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Learning	outcomes	for	today

• Familiarise	yourselves	with	the	interconnections	
between	food	and	health


• Critically	analyse	how	changing	food	systems	pose	
risks	to	healthGlobal	


Metabolism
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Human	Health
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• A	dynamic	state	of	physical,	mental,	and	social	
well-being


• NOT	the	absence	of	disease


• Responds	constantly	to	environmental,	social,	
biological,	emotional,	and	cognitive	conditions
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Fig. 1. Nature: health’s vital support system

The benefits of nature for health 
and well-being

Bene!ts of nature for health, to be secured and maintained, include many important ecosystem 
services (Fig. 1).
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A summary of links between nature, 
biodiversity and health

The following sections provide an overview of the interconnections (Fig. 2) between nature and health 
through consideration of key issues discussed in the 2015 review by WHO/Convention on Biological 
Diversity (2).
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Fig. 2. Overview of interconnections between nature and health
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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.

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
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CAUSAL RELATIONSHIPS BETWEEN IMPACT AREAS

Figure 19. A causal loop diagram showing the 
interrelationship between key impact areas.
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Problem	!!!	

ensure	food	system	transformation	amidst	
globalisation	and	environmental	changes

preserving	human	well-being

while
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Problem	!!!	

1

Food lies at the heart of human, ecosystem, and animal health and well-
being. Our health and well-being are a!ected by our food systems – the way we 
Our health and well-being are a!ected by our food systems – the way we grow, 
harvest, process, transport, market, consume and dispose of food – through multiple, 
interrelated pathways. Today, our food systems are making us ill, driving climate 
change and undermining the health of ecosystems and the essential services 
on which our health and well-being depend. COVID-19 and climate change are 
exacerbating this heavy health burden and are continuing to drive health inequality.

Food systems a!ect health in many ways. For example, worldwide 

690 million people are hungry, 2 billion people have micronutrient 
de!ciencies and there are 677.6 million adults with obesity; each year 

zoonoses are responsible for 2.5 billion cases of human illness and  2.7 
million human deaths worldwide; at least 700 000 people die due to 
drug-resistant diseases; 44% of farmers are poisoned by pesticides;                     

and at least 170 000 agricultural workers are killed.

Considerations of health impacts have rarely been central to decisions about food systems, and new narratives and 
thinking are required that place health (of people, the planet and animals) at the heart of a transformation of food 
and health system policy and practice. This will require:

 “big picture” and systems thinking about the many di!erent ways in which food systems a!ect health 
and taking this into account in decision-making;

 a shift in the focus to ensure that food has health bene"ts for all, everywhere, moving from the 
production and consumption of energy-dense foods to foods that contribute to healthy diets and are nutrient 
rich, diverse, sustainably produced and equitably distributed;

 policy and practices to address the physical, economic, commercial and ecological determinants of the 
nexus between food and health; 

 system changes to ensure that food systems transform and result in better health outcomes by 
mainstreaming the concept of healthy, sustainable diets, with democratic, transparent, accountable 
governance frameworks and conducting accessible, credible, interdisciplinary research in this area; and

 recognizing the human right to safe, nutritious foods.

This “health narrative” outlines the main ways in which food systems in#uence health and proposes 
principles and practices to guide action. It is directed to all those involved in the food system to inform their 
thinking and decision-making.
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TOTAL CONSUMPTION IN MASS
1,878g

TOTAL CONSUMPTION IN CALORIES
2,870 cal.

Wheat 179g

Rice 148g

Maize 48g

Other Cereals 28g

Sugar, Sweeteners 66g

Oil Crops 19g

Eggs 24g

Milk 247g

Animal Fats 9g

Beef 26g

Poultry 39g
Pork 42g
Seafood 52g

Other 14g

Pulses 19g

Alcoholic Drinks 102g

Other 22g

Starchy Roots 174g 

Vegetables 372g

Fruits 203g

Vegetable Oils 32g

Wheat 526 Cal

Rice 544 Cal

Maize 146 Cal

Other Cereals 80 Cal

Sugar, Sweeteners 229 Cal

Oil Crops 57 Cal

Eggs 35 Cal

Milk 139 Cal

Animal Fats 61 Cal

Beef 40 Cal
Poultry 57 Cal

Pork 120 Cal
Seafood 34 Cal

Other 21 Cal

Pulses 64 Cal
Alcoholic Drinks 69 Cal

Other 37 Cal

Starchy Roots 141 Cal 

Vegetables 93 Cal
Fruits 93 Cal

Vegetable Oils 280 Cal

749g  PRODUCE  327 Cal

403g  GRAIN  1,296 Cal

130g  SUGAR & FAT 337 Cal

280g  DAIRY & EGGS 235 Cal

173g  MEAT   272 Cal

143g  OTHER  170 Cal

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)

GLOBAL AVERAGE DAILY FOOD CONSUMPTION (2011)

PROCESSING TRADE RETAILPRODUCTION CONSUMPTION WASTE
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157 MILLION FARMS
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02 TRENDS & BEHAVIOUR

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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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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Globalisation

THE GLOBAL FOOD SYSTEM: AN ANALYSIS 53

01 CURRENT STATE

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). 

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 

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 e!iciency (Deloitte Touche Tohmatsu 
Limited, 2014). Because of their scale, scope, and 
bargaining power, large food retailers have continued 
to o!er 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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Figure 10: An overview of the di!erent types of food retail channels in each region of the world. 
(Adapted directly from Nielson “The Future of Grocery,” 2015)

PROCESSING TRADE RETAILPRODUCTION CONSUMPTION WASTE

retailers and manufacturers, consumer prices seem to be 
less closely tied to commodity prices and supplier revenue 
is decreasing (Giovannucci et al., 2012). This is 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 
early 2000s (Ruppanner & Mulle, 2010). While this decrease in 
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 22: Pesticide use per area (kg pesticide use per hectare arable 
land).  (FAO, 2015b)

genotoxic and carcinogenic e!ects, but with di!erent 
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 in meat consumption, it is estimated that 
total antimicrobial consumption will increase by 67% 
by 2030. This increase is mostly driven by the middle-

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 at the 
top in total consumption (Van Boeckel et al., 2015).

On a regional level however, some e!orts 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).

PESTICIDE USE INTENSITY PER GEOGRAPHIC REGION
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Figure 6: Pesticide, fertilizer, and water inputs per major food type.
(FAO, 2015b; Mekonnen & Hoekstra, 2011) 

PESTICIDE, WATER, AND FERTILIZER USE PER FOOD CATEGORY

PRODUCTION PROCESSING TRADE RETAIL CONSUMPTION WASTE

Driving	Trends


G.	D’Angelo	BIO-413	Planetary	Health

Food	Environment



Food	Systems	&	
Human	Health

The	fi


tiff


G.	D’Angelo	BIO-413	Planetary	Health

Broken	Food	Systems

3

BROKEN FOOD SYSTEMS

Citizen behaviour: 
Choosing where and what 
food to acquire, prepare, 
cook, store and eat

Food environments:
Lack of food availability, 
economic access, marketing, 
nutrition labelling, poor food 
quality and safety

UNDESIRABLE FOOD SYSTEMS OUTPUTS POOR HEALTH OUTCOMES

Direct pathway

Indirect pathway

DIETS

Foods high in trans fatty acids, 
sugar, saturated fats, salt 

   Inadequate breastfeeding

   Industrially produced red and 
processed meat

Hunger and Food insecurity

Zoonotic diseases
Antimicrobial resistance

Chemical hazards
Foodborne diseases

• Heavy metal contamination
• Fertilizers
• Endocrine-disrupting chemicals 
• Air pollution and smog
• Greenhouse gas emissions
• Microplastic pollution 

Labour in the agriculture, 
aquaculture, and retail, food 
chain  

PATHWAY 1 
Unhealthy diets and 

food insecurity 

PATHWAY 4 
Environmental contamination 

and degradation 

Obesity

HEALTH AND 
WELL-BEING

Food supply chains:
production, harvesting, 
storage, processing, retail, 
food services and markets

PATHWAY 2 
Zoonotic pathogens and 

antimicrobial resistance (AMR) 

PATHWAY 3 
Unsafe and adulterated 

foods

PATHWAY 5 
Occupational hazards 

Micronutrient de!ciencies

Stunting

Wasting

Noncommunicable diseases 

Communicable diseases

Mental illness

Physical injury

Unintentional acute pesticide 
poisoning

Figure 1. The !ve interconnected and interrelated impact pathways through which food systems negatively a"ect human health
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How food systems affect human health  
The narrative builds on the report of the International Panel of Experts on Sustainable Food Systems entitled  
‘‘Unravelling the Food-Health Nexus’’.1 It addresses "ve interconnected, interrelated pathways through which food 
systems negatively a#ect health (Fig. 1) and the factors that in$uence the pathways, internally within food systems 
and externally through social, economic, environmental and commercial determinants of health (Fig. 2). When 
food systems are directed towards pro"t and productivity, they can create a vicious cycle of disease and sickness 
that a#ects mainly the most vulnerable in society. By addressing the determinants and critical points along the "ve 
pathways, however, food systems can positively a#ect health and well-being.

The "ve pathways are:

        Unhealthy diets and food insecurity. This pathway comprises the aspects of food systems that lead to 
unhealthy diets or food insecurity and therefore contribute to malnutrition in all its forms. Malnutrition 
and hunger pose the highest risks to human health in terms of death and illness and include obesity, 
micronutrient deficiencies, stunting, wasting, communicable and noncommunicable diseases and 
mental illness.  

        Zoonotic pathogens and antimicrobial resistance.  This pathway comprises the ways in which   
farmed, ranched and wild caught animals in food supply chains and the use of antibiotics result 
in zoonotic diseases and antimicrobial resistance, which further result in communicable and 
noncommunicable diseases in humans. 

        Unsafe and adulterated foods.  In this pathway, food systems are the cause of various diseases and 
illnesses (e.g., micronutrient deficiency, stunting, wasting, communicable and noncommunicable diseases     
and mental illness) when foods and water contain infectious or toxic hazards, microbial pathogens, such 
as bacteria, viruses and parasites, or chemical residues, contaminants or biotoxins. These contaminants can     
occur in unsafe food supply chains or unhealthy environments or due to unsafe behaviour.  

        Environmental contamination and degradation.  This pathway comprises contamination of the 
environment by use in food supply chains and food environments of fertilizers, manure, products 
containing heavy metals, endocrine-disrupting chemicals or hormone-growth promotors, which can 
cause various conditions, such as mental illness and other noncommunicable and communicable 
diseases. It includes the ways in which food production, food environments and citizen behaviour 
degrade the environment by emitting air pollution, greenhouse gases and microplastics, which affect  
our health and well-being. 

        Occupational hazards. This pathway comprises the many physical and mental health effects on people 
working in the food system (e.g., farmers, fishermen, agricultural workers and people working in food retail, 
processing and other sectors of the food chain) due to the nature of their work or their working conditions. 
The effects include heat and cold stress, injuries, exposure to chemicals through the use of pesticides, 
fertilizers and insecticides, biological risks such as snakebites, infectious and parasitic diseases, zoonoses, 
ergonomic risks and psychosocial risks leading to stress and mental illness, including suicide. 

1   Global Alliance for the Future of Food, International Panel of Experts on Sustainable Food Systems. 2017. Unravelling the food–health nexus: addressing practices, 
political economy, and power relations to build healthier food systems. Brussels.
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How food systems affect human health  
The narrative builds on the report of the International Panel of Experts on Sustainable Food Systems entitled  
‘‘Unravelling the Food-Health Nexus’’.1 It addresses "ve interconnected, interrelated pathways through which food 
systems negatively a#ect health (Fig. 1) and the factors that in$uence the pathways, internally within food systems 
and externally through social, economic, environmental and commercial determinants of health (Fig. 2). When 
food systems are directed towards pro"t and productivity, they can create a vicious cycle of disease and sickness 
that a#ects mainly the most vulnerable in society. By addressing the determinants and critical points along the "ve 
pathways, however, food systems can positively a#ect health and well-being.

The "ve pathways are:

        Unhealthy diets and food insecurity. This pathway comprises the aspects of food systems that lead to 
unhealthy diets or food insecurity and therefore contribute to malnutrition in all its forms. Malnutrition 
and hunger pose the highest risks to human health in terms of death and illness and include obesity, 
micronutrient deficiencies, stunting, wasting, communicable and noncommunicable diseases and 
mental illness.  

        Zoonotic pathogens and antimicrobial resistance.  This pathway comprises the ways in which   
farmed, ranched and wild caught animals in food supply chains and the use of antibiotics result 
in zoonotic diseases and antimicrobial resistance, which further result in communicable and 
noncommunicable diseases in humans. 

        Unsafe and adulterated foods.  In this pathway, food systems are the cause of various diseases and 
illnesses (e.g., micronutrient deficiency, stunting, wasting, communicable and noncommunicable diseases     
and mental illness) when foods and water contain infectious or toxic hazards, microbial pathogens, such 
as bacteria, viruses and parasites, or chemical residues, contaminants or biotoxins. These contaminants can     
occur in unsafe food supply chains or unhealthy environments or due to unsafe behaviour.  

        Environmental contamination and degradation.  This pathway comprises contamination of the 
environment by use in food supply chains and food environments of fertilizers, manure, products 
containing heavy metals, endocrine-disrupting chemicals or hormone-growth promotors, which can 
cause various conditions, such as mental illness and other noncommunicable and communicable 
diseases. It includes the ways in which food production, food environments and citizen behaviour 
degrade the environment by emitting air pollution, greenhouse gases and microplastics, which affect  
our health and well-being. 

        Occupational hazards. This pathway comprises the many physical and mental health effects on people 
working in the food system (e.g., farmers, fishermen, agricultural workers and people working in food retail, 
processing and other sectors of the food chain) due to the nature of their work or their working conditions. 
The effects include heat and cold stress, injuries, exposure to chemicals through the use of pesticides, 
fertilizers and insecticides, biological risks such as snakebites, infectious and parasitic diseases, zoonoses, 
ergonomic risks and psychosocial risks leading to stress and mental illness, including suicide. 

1   Global Alliance for the Future of Food, International Panel of Experts on Sustainable Food Systems. 2017. Unravelling the food–health nexus: addressing practices, 
political economy, and power relations to build healthier food systems. Brussels.

Food	Insecurity

millions	of	people	with	metabolic	syndrome



Food	Systems	&	
Human	Health

The	fi


tiff


G.	D’Angelo	BIO-413	Planetary	Health

2

How food systems affect human health  
The narrative builds on the report of the International Panel of Experts on Sustainable Food Systems entitled  
‘‘Unravelling the Food-Health Nexus’’.1 It addresses "ve interconnected, interrelated pathways through which food 
systems negatively a#ect health (Fig. 1) and the factors that in$uence the pathways, internally within food systems 
and externally through social, economic, environmental and commercial determinants of health (Fig. 2). When 
food systems are directed towards pro"t and productivity, they can create a vicious cycle of disease and sickness 
that a#ects mainly the most vulnerable in society. By addressing the determinants and critical points along the "ve 
pathways, however, food systems can positively a#ect health and well-being.

The "ve pathways are:

        Unhealthy diets and food insecurity. This pathway comprises the aspects of food systems that lead to 
unhealthy diets or food insecurity and therefore contribute to malnutrition in all its forms. Malnutrition 
and hunger pose the highest risks to human health in terms of death and illness and include obesity, 
micronutrient deficiencies, stunting, wasting, communicable and noncommunicable diseases and 
mental illness.  

        Zoonotic pathogens and antimicrobial resistance.  This pathway comprises the ways in which   
farmed, ranched and wild caught animals in food supply chains and the use of antibiotics result 
in zoonotic diseases and antimicrobial resistance, which further result in communicable and 
noncommunicable diseases in humans. 

        Unsafe and adulterated foods.  In this pathway, food systems are the cause of various diseases and 
illnesses (e.g., micronutrient deficiency, stunting, wasting, communicable and noncommunicable diseases     
and mental illness) when foods and water contain infectious or toxic hazards, microbial pathogens, such 
as bacteria, viruses and parasites, or chemical residues, contaminants or biotoxins. These contaminants can     
occur in unsafe food supply chains or unhealthy environments or due to unsafe behaviour.  

        Environmental contamination and degradation.  This pathway comprises contamination of the 
environment by use in food supply chains and food environments of fertilizers, manure, products 
containing heavy metals, endocrine-disrupting chemicals or hormone-growth promotors, which can 
cause various conditions, such as mental illness and other noncommunicable and communicable 
diseases. It includes the ways in which food production, food environments and citizen behaviour 
degrade the environment by emitting air pollution, greenhouse gases and microplastics, which affect  
our health and well-being. 

        Occupational hazards. This pathway comprises the many physical and mental health effects on people 
working in the food system (e.g., farmers, fishermen, agricultural workers and people working in food retail, 
processing and other sectors of the food chain) due to the nature of their work or their working conditions. 
The effects include heat and cold stress, injuries, exposure to chemicals through the use of pesticides, 
fertilizers and insecticides, biological risks such as snakebites, infectious and parasitic diseases, zoonoses, 
ergonomic risks and psychosocial risks leading to stress and mental illness, including suicide. 

1   Global Alliance for the Future of Food, International Panel of Experts on Sustainable Food Systems. 2017. Unravelling the food–health nexus: addressing practices, 
political economy, and power relations to build healthier food systems. Brussels.
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How food systems affect human health  
The narrative builds on the report of the International Panel of Experts on Sustainable Food Systems entitled  
‘‘Unravelling the Food-Health Nexus’’.1 It addresses "ve interconnected, interrelated pathways through which food 
systems negatively a#ect health (Fig. 1) and the factors that in$uence the pathways, internally within food systems 
and externally through social, economic, environmental and commercial determinants of health (Fig. 2). When 
food systems are directed towards pro"t and productivity, they can create a vicious cycle of disease and sickness 
that a#ects mainly the most vulnerable in society. By addressing the determinants and critical points along the "ve 
pathways, however, food systems can positively a#ect health and well-being.

The "ve pathways are:

        Unhealthy diets and food insecurity. This pathway comprises the aspects of food systems that lead to 
unhealthy diets or food insecurity and therefore contribute to malnutrition in all its forms. Malnutrition 
and hunger pose the highest risks to human health in terms of death and illness and include obesity, 
micronutrient deficiencies, stunting, wasting, communicable and noncommunicable diseases and 
mental illness.  

        Zoonotic pathogens and antimicrobial resistance.  This pathway comprises the ways in which   
farmed, ranched and wild caught animals in food supply chains and the use of antibiotics result 
in zoonotic diseases and antimicrobial resistance, which further result in communicable and 
noncommunicable diseases in humans. 

        Unsafe and adulterated foods.  In this pathway, food systems are the cause of various diseases and 
illnesses (e.g., micronutrient deficiency, stunting, wasting, communicable and noncommunicable diseases     
and mental illness) when foods and water contain infectious or toxic hazards, microbial pathogens, such 
as bacteria, viruses and parasites, or chemical residues, contaminants or biotoxins. These contaminants can     
occur in unsafe food supply chains or unhealthy environments or due to unsafe behaviour.  

        Environmental contamination and degradation.  This pathway comprises contamination of the 
environment by use in food supply chains and food environments of fertilizers, manure, products 
containing heavy metals, endocrine-disrupting chemicals or hormone-growth promotors, which can 
cause various conditions, such as mental illness and other noncommunicable and communicable 
diseases. It includes the ways in which food production, food environments and citizen behaviour 
degrade the environment by emitting air pollution, greenhouse gases and microplastics, which affect  
our health and well-being. 

        Occupational hazards. This pathway comprises the many physical and mental health effects on people 
working in the food system (e.g., farmers, fishermen, agricultural workers and people working in food retail, 
processing and other sectors of the food chain) due to the nature of their work or their working conditions. 
The effects include heat and cold stress, injuries, exposure to chemicals through the use of pesticides, 
fertilizers and insecticides, biological risks such as snakebites, infectious and parasitic diseases, zoonoses, 
ergonomic risks and psychosocial risks leading to stress and mental illness, including suicide. 

1   Global Alliance for the Future of Food, International Panel of Experts on Sustainable Food Systems. 2017. Unravelling the food–health nexus: addressing practices, 
political economy, and power relations to build healthier food systems. Brussels.
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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 so! 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 FAO’s statistical database 
does contain information on the processing of primary 
crops, of which around a fi!h 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). 

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 
so! drinks.  In this regard only broad estimates are 
available; the United Nations Industrial Organization 
(UNIDO) estimates that in the percentage of all food 

going through some form of processing ranges from 30 
percent in the Global South, to 98 percent in the Global 
North (FAO, 2012a).
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Although global data is unavailable, there are indications 
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 market is 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). 

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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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 so! drinks (Monteiro, Levy, Claro, 
Castro, & Cannon, 2010).

SHARE OF GLOBAL 
FOOD PRODUCTS GOING 
INTO PROCESSING
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make it challenging to accurately estimate the total 
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into secondary products before consumption. Sugar 
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consumption are alcohol, sugars and sweeteners, and 
vegetable oils, while oil cakes are the main product 
destined for animal feed (FAO, 2015b). 
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of primary production initially used in processing, but 
do not say much about the total amount of secondary 
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so! 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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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).
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Processing can have several objectives, which 
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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 
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How food systems affect human health  
The narrative builds on the report of the International Panel of Experts on Sustainable Food Systems entitled  
‘‘Unravelling the Food-Health Nexus’’.1 It addresses "ve interconnected, interrelated pathways through which food 
systems negatively a#ect health (Fig. 1) and the factors that in$uence the pathways, internally within food systems 
and externally through social, economic, environmental and commercial determinants of health (Fig. 2). When 
food systems are directed towards pro"t and productivity, they can create a vicious cycle of disease and sickness 
that a#ects mainly the most vulnerable in society. By addressing the determinants and critical points along the "ve 
pathways, however, food systems can positively a#ect health and well-being.

The "ve pathways are:

        Unhealthy diets and food insecurity. This pathway comprises the aspects of food systems that lead to 
unhealthy diets or food insecurity and therefore contribute to malnutrition in all its forms. Malnutrition 
and hunger pose the highest risks to human health in terms of death and illness and include obesity, 
micronutrient deficiencies, stunting, wasting, communicable and noncommunicable diseases and 
mental illness.  

        Zoonotic pathogens and antimicrobial resistance.  This pathway comprises the ways in which   
farmed, ranched and wild caught animals in food supply chains and the use of antibiotics result 
in zoonotic diseases and antimicrobial resistance, which further result in communicable and 
noncommunicable diseases in humans. 

        Unsafe and adulterated foods.  In this pathway, food systems are the cause of various diseases and 
illnesses (e.g., micronutrient deficiency, stunting, wasting, communicable and noncommunicable diseases     
and mental illness) when foods and water contain infectious or toxic hazards, microbial pathogens, such 
as bacteria, viruses and parasites, or chemical residues, contaminants or biotoxins. These contaminants can     
occur in unsafe food supply chains or unhealthy environments or due to unsafe behaviour.  

        Environmental contamination and degradation.  This pathway comprises contamination of the 
environment by use in food supply chains and food environments of fertilizers, manure, products 
containing heavy metals, endocrine-disrupting chemicals or hormone-growth promotors, which can 
cause various conditions, such as mental illness and other noncommunicable and communicable 
diseases. It includes the ways in which food production, food environments and citizen behaviour 
degrade the environment by emitting air pollution, greenhouse gases and microplastics, which affect  
our health and well-being. 

        Occupational hazards. This pathway comprises the many physical and mental health effects on people 
working in the food system (e.g., farmers, fishermen, agricultural workers and people working in food retail, 
processing and other sectors of the food chain) due to the nature of their work or their working conditions. 
The effects include heat and cold stress, injuries, exposure to chemicals through the use of pesticides, 
fertilizers and insecticides, biological risks such as snakebites, infectious and parasitic diseases, zoonoses, 
ergonomic risks and psychosocial risks leading to stress and mental illness, including suicide. 

1   Global Alliance for the Future of Food, International Panel of Experts on Sustainable Food Systems. 2017. Unravelling the food–health nexus: addressing practices, 
political economy, and power relations to build healthier food systems. Brussels.
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A view of a typical landfill, where most food waste is likely to end up.
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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.

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 loss 
in embodied land, water, labour, and energetic 
resources (FAO, 2015b). Some estimates of food waste 

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 di!erent 
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)
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Figure 13. Food waste at the consumer 
stage across geographic regions
(FAO, 2015b)

1.7 WASTE

PROCESSING TRADE RETAILPRODUCTION WASTECONSUMPTION

Food	Systems	&	
Human	Health

The	fi


tiff


G.	D’Angelo	BIO-413	Planetary	Health

Environmental	
Contamination	&	
Waste



Food	Systems	&	
Human	Health

The	fi


tiff


G.	D’Angelo	BIO-413	Planetary	Health

2

How food systems affect human health  
The narrative builds on the report of the International Panel of Experts on Sustainable Food Systems entitled  
‘‘Unravelling the Food-Health Nexus’’.1 It addresses "ve interconnected, interrelated pathways through which food 
systems negatively a#ect health (Fig. 1) and the factors that in$uence the pathways, internally within food systems 
and externally through social, economic, environmental and commercial determinants of health (Fig. 2). When 
food systems are directed towards pro"t and productivity, they can create a vicious cycle of disease and sickness 
that a#ects mainly the most vulnerable in society. By addressing the determinants and critical points along the "ve 
pathways, however, food systems can positively a#ect health and well-being.

The "ve pathways are:

        Unhealthy diets and food insecurity. This pathway comprises the aspects of food systems that lead to 
unhealthy diets or food insecurity and therefore contribute to malnutrition in all its forms. Malnutrition 
and hunger pose the highest risks to human health in terms of death and illness and include obesity, 
micronutrient deficiencies, stunting, wasting, communicable and noncommunicable diseases and 
mental illness.  

        Zoonotic pathogens and antimicrobial resistance.  This pathway comprises the ways in which   
farmed, ranched and wild caught animals in food supply chains and the use of antibiotics result 
in zoonotic diseases and antimicrobial resistance, which further result in communicable and 
noncommunicable diseases in humans. 

        Unsafe and adulterated foods.  In this pathway, food systems are the cause of various diseases and 
illnesses (e.g., micronutrient deficiency, stunting, wasting, communicable and noncommunicable diseases     
and mental illness) when foods and water contain infectious or toxic hazards, microbial pathogens, such 
as bacteria, viruses and parasites, or chemical residues, contaminants or biotoxins. These contaminants can     
occur in unsafe food supply chains or unhealthy environments or due to unsafe behaviour.  

        Environmental contamination and degradation.  This pathway comprises contamination of the 
environment by use in food supply chains and food environments of fertilizers, manure, products 
containing heavy metals, endocrine-disrupting chemicals or hormone-growth promotors, which can 
cause various conditions, such as mental illness and other noncommunicable and communicable 
diseases. It includes the ways in which food production, food environments and citizen behaviour 
degrade the environment by emitting air pollution, greenhouse gases and microplastics, which affect  
our health and well-being. 

        Occupational hazards. This pathway comprises the many physical and mental health effects on people 
working in the food system (e.g., farmers, fishermen, agricultural workers and people working in food retail, 
processing and other sectors of the food chain) due to the nature of their work or their working conditions. 
The effects include heat and cold stress, injuries, exposure to chemicals through the use of pesticides, 
fertilizers and insecticides, biological risks such as snakebites, infectious and parasitic diseases, zoonoses, 
ergonomic risks and psychosocial risks leading to stress and mental illness, including suicide. 

1   Global Alliance for the Future of Food, International Panel of Experts on Sustainable Food Systems. 2017. Unravelling the food–health nexus: addressing practices, 
political economy, and power relations to build healthier food systems. Brussels.
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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 di!icult 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).

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.  For instance, smallholder tea farmers 

earn only 3% of the price of tea. Co!ee growers in Uganda 
were found to earn just 0.5% of the retail price of co!ee 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, 
it is well documented that farmers do not receive adequate 
compensation, and o"en depend on subsidies to make up 
a large 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 widespread in the 
sector especially among migrant workers from developing 
states (ILO, 2015c). In his study on transnational crimes in 
the fishing industry, de Coning mentions the “severity of 

Village women cultivating grain crops
Creative Commons: Asian Development Bank
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3.2.1 Labour and Livelihoods

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 the ILO also identifies challenges with regards 
to labour productivity in the sector (which is generally 
low), and limited social protection and benefits and 
gaps in 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 

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, 2015e; 
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
58,6 %

SERVICES
32,3 %

INDUSTRY
7,2 %

CHILD LABOUR
GLOBALLY 
(5-17years) 

164.700.000

Figure 24:  An overview of 
the main sectors in which 

child labour is occurring 
globally. (ILO, 2015)
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How food systems affect human health  
The narrative builds on the report of the International Panel of Experts on Sustainable Food Systems entitled  
‘‘Unravelling the Food-Health Nexus’’.1 It addresses "ve interconnected, interrelated pathways through which food 
systems negatively a#ect health (Fig. 1) and the factors that in$uence the pathways, internally within food systems 
and externally through social, economic, environmental and commercial determinants of health (Fig. 2). When 
food systems are directed towards pro"t and productivity, they can create a vicious cycle of disease and sickness 
that a#ects mainly the most vulnerable in society. By addressing the determinants and critical points along the "ve 
pathways, however, food systems can positively a#ect health and well-being.

The "ve pathways are:

        Unhealthy diets and food insecurity. This pathway comprises the aspects of food systems that lead to 
unhealthy diets or food insecurity and therefore contribute to malnutrition in all its forms. Malnutrition 
and hunger pose the highest risks to human health in terms of death and illness and include obesity, 
micronutrient deficiencies, stunting, wasting, communicable and noncommunicable diseases and 
mental illness.  

        Zoonotic pathogens and antimicrobial resistance.  This pathway comprises the ways in which   
farmed, ranched and wild caught animals in food supply chains and the use of antibiotics result 
in zoonotic diseases and antimicrobial resistance, which further result in communicable and 
noncommunicable diseases in humans. 

        Unsafe and adulterated foods.  In this pathway, food systems are the cause of various diseases and 
illnesses (e.g., micronutrient deficiency, stunting, wasting, communicable and noncommunicable diseases     
and mental illness) when foods and water contain infectious or toxic hazards, microbial pathogens, such 
as bacteria, viruses and parasites, or chemical residues, contaminants or biotoxins. These contaminants can     
occur in unsafe food supply chains or unhealthy environments or due to unsafe behaviour.  

        Environmental contamination and degradation.  This pathway comprises contamination of the 
environment by use in food supply chains and food environments of fertilizers, manure, products 
containing heavy metals, endocrine-disrupting chemicals or hormone-growth promotors, which can 
cause various conditions, such as mental illness and other noncommunicable and communicable 
diseases. It includes the ways in which food production, food environments and citizen behaviour 
degrade the environment by emitting air pollution, greenhouse gases and microplastics, which affect  
our health and well-being. 

        Occupational hazards. This pathway comprises the many physical and mental health effects on people 
working in the food system (e.g., farmers, fishermen, agricultural workers and people working in food retail, 
processing and other sectors of the food chain) due to the nature of their work or their working conditions. 
The effects include heat and cold stress, injuries, exposure to chemicals through the use of pesticides, 
fertilizers and insecticides, biological risks such as snakebites, infectious and parasitic diseases, zoonoses, 
ergonomic risks and psychosocial risks leading to stress and mental illness, including suicide. 

1   Global Alliance for the Future of Food, International Panel of Experts on Sustainable Food Systems. 2017. Unravelling the food–health nexus: addressing practices, 
political economy, and power relations to build healthier food systems. Brussels.
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Transforming food systems to deliver better health
To change the narrative and thinking of decision-makers to ensure better health outcomes through food systems, 
changes must !rst be made in food systems governance. Policy and practices should address the physical, 
economic, commercial and ecological determinants of health (Figs 2 and 3). Systemic changes for better health 
could be based on three pillars: mainstreaming the concept of healthy, sustainable diets; democratic, transparent, 
accountable governance frameworks; and accessible, credible interdisciplinary research (Fig. 3). 

Figure 2. Key determinants impacting human health through food systems

PATHWAY 1 
Unhealthy diets and 
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Unsafe and 
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PATHWAY 5 
Occupational
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Socioeconomic determinants

•   Income and economic opportunity
•   Social status and support networks
•   Degree of gender equality
•   Discretionary time availability
•   Vibrant social and cultural 

connections to food systems
•   Citizen agency and participation

Ecological determinants

•   Biodiversity 
•   Agrobiodiversity
•   Climate change
•   Clean air, water, and soils 

Physical determinants

•   Healthy and safe places to live and work
•   Access to a!ordable, safe, nutritious and 

culturally foods
•   Access to education/literacy
•   Access and availability of health care 

services (including preventative health)

Commercial determinants

•   Marketing (advertisement,       
    promotion and sponsorships)
•   Biased industry funded research 

FOOD SYSTEMSHEALTH DETERMINANTS 
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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 su!icient 
quantity of food is produced, the elimination of under-
nourishment remains physically impossible. 

There are many factors that bear influence on what a 
su!icient 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 di!erent 
food types is associated with a widely varying range of 
impacts, o!ering many opportunities for shi"ing towards 
lower-impact nutrition that places structurally lower 
demands on scarce resources like land and fresh water.  

Based on the 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 shi!ing 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. Improving economic access to food

5. Improving farmer productivity in the developing 
world

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 e!icient at nutrient delivery o!ers 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.

5.2.2 Challenge 2: Nutritious 

Food for All

FOOD FOR ALL NET ZERO IMPACT PRODUCTION

LIVELIHOODS AND WELLBEING ADAPTIVE AND RESILIENT SYSTEMS
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5.2.3 Challenge 3: Within 
Planetary Boundaries

FOOD FOR ALL NET ZERO IMPACT PRODUCTION

LIVELIHOODS AND WELLBEING ADAPTIVE AND RESILIENT SYSTEMS

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 
focus on food 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 on the 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 e!ectively)

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

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.

It is clear that our agricultural 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 yields as a measure of successful and 
e!icient agricultural production o"en 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 di!erences 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. 
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