Chapter 1

ECO-AGRI-FOOD SYSTEMS
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What are ‘eco-agri-food systems’, and are they working?

Food is the ultimate source of energy and nutrients for every human, and is the basis for agri-
cultural production around the world. Agricultural production systems link human diets to inputs

used in agricultural production, to the diverse types and quantities of food (and feed), fuel and fi-
bres produced, to the types of management and land use systems that produce them, to how they
are processed, stored and transported to consumers, to how they are regulated and where they
ultimately end up. From start to finish, these systems can be envisioned as intertwined threads
that tie the health of the environment to the health of people!.

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

Having set out what the eco-agri-food systems complex is, how can we determine whether or not
it is functioning well?

The primary purpose of the eco-agri-food systems complex can be broken down into three broad
objectives: (1) to ensure food security for all; (Il) to improve social, economic and cultural well-being
and secure over a billion livelihoods; and (Ill) to not compromise our ability to satisfy the needs of
future generations2. We comment on each objective in turn.

Food security for all as a human right

One common metric for food security3 is to consider the physical availability of food, which is
related to levels of food production and supply, stock levels and net trade. Box 1.1 highlights the
success of food production systems in meeting this objective.




Box 1.1 Food systems are producing more than enough calories to feed the world today+

o Since 1970, the amount of food available for every person for direct consumption has increased
from 2370 to 2770 kcal/person/day.

o In aggregate, there is sufficient food available for everyone to be fed, and nearly everyone to be
well-fed.

o However, owing to problems of access and distribution, some 2.3 billion people in developing
countries live with under 2,500 kcal/day (500 million of which live with less than 2,000 kcal/

day), while 1.9 billion in developed countries are consuming more than 3,000 kcal/day.

However, food security should also look beyond the supply side, and consider dimensions of eco-
nomic and physical access to food, food utilization, and their stability over times. These considera-
tions reveal a very different reality of food security in the world (see Box 1.2), illustrating that food
security is not simply a matter of producing enough calories per capita, but is much more deeply
rooted in our social, economic and political systems.

Box 1.2 Is food security being achieved?

o Globally, an estimated two billion people are experiencing micronutrient malnutritioné, and 794
million people are calorie-deficient.

oIn contrast, global levels of obesity have more than doubled since 1980. Recent estimates show
that over 1.9 billion adults are overweight, 500 million of which are obeses.

o Vitamin A deficiency - the greatest preventable cause of needless childhood blindness and in-
creased risk of premature childhood mortality from infectious diseases - still affects 250 million

preschool children and a substantial proportion of pregnant women in lower-income countriese.

Food security also depends on what proportion of the food that is produced is actually consumed
(see Box 1.3).

Box 1.3 One-third of all food produced never reaches a plate
o Approximately one-third of the food produced in the world for human consumption every year
— approximately 1.3 billion tonnes — gets lost or wastedo.

0 An FAQ report claims that, if food waste were a country, it would be the third largest emitter in

the world in terms of GHG emissions (3.3 billion tonnes).




It is increasingly recognized that a food system must also nourish - that is, provide a healthy, nutri-
tional and well-balanced diet - and not simply supply minimum levels of energy. In an increasingly
globalized world, in which a rising share of the population is becoming urban and middle class,
and per capita income and consumption levels are rising, consumer demand for ‘higher valued
foods’ (such as meat, dairy, processed food and food consumed away from home)2 is increasing
worldwide, with disastrous consequences for human health (see ‘Physical health considerations’
below).

Figure 1.1 illustrates another important global trend in the growing contribution of a few major oil
crops to diets, and the falling share of regionally important staples. This is a trend that is impact-
ing health in rapidly developing countries more quickly than projected, given that these local
food crops are often more nutritious and better adapted to grow in local conditions?4.

Figure 1.1 Average change in the calories from crops in national diets worldwide, 1961-2009
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In summary, there is a significant risk that the current food system may soon be unable to provide
both adequate and nutritious food to the global population.

Improving well-being and livelihoods

Measuring human well-being has long been discussed and debateds'6, and that is not the in-
tention of this chapter. However, for the sake of simplicity, it is possible to divide well-being into
socio-economic (employment, income), cultural and physical health considerations.

Socioeconomic dimensions

The agricultural sector employs over one billion people worldwide, representing one in three of
all economically active workers'. In most low- and middle-income countries, agriculture remains
the largest employer of the poor and is a major source of livelihoods through wage labour and
production for household consumption and marketst,

Family and smallholder farms are the predominant form of agriculture in the food production
sector, but the vast majority of them are small (see Box 1.4) and poor. Indeed, agriculture and rural
poverty are closely linked. While the rural poor are more likely than other rural households to rely
on agriculture, output per worker is valued much lower in agriculture than in other sectors, result-
ing in low incomes for people who depend on agriculture for their livelihoods?e.

Box 1.4 The large world of small farms
o Family farms, i.e. those that are managed and operated by a family and predominantly reliant on
family labour, make up more than 90 per cent of the world's farmszo.

o Family farms also occupy approximately 70 to 80 per cent of farmland, and are estimated to

produce about 80 per cent of the world's food2'.

oIn lower-income countries, an estimated 84 per cent of farms (or 475 million farms) are ‘small-
holder farms), i.e. smaller than two hectares22.

0 An estimated 2.5 billion people are involved in full- or part-time smallholder agriculture, while
over one billion people living in rural poverty are dependent on agriculture for their livelihoods23.

The role of women in agriculture, particularly in developing countries, is also one that deserves
more positive attention, particularly with regard to the social and economic opportunities for clos-
ing the gender gap. Women comprise on average 43 per cent of farm labour in the developing
world24, whilst owning a tiny fraction of farms. Women also regularly face discrimination in rights
and access to resources and support for farms.

These inequities are among the major gender-relative negatives (see Box 15) characterizing the role
and fortunes of women in agriculture today, despite their central role in household welfare around
the world. Indeed, empowering women in agricultural households has been demonstrated to not
only improve farm productivity, but also produce wider benefits in improved health, nutrition and
education outcomeszs.




Box 1.5 Women represent 43 per cent of farm labour in the developing world
0 On average, women comprise 43 per cent of the agricultural labour force in developing coun-
tries; this figure ranges from around 20 per cent in Latin America to 50 per cent in parts of

Africa and Asia, and exceeds 60 per cent in certain countries2s,
oAlthough largely restricted to growing food crops and rearing poultry and livestock, women are

responsible for 60 to 80 per cent of food production in developing countries2?.

o However, women only represent between five and 30 per cent of all agricultural holders in
main developing regions (see Figure 1.2).

o!f women had the same access to productive resources as men, FAO estimates that they could
increase yields on their farms by 20 to 30 per cent, raising total agricultural output in developing
countries by 2.5 to 4 per centzs.

o Closing the ‘gender gap’ in terms of access to agricultural inputs alone could lift 100 to 150
million people out of hunger2s.

Figure 1.2 Share of male and female agricultural holders in main developing regions
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Cultural dimensions

Agriculture and food are an integral part of our heritage and cultural landscapes, and key to cul-
tural identity. The underpin community values, festivity, social cohesion and tourism; agricultural
landscapes are a location and source of recreation and mental/physical health, providing at times
spiritual experience and a reinvigorating sense of place.

FAO estimates that about 500 million hectares around the world are dedicated to agricultural
heritage systems that still maintain their unique traditions with a combination of social, cultural,
ecological and economic services that benefit humanity3o.

Physical health considerations
Both agricultural production and consumption are directly linked to human health impacts.

While malnutrition and obesity have been mentioned, there is more to be said on the public health
(as opposed to food security) dimension. For example, malnutrition is the cause of death for 3.1
million infants and young children every year, largely due to their high nutritional requirements for
growth and development. This statistic accounts for 45 per cent of all deaths among children under
the age of five, while malnutrition also leads to stunted growth among a further 165 million3'.

Overweight conditions and obesity, on the other hand, are major risk factors for cardiovascular
diseases (mainly heart disease and stroke), which were the leading cause of death in 2012, as well
as diabetes and some cancers32. As illustrated in Figure 1.3, it is projected that, by 2030, the global
economic impact of obesity will be USS2 trillion in health costs (2.8 per cent of GDP), equivalent
to that of smoking, war and terrorism33.

Figure 1.3 Percentage of global population that is overweight or obese (today and in 2030) and
its economic impact
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Health impacts are also a cause for concern on the production side of eco-agri-food sys-
tems, usually through exposure to agricultural chemicals or the use of antibiotics.

While research on the health impacts from exposure to agrochemicals is limited, evidence
is starting to build. Recent research explores the health impacts of pesticides as ‘endocrine
disrupting chemicals’ (i.e. chemicals that interfere with hormones). The results in Figure
14 show that, in the EU alone, pesticide exposure causes the highest annual health and
economic costs at roughly USS127 billion, almost four times as high as the second highest
category: plastics (which is also linked to eco-agri-food systems through the storage of
edible goods)3.

Figure 1.4 Health effects from endocrine disrupting chemicals cost the US$167 billion each year
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Indeed, pesticides by their very nature are designed to be toxic, either to herbs, insects or fungi.
However, the vast majority is distributed into the environment and the food chain, where they
come into direct contact with humans.

Through direct and indirect exposure, an estimated 20,000 unintentional deaths occur every year
as a result of pesticide poisoning3s, while causing acute adverse health impacts to anywhere be-
tween 1and 41 million peopless.




The agricultural sector is also the world's largest user of antibiotics, estimated to use 70 per cent
of all that is manufactured globally3?. This use of antibiotics is suspected to create resistant strains
of microbes in humans, posing serious threats to human health. For example, in the US alone, two
million people each year develop antimicrobial resistant (AMR) infections, killing at least 23000
people and incurring treatment costs of around USS20 billion on top of costs to society for lost
productivity that are as high as USS35 billion a year, totalling USS55 billion per annum3s.

Fulfilling the needs of future generations

The needs of future generations are an integral part of the concept of sustainability. Today
humanity uses the equivalent of 1.5 planets (or 18 billion global hectares) to provide the re-
sources we use and absorb our waste3e. As humans continue to cause irreversible damage
to our biosphere and place unsustainable demands on the natural resources on which future
food security depends, we bring into question the ability of our planet to accommodate hu-
mans and human actions.

In order for modern agriculture to become sustainable, it is imperative to preserve the natu-
ral resource base - including land, water, and biodiversity - as well as account for the contri-
bution of agriculture to climate change.

Soils and land productivity

The year 2015 is the UN International Year of Soils. Soils are the basis for more than 90 per
cent of food production4o, and yet every year, approximately 24 billion tonnes of fertile soil
are lost due to erosion4. It is estimated that fertile soils can take hundreds, even thousands,
of years to generate42, which highlights the fact that current practices quickly become
unsustainable.

Soils provide a critical service by storing more than 4000 billion tonnes of carbon whereas,
by contrast, forests and the atmosphere store only 360 and 800 billion tonnes, respectively4s.
As a result of land conversion for crop production, carbon and nitrogen are lost from the
soil, which can lead to substantial reductions in the role of soil as a methane sink44. More-
over, the loss of carbon and nitrogen also reduces soil organic matter, particularly humus,
which greatly increases the water retention properties of soil4s, natural disease resistance in
crops46 and total yield potential4.

Directly linked to soils is the question of land productivity. Due to severe land degradation
(see Box 1.6) in developing countries over the past fifty years, usually in the form of increased

Box 1.6 Half of agricultural land is degraded
It is estimated that 52 per cent of land used for agriculture worldwide is moderately or severely

affected by land degradation and desertification4s.




salinization of soil, nutrient depletion and erosion, the productivity of lands has decreased
by as much as 50 per cent4s. As a result, it is further estimated that some 50 million peo-
ple may be displaced within the next ten yearsso.

In contrast, several farming techniques and management practices exist that have proven
to reverse these processes, for example by regenerating soil structure and attracting ben-
eficial organisms within the soil food web.

Water

Irrigated agriculture currently draws 70 per cent of all water globally withdrawn from rivers
and aquifers, despite the fact that rainfed agriculture is the predominant form of agricul-
ture worldwides'. With food demand expected to continue to rise, global water demand is
projected to increase by 55 per cent by 205052

Nutrient pollution into water sources is arguably one of the most impactful consequences
of agricultural systems, occurring primarily as a result of large increases in the use of fer-
tiliser and manure, both of which are rich in nitrogen and phosphorus. The biogeochem-
ical flows of nitrogen and phosphorus have been identified as one of the nine planetary
boundaries that indicate safe operating spaces for humanity. They comprise two of three
boundaries considered to be ‘high risk’ss.

When excess amounts of these nutrients flow into nearby water sources due to run-off and
wastewater discharge, a process known as ‘eutrophication’ occurs. This is when nutrients
provide a food source for blooms of blue-green algae (‘cyanobacteria’) that, as they die and
decompose, deplete water of oxygen and slowly choke aquatic life, creating ‘dead zones’
(see Box 1.7).

Box 1.7 400 dead zones54
Eutrophication has contributed to the creation of over 400 oceanic dead zones worldwide, pri-

marily concentrated in Europe, eastern and southern US, and Southeast Asia. In total, these zones
cover an area of 245000 square kilometres, or greater than half the size of California.

Biodiversity

The conversion of natural habitats to agricultural land has major implications for biodiver-
sity. As noted in the recent Global Biodiversity Outlook 45, agriculture is thought to cause
around 70 per cent of the projected loss of terrestrial biodiversity. In particular, the expan-
sion of cropland into grasslands, savannahs and forests contributes to this loss.

An estimated 60 to 70 per cent of global terrestrial biodiversity loss is related to food
production, while ‘regulating and maintenance’ ecosystem services are under pressuress.
Moreover, recent reviews have highlighted how land use change leads to a decline in bi-



odiversity, including wild pollinators such as bees, flies, beetles, and butterfliess?. Such en-
vironmental degradation can constrain the amount and stability of crop yield, which are
essential components of human food securityss. Indeed, land use change already has re-
duced the capacity of many ecosystem services to support human activityss, including
crop pollination and the yield of pollinator-dependent cropsso.

Apart from providing biomass in the form of food, feed, fuel and fibre, agriculture provides
a variety of ‘regulating and maintenance’ services to the environment. Pollination, for ex-
ample, is a crucial ecosystem service for crop production. Although crops can provide
abundant resources to wild insect pollinators, the short duration of floral availability, the low
diversity of resources, the application of insecticides, and the presence of tillage may limit
the capacity of one crop species to support wild pollinator populations on its owns!. There-
fore, sowing crops that bloom in different periods may increase wild-insect populations.
For example, in Sweden, bumble bee reproduction was improved in landscapes with both
late-season flowering red clover and early-season mass-flowering cropseéz. As a result, an
adequate proportion of cropland in heterogeneous landscapes with proper crop manage-
ment can be beneficial to some wild fauna taxass.

Climate change

Agriculture accounts for around 22 per cent of total greenhouse gas emissions (GHG)e«.
Within agriculture, the most emissions are caused by the livestock sector, which contrib-
utes 40 per cent of that total (roughly 14.5 per cent of total global GHG emissions), mostly
in the form of methane (MH4) and nitrous oxide (N,O).

In terms of activities within the livestock sector, Figure 1.5 displays the two main sources
of emissions within livestock: (A) ‘feed production’ including processing, transport and land
use change (LUC); and (B) ‘livestock production’ including enteric fermentation (digestion
and belching from ruminants), manure storage and processing, and energy consumption
related to manufacturing. Feed production accounts for 45 per cent of the total from live-
stock, while livestock production accounts for 50 per cent, 80 per cent of which comes
from enteric fermentation aloness.

Under ‘business-as-usual, global temperatures are projected to gradually increase up to
3.5°C higher by 2100 from climate changess, with potentially dire consequences on ag-
ricultural production. For example, not only might crop yields be negatively impacted, but
levels of carbon stored in the soil could be reduced as a result of faster decomposition
and fewer inputs from shortened crop lifecycles. Moreover, land cover types like planta-
tions and others with lower levels of biodiversity are expected to suffer more from climate
change impacts due to lower resilience.
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Figure 1.5 GHG emissions from global livestock supply chains, by production activities
and products
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How does the eco-agri-food systems complex score overall?

While recognizing the centrality of agriculture and food to human well-being and sustain-
able development, essentially every statement on the future of agriculture acknowledges
that a transformation is needed in the way the sector operates and how it impacts on the
environment, human health and culture even if and while production is increased to meet
food security needss7.68 69,70,

Another challenge facing current agricultural systems is that, in many parts of the devel-
oping world, conventional high-input agriculture has not - and has little chance - to take




hold. In such regions, resource-poor farmers contend with issues of marginal high-risk
environments, and experience poor yields just where food security is most vulnerable. The
agricultural research establishment has only recently begun to focus increasingly on such
sites, and to recognize that highly site-specific resource management systems are needed
to sustain productivity under these conditions?i.

Yet the approaches which can address both the heavy negative impacts of conventional
production systems and the challenges of resource-poor farmers have a central common
thread: they recognize that agriculture and food systems of all kinds are biological and
social systems. They can be designed to build upon and harness the forces of biodiversity
and ecosystem services such that the processes that underpin agricultural production - soil
fertility, natural pest control, pollination, water retention - are optimized and encouraged.
This applies to all systems.

A report72 on a “Biosphere Smart Agriculture in a True Cost Economy: Policy Recommen-
dations to the World Bank” states:

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

In summary, there are evidently many opportunities for re-evaluation and reform, along
many dimensions of our agricultural systems. But we ‘cannot manage what we do not
measure’, and that points to our first task: how do we evaluate the complexity of these
systems in a manner which is universal, holistic and fair, enabling comparisons and choices to
be made and responses to be optimized in a truly informed manner? As a step towards a
framework for such evaluations, it is first important to understand the many invisible flows
within the eco-agri-food systems complex, which are discussed and illustrated with an
important showcase in Chapter 2.
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