of society, but ‘putting
something in them. Examples related to the food system
are the emission of greenhouse gasses (Stavi & Lal, 2013),
novel entities, or large quantities of fertilisers related to the
food system (Good & Beatty, 2011). In all these cases there is
an incentive to ‘add to the global waste bin’, so to say, since
the costs of pollution are often carried by society as a whole
while the costs associated with the prevention or control of
emissions are allocated to the individual.

EMPIRICAL EVIDENCE

It should be noted that the mechanisms of the tragedy
of the commons only provide a partial explanation with
regards to the management of natural resources and sinks,
and that the extent to which these mechanisms play out are
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highly context dependent. Much of the empirical research
which has followed the publication of Hardin’s essay in
the 1960s has shown that specific geographical location
or society influence the extent to which the tragedy of
the commons actually occurs. One of the most elaborate
research projectsin this regardsis the work of Elinor Ostrom,
in identifying which institutions (e.g. regulations, property
rights, or cultural norms) influence the management of
common pool resources (Ostrom, 1990, 2011; Robson et
al., 2014). From her research as well as that of others we
can see that a number of assumptions in Hardin’s theory
are only partially present in reality and that societies are
sometimes able to avoid a tragedy of the commons, even
in circumstances similar to those described by Hardin (see
Feeny et al. (1990) for an overview).

The assumption of the rational, profit maximizing
herdsman in Hardin’s story for example, is usually not fully
confirmed by empirical evidence. In the field experiments
conducted in villages in Thailand and Colombia by
Cardenas, Janssen, and Bousquet (1994), for example,
none of the groups of villagers completely depleted the
communal natural resources (i.e. fish, forests, and water for
irrigation), because none of the villagers acted completely
selfishly at the expense of the collective. In other cases the
tragedy of the commons is avoided because communities
realize exploitation rates are threatening the continued
existence of vital natural resources (Cardenas et al., 1994).
At other times social and cultural norms prevent individual
actors from behaving selfishly (Galappaththi, 2015; Mertens
et al,, 2015). Moreover, the tragedy of the commons only
provides a partial explanation of the behaviour of actors.
Political structures and power relations may be a much
larger influence on the behaviour of actors, and provide
a better explanation of resource depletion (for another
example, see the study of Fleischman et al. (2013) on
tropical deforestation in Indonesia). From the cases we
have evaluated and other discourse it has become clear
that, although aspects of the tragedy of the commons are
present in most socio-ecological systems, including the
food system, the way in which this tragedy plays out on a
case to case basis. Nevertheless the mechanisms behind
the tragedy of the commons can partially be observed in
many of the case studies we have evaluated.

4.5 TECHNOLOGICAL AND
INFRASTRUCTURAL LOCK-INS

One of the structural problems of the food system lies
in the prevalence of conventional, intensive agricultural
production systems. Once a system of practices and their
related technologies has been established, it is difficult to
shift towards a new model of operation.

This phenomenon is often referred to as ‘path dependency’:
itis a self-reinforcing process which leads to a technological



‘lock-in” situation whereby the dominant technology
excludes competing and possibly superior technologies
(Liebowitz & Margolis, 1995). Path dependencies can
explain why, in a complex system such as the food
system,input-intensive agricultural production methods
have become dominant over other alternative methods
that perform similar functions, even though they have
inferior long-term potential, and are associated with a
range of environmental and social impacts.

DESPITE A WIDE VARIETY
OF PRODUCTION METHODS,
TECHNOLOGICAL LOCK-
IN EXPLAINS WHY THE
INPUT-INTENSIVE MODEL
OF PRODUCTION IS SO
DOMINANT TODAY.

Although there is also empirical evidence of path
dependencies in other steps of the food chain, such
as processing, (Chhetri, Easterling, Terando, & Mearns,
2010) or retail and distribution (Campbell, 2009),
the discussion below focuses on the dominance of

ihtensive pesticide spraying is a common practice in
& intensiveiproduction systems around the world.
Creative Commons: Jetsandzeppelins
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conventional agricultural production methods, which
is better documented and researched. The path
dependency of agricultural production can be explained
by a range of ecological, economical, technological,
socio-cultural, and political factors.

There are many alternative practices and methods for
agricultural productionthat mitigate theimpacts caused
by conventional methods, and can compete in terms of
productive output. One striking and well documented
example is the use of pesticides. Vanloqueren and Baret
(2008) provide a point in case when discussing the type
of winter wheat cultivars in Wallonia, Belgium. They
maintain that the benefits associated with a switch
to more disease-resistant cultivars are well known:
these include a direct economic benefit for producers
in the form of reduced costs of fungicides and fuel
due to a reduced need for fungicide applications, as
well as society-wide benefits in the form of reduced
environmental impacts associated with agricultural
production (Vanlogqueren & Baret, 2008).

Yet, despite these advantages (which in some cases
actually outweigh the loss of vyields that may be
associated with a shift in cultivars according to the
authors), high-yield, and disease sensitive cultivars
remain dominant over more disease-resistant crops. A
similar story can be told for other parts of agricultural
production systems such as the use of chemical
pesticides versus integrated pest management (Cowan
& Gunby, 1996), use of crops with properties enhanced
through breeding and seed production (Chhetri et
al., 2010), and a general resistance to the adoption of
alternative (i.e. agro-ecological) production methods
(Vanloqueren & Baret, 2009).




ENVIRONMENTAL DEGRADATION AND
TECHNOLOGICAL LOCK-INS

The prevalence of input-intensive agricultural systems can
be partly explained by looking at the interrelationships
between agricultural production and environmental
degradation. Allison and Hobbs highlight this relationshipin
a case study regarding technological lock-in in agricultural
production in Western-Australia (Allison & Hobbs, 2004).
Their study shows how agricultural intensification
and changes in technology can, at least temporarily,
compensate for the degradation of soils, water, and other
natural resources upon which production systems rely.
This way the system is stable, in the sense that production
levels are stable or even rising. However, at the same time
production will become heavily dependent on a continuous
stream of external inputs such as artificial fertilisers or
pesticides, or rely on continuous technological innovations
to prevent a decline in production. Thus the system enters
a state of lock-in where, due to environmental degradation,
the abandonment of conventional practices would lead
to yield losses and possible a collapse of the system; this
prohibits a change in production systems. At the same time
however, these methods lead to further degradation. Thus
the system is locked in a vicious cycle where intensification
is triggered by environmental degradation and in turn leads
to a further erosion of the natural capital upon which the
production of food is based.

SUNK COSTS, TIME FOR PROFITS AND MARKET
STRUCTURES

Aside from environmental factors, there are a range of
economic causes for technological lock-ins. The most
important ones in the agricultural sector are sunk costs,
the time period over which profits are accounted for, and
the structures of markets for agricultural inputs such as
fertilisers, pesticides, and seeds. Sunk costs may prohibit
the adoption of new production methods or technologies in
agricultural production, especially when the capital goods
or knowledge in which actors have invested in the past,
becomes useless to some extent because of these changes.
When farmers have invested in machinery for harvesting
within large scale, mono-cropping systems, for example,
they may not be willing or able to switch to a completely
different production system when this means that these
machines become useless, since they have an incentive to
utilize their existing capital stocks and ensure a return on
their investment.

Sunk costs can also occur in research and development
programs. Research trajectories often take a long time to
generate marketable results. As a result the costs of long
research and development trajectories are comparatively
high to the variable costs associated with the application of
resulting technologies: producing pesticides, for example,
is relatively cheap compared to the costs associated
with developing the process and technology needed
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to produce them (Wolff & Recke, 2000). Furthermore,
research and development programs usually build upon
previously generated results and knowledge as a basis
for new research. This is especially relevant in the case of
breeding programs (Vanlogueren & Baret, 2009)(McGuire,
2008). For example, wheat varieties launched in the United
States in the early 1990s partially rely on crop breeding
research dating as far back as 1873 (Pardey & Beintema,
2001). Although this accumulation of knowledge and
research is the basis of progress in agricultural research and
development, it can also hinder the development of new
technologies or directions of research since a changing
direction in research effort means partially abandoning
existing knowledge and capital stocks.

The example of environmental degradation already
illustrated the fact that actors prefer short-term gains over
long term ones. In relation to environmental degradation
this can mean that a short term yield rise is preferred over
a long term preservation of natural capital. This way of
thinking, however, can also enforce the technological lock-
in of conventional agriculture in different way. Vanloqueren
and Baret show this in their research on cultivar choices
by Belgian farmers: these farmers selected their cultivars
mainly on the basis of two criteria: maximum yields and
commercial value. In combination with uncertainties
regarding the performance of more pest and disease-
resistant cultivars, this orientation to short term profits
ensures a dominance of conventional, high vyielding
cultivars (Vanloqueren, G., & Baret, 2009).

The last economic factor reinforcing path dependent
tendencies in agricultural production relates to the role of
supply companies. These companies have a prominent and
often even prescriptive influence within the food system.
As discussed in other parts of this report (see section 2.3
and Figure 18), often a few firms dominate the market
for agricultural inputs such as crop protection products,
fertilisers, seeds, advice, and agricultural machinery to
farmers and also buy their produce. Vertical integration
creates a situation in which the business model of these
companies can to some degree influence which types of
cultivars are grown: the pesticides produced by a company
are developed to optimally fit" the seeds that same
company sells, for example. These influences are reported
to reinforce conventional agricultural production systems
by several authors (Lamine et al., 2010).

INSTITUTIONAL STRUCTURES

Next to ecological and economic reasons, institutional
factors are another important reason for the path
dependency of agricultural research and practices. The
intensification and consolidation seen in the global
system can partially be attributed to the structure of
global agricultural research and development funding.
Research is often geared at producing techniques for
maximising yields, without taking long-term environmental



costs, or even the immediate costs of inputs such as
chemical fertilisers and pesticides into account. This
bias reinforces practices geared at yield maximsation,
even though such production systems do not always
result in a maximum profit for farmers (as described in
the case presented by Vanloqueren and Baret, 2008).
This focus of research and development in the private
sector is also linked to past (and present) government
policies; subsidies for farmers were often provided on
the basis of production quantities, defining the primary
development criterion for the agricultural industry as a
whole (Vanloqueren & Baret, 2008).

Sunrisein September
Creative Commons: Dave McLear
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4.6 DISCUSSION

The impacts across the global food system are numerous, and come about for different
reasons in different areas and circumstances. From our research on the food system,
we have explored the different drivers to better identify the deeper structural causes
within the system. While our research is limited in scope of analysis, what we have
managed to capture are the major elements contributing to the specificimpact, and the
hierarchy in which the affect each other. As a result, what this gives us is a useful first
sketch of the structural causes of a selection of key impacts in the global food system.

KEY MESSAGES

»

7

There are shared structural causes at the root of a diverse set of impacts. This demonstrates
the close linkage between social and environmental impacts, and suggests that a more
integrated approach to thinking about system-wide trade offs and rebound effects is
needed.

»

M

Making good policy decisions for the global food system requires a stronger and more
cooperative international governance. Many serious impacts in the food system today can
be traced back to a structural limitation of governance and enforcement.

»

7

To ensure that solutions are comprehensive and adaptive, there is a need to hard-wire
systems thinking into food system policy. By broadening the scope of decision-making,
and accounting for systemic effects, we could understand feedback loops and adverse
effects early-on, and adapt policy accordingly.



SELF-REINFORCING CYCLES
AND MULTI-DIMENSIONALITY
OF PROBLEMS

As we introduced earlier in this chapter, one of the most
noticeable features of the structural causes is that there
are no single causes for an impact. Rather, we have
consistently found that there are several structural
causes working together in a cyclical or lock-in pattern.
For example, the poverty trap is best described as a set
of structural failures or absences in the system such
as a lack of social or economic infrastructure, coupled
with a lack of educational services, and an absence of
employment opportunities.

These structural failures all inter-relate and reinforce
each other, and create a despondent environment that
it is nearly impossible for individuals and communities
to escape from. Other examples include institutional
lock-in and power entrenchment that work together
to drive a dominant but narrow frame by which policy
decisions are made. This narrow frame of decision-
making is further reinforced by a number of other
structural  factors including the institutionalized
privilege of large, wealthy actors in the political sphere,
and dominant technological pathways. When we zoom
out and observe the behaviour of the system as a
whole, the picture that we see is quite a powerful and
streamlined system, but also very path committed and
surprisingly resilient against change. In the case of the
food system specifically, what this results in is an input-
intensive, industrial scale, control model of agricultural
production, connected to a vast, centralized food chain
controlled by a handful of very large companies.

WHAT DO THESE INSIGHTS IMPLY
FOR OUR FOOD SYSTEM?

While insights derived from our case study analysis
show that there is important contextual variability in
this narrative, essentially there is a visibly dominant
model of food production and provision that privileges
a select few, while marginalizing a vast number of other
actors, and devastating the health of the environment.
In fact, another key observation from our case studies is
that, across impact categories (from biodiversity loss to
human livelihoods) there are similar structural causes
atthe root. The same structural barriers that push small
scale farmers deeper into subsistence farming, also
force them to make choices that are fundamentally
short-term, often resulting in environmental damage. In
many ways this may seem obvious as the food system is
a single system. What is important to realize however is
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that when looking for solutions for a more sustainable
food system, there must be an integrated approach that
considers phenomena like trade-offs, rebound effects,
and other feedback loops that stretch across the entire
system.

This undoubtedly requires a new approach to thinking
about strategies for a sustainable food system. On one
hand, thereisa need forstrongerand moreinternational
form of governance, which has a means to enforce, but
is also able to adapt to feedback. What we see in the
fisheries sector for example, is a failure of individual
nations to appropriately govern or enforce water
bodies under their jurisdiction. And even where one
nation’s policies may be strong, a lack of international
cooperation can lead to impacts in neighbouring
countries that share the same waterways or bodies.
This specific case is currently occurring in the Mekong
basin, where inland and coastal fishing communities are
being deeply affected by policies madein neighbouring
countries (Chantavanich et al., 2013).

Additionally, there is a strong need for better decision-
making tools and channels for decision-makers to
collect high quality information on the effects of their
policies. There are an abundance of examples where
well-intended policies have had disastrous results due
to a lack of knowledge of how systems behave, and how
policies may affect the overall dynamic and resilience
of a system. Massive economic incentives for the
expansion of commodities like palm oil have resulted
in large scale deforestation of rainforests, resulting in
significant biodiversity loss in some of the earth’s richest
ecosystems. The entrenchment of power that results
from this initial policy decision is a lock-in effect that
makes it very difficult to push through corrective policy.
While power entrenchment is a serious problem on its
own, many policies focus on too limited a set of criteria
or too narrow of a scope. What is needed is a more
comprehensive approach which addresses multiple
aspects. An alternative approach to palm oil subsidies
should not only include investment into multiple forms
of production, but also into training and knowledge, so
that farmers have the tools to understand how to adapt
andevolvetheirproduction practicesovertimeto benefit
from local conditions, minimize harmful impacts to the
environment, and reap the benefits from diversified
production and additional employment opportunities
to augment their overall income and resilience. This is
a simplified example, but is demonstrative of the need
to broaden the scope of policy making to ensure that
solutions are more comprehensive, but perhaps more
importantly, adaptive over time.
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9.0 INTRODUCTION

It is clear that the food system is in need of a significant transformation if it is to feed
our growing population in a sustainable, equitable, and adaptive manner. Because
the food system is poised to expand in the coming decades, there is an opportunity to
intervene in shaping its future direction. The current functioning of the food system is
the result of deeply embedded, self-reinforcing structures and paradigms. These lead
to the problematic behaviours and impacts that we have described throughout this
report. With the right interventions, we may be able to avoid impacts and break:.out of
patterns that now seem inevitable as a result of its current trajectory.

Before we can chart a course for transitioning the food system to a different state, we
must have a clear outlook of where we.would actually like it to go;.a'working definition
of what sustainability might mean in the context of this system. Though it may seem
challenging to develop consensus on:the “ideal state” of the food system, this task
is greatly simplified by sticking to performance or outcome-oriented features (e.g.,
adequate food supply for all people) rather than describing the specific mechanisms or
approaches that should be used to produce those outcomes (e.g., applying conventional
versus organic farming techniques).

In this chapter, we propose a working draft of performance criteria for a sustainable
food system. By describing what the system would function like if all of its negative
impacts were addressed, we are able to describe how an ideal system might look
without prescribing mechanisms for how to get there.

The resulting performance criteria of an ideal food system can be grouped under four
key challenges that the food system must address in order to be considered sustainable:

» Challenge 1: Adaptive and Resilient Food System

» Challenge 2: Nutritious Food for All

» Challenge 3: Within Planetary Boundaries

» Challenge 4: Supporting Livelihoods and Well-Being

In a sustainable food system, all four of these challenges should be adequately
addressed: only dealing with a subset shifts the “burden” from one problem to another,
and leaves the system in a state of vulnerability that threatens its overall functioning.
We provide an overview of the key objectives that need to be addressed within the
scope of each of these challenges.

KEY MESSAGES:

» Table 3 presents a set of idealised performance criteria for a food system that addresses
human and ecological needs simultaneously. The performance criteria adhere to the
principles set forth in systemic sustainability frameworks like the circular economy,
biomimicry, or industrial ecology thinking. They describe a state where the negative
impacts within the food system have been reversed (i.e., universal food security has been
achieved, biodiversity levels are no longer threatened by activities of the food system, etc.).
We have grouped the objectives presented in Table 3 under the heading of four central
challenges for achieving a sustainable and resilient food system.

» A transition to a sustainable and resilient food system will require all four challenges to
be simultaneously addressed. Though distinct from one another, the challenges share a
number of root causes, which should be central targets in shaping a coherent strategy for
transitioning the food system:



» Challenge 1: Adaptive and Resilient Food System. Adaptive capacity and resilience are
foundational features for achieving a sustainable food system. These properties must be
built into both biophysical aspects of the system (through the preservation of biodiversity,
maintenance of healthy soil systems, maintenance of buffering capacity in water bodies,
etc.) and socioeconomic aspects of the system (knowledge transfer, development of
organisational capacity, elimination of poverty cycles, etc.).

P

4

Challenge 2: Nutritious Food for All. Based on the research presented in this report,
we conclude that some of the priority objectives for addressing this challenge should, at
minimum, include: reducing overall food demand (e.g., through reducing food waste);
progressively shifting to lower-impact, less-resource-intensive food sources; ensuring
that scarce resources (land, water) are allocated to food production as a priority over non-
food uses; improving economic access to food; and improving farmer productivity in the
developing world.

P

4

Challenge 3: Within Planetary Boundaries. Many of the approaches that are necessary
to address Challenges 1 and 2 are also essential for bringing the operations of the food
system within the scope of the planetary boundaries. Notably, reducing food demand
and shifting to lower-impact sources of food are critical prerequisites for bringing down
the overall resource throughput of the system. In addition, this challenge requires at
least the following measures: reducing the impact of existing agricultural practices (e.g,
applying conservation measures); Placing limits on system expansion and intensification,
particularly when addressing the global yield gap (e.g., reducing arable land expansion,
and if necessary directing it towards marginal lands); and investing in the development of
new sustainable agricultural techniques (e.g., organic cultivars, agroecological practices,
etc.).

P

4

Challenge 4: Supporting Livelihoods and Wellbeing. Ensuring that the food system
supports livelihoods and wellbeing is more than an end in itself; it is also essential for
addressing the other three challenges. Without secure livelihoods, smallholder farmers and
fishermen will continue to struggle in building the necessary capacity and resource base
to transition to sustainable models of production. A resilient system cannot be built upon
an unstable foundation. Therefore, addressing the systemic structures that perpetuate
poverty is critical to the success of achieving a sustainable and resilient food system.
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9.1 DEVELOPING AN OUTLOOK

To develop a outlook of how the food system would
performin a sustainable state, we can start with taking all of
its current negative impacts and describing how the system
would look like if they were to be eliminated or reversed.
The ultimate picture that emerges should be a holistic
vision of a system that addresses human and ecological
needs simultaneously, characterised by its adherence to the
principles set forth in systemic sustainability frameworks
like the circular economy, biomimicry, or industrial ecology
thinking.

Applying these mental frameworks to any kind of system
leads to some general criteria for performance. Using this
approach, a sustainable system is one:

» That operates fully on renewable or otherwise sustainable
forms of energy

» That structurally enhances and preserves biodiversity

» Whose material cycles are fully closed on a human-
relevant time scale (a zero waste system)

» That does not structurally consume, disperse, or deplete
non-renewable resources, or at minimum, uses them at a
pace that is consistent with inter-generational equity

» That extracts and utilises renewable resources at a
sustainable rate

» That is highly efficient, maximizing value extracted per
resource used (where “value” is more broadly defined
than simply in terms of finances and also includes aspects
that are less easily quantified, such as ecosystem services
and preservation of cultural heritage)

» That structurally safequards the health and wellbeing of
humans and other animals

» That creates resilience and adaptability in human
societies

» That supports adequate livelihoods

» That s culturally inclusive
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If we apply these generic ideas to the impact areas we
have seen in the food system thus far, we can specify in
more detail how they would translate to the food system
in particular. In the table below we sketch how each of
the main impact or behavioural areas that we identified
as problematic earlier in this report would perform in a
sustainable state. This is a sketch, since the details of the
ideal performance of each impact category could be refined
in a great deal more detail and potentially coupled with
quantitative performance assessment targets. However, for
our purposes in this work, we do not intend to use them
for any quantitative evaluation. The descriptions are simply
meant to provide a framework for steering our decision-
making in the right direction, and avoiding strategies that
improve one area of the system at the expense of another.

The performance descriptions are intentionally idealistic.
A truly ideal state is likely never to be achievable, but it
is nonetheless important to aim for best performance
possible.v



TABLE 3: PERFORMANCE CRITERIA FOR A SUSTAINABLE FOOD SYSTEM

IMPACT AREA SYSTEM PERFORMANCE IN IDEAL / SUSTAINABLE STATE

REINFORCING
STRUCTURES &
BEHAVIORS

BIOSPHERIC
INTEGRITY

LAND & OCEAN
SYSTEMS
CHANGE

SOIL
MANAGEMENT

WATER
MANAGEMENT

CLIMATE CHANGE

NOVEL ENTITIES
& EMISSIONS

SOLID WASTE

BIO-
GEOCHEMICAL
FLOWS

DEPLETION
OF NON-
RENEWABLE
RESOURCES &
EXTRACTION
OF RENEWABLE
RESOURCES

LABOUR &
LIVELIHOODS

FOOD SECURITY
& NUTRITION

FOOD SAFETY

CULTURE &
HERITAGE

ANIMAL WELFARE
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Self-reinforcing structures and behaviors like poverty traps and power imbalances are structurally eliminated through
policy intervention, knowledge transfer, resource reallocation, and other suitable measures.

Levels of biodiversity are not impinged upon by the functioning of the food system and are restored to higher levels
than currently. The genetic diversity of plant cultivars and animal breeds in production is increased; traditional
cultivars and breeds are kept from extinction through use or storage. Wild fisheries have recovered to healthy
populations, and wild aquatic species catches do not exceed sustainable levels. Food production systems inherently
support rather than degrade biodiversity through practices that eliminate emissions of harmful novel entities,
through net zero climate change impact, and through increasing biodiversity levels on and around farms. Agricultural
practices support and maintain soil ecology.

No new land is converted to agricultural purposes, and where possible, agricultural lands are reclaimed for natural
uses. Deforestation and other forms of sensitive habitat conversion are halted as a top priority. The total average of
global protected terrestrial and aquatic areas has at least met Target 11 of the Convention for Biological Diversity,
which states that at least 17 percent of terrestrial and inland water areas, and 10 percent of coastal and marine areas
should be designated for protection by 2020.

Agricultural practices do not lead to levels of soil loss greater than rates of soil formation (erosion is brought down to
the geological background rate). Soil is managed to retain high levels of ecological complexity, biological activity, and
organic matter. Practices that lead to soil degradation, salinification, and desertification, are halted.

Water for agricultural uses is not withdrawn beyond its sustainable regenerative capacity, nor in amounts that leave
insufficient quantities for other needs (human or ecological). Emissions to water are eliminated. Water quality is
maintained and where possible raised to pre-industrial levels or similar.

The agri-food system performs in at least a net carbon neutral fashion, ideally serving as a carbon sink. The efficiency
of logistical and delivery systems is optimized. All energy use throughout the food life cycle comes derives from
renewable or otherwise low-carbon sources. Land reclamation for natural uses and reforestation contribute to
carbon sequestration efforts.

Novel entities of concern are eliminated; the food system operates without the use of materials that are inherently
toxic to humans or ecosystems. Emissions to the environment never exceed the absorption capacity of the planet on
a one-year time scale.

There is no solid waste generated as a result of the food system. All materials produced throughout the food
production, processing, or consumption chain are beneficially reused for other functions in the food system or
broader economy. Agricultural nutrients temporarily removed from the food cycle (for example, for use in non-food
products) are ultimately returned to the food system within a reasonable time scale.

All biogeochemical flows are kept within an annual mass balance of net zero. Nutrient cycles are managed on local and
regional levels, preventing the excessive accumulation or depletion of nutrients in any particular part of the system.

Renewable resources are extracted at a sustainable rate. Fisheries exploitation, soil loss, renewable water use, and
other renewable resources are all brought to levels within safe margins of annual recharge rates. Non-renewable
resources are preferentially used in non-depleting ways (in ways that does not involve their chemical transformation
or dispersal into the environment). If they are used in depleting ways, then the rate of utilization should not exceed a
reasonable allocation of resources for generations to come.

People working in the food system have access to healthy and safe working conditions and are never exposed to
forced labour practices. Workers in the food system are able to earn a fair and living wage for their work.

All people, at all times, have physical and economic access to sufficient, safe, and nutritious food to meet their dietary
needs and food preferences for an active and healthy life.

Food and food production practices minimize the risk for the transmission of toxins or pathogens through the food
system. The use of antibiotics, pesticides, and other substances of concern is minimized.

Culture and heritage are preserved in agricultural cultivation and land management as well as cooking and
consumption practices. Traditional crop cultivars and animal breeds are either grown or safely preserved.

Animals throughout the food system are treated humanely.
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9.2 SYSTEMIC CHALLENGES FOR
THE FOOD SYSTEM

Though Table 3illustrates the multitude of performance areas that we would ideally see properly addressed in a sustainable
food system (and is likely not exhaustive on this front), it is clear that the different performance areas fall naturally into
certain categories of higher concern. We have grouped these performance areas below into four over-arching categories
or “challenges” that a sustainable food system should address. All of these challenges must be addressed simultaneously
for the system to be considered sustainable; solutions that fix one problem while aggravating another critical problem will

generally lead to a new, unstable situation.

W)

An adaptive and resilient food system is one that will
be able to respond to changing circumstances and new
challenges asthey emerge. Adaptive capacity and resilience
are foundational features for achieving a sustainable
food system. These properties must be built into both
biophysical aspects of the system (through the preservation
of biodiversity, maintenance of healthy soil systems,
maintenance of buffering capacity in water bodies, etc.) and
socioeconomic aspects of the system (knowledge transfer,
development of organisational capacity, elimination of
poverty cycles, etc.).

A sustainable food system should operate within safe
boundaries in all of the key biophysical impact areas across
the entire life cycle of food production, consumption,
and disposal. This is one of the largest and most complex
challenges, which encompasses all of the primary
biophysical impact categories described in Table 3. Though
we should continuously strive for the minimization of
negative impacts within the food system, there are some
areas, such as preservation of biodiversity, that should be
prioritized over others within this category, as discussed
in section 3.3. In general, severe and irreversible impacts
should be addressed with the highest urgency.

CHALLENGE 1: ADAPTIVE AND
RESILIENT FOOD SYSTEM

CHALLENGE 3: WITHIN
PLANETARY BOUNDARIES

A AR
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D
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CHALLENGE 2: NUTRITIOUS
FOOD FOR ALL

The most basic and fundamental challenge that the food
system must address is to ensure the supply of adequate
nutrition for the world’s population. Ideally, it should
achieve the objective set out by the World Food Summit in
Rome, which states that food security is addressed when,
“all people, at all times, have physical and economic access
to sufficient, safe, and nutritious food to meet their dietary
needs and food preferences for an active and healthy
life.” This challenge encompasses all of the food security,
nutrition, and food safety performance impact areas in
Table 3.

The food system should structurally support the livelihoods
and well-being of people working within it. It should be
possible to fully nourish and support oneself or earn a
reasonable living wage in exchange for average work hours
within the food system. This challenge addresses the
impacts in the labour and livelihoods, culture and heritage,
and animalwelfare categories, aswell asstructural elements
like the poverty trap and power / wealth imbalances.

CHALLENGE 4: LIVELIHOODS
AND WELL-BEING



Though it may seem like the demands of these
challenges might compete with each other for
resources, from a systemic perspective we begin to
see that in fact, addressing one challenge will in many
cases help resolve the others; there are synergies
possible between the sets of solutions. This conclusion
flows naturally from the observations in Chapter 4,
which show that many of the impacts resulting from
the food system share common causes. For example,
unless people’s livelihoods are universally brought to
an acceptable level, the problem of inadequate food
security will never be addressed (World Hunger and
Poverty Statistics, 2012; Grethe et al., 2011). Likewise,
unless livelihoods and food security are adequately
addressed, various human populations are likely to

1side of the biodome at the Eden Project, in-Cornwall, UK.
Creative Commons: Rod-Waddington

continue implementing ecologically unsustainable
systems of natural resource exploitation to address
their most immediate survival needs. Though exact
nature of the link between poverty and environmental
degradation has been much debated, research has
supported the conclusion that reinforcing feedback
loops exist between the two factors (Duraiappah, 1996).
The need for the food system itself to be organized in
an adaptive and self-learning way is also critical; we
cannot design a static set of solutions for a changing
world. The system must be imbued with the right goals
(forexample, avariation of the sustainable performance
criteria proposed in Table 3), and have the capacity to
learn and adapt in order to move towards these goals
as contextual conditions change.




ADDRESSING THE CHALLENGES

Many questions remain around the real technical, social,
and economic feasibility of resolving these four central
challenges. Is it technically possible to achieve a food
system that addresses all of the desired performance
criteria described in Table 3? Where are we likely to face
resource or other practical limits as we aim to achieve all of
these goals simultaneously?

To make good decisions in this regard, we must thoroughly
understand the potential trade-offs of satisfying these
different objectives. For example, as discussed in Chapter
2, the dramatic increases in yields witnessed throughout
the second half of the 20th century were highly correlated
with larger quantities of agricultural inputs and greater
production-related environmental impact. Going forward
into the future, to what extent can we realistically decouple
yields from impacts using more sustainable agricultural
practices?

It is clear that the challenge at hand primarily concerns
charting a course through a collection of disparate, though
intertwined, food system priorities. Developing political
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and civic consensus around a pathway forward is urgent.
Decisions made now will have critical consequences for
shaping the future of human well-being and avoiding
potentially catastrophic, near-term impacts on global
biodiversity and human wellbeing.

In the following section, we evaluate some of the possible
interventions that could be implemented in order to move
towards a food system that adequately addresses all
four challenges. We discuss key issues surrounding each
challenge and broadly describe directions for different
interventions.

Fully reviewing the trade-offs between different strategies is
beyond the scope of this report. Where possible, we include
quantitative evaluations of the suggested approaches
based on the scenarios and models constructed by other
groups. In particular, recent and ongoing work by the
World Resources Institute addresses many of these topics,
which we have cited here whenever relevant. To further
refine these directions and craft policy recommendations,
scenario building and detailed modeling will be required.

Hillside agriculture in.Uganda
Creative Commons: Rod Waddington



5.2.1 Challenge 1: Adaptive
and Resilient Food System

Resilienceis the general capacity of a system to maintain
its performance and functionality even in the face of
crisis or disturbance (Holling and Gunderson, 2002).
It is an emergent property of systems and is generally
very context-dependent. Though it may sound like
a universally beneficial trait, it is not necessarily so.
As discussed in Chapter 4, one might argue that our
current food system is highly resilient, because it has
continued generally on the same path of development
and expansion despite many crises and pressures that
may have otherwise indicated failure. The cycles of
poverty and environmental degradation that we see in
our current food system are one hallmark of its great
resilience to breaking out of its established patterns.

SYSTEMIC RESILIENCE DOES NOT COME
WITHOUT CERTAIN RISKS: IT CAN LOCK A
SYSTEM IN TO PROBLEMATIC PATTERNS.
ONE WAY TO COUNTERACT HARD-WIRED
RESILIENCE IS TO ENSURE THAT THE
SYSTEM IS ALSO ADAPTIVE, AND CAN
FIND ANSWERS TO ITS OWN PROBLEMS.

Therefore, though resilience can be a very beneficial
systemic feature, it does not come without certain risks.
One way to counteract the pitfalls of inherent resilience
is to ensure that the system in question is also adaptive:
that it can learn about its changing environment,
build capacity, and self-organize into a new forms that
function better. Biological systems are by definition
adaptive, though removing their base of diversity or
systemic buffers (like the ability to absorb beyond a
certain level of pollution) can undermine this adaptive
capacity. Human systems vary significantly in their
degree of adaptability. They can be highly adaptive if
they are organized in a way that includes the capacity
for self-organisation and that includes mechanisms
for translating experience into new behaviours or rules
(codified learning).

There are many complex dimensions, most of which are
not fully predictable, to understanding how to design an
adaptive and resilient food system. This is increasingly
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important as we enter a period of greater planetary
instability resulting from the impacts of climate change
or even the periodic perturbations of the global
economy. It is therefore critical, on many fronts, to
develop rules and policies that encode adaptation and
resilience rather than permanently entrenching specific
patterns. Itis never the case that a solution which works
in one specific circumstance will continue to work in all
circumstances at all times.

Cabel and Oelofse have developed a useful framework
for assessing the resilience of agroecosystems, which
provides 13 indicators for evaluating broad dimensions
of resilience relevant to food systems (Cabel & Oelofse,
2012). These span from the design of agricultural
systems in the direction of self-regulation, to the
preservation of culture and heritage as a mechanism
for maintaining social evolutionary diversity (in parallel
to maintaining biodiversity as a key adaptive element).
This framework can be useful as a guideline for
assessing the development of new policies with regards
to their support of resilience and adaptability.

One example of how policies and behaviours in the
food system have led to low resilience and adaptability
can be seen through the allocation of resources
to technological innovation in agriculture. A study
commissioned by the FAO and the World Bank, The
International Assessment of Agricultural Knowledge,
Science, and Technology for Development (IAASTD),
showed that the pattern of investment in agricultural
R&D has essentially been leading to technological
lock-in and increased vulnerability in the food system.
The study found that technological innovations have
generally favoured large-scale producers, due to
their capital-intensive and resource-intensive nature.
The externalities, or non-monetary costs, of these
innovations, like pollution and resource-depletion,
have continually been borne by small-holder farmers,
communities, and the environment. Investing in low-
costinorganic fertilisers, expanding on local knowledge
bases, in local seed sharing, reducing agricultural
dependency on fossil fuels, and setting up Participatory
Plant Breeding Programs and Farmer Research groups,
were all identified as promising ways to improve
the penetration and effectiveness of agricultural
technology development (Tittonell &Giller, 2013). These
alternative approaches also inherently build resilience
by increasing the spread of knowledge and shifting
agriculture towards practices that are less dependent
on centrally-controlled resources.
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Food for All

If we assume that the food system does indeed face
significant growth constraints from a planetary boundary
perspective, as argued in the discussion at the end of
Chapter 3, then the strategy for addressing the challenge of
universal food security must be multi-faceted and nuanced,
relying on more than just the expansion and conventional
intensification of the food system.

As discussed in section 3.2.2, there is a general consensus
in the scientific community that poverty, rather than the
lack of physical food availability, is the primary driver of
food insecurity (Alexandratos & Bruinsma, 2012). Therefore,
strategies for combating under-nourishment should focus
at least as much on economic availability of food as actual
food production. Even so, it is clear that unless a sufficient
quantity of food is produced, the elimination of under-
nourishment remains physically impossible.

There are many factors that bear influence on what a
sufficient quantity of food might be. What type of food is
produced and where it is produced both play significant
roles in determining the quantity that we need. Factors like
nutrient density, bioavailability, micro-nutrients, spoilage
rates, location of production relative to sites of demand,
and economic factors related to specific food types, can
all significantly alter the total mass of food we need to
produce to satisfy global food demand, even as calorie and
other nutrient demands remain inflexibly fixed to global
population size. Furthermore, the production of different
food types is associated with a widely varying range of
impacts, offering many opportunities for shifting towards
lower-impact nutrition that places structurally lower
demands on scarce resources like land and fresh water.

Based onthe research presented in this report, we conclude
that some of the priority objectives for addressing this
challenge should, at minimum, include:

1.Reducing overall food demand

2.Progressively shifting to lower-impact, less-resource-
intensive food sources

3.Ensuring that scarce resources (land, water) are
allocated to food production as a priority over non-
food uses

4.lmproving economic access to food

5.Improving farmer productivity in the developing
world
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5.2.2 Challenge 2: Nutritious

REDUCING OVERALL FOOD DEMAND

The World Resources Institute has calculated that 25%
of calories produced each year are wasted before ever
reaching a plate (as compared to around 30% of food by
mass). Significantly reducing food losses and waste, though
challenging, clearly presents one of the largest and least-
controversial pathways for structurally reducing food
demand.

More moderate gains in reducing food demand can be
achieved by reducing over-consumption in the developed
world. though the type and location of the excess calories
currently produced is not necessarily conducive to re-
distribution to hungrier parts of the world. The World
Resources Institute estimates that this strategy could
reduce projected increases in food demand by 6% (World
Resources Institute, 2013a).

PROGRESSIVELY SHIFTING TO
LOWER-IMPACT, LESS RESOURCE-
INTENSIVE FOOD SOURCES

Reducing the resource-intensity of foods consumed is a
way to save resources like land and water without cutting
food output or compromising on the quality of nutritional
supply. This objective can be achieved by changing the type
of foods consumed or reducing the impact associated with
the production practices of specific food products. There are
significant gains to be made through taking this approach
because of the enormous variability in the nutritional yield
of food products relative to their total impact.

NUTRITIONAL YIELD

There is high variability in the total number of calories,
proteins, fats, and micro-nutrients produced per hectare
depending on the food source. Figure 28 illustrates the
relationship between land use demand, total mass
produced, calories, and protein for the major food
categories used throughout this study. From this graphic,
it is clear that certain sources of food provide much larger
amounts of key nutrient resources per hectare than others.
This critical variability means that switching to foods that
are more efficient at nutrient delivery offers an important
point of leverage for reducing the overall impact of the food
system without compromising food security. For simplicity’s
sake, Figure 28 only shows nutritional yields relative to land
use; similar assessments can be made with a broader range
of resource inputs.



PROTEIN AND CALORIE YIELDS ACROSS

SELECTED PLANT-BASED FOOD CATEGORIES
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Figure 27: Comparison of protein and calorie yields per hectare from different plant-based products. (FAO, 2015b)

Differences in nutritional value per unit of resource
input exist across both animal- and plant-derived
products. Though the largest variation in this nutritional
yield is between plant and animal products, there is
also significant variation between plant-derived foods.
Figure 27 illustrates the yield of calories (kcal, in orange)
and protein (grams, in blue) per hectare averaged across
different plant-derived food categories. In Figure 27,
we can see that one hectare of mushroom production
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can yield an average of almost 15,000 tonnes of
protein, which is 21 times greater than the protein yield
achieved by oil crops, the second-most effective source
of plant-based protein out of those evaluated. Similarly,
the impacts associated with emerging alternative food
sources, like insects, algae, and products like micro-
fungi, could likewise provide pathways for food sources
with much-lower resource demand.
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THE MEAT QUESTION

The consumption of meat and animal productsis, rightfully,
one of the most fervently debated and discussed topics in
food sustainability. Livestock production currently uses
around 80% of global land resources (as shown on the
global food production overview in Figures 2 and 3), and
also disproportionally contributes to the food system’s role
in climate change, land degradation, and eutrophication.
At the same time, animal protein is highly desired by
many for taste and dietary reasons, and provides a single,
concentrated source of key macro- and micro-nutrients. In
many parts of the world, protein deficiencies are pervasive,
and an increase in animal product consumption could
potentially bring significant health benefits (Murphy &
Allen, 2003).

The question of whether, and to what extent, meat and
animal products have a place in a sustainable food future
is complex to answer. As briefly described in Chapter
1, the livestock production sector has gone through a
transformation in recent decades, moving from primarily
depending on residual materials and low-fertility land, to
more intensive production approaches that rely on outside
inputs for concentrated animal feed. With livestock now
consuming food that would otherwise be suitable for
human consumption, meat production for the wealthier
part of the population has begun to compete directly with
food availability for the global poor. A key factor here is the
relatively inefficient conversion rate of cereals into animal
protein. UNEP has reported that it takes approximately 3 kg
of grain to produce 1 kg of animal protein using cereals as
feed (Nellemann et. al., 2009).

Considering the enormous footprint associated with
most animal production, the consumption of animal
products should certainly be limited: in principle, livestock
production should be matched to available land resources,
and should support local nutrient demands. However,
simply calling for a stop to meat consumption, a strategy
publicly supported by many groups and institutions (UNEP,
2010), is an oversimplified perspective that obscures many
of the complex underlying roles of livestock. There is a
level of animal husbandry within the global food system
that would be considered generally sustainable, even if
the animals themselves were not raised to be eaten, but
rather primarily for manure production, draught power,
and weed control. By contrast, however, in the increasingly
common industrial production circumstances, where large
amounts of resources are diverted to livestock rearing in
CAFO systems, animal production has become a driver for
ecosystem destruction. The type of practices used and the
origin of the animal are critical to making this distinction.

DIETARY EVOLUTION

Data on “nutritional yield” can help orient decision-making
for impact reduction from food sources and also help
indicate potential for improvement in production practices
in terms of impact and resource intensity. Efficiency
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measures for food production should ideally account for
total yield not in tonnes, but rather, in nourishment per
hectare (Cassidy, West, Gerber, & Foley, 2013). If we could
achieve dietary shifts towards more efficient sources of
nutrition by this measure, then the overall demand in
mass for food output and demand for land resources
could significantly decline. Though achieving large-scale
changes in consumer diets is no easy task, reducing the
impact associated with the production of certain foods
through improved production practices can circumvent
that necessity to a certain extent.

ENSURING THAT SCARCE
RESOURCES ARE ALLOCATED

TO FOOD PRODUCTION AS A
PRIORITY OVER NON-FOOD USES

Agricultural land use for traditional non-food crops like
fibre and tobacco, is relatively negligible and has remained
stable in past decades. However, agricultural crops
dedicated to industrial uses, like biofuel production, play a
significant and growing role. The World Resources Institute
has estimated that removing support for first generation
biofuels could close the 2050 food production gap by 30%
(World Resources Institute, 2013a). The competition for
land, water, food, or feedstock material from biofuels is
clearly evident. The scale of the solution offered by biofuels
relative to the overall demand for fuel resources makes it
clear that this is an insufficient and detrimental approach;
policy support for first generation biofuels should be
eliminated.

IMPROVING ECONOMIC
ACCESS TO FOOD

Breaking the cycle of poverty traps is a primary objective
in ensuring food security. This topic is further discussed in
section 5.2.4.

IMPROVING FARMER PRODUCTIVITY
IN THE DEVELOPING WORLD

Global statistics, though informative, tend to obscure
a great deal of contextual resolution that is of critical
importance to decision-making and policy. In the case of
food security, it is particularly important to understand
where the projected shortfalls of food are likely to occur,
rather than simply having an understanding that they will
occuron aglobal level. As discussed elsewhere in this report
(sections 1.6, 2.2, and 3.2.2), the majority of the population



increases projected by the United Nations are going to
occur in Sub-Saharan Africa, the region with the highest
percentage of undernourished people in the world and
the lowest global yields. Though Sub-Saharan Africa
only accounts for 9% of calorie consumption today, it
is projected to demand 37% of global calories by 2050
(World Resources Institute, 2013b).

Within the literature, there is consensus that nutrient
supply is by far the most significant limiting factor
for agriculture in this region (Tittonell & Giller, 2013).
Specifically, soils have been depleted of organic matter,
to the point where they are so nutrient-depleted that
they do not initially respond to applications of fertiliser;
this supply must be kept continuous and without
interruption to prevent the soils from losing productivity.
The rehabilitation of these soils is challenging and
costly, and many synthetic fertilisers do not work on
these soils. Not enough livestock is kept in the region to
supply sufficient manure. A calculation by Tittonell and
Giller revealed that rehabilitating one hectare of arable
land in Zimbabwe would require the manure from 30
hectares of pastureland (8 tonnes per year).

Ample evidence does exist that significant vyield
improvements are possible even in areas facing the
most challenging conditions (Tittonell & Giller, 2013).
However, it is also clear that a nuanced and context-
specific approach is required for making headway
in these locations. Detailed data on particular local
conditions, problems, preferences, and limitations
will be needed in order to develop set of strategies for
agricultural improvement.

Studies have shown that even small changes in crop
management specifications, like delaying or advancing
the transplating date of rice by as little as seven days,
can result in yield potential estimates that are up
to 15% greater than what is achieved in practice. In
combination with other modeled factors, yields could
be raised by as much as 46% from simple improvements
in practice, not even counting the increases possible
from additional nutrient supply or better plant cultivars
(Van Wart et al., 2013). This kind of regional data, in
combination with updated information streams on
weather, soil conditions, and other temporal factors
clearly show great potential for increasing yields in low-
yielding areas.

Of course, technical potential aside, yield gaps are
caused by a broad mix of factors, many of which are
purely socio-economic. One study which looked at
localized yield gaps for a range of crops in South
Asia found that potential improvements in output
that ranged between 11 and 67%, with a majority of
potential increases at the middle to high end of this
range. They found key productivity constraints to
include: undependable weather, land degradation,
inefficient use of natural resources particularly rainfall,
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inappropriate soil and water management practices,
imbalanced use of fertilisers, infestation by weeds
pests and diseases, lack of region-specific varieties of
crops resistant to local stresses, shortage of labour,
inadequate use of equipment, inaccessibility to
knowledge, low adoption of scientific crop production
practices, uncertainty of land tenure, meager credit
facilities to small farmers for appropriate investments,
and high interest rates by private money lenders (Singh,
Pongkanjana, & Pradesh, 2006). Out of this slew of
problems, many have origins in non-technical barriers,
most of which have as their foundation an insufficient
access to resources.

Addressing these challenges is complicated by the
fact that continued dependency in certain developing
nations on inexpensive food imports creates structural
disincentives for farmers in those nations to invest
in improved agricultural capacity (Dixon, Gulliver,
Gibbon, & Kassam, 2001). As discussed in Chapter 4,
these productivity issues are therefore not likely to be
resolved without addressing the full range of structural
causes and entrenched patterns that keep farmers and
fishermen in the developing world in marginalized
conditions (poverty trap; power-wealth entrenchment;
institutional lock-ins in trade, technology, and
infrastructure; tragedy of the commons).

LOCATION AND CONTEXT
ARE CRITICAL

Based on logical approximations and the addition
of all of the potential “savings” that can be achieved
through these different strategies, we can conclude
that successfully implementing all of these demand-
reduction strategies could theoretically fully cover the
otherwise anticipated food supply shortfall between
today’s production levels and 2050. However, it is
clear that making progress on these objectives will
require tackling structural problems within the food
system (for example, addressing imbalanced market
dynamics between the global north and south) and
the application of strategies for larger-scale shifts in
systemic behaviour (achieving changes in consumer
diets). The geographical location of production and
consumption also need to be consistently considered
in the shaping of strategies.
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LAND USE, AGRICULTURAL PRODUCTION, CALORIES, AND PROTEIN
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Figure 28. The relationship between land use, production, calories, and protein per product category, relative to total mass of global
production in 2011. Reading the graphic from left to right, the first column shows the fraction of global land use allocated per product
category, followed by colums showing production in tonnes, calories, and protein, respectively. This graph once again illustrates the
clear dominance of animal products in global agricultural land use. It also illustrates the importance of cereal products in global calorie
supply and animal products in global protein supply

(FAO, 2015b)
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The third great challenge of achieving a sustainable
food system is to eventually reach a state where food
production, processing, and consumption all operate
within the boundaries of our planetary system, and have
a regenerative influence if possible. Though impacts occur
throughout the food chain - from production through
processing and disposal - the most irreversible and severe
impacts generally take place in the agricultural production
part of the chain. It is in this part of the life cycle that the
enormous scale of the food system’s production lines
most contributes to the transgression of key planetary
boundaries like biodiversity loss, biogeochemical cycle
disruptions, and climate change.

As discussed throughout this report, a majority of the severe
impacts associated with agricultural production originate
with system expansion (increases in arable and pasture
lands) and conventional intensification practices. In order
to keep the food system within safe planetary boundaries,
we must focus on strategies that reduce both expansion
and intensification.

Strongly related to the challenge of bringing the food
system within the safe range of planetary boundaries are
the strategies already discussed in the previous section
(Challenge 2: Nutritious Food For All), including a strong
focusonfood demand reduction strategies (e.g., elimination
of food waste) and transitioning to lower-impact modes of
nutrition.

In addition, some of the practices common in current
modes of agricultural production, like the reliance on heavy
nutrient applications and high dependence on fossil fuels,
need to be phased out over time as we transition to a new
model of resilient and sustainable agriculture.

Based onthe research presented in this report, we conclude
that some of the priority objectives for addressing this
challenge should, at minimum, include:

1. Reducing impact of existing agricultural, fishing, and
aquaculture practices (e.g, applying conservation
measures, phasing out damaging fishing practices)

2. Placing limits on system expansion and intensification,
particularly when addressing global yield gap (e.g.,
reducing arable land expansion, and if necessary
directing it towards marginal lands, enforcing fisheries
quotas more effectively)

3.Investing in the development of new sustainable
agricultural and aquaculture techniques (e.g., organic
cultivars, agroecological practices, alternative fish
feeds, etc.)
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5.2.3 Challenge 3: Within
Planetary Boundaries

TOWARDS SUSTAINABLE
AGRICULTURAL PRACTICES

Maintaining the continued functioning and resilience of
agroecological systems is critical for both medium and
long-term preservation of the food system. One of the
core foundations of agroecological systems are healthy
soils, which are the basis for many ecosystem processes
and local biodiversity. Many of the traditional biological
features of soil have been instead replaced with chemical
control mechanisms, creating a continuous dependency
on continued outside inputs. Practices that structurally
undermine the health of soils or that contribute to
the transgression of key planetary boundaries are
fundamentally unsustainable.

Itis clear that ouragricultural practices must evolve beyond
the era of the Green Revolution. We need to achieve similar
yields, but without the externalities. It is also clear from
this review that yields should not be the yardstick that
everything is measured against, particularly not when
viewed over a short time-scale. It is not acceptable to
sacrifice the basic long-term functioning of an agricultural
system in exchange for a short period of high yields.

The primacy of vyields as a measure of successful and
efficient agricultural production often emerges in debates
around so-called “aspirational” or sustainable production
practices. The wisdom of switching to organic cultivation,
or even to no-till agricultural practices, has been highly
debated because of their documented reduction in yields
over conventional practices though these yield gaps
have been shown to narrow with proper complementary
practices, and range significantly depending on the farmer
and crop type (see section 1.2.1 for a discussion the
variability in crop production systems and a more detailed
discussion of yield differences between organic and
conventional practices). However, from surveying global
data, it is clear that a far more dominant cause of yield
reduction is simply less advanced agricultural practice.
Organic tomato production in the Netherlands yields 350
tonnes per hectare, while conventional tomato production
in similar conditions ranges from 50 - 120 tonnes per
hectare in other parts of Europe (FAO, 2011). This indicates
that the yield gap between organic and non-organic forms
of production (just to single out one form of agricultural
practice) is much less significant than the yield gap that
simply results from lack of knowledge and technique.



A new era of sustainable agricultural production is
needed, one which centres on maximising productive
output for farmers without damaging the ecological
resources on which thisis based. One of the foundations
of this approach should be that it is not a “one size fits
all” strategy: rather, a menu of agricultural options
should exist, which should be applied as needed to the
specific contexts in which they best function.

There are many potential techniques available for
significantly reducing the impacts associated with
conventional agriculture practices (Campanhola, 2013).
Though it is beyond the scope of this report to fully
describe all of the options in this regard, some of the
best practices that can be implemented to this effect in
existing crop production systems include:

» Minimizing soil disturbance through direct seeding,
no-till practices, and prevention of soil compaction

» Applying permanent organic soil cover through
retaining crop residues, cover cropping, or relay

cropping
» Diversifying species through crop rotation,
agroforestry, intercropping, or polyculture

» Selecting plant cultivars suitable to local conditions
and implementing appropriate cultivation techniques
(spacing, pruning, etc.)

» Balancing plant nutrition by increasing organic
soil matter and using appropriate (limited) nutrient
applications

» Applying integrated pest and weed management

» Managing water supply efficiently through improved
rainwater harvesting, enhanced infiltration,
avoidance of evaporation (e.q., through mulching, no-
till practices, and cover cropping)

» Avoiding soil compaction associated with machinery
and field traffic

» Introducing farm biodiversity through the planting of
ecological buffer zones

» Applying precision farming techniques, which can
replace the need for inputs like water and fertilisers
with better information about the timing and quantity
of applications

Existing pasture lands, which will also need to increase
in output by 80% by 2050 if they are to meet projected
demand (Searchinger et al,, 2013), will also need
to be managed for high vyields without leading to
environmental degradation. Management practices
for improving pasture productivity could include
picking breeds that are better environmentally and
metabolically suited to local conditions, diversifying
plant cover on pasture fields to include trees and shrubs
in addition to grasses, applying targeted fertilization,
and improving cattle rotation schedules.
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As discussed in section 3.3, in addition to these kinds
of measures, similar efforts need to be made in order
to bring the fisheries and aquaculture sectors within
planetary limits, and the exploitation of other resources
(both renewable and non-renewable), needs to be
brought to a sustainable rate across the full scope of the
food system.

With these and other approaches, existing, intensive
agricultural techniques can progressively become less
impactful while maintaining high yields. In countries
that have already gone through a phase of Green
Revolution intensification, implementing these kinds
of measures, which may in some cases have a slight
reduction onyield, is a higher priority than maintaining
unsustainable yields.

Further research and investment is needed to develop
improved, locally-adapted plant cultivars and plant
varieties resistant to drought, salinisation, and other
emerging challenges (Araus, Slafer, Reynolds, & Royo,
2002; Silva Dias, 2010). Research is needed on the
potential of agroecology and agroforestry; on the
development of alternative non-fossil-fuel based
fertilisers (such as struvite, from both human and
animal urine); and on integrated agricultural systems
that effectively link nutrient flows between multiple
species, such as aquaponics and stacked vertical
farming systems (Balcom, 2015; Rahman et al., 2014;
Silici, 2014). We should aim to develop agricultural
and aquacultural systems that interface properly with
both ecosystems and human habitations, and aspire
towards fully closed material cycles and fully renewable
resource use.

MANAGING THE TRANSITION

It is clear that the profound transformation of the
global food system needed to reach these objectives
cannot happen overnight. Concerted and long-term
investments in sustainable agricultural techniques are
needed. Capacity building, structural investment, and
large scale soil rehabilitation will need to take place in
the least productive regions of the Global South. Only
when systemic improvements begin to take hold can
recommended de-intensification practices take place
in excessively intensive, leading to an overall balancing
of global agricultural productivity to within levels of bio-
regional carrying capacity.
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Though it may often seem like fixing the global food system
is a very technical matter, primarily concerning itself with
soil carbon, mass balances, and exergetic efficiencies, at its
core, food is about people; about our health, our culture,
our experience of our lives and our environments. Without
a holistic strategy that deeply recognizes the critical role of
individuals and societies in the proper functioning of the
food system, we will not be able to solve the Gordian knot
of challenges that has been described here.

Human well-being is not simply about livelihoods and
basic access to resources, but also about having the social
conditions to thrive, preserve cultural heritage, and pursue
self-actualization. Without addressing this core need, we
perpetuate cyclesthat continue environmental degradation
and lead to desperate and short-sighted policies that favor
short-term gains and intensification practices over longer-
term, sustainable solutions. Moreover, the condition of
poverty itself leads directly to much of the environmental
degradation that we witness throughout the food system.

Most of the world’s extreme poor are farmers or agricultural
workers. Poverty is a pernicious state. Not only is it the
primary cause of food insecurity and malnourishment
globally, as already highlighted, but itis also one of the main
drivers of the low yields and unsustainable agricultural
practices that are leading to widespread land degradation
in the more impoverished regions of the world.

Farmers without access to sufficient resources are unable
to improve upon their agricultural production techniques
(Tittonell & Giller, 2013). As soil gets increasingly nutrient-
depleted and eroded, it becomes ever more unresponsive
and challenging to rehabilitate for use. Eventually,
this condition necessitates either the shift towards
other agricultural land, or the need for greater dietary
supplementation through imported food. Increasing
reliance on imported food can further impoverish people,
expose them to global price shocks, and further reduce
investment in local capacity and infrastructure.

As discussed more extensively in Chapter 4, these kinds
of patterns result in further reinforcing cycles on the
level of local governance. Wishing to serve the needs
of their impoverished populations, many governments
are incentivised to implement permissive policies for
the exploitation of natural resources, or encourage the
development of lands for the production of cash crops for
export, at the expense of local food security.
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5.2.4 Challenge 4: Supporting
Livelthoods and Wellbeing

Poverty, thus, can be found at the origins of many of the
food system’s most pervasive problems, including land
degradation and the associated results of arable land
expansion and agricultural land shifting. Being in an
impoverished state casts a lens of desperation on one’s
perception of the world, and necessitates a focus on short-
term survival. In it, no resources are allocated for investing
in longer-term objectives, resource maintenance, or
ephemeral values.

The world’s poorest individuals have been described as
being cut off from participation in the global economy for
various contextualreasons,including physicalisolation, lack
of access to infrastructure, social or ethnic exclusion, lack of
access to societal safety nets, or inability to make full use of
labourcapacity oracquireskills. Adisproportionate number
of people falling into this category globally are women and
indigenous people. Though many proximate causes may
exist, Gatzweiler et al have identified marginalization as
one of the primary root causes of extreme poverty.

¢

Marginality, is defined as “ an involuntary position and
conditionofanindividualoragroup atthe margins of social,
political, economic, ecological, and biophysical systems,
preventing them from access to resources, assets, services,
restraining freedom of choice, preventing the development
of capabilities” (Gatzweiler, Baumdller, Ladenburger, &
Braun, 2011). As defined here, marginalization has a strong
correlation with food insecurity, with the greatest numbers
of marginalized poor are in Sub-Saharan Africa and South
Asia.

Some of the primary strategies for achieving a sustainable,
global food system will need to strongly centre around
tackling this core challenge. Systemic structures that
perpetuate poverty need to be dismantled.

Sustainable solutions may often be less reliant on
technology or on products, but rather more on knowledge
and capacity building. They may not always tend towards
the highest efficiency or highest yield, but rather reach
a Pareto optimum of satisfying numerous societal and
ecological needs; ones that are holistically essential for the
system to continue existing and improving. As such, these
types of solutions are not necessarily equally attractive to
private interests as more straightforward technological
fixes or rigid policy prescriptions (De Schutter, 2008).
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GLOSSARY

Adaptability

Resilience Alliance defines adaptability as the capacity
of actors in a system to manage change by moving
towards a more desirable configuration either via
innovation, persistence or transfor-mation.

Agricultural holding

An agricultural holding is a single unit under a single
management that undertakes agricultural activity
either as its primary or secondary activity.

Agricultural income

The income derived from agricultural activities. The
main indicator for agricultural income is ‘factor income
per labour input, where labour input is expressed in
annual work units (AWUSs).

Agri-environmental indicators

A set of 28 agri-environmental indicators used by the
European Commission to monitor the integration of
environmental aspects into the Common Agricultural
Policy (CAP)

Agro-ecology

A scientific discipline that uses an ecological approach
to agriculture in terms of study, design, management
and evaluation so as to ensure that agricultural systems
arenotonly productive butalso conserve environmental
resources

Animal output

Output of animal products that includes ownership,
sales and changes in stock levels by producers

Annual work unit (AWU)

One annual work unit corresponds to the work
performed by one person on a full-time basis, where full-
time refers to the minimum hours as defined by relevant
national governments that oversee employment
contracts. Where this information is unavailable, it
usually refers to 1 800 hours of minimum work annually
broken up to in 8 hour work days for 225 days.

Annuals (Plants)

Annual plants are plants that last for one season (year)
and need to be planted each year.
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Aquaculture

Aquaculture refers to the farming of aquatic organisms,
both aquatic animals and plants for human use or
consumption

Aquaponics

Refers to a closed system where the waste produced by
farmed fish is used as nutritional input for plants and
where the plants purify water for the fish

Arable land

Arable land includes land defined by the FAO as land
under temporary crops (double-cropped areas are
counted once), temporary meadows for mowing or for
pasture, land under market or kitchen gardens, and
land temporarily fallow. Land abandoned as a result
of shifting cultivation is excluded. “Arable land” does
not indicate the amount of land that is potentially
cultivable.

Biodiversity

Biodiversity, or biological diversity, refers to the number,
variety and variability of all living organisms (plants and
animals) within a given area.

Biomass

Biomass refers to the total quantity or weight of all
living organisms within a given area. In terms of energy
production, it refers to any organic material of biological
origin that can be used for heat production or electricity
generation.

Bovine

A bovine refers to a domestic animal of the species Bos
taurus (cattle) or Bubalus bubalis (water buffalo), and
also includes hybrids like Beefalo.

Concentrated Animal Feeding Operation (CAFO)

A Concentrated Animal Feeding Operation is an animal
feeding operation where animals are confined for more
than 45 days per year.

Cage Free

Cage free refers to a housing system for birds that
are raised without cages. The term is often used
interchangeably with ‘Free range’ and the exact
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definition varies by operation and country and this
does not guarantee that birds were allowed access
to the outdoors or pasture.

Capacity Building

Refers to the process of strengthening or enhancing
the ability of individuals, organizations or
communities to address their own long term needs.

Carbon footprint

A representation of the effect human activities
have on the climate in terms of the total amount
of greenhouse gases produced by an individual,
organization or country. It is measured in units of
carbon dioxide equivalents.

Carrying Capacity

In ecological terms, Carrying capacity is defined
as the maximum sustainable population size of
people, animals, or crops that can be supported
indefinitely into the future without degrading the
environment for future generations.

Cereals

Cereals include wheat (common wheat and spelt
and durum wheat), rye, maslin, barley, oats, mixed
grain other than maslin, grain maize, sorghum,
triticale, and other cereal crops such as buckwheat,
millet, canary seed and rice.

Certified Organic

Certified Organic or USDA Organic is a term used in
the US to ascertain that a product is “organic” as
defined by the USDA (US Department of Agriculture).
It requires at least 95% of the food or ingredients
listed in the product to be free from synthetic
chemicals or additives

Climate change

A change in global or regional climate patterns
mainly due to man-made or anthropogenic
activities, which increase the concentration of
greenhouse gases such as carbon dioxide and
methane, in the atmosphere.

Common Agricultural Policy

The Common Agricultural Policy (CAP) is the EU’s
agricultural policy. Under Article 33 of the Treaty
establishing the European Community, its aims are
to ‘ensure reasonable prices for Europe’s consumers
and fair incomes for farmers, in particular through
the common organisation of agricultural markets
and by enforcing compliance with the principles

adopted at the Stresa Conference in 1958, namely
single prices, financial solidarity and Community
preference’

Common Fisheries Policy (CFP)

The Common Fisheries Policy is the EU’s policy for
managing fisheries in the waters of the EU Member
States with the objective of increasing productivity,
ensuring a secure supply at reasonable prices to
the consumer and maintaining stable markets for
the fisheries industry within Europe. Although a
Common Fisheries Policy was already provided for
in the Treaty of Rome in 1957, it did not become a
common policy in the full sense of the term until
1983. The CFP has the same legal basis (Articles
32-38 of the EC Treaty) as the Common Agricultural
Policy and like the CAP, the CFP is a shared
responsibility of the EU and its Member States.

Common land

Common land is the land that does not directly
belong to any agricultural holding but on which
common rights apply. It can consist of pasture,
horticultural or other land.

Community Capacity

The knowledge, skills, participation, leadership
and other resources needed by a community to ef-
fectively address local issues and concerns.

Community Food Assessment (CFA)

A Community Food Assessment is a collaborative
and participatory process that systematically
examines a broad range of community food issues
and assets with the goal of making the community
more food secure

Community Food Security (CFS)

Refers to a state within a community where all
residents have access to safe, culturally acceptable,
and nutritionally adequate food by making the
respective food system environmentally sustainable
and socially just.

Community Garden

A community garden is a plot of urban or rural land
that is gardened collectively by a group of people
to produce fruits, vegetables, flowers, or animal
products.

Community Supported Agriculture (CSA)

A network of individuals consisting of growers and
consumers who pledge support to a farm operation
and share the risks and benefits of food production.



Community-Based Participatory
Research (CBPR)

Research that is conducted as an equal partnership
between traditionally trained “experts” and members
of a community. In CBPR projects, the community
participates fully in all aspects of the research process.

Controlled Environment Agriculture (CEA)

CEA is an intensive form of (hydroponically-based)
agriculture where plants are grown within a controlled
environment so that horticultural practices can be
optimized.

Consuming

Consumingor consumption is a step in the food system.
It refers to the act of obtaining, purchasing, and eating
food. Aconsumeris a person who has access to food via
a store or market and is able to select the food product
of choice and purchase it.

Crop rotation

Crop rotation on arable land is a practice to preserve
the productive capacity of land by alternating cropsin a
planned pattern or sequence so that crops of the same
species are not grown sequentially on the same plot of
land.

Dietary Guidelines

Dietary Guidelines provide advice about making
informed food choices that promote health and prevent
disease

Distribution

Distribution refers to the process of dividing up,
spreadingout, and delivering food to various places with
or without intermediate steps where transformation or
processing of food that alters the food in some form.

Eco-label

Aseal or logo indicating that a product has met a set of
environmental standards.

Ecological Footprint (EF)

Ecological Footprintis a term introduced by William Rees
and Mathis Wackernagel in 1992 that measures how
much land and water is needed to produce the resources
we consume and to dis-pose of the waste we produce.

Economically active population

The economically active population, or the active
population, includes persons of a certain age group,
both employed and unemployed that can potentially
contribute to the labour supply of the nation or region
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Equity

In the context of a food system, equity refers to a fair and
just distribution of food in all communities, regardless
of socioeconomic status, geography, race, ethnicity,
gender, orimmigration status

Eutrophication

Eutrophication is a process by which a body of water
acquires a high concentration of nutrients, especially
phosphates and nitrates that result in excessive algae
growth which eventually leads to the depletion of
dissolved oxygen and potentially the death of other
organisms such as fish

Externalities

An externality in economic terms refers to benefits
or costs that are not included in the market price of
goods or services. For example, the pollution generated
by transporting food is not paid for by the trucking
company in the price of the fuel, or by the consumer
in the price of the food. Similarly, a beekeeper is not
compensated when his/her bees pollinate surrounding
orchards

Fair Trade

Merriam Webster defines fair trade as a movement
whose goal is to help producers in developing countries
to get a fair price for their products so as to reduce
poverty, provide for the ethical treatment of workers
and farmers, and promote environmentally sustainable
practices

Family labour

The family labour force of the agricultural holding in
the context of the farm structure survey (FSS) refers to
persons who carry out farm work on the holding and are
classified either as a holder or the members of the sole
holder’s family.

Farm labour force

The farm labour force refers to all persons who carry out
farmwork on the an agricultural holding with or without

pay.
Farmers’ Market

Amarket where local growers and producers of food sell
their goods directly to the public

Feed (animal feed)

Feed, animal feed or feeding stuff) refers to any
substance or product that is used for feeding animals.
It can include additives and can vary from processed or
partially processed to unprocessed products
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Fertiliser

A fertiliser is a farm input used in agriculture to
provide crops with vital nutrients to grow. The three
main nutrients provided by fertilizers are nitrogen
(N), phosphorus (P) and potassium (K). Fertilisers
can be inorganic fertilisers (also called mineral,
synthetic or manufactured) or organic fertilizers
(includes manure, compost, sewage sludge and
industrial waste).

Fish catch

Fish catch (or simply catch) refers to catches
of any fish or marine products in the wild for
commercial or recreational purposes. Fish catch is
normally expressed in live weight and derived by
the application of conversion factors to the actual
landed or product weight.

Fishing fleet

Afishing fleet refers to a collection of fishing vessels
either by geographical area, purpose or commercial
ties that engages in the catching of wild fish

Food Access

The availability of healthy and affordable food that
is a part of the local culture or heritage.

Food Desert

A food desert usually refers to a geographic area
that lacks convenient and affordable access to a
healthy food

Food Environment

A local system or community context associated
with all aspects of food, from distribution to con-
sumption. It includes places such as grocery stores,
super markets, farmers markets, community
gardens, food shelters, restaurants, schools, and
worksites.

Food Group

The grouping of foods that share nutrient or
biological properties. The USDA Food Guide
Pyramid defines 6 primary food groups: Cereals and
carbohydrates: Bread, cereal, pasta, tortillas, whole
grains; Vegetables; Fruits; Proteins: dry beans,
nuts, eggs, poultry, fish, meats; Dairy: milk, yogurt,
cheese; and Confections: fats, oils, sweets.

Food Guide

A nutrition education tool that gives graphical
recommendations on the type and quantity of
food intake based on food groups in order to get a
nutritionally adequate and wholesome diet.

Food Insecurity

The lack of reliable access to sufficient, healthy, and
affordable food

Food Labels

The label on a food package that provides
information about its manufacturer and its
nutritional content. Usually countries have food
labelling guides that set minimum requirements for
labelling of food or food products.

Food Literacy

The ability to know the story of where one’s food
comes from, usually described as from seed-to-
table or farm-to-fork

Food Miles

The distance food travels from where it is grown or
raised to where it is ultimately purchased by the
consumer.

Food Movement

A broad term describing individuals and groups
taking initiative to ensure a resilient, safe, fair, and
healthy food system for all

Food Policy Councils (FPC)

Food policy councils are officially sanctioned bodies
that are involved in improving local food systems
by providing recommendations. They contain all
relevant stakeholders from citizens to government
officials

Food Policy

Official principles and guidelines covering food
production, distribution, and consumption

Food Production

Consists of all the relevant activities related to the
growing food in farms, orchards, greenhouses,
fish farms, or water bodies. Includes natural input,
human labour, technology, energy, and other man-
made inputs

Food Security

the World Food Summit of 1996 defined food
security as existing “when all people at all times
have access to sufficient, safe, nutritious food to
maintain a healthy and active life”.



Food Sovereignty

La Via Campesina defines achieving food sovereignty
when communities democratically control what they
eat, how it is raised and by whom, and how profits in
the food system are distributed. Food sovereignty
encompasses the rights to food, adequate nutrition and
resources necessary for each person to be able to feed
him or herself with dignity and in culturally appropriate
ways. Fulfilling these rights requires community action
to overcome barriers imposed on some people be-
cause of gender, income, race, religion and class. Under
conditions of food sovereignty, food is produced using
sustainable practices and never used as a weapon or
denied because of social conflict.

Food System

A holistic term that includes all the parts of the system
that provides food to a community, including growing,
harvesting, storing, transporting, processing, packaging,
marketing, retailing, and consuming the product. The
different parts of the system can be local, regional or
global depending on where the food comes from.

Food Systems Council (FSC)

Food Systems Council are a grassroots network
consisting of non-profit organizations, grassroots
groups and activists focused on educating the public,
coordinating activities and influencing institutional
practices and policies on food systems. They differ from
Food Policy Councils in the sense that are not official
advisory bodies

Forest Forest

Forest Forest mimics the ecological aspects of a real
forest with the exception that most of the plants, shrubs
and trees contained in a food forest provide edible food
for humans

Fossil fuel

Fossil fuel is a generic term for carbon based, non-
renewable natural energy sources such as coal, natural
gas and oil

Free Range

Free-range, free-roaming, and pastured are terms used
for cattle, pigs and chicken and imply that a product
comes from an animal that was raised unconfined and
free to roam. However, free-range claims on beef and
eggs are unregulated as the USDA requires that animals
have access to the outdoors but no regulations on the
amount of time actually spent outdoors
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Genetically Modified Organisms (GMOs)

Living organisms including both plants and animals
whose genetic make-up has been altered to exhibit
traits that they normally do not have, such as drought
resistance, addition of vitamins or minerals, changes in
colour, or resistance to herbicides. Genetic modification
is currently allowed in conventional farming. FAO/ WHO
have guidelines for the risk assessment of all genetically
modified food before they are allowed on the market.

Global Food System

Similar to a Food System, a global food system
incorporates all aspects of food production to
consumption, but focuses on the influences of trade
and globalization worldwide on the availability and
affordability of food.

Good agricultural and environmental conditions

Good agricultural and environmental conditions refer to
a set of EU standards (described in Annex IIl of Council
Regulation 73/2009) defined at national or regional
level, aimed at promoting sustainable agriculture.

Good Agricultural Practices (GAP)

GAP is an approach based on general sustainability
principles and best practices that apply locally available
knowledge to on-farm production and post-production
processes, with the goal of producing safe and quality
food and non-food agricultural products.

Global warming potential (GWP)

Global warming potential is a term used to describe the
overall climate impacts of a greenhouse gas in terms of
carbon dioxide equivalents

Grass Farming/Grass-based Farming

Grass-based production relies on pasture or rangeland
to supply the food requirements of live-stock. Producers
that use this practice replace part of or the entire diet of
the animal to grazing or forage feeding.

Greenhouse gas

Greenhouse gases are a group of heat trapping gases
that contribute to climate change. The Kyoto Protocol,
an environmental agreement adopted by many of the
parties to the United Nations Framework Convention
on Climate Change (UNFCCC) in 1997 to curb global
warming, covers six greenhouse gases:  carbon
dioxide (CO,); methane (CH,); nitrous oxide (N,O);
hydrofluorocarbons (HFCs); perfluorocarbons (PFCs);
sulphur hexafluoride (SF,)
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Gross domestic product (GDP)

GDP is a quantitative measure of a country’s overall
economic activity. It measures the monetary value
of goods and services produced in the country over
a year including taxes and minus subsidies

Gross value added

Gross value added is the difference between the
monetary values of a product at output versus
intermediate consumption. It a term to balance a
nation’s accounts

Growing

In the food system, growing refers to growing
plants, fish or animals for di-rect or indirect human
consumption. For plants, it includes the process of
pre-paring the soil, sowing, and maintaining the
crop to be harvested in a healthy state. Growing
techniques vary depending on the region, culture
and climate.

Growing Season

The period of time required by a plant to grow from
sowing to harvesting

Harvesting

Harvesting is a process of reaping a plant or plant
product (such as fruits, vegetables or grains)
from the soil. A variety of harvesting methods are
used across the world from hand picking to large
machinery that can harvest large tracts of land
simultaneously.

Health claims

Any statement made about food related to human
health

Health

The World Health Organization defines health as a
state of complete physical, mental, and social well-
being, not merely just the absence of disease or
infirmity.

Heirloom

Heirloom crop varieties, also known as farmers’
varieties or traditional varieties, are edible plants
that have been developed by farmers over the last
50 years or more by cultivation, selection, and seed
saving, and are passed down through generations.

Hydroponics

Growing vegetables and fruits without soil with
nutrients added in water washing over the roots of
the plants.

Industrialized Food System

A modern, commercial food production system
that usually represents large-scale farming and
vertically integrated food production businesses. It
is often criticized for its undesirable effects on the
environment, on food quality, human health and
society.

Input

An input is something introduced into a system
or expended in its operation to attain a result or
output.

Institutional Decision-makers

In the food system, this refers to individuals with
power over food and food related systems, be-
longing usually to a public, educational or charitable
organization

Integrated pest management

Integrated pest management is an ecologically
based approach to pest (animal and weed) control
that is effective and environmentally sensitive.
It includes practices such as: use of resistant or
certified seed varieties; crop rotation; optimal use
of biological control organisms; protective seed
treatments; disease-free transplants or rootstock;
timeliness of crop cultivation; improved timing of
pesticide applications; and removal or ‘plow down’
of infested plant material.

Land use

Land use refers to the use of land for social or
economic purposes, such as residential, industrial,
agricultural, forestry, recreational, and transport
purposes.

Life Cycle Assessment (LCA)

A quantification of the amount of inputs (energy
and raw materials) as well as outputs (solid, lig-uid
and gaseous wastes) produced at every stage of a
product - from manufacturing to disposal. LCAs
can be conducted for part of a process , the whole
process, or an entire organization.



Liquid manure

Liquid manure is urine, dung or other organic or
chemical material obtained from domestic animals
that is used to fertilize soil

Live weight of fishery products

Live weight of fishery products is the actual weight of all
marine catch before being subjected to any processing
or other operations. Livestock density index

The livestock density index measures the number
of animals per hectare of land. It is an indicator that
helps analyse the pressure of livestock farming on the
environment. However, as the actual impact of livestock
on the environment depends not only on the amount
of livestock but also on the farming practices used, the
livestock density index is not sufficient in measuring the
amount of environmental degradation.

Livestock unit

Eurostat defines livestock unit as a reference unit which
facilitates the aggregation of livestock from various
species and age as per convention, via the use of
specific coefficients established initially on the basis
of the nutritional or feed requirement of each type of
animal. The reference unit used for the calculation of
livestock units (=1 LSU) is the grazing equivalent of one
adult dairy cow producing 3 000 kg of milk annually,
without additional concentrated foodstuffs.

Livestock-specialist holding

An agricultural holding mainly focusing livestock
production, and where livestock provide a minimum of
two thirds of the production or the business size of an
agricultural holding, as defined by Eurostat.

Locally-Grown

A broad term referring in general to the proximity of the
productionand processingoffood and otheragricultural
products. There are no guidelines that define the
distance of locally grown and thus it can cover a city,
nation or region depending on the particular context.

Meat production

Meat production refers to the slaughter of animals for
human consumption, such as cows, pigs, sheep and
goats. It is usually carried out in slaughterhouses and
farms,

Milk Farms

Milk farms are farms that produce milk to distribute to
dairies as well as for domestic consumption, direct sale
and cattle feed.
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Mixed-farming holding

A mixed-farming holding is an agricultural holding that
is equally involved in livestock and crop production. A
farm is known as a mixed farm if both activities are less
than two thirds of the production or business size.

Natural Resources

Natural resources are inputs derived from the earth
that are used for human activities (basic sur-vival or
commercial). They include soil, water, air, and fossil
fuels

Non-family labour

The non-family labour force of an agricultural holding
consists of all people other than the holder and his or
her family members that perform work on the farm for
monetary or other compensa-tion.

Organic Farming

Organic farming in general refers to an agricultural
process that avoids or largely excludes the use of
synthetically produced chemical inputs for food and
animal production. It is a term that lacks a consistent
definition and can include some or all of the following:
compounded fertilizers, pesti-cides, growth regulators,
and livestock feed additives.

Output

An output is something that is produced by a system.
Within the food system, outputs can be desirable
products, such as crops from a farm system, or unde-
sirable, such as nitrogen run-off from fertilizers used on
afarm.

Packaging

Packaging refers to a step in the food system where
food is wrapped or put into containers for protection
during transportation and for distribution to stores and
markets.

Permaculture

Bill Mollison defines permaculture as a philosophy of
working with, rather than against nature; of protracted
& thoughtful observation rather than protracted &
thoughtless labour; & of looking at plants & animals
in all their functions, rather than treating any area as a
single-product system.

Perennial

A plants that lives for more than two years
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Permanent crops

Permanent crops are trees or shrubs that occupy
a given piece of land for a long time (usually more
than five) consecutive years. They usually consist of
fruit trees, bushes, vines and olive trees

Permanent grassland and meadow

Permanent grassland and meadow is land used to
grow herbaceous forage crops, through cultivation
(sown) or naturally (self-seeded) for a minimum
period of five years. This land is usually used for
livestock grazing or fodder

Processing

Processing is a step in the food system where a
series of operations are per-formed on food in order
to change it or preserve it. Food processing is a
broad definition and includes a variety of methods
such as, cutting, freezing, boil-ing, canning, etc and
is performed for a variety of uses. For example, a
pro-cessing plant may receive apples to process into
applesauce orapplejuice, or milk is pasteurized and
standardized before being sold in the supermarket.

Retailing

Retailingis a step in the food system where food and
food products are made available to the consumers
in a store or market.

Serving size

Serving size refers to the amount of food people
actually eat. It is a uniform term often used for
reporting a food’s nutrient content and suggested
portion.

Shelf life

The amount of time a food will remain fit for human
consumption and/or sellable

Slurry

Slurry is manure in liquid form, that is to say a
mixture of excrements and urine of domestic
animals, including possibly also water and/or a
small amount of litter.

Solid dung

Solid dung, including farmyard manure, is
excrement, with or without litter, of domestic
animals including possibly a small amount of urine.

Sustainable Agriculture

An agricultural practice that addresses the
ecological, economic and social aspects of
agriculture. It has three main goals: ensuring that
agricultural activities protect the environment and
ensure animal welfare; the farm operates profitably
and produces goods (food) that are good for public
health.

System

System is an interdependent group of items
that form a unified whole. A system is a group
of in-teracting, interrelated, and oftentimes
interdependent elements that function together
as a com-plex, unified whole. A core concept is
that a change in one element of a system has an
impact, ei-ther directly or indirectly, on one or more
additional elements in that system. Systems theory
pro-vides a holistic perspective for examining the
boundaries of a related set (or sets) of elements,
de-lineating subsystems, considering relationships
among subsystems, and exploring the tendency
toward a stable state of equilibrium (Sobal et al,
1998). Systems theory rejects the idea that com-
ponents of any system should be, indeed can be,
treated or considered in isolation from other re-
lated components or elements of the system. The
focus is on relationships or processes at various
levels within a system (Buckley, 1967).

Transporting or Transportation

Transportation is an intermediate step in the food
system that refers to moving food or food products
from one area to another. Transportation can be
done by air (airplanes), land ( truck or train) or sea
(ships and barges).

Value-Added Product

In an agricultural context, it refers to change in the
physical state or form of a raw agricultural product
by converting it into a product with a higher market
value or longer shelf life. For exam-ple, fruits made
into pies orjams



ABBREVIATIONS

AEI agri-environmental indicators

CAP Common Agricultural Policy

CFP Common Fisheries Policy

CH, methane

CO, carbon dioxide

COM Communication

CMO Common Market Organisation

EAA economic accounts for agriculture

EC 1 .European Community 2. European Commission
EEA European Environment Agency

EEC European Economic Community

EFTA European Free Trade Association

EU European Union

ESOEU Eurostat Statistical office of the European Union
FAO Food and Agriculture Organization

FAOSTAT Food and Agriculture Organization Statistics
Department

FCR Feed Conversion Ratio

GDP Gross Domestic Product

HICP harmonised index of consumer prices

INGO International Non-Governmental Organization
IPPC integrated pollution prevention and control
IMF International Monetary Fund

IPCC Intergovernmental Panel on Climate Change

LDC Least Developed Countries
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MSC Marine Stewardship Council

N, nitrogen

N, O nitrous oxide

NH, ammonia

NH, ammonium

NL Netherlands

NO, nitrate

NGO Non-Governmental Organization

NUTS classification of territorial units for statistics
(NUTS levels 1, 2 and 3) SAPM survey on agricultural
production methods

SAP Structural Adjustment Program

SME Small and Medium Enterprises

TTIP Transatlantic Trade and Investment Partnership
UNDP United Nations Development Programme

UNECE United Nations Economic Commission for
Europe

UNEP United Nations Environment Programme

UNFCCC United Nations Framework Convention on
Climate Change

US United States of America
WFP World Food Programme
WHO World Health Organization
WTO World Trade Organization

WWF World Wide Fund for Nature
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