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This report includes important recommendations and advice for leaders at the most senior
levels in countries and international organizations. It is also of direct relevance to all policy
makers, decision makers, professionals, business people, experts and researchers with interests
in food systems and diets. Many of these individuals will be directly concerned with the
production, processing, trade, regulation, supply and safety of food. However, others may work
in wider areas of policy and business, for example relating to: public health and well-being,
mental health development, education, economic development, urbanization, globalization
and demography.

Food systems and diets: Facing the challenges of the 21st century

3

Copyright © 2016 by the Global Panel on Agriculture and Food Systems for Nutrition.
RECOMMENDED CITATION: Global Panel on Agriculture and Food Systems for Nutrition. 2016. Food systems and diets:
Facing the challenges of the 21st century. London, UK.
This report may be freely reproduced, in whole or in part, provided the original source is acknowledged. This publication is
a product of the Global Panel on Agriculture and Food Systems for Nutrition and was authored by the Foresight Project’s
Lead Expert Group, supported by the Panel Secretariat. This publication was peer reviewed. The findings, interpretations,
conclusions, advice and recommendations expressed in this work do not necessarily reflect the views of the organizations
or the governments the Global Panel members represent.
ISBN 978-0-9956228-0-7

4

Global Panel members:

John Kufuor, (Co-Chair)
Former President of Ghana

Sir John Beddington,
(Co-Chair)
Former UK Government
Chief Scientific Adviser

Akinwumi Adesina,
President, African
Development Bank (AfDB)

Tom Arnold, Director
General, Institute of
International and
European Affairs (IIEA)

José Graziano da Silva,
Director General, Food and
Agriculture Organization of
the United Nations (FAO)

Agnes Kalibata,
President, Alliance
for a Green Revolution
in Africa (AGRA)

Rachel Kyte, Special
Representative of the
UN Secretary General for
Sustainable Energy; and
CEO of Sustainable Energy
for All (SE4All)

Maurício Antônio
Lopes, President, Brazilian
Agricultural Research
Corporation (Embrapa)

Rhoda Peace Tumusiime,
Commissioner for Rural
Economy and Agriculture,
African Union Commission

Srinath Reddy, President,
Public Health Foundation
of India

Emmy Simmons, Board
Member, Partnership to
Cut Hunger and Poverty in
Africa/AGree

5

Preface
The Global Panel on Agriculture and Food Systems for Nutrition commissioned this Foresight report in 2015 to
take a close look at the extent to which food systems are delivering healthy diets today and to assess whether they
are fit for the future.
While the focus has been on low- and middle-income countries, the findings constitute a stark warning for all
countries. Despite past progress, approximately three billion people across the globe now have low-quality diets.
Nearly a quarter of all children under five years of age are stunted, more than two billion people have insufficient
micronutrients and the incidence of overweight and obesity is growing in every region. As a result, many economies
are seriously underperforming, and diet-related chronic diseases are placing ever-greater demands on health care
systems. Moreover, the situation is set to worsen dramatically over the next 20 years as powerful drivers of change
such as population growth, climate change and urbanization converge on food systems.
This report shows that unless policy makers act decisively to control overweight, obesity and diet-related disease
and accelerate efforts to reduce undernutrition, all countries will pay a heavy price in terms of mortality, physical
health, mental well-being, economic losses and degradation of the environment. The stark message to world
leaders is that only a response on the scale and commitment used to tackle HIV/AIDS and malaria will be sufficient
to meet the challenge, particularly in low- and middle-income countries. It is also essential that the public and
private sectors work together to achieve this.
This report shows how these considerable challenges can be addressed. In particular, food systems need
to be harnessed so that they nourish rather than merely feed people. This alone will open up countless opportunities
for interventions that decision makers can tailor to specific situations. The report also sets out clear priorities for
action at national and international levels, as well as detailed advice and guidance, which will be of practical and
immediate use to decision makers.
On behalf of the Global Panel, we would like to take this opportunity to express our sincere thanks to the
Bill & Melinda Gates Foundation, and the UK Department for International Development who together have
funded this groundbreaking study. We would also like to thank the group of leading experts, chaired by Professor
Lawrence Haddad, who undertook much of the work and drafted this report, the many other experts and policy
makers from across the world who contributed, and the team at the Global Panel Secretariat who managed the
entire process.

John Kufuor
(Co-Chair)
Former President of Ghana
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Sir John Beddington
(Co-Chair)
Former UK Government
Chief Scientific Adviser

Foreword
Malnutrition has for too long been a neglected issue. Yet it is a problem that affects one in three people worldwide.
Today, 159 million children are stunted, 50 million are wasted and more than two billion people are overweight
or obese. But in 2015 for the first time in history, through the Global Goals, the world has committed to ending
malnutrition in all its forms. As the 2016 Global Nutrition Report makes clear, tackling malnutrition is one of the
largest challenges facing all countries. Malnutrition comes in many guises: stunting, wasting, deficiencies of
essential vitamins and minerals, and obesity. Reaching the ambitious target of ending malnutrition is only
achievable if world leaders can ensure agriculture and food systems policies strengthen nutrition outcomes.
There is a moral imperative to eliminate malnutrition. Undernutrition contributes to 45% of the 16,000 children
under the age of five who die every day. The impacts extend well beyond health: stunted children who survive are
permanently disadvantaged, perform worse at school and are robbed of future earnings that could support them
and their families. But eliminating malnutrition is also an economic imperative. The costs of undernutrition in
terms of lost national productivity are significant, with between 3% and 16% of GDP lost annually in Africa and
Asia. The good news is that we know that the economic returns from investing in nutrition are high – GBP 16
generated for every pound invested. Boosting nutrition can boost growth.
This Foresight report from the Global Panel on Agriculture and Food Systems for Nutrition on the future of diets
provides fresh insights into changes in diets across the world. It highlights the impact of major drivers of change
in dietary patterns, including population growth, rising incomes, urbanization and globalization. The report
complements the 2016 Global Nutrition Report in delivering strong evidence to underpin policy change. The
data presented here focus on the challenges that decision makers face when attempting to integrate nutrition
within current food systems and agricultural policies. It sets out ways to approach these challenges so that policies
are shaped in a way that delivers healthy, safe and nutritious diets for all.
The Global Panel on Agriculture and Food Systems for Nutrition was first launched by the former UK Secretary of
State for International Development at the 2013 Nutrition for Growth Summit. It has proven invaluable for
championing the role of agriculture and food systems in preventing malnutrition. The Panel and its work –
including this report – are an important contribution to the UK Government’s commitment to improve the
nutrition of 50 million people by 2020.
Ridding the world of malnutrition will require sustained investment, drive and energy. It will also require innovative
solutions that work to tackle both undernutrition and the rising burden of obesity afflicting almost all countries
around the world. I urge nutrition and agriculture leaders in governments, business and civil society to act on the
Foresight report findings.

James Wharton MP
Parliamentary Under-Secretary of State
Department for International Development
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Executive summary

The world is facing a nutrition crisis: approximately three billion
people from every one of the world’s 193 countries have low-quality
diets. Over the next 20 years, multiple forms of malnutrition will
pose increasingly serious threats to global health. Population
growth combined with climate change will place increasing stress
on food systems, particularly in Africa and Asia where there will
be an additional two billion people by 2050. At the same time,
rapidly increasing urbanization, particularly in these two regions,
will affect hunger and nutrition in complex ways – both positively
and negatively.
Unless policy makers apply the brakes on overweight, obesity and
diet-related disease and accelerate efforts to reduce undernutrition,
everyone will pay a heavy price: death, disease, economic losses and
degradation of the environment. A response, equivalent to that
marshalled to tackle HIV/AIDS, malaria and smoking is needed to
meet these challenges.
Around the world, coordinated action needs to be accompanied by
fundamental shifts in our understanding and in our policy actions.
Much more emphasis must be given to positioning agricultural
growth as a way to improve diet quality, rather than merely
delivering sufficient calories. Food systems need to be repositioned
from just supplying food to providing high-quality diets for all. This
will require policy initiatives far beyond agriculture to encompass
trade, the environment and health, which harness the power of the
private sector and empower consumers to demand better diets.
This report is a call to action for world leaders and their governments.
Leadership and commitment will be essential in driving forward
the decisions set out in this report and in delivering the necessary
priority actions to reshape the global food system.
Food systems and diets: Facing the challenges of the 21st century 15

1. KEY FINDINGS
1.1 A growing nutritional crisis
The world has made substantial progress in reducing hunger
and undernutrition in the past 25 years. Global rates of hunger
have fallen and now affect around one in ten people1 and the
percentage of children who are chronically undernourished
has declined to around one in four.2 Such progress means less
suffering, lower mortality rates and improved life chances for
hundreds of millions of families and their children.
However, despite these gains, malnutrition in all its forms
currently affects one in three people worldwide, far beyond
the 795 million who experience hunger on a daily basis. And
the situation is rapidly getting worse. Over the next 20 years,
multiple forms of malnutrition will pose increasingly serious
challenges to policy makers:
•	Today, the prevalence rates of overweight, obesity and
diet-related chronic diseases such as diabetes3 and
hypertension are increasing in every region and most rapidly
in low- and middle-income countries. In sub-Saharan African
men, the growth rate of overweight and obesity now exceeds
that for underweight. For South Asian women, the prevalence
of overweight and obesity is almost the same as the prevalence
of underweight. In China, the combined rate of overweight
and obese adults is projected to rise to over 50% by 2030.
•	Nearly a quarter of all children under five years of age today are
stunted, with diminished physical and mental capacities. Less
than a third of all young infants in 60 low- and middle-income
countries are meeting the minimum dietary diversity standards
needed for growth. And undernourished mothers are having
babies who will be left with life-long impairments.
•	More than two billion people lack vital micronutrients
(e.g., iron, zinc, vitamin A) which affects their health and
life expectancy. For example, in low- and middle-income
countries, over half of the young women and adolescent girls
surveyed are not meeting their micronutrient needs. By 2050,
the estimated impact of elevated carbon dioxide on the zinc
content of grains, tubers and legumes could place 138 million
people at new risk of zinc deficiency – with 48 million in
India alone.
Looking to the future, if the direction of current policies remains
the same, then estimates suggest that by 2030, the number
of overweight and obese people will have increased from 1.33
billion in 2005 to 3.28 billion, around one third of the projected
global population. This is a major concern as no country to date
has successfully reversed growth in obesity once it has been
allowed to develop. At the same time, there will still be 653
million calorie-deficient people (down from 795 million

FAO, IFAD and WFP (2015a)

1

16 Executive summary

IFPRI (2016a)

2

3

in 2015). Most of the reductions in calorie insufficiency will
come from Asia, while Africa will see a levelling off. But if
nothing is done, Asia and Africa will still be grappling with
significant levels of undernutrition in 14 years’ time.
Together, these facts offer up a formidable warning to
policy makers. Immediate and decisive action is needed to
address the challenges that they pose to avert the profound
consequences for the health of populations, health care costs
and economic growth.

1.2 Malnutrition represents the number one risk
factor in the global burden of disease
The impacts of malnutrition are huge. An estimated 45%
of deaths under age five are linked to undernutrition and
suboptimal breastfeeding alone is responsible for almost 12%
of total deaths,4 mostly in low-income countries. Malnutrition
has many causes and a low-quality diet is one of them.
Malnutrition associated with diets that are not nutritious or
safe represents the number one risk factor in the global burden
of disease. These low-quality diets contain insufficient calories,
vitamins and minerals or contain too many calories, saturated
fats, salt and sugar. The risk that poor diets pose to mortality and
morbidity is now greater than the combined risks of unsafe sex,
alcohol, drug and tobacco use (see Fig.1).
Poor nutrition amplifies the health consequences of diseases
such as HIV/AIDS, malaria and measles. In economic terms,
across Africa and Asia, the estimated impact of undernutrition
on gross domestic product (GDP) is 11% every year — more than
the annual economic downturn caused by the global financial
crisis of 2008–10.5

1.3 Food systems are not delivering healthy diets
Today’s food systems are too focused on food quantity and not
enough on quality. They are not helping consumers to make
healthy and affordable food choices consistent with optimal
nutrition outcomes. In fact, the trend is in the opposite direction.
The multiple forms of malnutrition will not diminish unless
policy makers and private sector business leaders work together
to reshape food systems in ways that will advance the goal of
healthier diets for all.
Over recent decades, agricultural productivity has risen, food
trade has increased and the once ever-present threat of famine
has receded in most parts of the world. This means many people
have better diets than before. But the rate of increase of intake

In this report we refer to "diabetes" to generally mean type 2 diabetes

Black et al. (2013)

4
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IFPRI (2016a)

FIGURE 1: Six of the top 11 risk factors driving the global burden of disease are related to diet
■ Disease risk factors linked to diet

■ Disease risk factors not linked to diet

Dietary risks
High systolic blood pressure
Child and maternal malnutrition
Tobacco smoke
Air pollution
High body mass index
Alcohol and drug use
High fasting plasma glucose
Unsafe water, sanitation and handwashing
Unsafe sex
High total cholesterol
0

50000
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150000

200000

250000

Global all-age disability-adjusted life years (in thousands, 2013)
Source: Global Burden of Disease Study 2013 Collaborators (2015), Figure 5
Note: The graph shows global disability-adjusted life years (DALYs) attributed to level 2 risk factors in 2013 for both sexes combined.

of foods that undermine diet quality has been increasing even
faster. For example, in 2000, sales of ultra-processed foods and
beverages in the upper-middle-income countries were onethird of those in the high-income countries. Fifteen years later,
they were more than half. So while there have been dietary
improvements, the net result is still low-quality diets.
As this report shows, rising incomes alone will not improve
the quality of people’s diets. As incomes increase, food scarcity
diminishes but the cost of many nutritious foods remains high
and the ability to purchase foods that do not support highquality diets increases. Currently, income growth is a doubleedged sword when it comes to improving diets.

Box 1: What is a high-quality diet?
While there is no universal ‘diet quality index’, there is
general agreement on what a healthy or high-quality
diet should include, i.e. a diversity of foods that are safe
and provide levels of energy appropriate to age, sex,
disease status and physical activity as well as essential
micronutrients. The World Health Organization’s (WHO)
definition of a healthy diet emphasizes the importance of
starting healthy eating habits in early life (notably through
breastfeeding) and limiting the intake of free sugars and
salt. It advises people to eat plenty of fruits and vegetables,
wholegrains, fibre, nuts and seeds, while limiting free
sugars, sugary snacks and beverages, processed meats and
salt, and replacing saturated and industrial trans fats with
unsaturated fats.

1.4 The importance of a food system approach
Policy makers need to ensure that all parts of food systems
work together to deliver high-quality diets (see Box 1). This
means thinking well beyond agriculture to also consider the
many processes and activities involved in food production,
processing, storage, transportation, trade, transformation
and retailing. This amounts to a change in mindset, and a
fundamental shift in approach. Whatever progress is made
towards food security, unless foods reach people in a form
that is nutritious and affordable, the problem of poor-quality
diets will not be solved.
Food systems are changing rapidly with important consequences
for changing diets. The food chains that supply consumers are
growing longer, with global trade increasing the distance between
production and consumption, as well as the diversity of foods
available to consumers. Value and power in food systems is
shifting towards the middle of these food chains, with agricultural
produce becoming ingredients for processed products. Decisions
by large agri-businesses, manufacturers and retailers are playing
a growing role, relative to the public sector, in the availability,
affordability, safety and desirability of foods. Policy makers need
to ensure that food system changes like these contribute to, and
do not detract from, high-quality diets.
The bottom line is that food systems are failing us. Those who
would benefit from consuming more animal source foods, fruits,
vegetables and pulses often find them unaffordable. Others who
need to reduce their consumption of red meat may be unable to
switch to other sources of flesh-based food such as fish.
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In the longer term, food systems will be subject to major stresses
resulting from important external influences (see Box 2).
Population growth, climate change, and increased competition
for natural resources are notable examples. But others such
as income growth, urbanization and globalization of diets are
likely to have mixed effects – with both positive and negative
consequences for diets. It is essential that policy makers think
through the consequences of all of these drivers of change for
their own food systems.

The good news is that there are many ways in which policy
makers can reshape food systems. Extending policy action
beyond agriculture to the entire food system opens up many
opportunities to improve the consumer’s ability to access food
that is safe, nutritious and affordable. The full Foresight report
provides detailed guidance on the many options available to
policy makers to allow them to act now on their own food
systems, to help address diet-quality-driven malnutrition crises
in their countries.

Box 2: Long-term drivers of the nutrition crisis
Food system policies must be developed which are resilient
to future long-term threats and uncertainties – examples
of these are listed below. Action is needed now since some
policies and initiatives may take many years or decades to
take full effect, e.g. restructuring food systems, investing in
infrastructure and influencing consumer attitudes.
Changes in the size and age distribution of populations
Population growth rates are decelerating as declining birth
rates catch up with declining mortality rates. But global food
systems will need to provide high-quality diets to more than
two billion additional people by 2050. Over a billion will be in
Africa. A particular effort is needed to improve diets of infants
and young children to support their cognitive development
and to enable them to capitalize on work opportunities.
A focus on improving the nutrition of adolescent girls and
women of child-bearing age will also be required.
Climate change
By 2050, there could be over half a million net additional
deaths from diet-related causes compared to a scenario with
no climate change – most would occur in low- and middleincome countries. Both direct and indirect effects (e.g. due to
a rise in energy costs) need to be considered when developing
climate-smart policies.
Rapid urbanization
Urban populations are growing most rapidly in Africa and
Asia. Urban dwelling is associated with less undernutrition
than rural populations but more diet-related obesity and
chronic disease, and greater risks from food price volatility.
While the urban poor experience low-quality diets and food

safety risks, they have potentially good access to fresh produce
and products fortified with micronutrients. The challenge
is to find ways of strengthening the positive links between
urbanization and diet quality while maintaining its ability to
help reduce hunger and undernutrition
Income growth
Countries cannot expect to ‘grow’ their way out of poor diet
quality and address the multiple forms of malnutrition. While
income growth among low-income consumers will help to
reduce undernutrition, it will also create substantial new
problems relating to overweight and obesity and associated
non-communicable diseases (NCDs).
Globalization of diets
Diets, even in the poorest countries, are increasingly affected
by the growing global nature of food trade and trade-related
industries. Globalization can act to increase resilience by
allowing deficits in one region to be met by others but it
can also decrease resilience by propagating systemic shocks.
But globalization may also have helped to drive the obesity
epidemic by making it easier for consumers to make lowquality diet choices.
Competition for natural resources
This will increasingly constrain food production, but could also
stimulate technical progress. Overall, it could drive diets in
unpredictable and highly context-specific ways. The growing
consensus on the need to price scarce resources, such as water
and carbon storage, should provide strong incentives both
to increase efficiency of resource use and generate technical
improvements.

In economic terms across Africa and Asia, the estimated impact
of undernutrition on gross domestic product (GDP) is 11% every year.
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2. A CALL TO ACTION
2.1 Nutrition – a new global priority

FIGURE 2: Six steps to identify policy actions to
achieve healthy diets

Agriculture and food systems must deliver much more than food
– they need to fulfil their potential to underpin the health and
well-being of populations. At a fundamental level, consumers are
making food choices that are not consistent with good nutrition,
health and well-being. And public policies or private sector
actions are not adequately aligning food systems toward the
goal of improving nutrition.

STEP ONE: Set a clear diet quality objective
What is/are the diet quality gap/s that need
to be addressed and who does it affect?

However, the long path that high-income countries have taken
to try and manage rising obesity rates has not succeeded. That
same path is not an inevitable one for low- and middle-income
countries. There are alternatives, provided the right choices are
made now and throughout the food system. The challenge for
policy makers in low- and middle-income countries is to find more
direct and less damaging dietary pathways from where their diets
are today, to where they need and want to be. South Korea is a
good example of a country that has gone from low- to middle- to
high-income levels in the past 30 years in a way that has supported
the supply of relatively accessible and affordable high-quality diets.
It is no coincidence that this country has implemented many food
system policies that aim to promote health.

STEP TWO: Engage with communities to explore
perceptions of causes of the diet gap
What might be responsible for the diet gap from the
perspective of the consumer? Availability? Affordability?
Appeal? Or factors outside the food system?

STEP THREE: Review the role of food systems

At a global level, stakeholders need to prioritize the
improvement of nutrition – and the consumption of
the healthy diets that promote it. While the Sustainable
Development Goals have put ending hunger, achieving food
security, improving nutrition and promoting sustainable
agriculture high on the global agenda, the 2016–2025 UN Decade
of Action on Nutrition provides many potential opportunities to
place the improvement of diet quality through food systems at
the centre of global action.
The international community needs to step up and accord
the goal of healthy diets to all, and extend the same level
of focus and commitment that it gave to addressing HIV/
AIDS, malaria and smoking. This will require stakeholders from
governments, civil society, the media, business and research to
work together to make improving dietary quality a sustained
political priority.
At the national level, governments and private sector actors
need to work together to focus on aligning individual food
systems with the goal of attaining healthy diets and improved
nutritional outcomes. This will require, amongst other actions,
creating incentives for private sector actors throughout the food
system so that they can make decisions more favourable to the
adoption of higher-quality diets.
It will be critical for governments to look across both food
system objectives and broader goals and constraints including
the need to build sustainability into the country’s agricultural
system, conserving limited water supplies and promoting longterm management of soils, forests and biodiversity. In particular,

If and what elements of food systems are responsible
for the diet gaps from the local to the global level?

STEP FOUR: Identify actions for food systems solutions
What are available options in the food system
for addressing the diet gaps?

STEP FIVE: Align actions to create coherence
What further actions are needed to align
these options across the food system?

STEP SIX: Leverage actions for sustainability
How can these actions also be leveraged to
improve food systems sustainability?
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careful consideration needs to be given to the relationships
between diets that are high-quality from a nutritional
perspective, and their potential impacts on the environment.
These are more complex than popularly assumed and are likely
to differ considerably in different contexts.
Effective evidence-based policy making should be supported
by the use of appropriate analytical tools. Figure 2 sets out six
sequential steps that policy makers need to work through. The
full report provides detailed guidance for each step, together with
advice concerning promising policy actions to improve diets. These
relate to the various parts of the food system, from production to
storage, transport, trade, transformation and retailing.

2.2 Specific priorities for action
Policy makers and other key decision makers need to work
throughout the food system to effect diet change.
While most actions will depend heavily on local contexts,
the following are universally applicable:
1 F ocus food and agriculture policies on securing diet
quality for infants and young children. These are woefully
inadequate in many countries. Improved policy choices are
needed which recognize the centrality of high-quality diets
for the youngest.
2 	Improve adolescent girls and adult women’s diet quality
as a priority in all policy making that shapes food
systems. Women are particularly vulnerable to the health
impacts of low-quality diets because of their higher nutrition
requirements and because of their disempowerment in some
cultures.
3 	Ensure that food-based dietary guidelines (FBDGs) guide
policy decisions to reshape food systems. FBDGs are largely
absent in low-income countries (present only in 2 out of 31)
and limited in lower-middle-income countries (12 out of 51).
They are needed to inform and to influence food policies
around the world.
4 	Animal source foods (ASF) (e.g. dairy, eggs, fish and meat)
provide important nutrients. Policy support for these
foods should be pragmatically evidence-based rather
than driven by ideology. Infants, children, adolescents and
women of reproductive age living in low-income contexts
will find it extremely hard to meet nutrient requirements in
the absence of these foods. At the same time, some groups in
low-income contexts are consuming levels of these foods in
excess of recommended levels.
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5 	Make fruits, vegetables, pulses, nuts and seeds much more
available, more affordable and safe for all consumers.
They offer considerable benefits in terms of diet quality.
There are opportunities throughout the food system to
overcome supply-side barriers to make them available,
affordable and appealing. Public policy can also incentivize
greater investment in the infrastructure required to produce,
store and transport these foods.
6 	Make policies which regulate product formulation,
labelling, advertising, promotion and taxes a high
priority. These are needed to create disincentives for
companies to allocate resources to forms of processing that
undermine diet quality. Policies to educate consumers of the
adverse health effects of consuming these products more
than occasionally, are also needed.
7 	Improve accountability at all levels. Governments
committed to reshaping food systems toward healthy
diets need to set targets and publish transparent scorecards
of their results. Private sector actors should acknowledge
their far-reaching roles in defining food environments – and
the nutritional quality of foods and other products that they
promote to consumers. Civil society organizations need to
monitor the performance of others.
8 B
 reak down barriers associated with the longstanding
division of jurisdictional responsibilities within many
governments – between agriculture, health, social
protection and commerce. These can fundamentally
impede integrated action across food systems, inhibit the
effective allocation of resources and create barriers that
inhibit access to data.
9 	Institutionalize high-quality diets through public
sector purchasing power. Food provided in schools,
hospitals, across the armed forces and in the prison
system should be of the highest dietary benefit to the
consumer. This approach has the potential to shape the
norms around foods that contribute to high-quality diets
and incentivize suppliers and contractors to align their
value chains accordingly.
10 	Refocus agriculture research investments globally
to support healthy diets and good nutrition (see Box 3).
Global and national public research organizations (and their
funders) must rebalance their priorities to reflect a priority
focus on high-quality diets. Much more investment
in research on fruits and vegetables, animal source
foods, legumes, nuts and seeds is urgently required.
Better national-level and subnational data are needed on
diet, consumer food prices, food safety, food loss and waste.
The Access to Nutrition Index that assesses the conduct
and performance of companies should be strengthened
at the country level.

Box 3: Research priorities
Research on food, agriculture and nutrition must
be refocused on achievement of healthy diets
The international and national agricultural research
communities should play a strong leadership role in
promoting research that addresses productivity, profitability,
sustainability and nutritional goals at the same time.
A ‘high-quality diet’ lens must guide a rebalancing
of funding allocations across the food system.
Metrics for diet quality and the food system need
to be modernized
They are also needed to enable policy makers to monitor
the implications of dietary choices for the future of the
environment.
More and better data
Effort is urgently needed to substantially improve the quantity
and quality of dietary data. Few national governments collect
the data required to inform decision makers about what
people actually eat and the UN has no functioning global

This report highlights the very serious challenges facing
policy makers today and in the future. Already, approximately
three billion people on the planet – from every country – have
low-quality diets.
But this report also shows that current trends do not have to
persist if the right actions are taken now and in the coming
decades. Better diets are possible. Ensuring that all people eat
healthily is a moral and economic imperative. This will require
focused, determined and sustained action from policy makers
working in partnership with the private sector in complex and
rapidly changing environments. With so much at stake, we all
share a responsibility to find solutions that work for everyone.
There are many public policy opportunities to act on in the food
system beyond agriculture to improve the consumer’s ability
to access food that is safe, nutritious and affordable.

dietary database. Recent efforts to gather data such as the
Global Dietary Database (GDD) and FAO/WHO GIFT (FAO/
WHO Global Individual Food Consumption data Tool), being
developed by the Food and Agriculture Organization of the
United Nations (FAO) and the World Health Organization
(WHO), should be built upon.
Many other indicators for the food system also need to
be collected, for example on food quality and safety to help
policy makers understand the links between food systems and
actual nutritional outcomes.
More and better evaluation
Policy makers need to be able to assess the effect that
specific interventions and policy actions have on diet quality
and to determine how they could be improved. For example,
recent work to track changes in the purchases of sugarsweetened beverages in Mexico following imposition of a
new tax, sheds important light on consumer choices in a
changing food environment.

This report shows that current
trends do not have to persist
if the right actions are taken
now and in the coming decades.
Better diets are possible.
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The central role of
high-quality diets
and food systems in
ending malnutrition
in all its forms
• Despite progress, much of the world does not eat high-quality

diets – of all risk factors, diet is responsible for the largest burden
of global ill health and needs immediate and urgent attention
by policy makers.

• Many countries are experiencing a “double burden” of both

KEY MESSAGES

undernutrition and overweight:

– An estimated 45% of deaths of children under five are
linked to malnutrition and the economic consequences
of undernutrition represent losses of gross domestic product
of 10%, year in and year out.
– Adult obesity rates are increasing in all 193 countries –
if current trends continue, the combined number of
overweight and obese adults will increase from 1.33 billion
in 2005 to 3.28 billion in 2030.

• Food systems are key to improving diets, but are under increasing
pressure due to diverse factors such as population growth,
urbanization and the uncertainties induced by climate change.

• This report provides clear and practical advice on how policy makers
in all countries can address the challenges facing their populations –
by changing how we think about food systems and diet quality, and
through the many possible interventions in food systems.
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1 The central role of high-quality diets and food systems
in ending malnutrition in all its forms
This report addresses the question: “What decisions do
policy makers need to take in the coming decade to ensure
that food systems deliver high-quality diets to people in low- and
middle-income countries by 2035?” By high-quality diets, we
mean diets that eliminate hunger, are safe, reduce all forms of
malnutrition and promote health. High-quality diets are adequate,
diverse and balanced. It is important that high-quality diets are
produced without undermining the environmental basis for
generating high-quality diets for future generations.

Diet quality matters because low-quality diets are linked to a range
of malnutrition and health outcomes, including: stunting, wasting,
micronutrient deficiencies, overweight and obesity, diet-related,
chronic, non-communicable diseases (NCDs), high blood pressure
and high cholesterol (Figure 1.1). These forms of malnutrition that
are associated with inadequacy on the one hand and excess on the
other, collectively characterize the “double burden” of malnutrition
around the world. While low-quality diets are just one cause of this
double burden, they are an important one.

FIGURE 1.1: Different forms of malnutrition

Child stunting
Low height for age

Child wasting
Low weight for height

Child overweight

Adult overweight

High weight for height

Carrying excess body fat with
a body mass index ≥ 25

Fe
Micronutrient deficiency
Iron, folic acid, vitamin A, zinc,
iodine below healthy thresholds

Adult obesity
Carrying excess body fat with
a body mass index ≥ 30

Non-communicable diseases
Diabetes, heart disease and
some cancers

Source: 2016 Global Nutrition Report (IFPRI, 2016a)
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1.1 The problem of malnutrition and low-quality diets
The world has made substantial progress in reducing hunger and
undernutrition in the past 25 years. Global rates of hunger have
declined from 18.6% in 1990 to 11.8% in 20126 and the percentage
of children who are stunted has fallen from 39.6% to 23.8%. 7 This
progress means less suffering, lower mortality rates and improved
life chances for hundreds of millions of families and their children.
For these people, improvements in the quantity and quality of
diets have played a key role in these achievements, along with
a wide range of additional factors such as poverty reduction,
improvements in agricultural productivity and expanded access
to improved basic education, clean water and sanitation, health
care and effective nutrition interventions.8 There have also been
declines in mortality from heart disease in high-income countries,
with some positive trends in some low- and middle-income
countries, although the picture is very mixed.9
But, as this report will show, diet quality is an area that requires
far greater attention. For example, in the 60 low- and middleincome countries for which recent data exist, only about a third

of all young infants are meeting minimum standards for diet
diversity. In six sub-Saharan countries, more than half of all women
surveyed did not consume any legumes, nuts, vitamin A-rich
fruits and vegetables, dairy or eggs in the day before the survey.10
For adults, obesity rates are increasing in all 193 countries.11
New data from the 2015 Global Burden of Disease study12
show that much of the world does not eat high-quality
diets13 and that diet, of all risk factors, is responsible for the
largest burden of global ill health (Figure 1.2). And this is an
underestimate. As the study notes: “If one were to quantify the
contribution of diet mediated through weight gain and body
mass index (BMI), the overall effect of diet would be much larger
than is estimated here.” A similar argument could be made for
the contribution of poor diets to child and maternal malnutrition
and all the other risk factors (highlighted in green) in Figure 1.2.
Diet is an important factor in every region. For example, the
2015 Global Burden of Disease study shows that six of the top
11 risk factors are diet related.

FIGURE 1.2: Six of the top 11 risk factors driving the global burden of disease are related to diet
■ Disease risk factors linked to diet

■ Disease risk factors not linked to diet
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Source: Global Burden of Disease Study 2013 Collaborators (2015), Figure 5
Note: The graph shows global disability-adjusted life years (DALYs) attributed to level 2 risk factors in 2013 for both sexes combined.

In Nigeria, the number of adults
In Ethiopia, the corresponding
with type 2 diabetes is estimated numbers will also double:
to double between 2011 and 2030: from 1.4 million to 2.7 million.
from 3.1 million to 6.1 million.
FAO, IFAD and WFP (2015a) 7IFPRI (2016a) 8See for example: O'Donnell, Nicolás and Doorslaer (2009); Monteiro et al. (2009); Headey et al. (2015); Headey and
Hoddinott (2014); Haddad et al. (2014); IFPRI (2015b); IFPRI (2015c). 9Critchley et al. (2016) 10See Chapter 3 for details. 11IFPRI (2016a) 12Global Burden of
Disease Study 2013 Collaborators (2015) 13Global Burden of Disease Study 2013 Collaborators (2015)
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FIGURE 1.3: The multiple burdens of malnutrition faced by countries19
Under-five stunting
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Source: 2016 Global Nutrition Report, Table A1.1 (IFPRI, 2016a)

Low-quality diets contribute to three very troubling nutrition trends.

• First, undernutrition and hunger are declining very slowly in
some regions. In sub-Saharan Africa, the number of stunted
children is 58 million and is rising by 500,000 every year and
while the total is decreasing in Asia, the numbers remain very
high at 91 million.14 Undernutrition contributes to a high
mortality burden. The joint effects of foetal growth restriction,
suboptimal breastfeeding, stunting, wasting and vitamin A and
zinc deficiencies for children under five, result in 45.4% of all
deaths worldwide in this age group. Suboptimal breastfeeding
alone is responsible for 11.6% of total deaths.15

• Second, rates of overweight, obesity and diet-related noncommunicable diseases such as diabetes are increasing in all
regions and most rapidly in low- and middle-income countries.
For example, for sub-Saharan African men, the growth rate of
overweight and obesity now exceeds that for underweight. For
South Asian women, the prevalence of overweight and obesity is
almost the same as the prevalence of underweight.16 Projections
of these indicators suggest the situation is going to get much
worse by 2030 (Box 1.1).

• Third, many countries (57 of the 129 for which data are available)
experience significant levels of both undernutrition and

Box 1.1: Projections for overweight, obesity and
diabetes to 2030
• Globally, if current trends continue, the combined
number of overweight and obese adults will increase from
1.33 billion in 2005 to 3.28 billion in 2030.17
• In China, the combined rate of overweight and obese
adults has risen from 14.6% in 1992 to 32.3% in 2012 and
is projected to increase to 51.2% by 2030.18
• In Nigeria, the number of adults with diabetes is estimated
to double between 2011 and 2030: from 3.1 million to 6.1
million. In Ethiopia, the corresponding numbers will also
nearly double: from 1.4 million to 2.7 million.19
• By 2030, Bangladesh will have more adults with diabetes
than Mexico or Indonesia.21

overweight (labelled in white in Figure 1.3). When malnutrition
is considered in all its forms, it is responsible for serious public
health problems in nearly every country on earth, directly
affecting one in three people.

IFPRI (2016a) 15Black et al. (2013) 16NCD-RisC (2016) 17Kelly et al. (2008) 18Zhu et al. (2016) 19Whiting et al. (2011) 20Whiting et al. (2011)
The cut-offs for placing countries in each indicator category are as follows: Under-age-five stunting ≥ 20%, women of reproductive age anaemia ≥
20% and adult overweight ≥ 35%. These cut-offs were selected because they are considered to indicate public health significance by the World Health
Organization (WHO, 2010). Full results appear in Appendix Table A1.1 of the Global Nutrition Report 2016.
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These trends are troubling because they are damaging and once
established, difficult to reverse. The various manifestations of
malnutrition have profound impacts on lives and livelihoods
throughout people’s lifetimes and from generation to generation.
Undernourished children are less likely to survive to see their fifth
birthday, less likely to stay in school, less likely to escape poverty
as adults and are more vulnerable to the onset of chronic and
non-communicable diseases later in life. If they are females, they
are more likely to give birth to malnourished babies. Estimates of
these effects are striking. As previously mentioned, an estimated

45% of deaths of children under five are linked to malnutrition.22
The economic consequences of undernutrition represent losses
of gross domestic product (GDP), year in and year out, of 10% –
far greater than the annual percentage loss in world GDP due to
the global financial crisis in the period 2008–10.23 Estimates of the
economic consequences of nutrition-related, non-communicable
diseases (NCDs) are also large. In China, for example, people
diagnosed with diabetes face an annual 16.3% loss of income.24
The consumption of high-quality diets is central to reversing these
three very troubling trends.

1.2 The role of food systems
This report focuses on the key role of food systems in improving
diet quality. As Figure 1.4 shows, diet quality is influenced by
consumer purchasing power. But the way income is expended
is in turn influenced by ‘food environments’, which provide the
options from which people make decisions about what to eat,
circumscribe how income can be spent on food and contribute to

shaping people’s food preferences, attitudes and beliefs and food
cultures more broadly.25 Food environments are in turn influenced
by broader food systems, which themselves are affected by many
drivers of change. Food systems present many opportunities
– many hardly yet tried – to improve diets. The potential is
enormous and provides much cause for optimism.

FIGURE 1.4: Conceptual framework for the links between diet quality and food systems
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However, increasing pressures from population growth, rapid
urbanization and the uncertainties induced by climate change
all present challenges and opportunities for food systems. Policy
makers already have a key role in addressing these pressures
on food systems. In addition, policy plays an important part in
shaping the incentives that influence food systems and therefore
diet quality. In light of the burden of malnutrition and ill health
described above, this report focuses on realigning food system
policies so that they encourage and enable higher-quality diets.
The demand from policy makers for more guidance in this
complex area has been steadily increasing. An extensive array
of reports has been published on food systems and nutrition in
the past two to three years (see Appendix 1, Table 1.1). These
important reports have covered four aspects of food systems: (1)
metrics for food system outcomes;26 (2) approaches to analysing
food systems;27 (3) opportunities and policies for making existing
policies along food value chain more nutrition-sensitive;28 and (4)
more in-depth reviews of important topics within the food system
space (e.g. food loss and waste).29
Recent international commitments on nutrition are also
focused on food systems. The outcome documents of the
Second International Conference on Nutrition in 2014 called for
“strengthening sustainable food systems”30 and the new United
Nations Decade of Action on Nutrition 2016–25 supports the
strengthening of food systems for improved nutrition.31 To
implement the Sustainable Development Goals (SDGs), the
United Nations Zero Hunger Challenge is driving forward a new
approach ‘Transforming our Food Systems to Transform our
World’ on the basis that:
“Achieving the Sustainable Development Goals cannot happen
without ending hunger and malnutrition and without having
sustainable and resilient, climate-compatible agriculture and food
systems that deliver for people and planet.”32
This report aims to build on existing work by identifying the
role that food systems can play in improving diet quality and
providing guidance to policy makers to implement international
commitments on improving food systems for nutrition. It is
directed at government policy makers in low- and middle-income
countries but will also be relevant to those in high-income
countries. Low- and middle-income countries are most likely to
be experiencing multiple burdens of malnutrition and policy
makers need an approach that can guide them to the policies
that are likely to have the greatest impact on diet quality and
nutrition. In high-income countries, the malnutrition problems
– typically obesity-related – are less varied. This report is relevant
to their policy makers, as it will help address the issues their own
populations face, and because they often play a powerful role in the
governance of food systems, with consequences for all countries.

Food systems need to be
repositioned: from feeding
people to nourishing people well.
We also aim to provide guidance to decision makers in the
private sector, although fewer explicit recommendations are
directed at them. We take this position primarily because
the private sector stakeholders consulted during the course
of preparing the report indicated that if governments set
the incentives, they would make the decisions within those
parameters that maximize commercial outcomes.
The report starts by asking the question often posed at the
outset by those with a stake in improving diet quality: What is
a high-quality diet? While we have defined a high-quality diet
generically as a diet that eliminates hunger, is safe, reduces all
forms of malnutrition and promotes health, there is a need for a
more specific understanding of the different types of foods and
the level of intake of those foods that make up a high-quality
diet. The composition of a high-quality diet will vary from place
to place depending on availability and culture. However, there is
already much guidance at the national and international levels on
the foods that contribute to a high-quality diet. We can therefore
answer the question by bringing together what international and
national bodies already recommend as high-quality diets.
A subsequent question is: What are the people in different
countries, regions or localities actually eating? We find the
question worryingly difficult to answer on the basis of existing
data. Nevertheless, based on an extensive scoping exercise in
Chapter 3, the best available food intake and sales data are used
to provide a picture of recent general trends in diet quality in
different regions of the world. In Chapter 4, we review existing
forecasts of how diets are likely to change in the future and
show the consequences for health outcomes under a series of
assumptions about the future availability of food. In Chapter 5,
we consider the underlying drivers of these trends, such as income
growth, urbanization and climate change.
Then we move to the central question of this report: How can
food systems be leveraged to improve diet quality? In Chapter 6,
we explain what food systems are and identify elements that could
be strengthened to improve diet quality. We break the food system
down into the food supply system (consisting of five subsystems),
food environments and consumers (Figure 1.4). Chapter 7 outlines
some of the options available to policy makers to lever food
systems towards better quality diets. It divides policies into three
categories: improving delivery of actions already tried with the

Fanzo, Cogill and Mattei (2012); Acharya et al. (2014) 27Global Panel (2014); IPES-Food (2015); IOM and NRC (2015)
FAO (2013); Bereuter and Glickman (2015); Townsend (2015); IFPRI (2016b) 29HLPE (2014) 30FAO (2016c) 31FAO (2016d)
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goal of improving diet quality; levering existing food systems
policies towards diet quality; and ideas for novel actions.
Chapter 8 calls for change in how we think about food systems
and diet quality. First, there is a need to recognize that countries
cannot simply grow their way out of these problems. Certainly,
economic growth is helpful in reducing undernutrition but for
obesity and diabetes, income growth is part of the problem as
well as part of the solution. Second, policy makers in low- and
middle-income countries need to know that their countries
do not have to follow the long and damaging path that highincome countries are taking towards high-quality diets – there
are shorter routes available. Finally, it is important for all policy
makers to recognize that while food systems function primarily
to produce food and income, they are also intrinsically linked
to health. If they are not explicitly designed to improve health,
there are few guarantees that they will do so.

Low- and middle-income
countries need to know that they
do not have to follow the long
and damaging path that highincome countries are taking
towards high-quality diets.
Ultimately this report is intended to help policy makers
align food systems to make it easier for consumers to make
decisions that favour high-quality diets. Thus, the aims of the
report are two-fold. First, to change the way decision makers
think about the diet quality problem and its solutions: that
food systems are not just production systems but nutrition
and health systems and provide many of the solutions; that
low- and middle-income countries do not have to follow the
circuitous path of high-income countries to get higher-quality
diets; and that income growth on its own cannot be relied
upon to prevent countries falling into a multiple burden trap
for malnutrition.
The second aim is to help decision makers identify and
design policy solutions for the diet and nutrition contexts
in which they work and provide them with evidence-based
arguments to make the case for implementing them. Failure
to take decisive actions now will lead to very serious health
and economic impacts for all in society, but especially for
women, infants and young children, impacts that will that will
reverberate throughout the life cycle and across generations.

Food systems and diets: Facing the challenges of the 21st century 29

30 Chapter 1: The central role of high-quality diets and food systems in ending malnutrition in all its forms

What is a high-quality diet?

KEY MESSAGES

• Diet quality indicators for groups vulnerable to undernutrition,

national food-based dietary guidelines, World Health Organization
(WHO) guidance for a healthy diet and knowledge of unsafe food,
all provide a good indication of what constitutes a high-quality diet.

• These recommendations stress the importance of eating a diverse
diet made up of safe foods, drawing on as many food groups as
possible, with plenty of fruits and vegetables, wholegrains, fibre
and nuts and seeds, while limiting free sugars, sugary snacks and
beverages, processed meats and salt, and replacing saturated and
industrial trans fats with unsaturated fats.

• More countries need up-to-date, food-based dietary guidelines to
help provide guidance to design policies to improve diet quality.

• So that high-quality diets can be delivered to people in the future,
they must be produced sustainably.
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2 What is a high-quality diet?
In this chapter, we establish what governments and international agencies recommend people should eat to achieve a high-quality
diet. The chapter also considers the environmental trade-offs involved in eating certain diets and foods.

2.1 Defining a high-quality diet
High-quality diets are those that eliminate hunger, are safe, reduce
all forms of malnutrition, promote health and are produced
sustainably i.e. without undermining the environmental basis to
generate high-quality diets for future generations.

where meat consumption is so high that it presents a disease
risk, the advice could be to consume less meat.

• There is as yet no universally agreed set of indicators to measure
diet quality.35

What is a high-quality diet? This is a difficult question to answer
in a definitive sense for all countries. There are four core reasons
for this:

• While there is a fair amount of agreement on what a highquality diet should deliver in terms of nutrients and diet
components for all individuals, translating this into diets
that are affordable and culturally acceptable varies between
contexts.

• People of different age, gender, disease status and physical
activity patterns have different dietary needs for energy33 and
for micronutrients.34

• Diet quality already varies widely between and within countries,
which in some cases means different recommendations will be
required. For example, in some countries where the intake of
micronutrients is very low for certain vulnerable groups, the
advice could be to increase the intake of meat because it is a
good source of these micronutrients. However, in countries

Despite these challenges, there is a range of existing international
and national sources, which can be used to characterize what
is already recommended for high-quality diets. The first is from
the food security and undernutrition literature and emphasizes
the special requirements of babies, infants and young children
and the need to diversify diets, especially in low-income settings.
The second derives from the literature on human diseases, which
assumes that calorie requirements have been met and focuses
on energy balance and the consumption of certain healthpromoting diet components. The third derives from national
food-based dietary guidelines, which many countries have now
established for their citizens.
High-quality diets also need to be safe so that they do not
cause foodborne disease (FBD). There is clear evidence of what
constitutes unsafe food. We also consider the more recent
proposal that the degree of processing is an indicator of diet
quality and then assess what it will take to deliver high-quality
diets into the future.

High-quality diets are those that eliminate hunger, are safe, reduce all
forms of malnutrition, promote health and are produced sustainably
i.e. without undermining the environmental basis to generate highquality diets for future generations.

FAO, WHO and UNU (2001)
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FAO and WHO (2001)
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Leroy et al. (2015); Schwingshackl and Hoffmann (2015)

2.2 Diet quantity and quality for vulnerable groups
Table 2.1 summarizes United Nations (UN) guidance on the diet
of groups that are particularly vulnerable to undernutrition.36
This includes infants up to the age of two, women and lowincome households. For infants 0–6 months of age, breast milk
provides them with all the nutrients they need. Beyond this age,
the indicators emphasize dietary diversity. Dietary diversity is
a well-known “qualitative measure of food consumption that
reflects household access to a variety of foods and is also a proxy
for nutrient adequacy of the diet of individuals.”37 The diversity
scores listed in Table 2.1 measure how many food groups are

represented by the foods consumed in a reference period:
the more food groups, the higher the diet quality.38 Taking
the score involves measuring foods consumed from specific
groups. All five diversity scores include starchy staples, fruits,
vegetables, legumes, nuts, seeds and animal source foods
(ASF) (e.g. meat, dairy, eggs, fish). Since these indicators
were developed in the context of undernutrition, they
do not account for the risk of excess intake of any specific
food group in the diet. One of the scores for low-income
households also includes oils/fats and sweets.

TABLE 2.1: UN guidance on diet quantity and quality for vulnerable groups
Group vulnerable to
undernutrition
Infants 0–6 months of age

Infants and young
children 6–23
months of age

Measure of quantity
and quality of diet

Foods included in the score

Threshold

Exclusively breastfed39 (i.e.
no other foods or liquids)

NA

Exclusivity threshold for individuals

Minimum acceptable diet
(MAD)40

Grains, roots, tubers; legumes and nuts; dairy
products; flesh foods; eggs; vitamin A-rich
fruits and vegs; other fruits and vegs

Indicator combines standards
of dietary diversity and feeding
frequency by breastfeeding status.
Thresholds are contingent on these
composite indicators.

Minimum dietary
diversity (MDD)41

As above

Score ranges from 0–7. A minimum
recommended threshold is 4.

Women’s dietary diversity
score (WDDS42)43

Starchy staples; dark green leafy vegs (GLV);
other vitamin A-rich fruits and veg; other fruits
and vegs; organ meat; meat and fish; eggs;
legumes/nuts/seeds; milk and products

As above

MDD

Starchy staples; beans and peas; nuts and seeds;
dairy; flesh foods; eggs; vitamin A-rich dark
GLV; other vitamin A-rich vegs and fruit; other
veg; other fruit

Score ranges from 0–10. Minimum
recommended threshold is 5 foods
per day.

Household dietary
diversity score (HDDS)44

Cereals; white roots and tubers vitamin A-rich
vegs and tubers; dark GLV; other veg; vitamin
A-rich fruit; other fruit; organ meat/offal; flesh
meat; eggs; fish and seafood; legumes, nuts,
seeds; milk and products; oils and fats; sweets;
spices/condiments/beverages

Score ranges from 0–12. No
threshold but 12 is highest.

Women

Low-income households

Source: Compiled by the authors

Only two out of 31 low-income countries and 12 out of 51 low
to middle-income countries have food-based dietary guidelines.
This is not an exhaustive list but it summarizes the most commonly used measures. 37FAO and EU (2010) 38Most of the indices specify the following food
groups; starchy staples; beans and peas; nuts and seeds; dairy; flesh foods; eggs; vitamin A-rich dark green, leafy vegetables (GLV); other vitamin A-rich vegetables
and fruits; other vegetables; other fruits (this is the set for the women’s dietary diversity score [WDDS] in the table).
39
WHO (2015a) 40WHO, UNICEF, USAID, AED, UC Davis and IFPRI (2010) 41WHO, UNICEF, USAID, AED, UC Davis and IFPRI (2010) 42WDDS is also known as
MDD-W (minimum dietary diversity for women of reproductive age) by FAO. 43FAO and FHI 360 (2014) 44FAO and EU (2010)
36
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2.3 Diet quality for general populations
The second approach to defining high-quality diets has been
developed in the context of populations that have attained
a minimum calorie intake (albeit not exclusively) and offers
recommendations on mixes of foods and diet components to
minimize all forms of malnutrition as well as diet-related NCDs.

2.3.1 WHO guidance for a ‘healthy diet’
The WHO has issued guidance of what comprises a ‘healthy
diet’ on the basis of its scientific reviews of the evidence. Box
2.1 summarizes WHO’s guidance. Although it emphasizes that
a healthy diet starts early in life, the specific recommendations
are for adults. They emphasize minimizing the intake of saturated
and trans fats, free sugars and salt.

2.3.2 National food-based dietary guidelines
At the national level, governments have taken established
scientific knowledge on high-quality diets and used it to develop
food-based dietary guidelines (FBDGs). FAO describes these
guidelines as:
“short, science-based positive messages on healthy eating and
lifestyles aimed at preventing all forms of malnutrition and
keeping people well-nourished and healthy. They embody
national nutrition recommendations and express the principles
of nutrition education in terms of food.”45
Over the last two decades, a growing number of countries have
developed country-specific FBDGs. These guidelines represent
recommendations from national governments to consumers
on diets that promote health in the country’s context. However,
FBDGs are largely absent for low-income countries. Only 2 out of
31 low-income countries and 12 out of 51 low to middle-income
countries have FBDGs. The percentage of countries with FBDGs
rises to approximately 50% for the upper-middle- and highincome countries.
An analysis of 83 FBDGs is shown in Figure 2.1. It shows that:
• FBDGs broadly reflect the food-based WHO recommendations,
although many do not specify recommended levels of food intake
• nearly all FBDGs stress the need to increase consumption
of fruits and vegetables and most countries stress the need
for a diverse diet
• nearly all FBDGs recommend lower consumption of sugar and salt.
Over 75% of all FBDGs recommend reducing sugar consumption.
• around half of countries refer to the importance of safe
food (see Section 2.4)
• few countries make reference to wholegrains

Box 2.1: World Health Organization (WHO)
guidance on healthy diets
• A healthy diet helps protect against malnutrition in all
its forms, as well as non-communicable diseases (NCDs),
including diabetes, heart disease, stroke and cancer.
• Healthy dietary practices start early in life – breastfeeding
fosters healthy growth and improves cognitive
development. It may also have longer term health benefits,
such as reducing the risk of becoming overweight or obese
and developing NCDs later in life.
• Energy intake (calories) should be in balance with energy
expenditure.
• A healthy diet includes fruits, vegetables, legumes (e.g.
lentils, beans), nuts and wholegrains (e.g. unprocessed
maize, millet, oats, wheat, brown rice).
• At least 400 g (five portions) of fruits and vegetables a day.
Potatoes, sweet potatoes, cassava and other starchy roots
are not classified as fruits or vegetables.
• Total fat should not exceed 30% of total energy intake
to avoid unhealthy weight gain, with a shift in fat
consumption away from saturated fats to unsaturated fats
and towards the elimination of industrial trans fats.
• Limiting intake of free sugars to less than 10% of total
energy intake is part of a healthy diet. A further reduction
to less than 5% of total energy intake is suggested for
additional health benefits.
• Keeping salt intake to less than 5 g per day helps prevent
hypertension and reduces the risk of heart disease and
stroke in the adult population.
Source: WHO (2015a)

• less than 25% of FBDGs recommend reducing or moderating meat
intake (although no details are provided on the kind of meat)46
• FBDGs in some countries, for example Brazil, recommend
the avoidance of ‘ultra-processed’ foods high in fats, sugars
and salt (see Section 2.5)
• very few FBDGs explicitly mention environmental concerns
(see Section 2.6).

FAO (2016b)
Lower-income guidelines also recommend exclusive breastfeeding in the first six months of life and ensuring that the salt that is consumed is iodized.

45
46
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There are some notable differences between countries at different
income levels. Recommendations on food safety and hygiene
become less frequent from lower-middle-income to high-income
FBDGs, as do recommendations on cooking and preparing foods,

perhaps reflecting the greater risks in lower-middle-income
countries. Interestingly, the emphasis on consuming a varied
diet is stronger for middle-income countries than it is for
high-income countries.

FIGURE 2.1: What 83 national food-based dietary guidelines (FBDGs) recommend
Do they explicitly recommend eating a varied diet?
Do they recommend to reduce sugar consumption?
Do they recommend to reduce salt consumption?
Do they recommend to reduce fat consumption
or change the type of fats you eat?
Do they recommend to eat more fruits and vegetables?
Do they recommend to reduce or moderate
meat consumption?
Do they mention milk?
Do they mention fish?
Do they mention eggs?
Do they mention legumes?
Do they address food safety or hygiene?
Do they recommend to drink water?
Do they recommend to reduce or moderate
alcohol consumption?
Do they make an explicit reference
to cooking or preparing foods?
Do they explicitly mention environmental concerns?
Do they explicitly mention wholegrains?

■ Low-income (2 out of 31 countries)
■ Low-middle-income (12 out of 51 countries)
■ Upper-middle-income (26 out of 53 countries)
■ High-income (43 out of 80 countries)
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Source: Gonzalez and Garnett (2016), Figure 2
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2.4 Safe diets
Around half of all countries refer to the importance of consuming
safe foods in their food-based dietary guidelines (Figure 2.1)
reflecting the fact that diets cannot be high-quality if they are
unsafe.47 Unsafe food means food that is contaminated with
agents that cause disease (see Box 2.2).
As a result of the combined causes shown in Box 2.2, WHO49
estimates that, worldwide in 2010 there were 600 million cases of
foodborne illness, causing 34 million disability-adjusted life years
(DALYs) and 420,000 deaths.

FIGURE 2.2: The global burden of foodborne disease
(total DALYs) by hazard groups, 2010

■ Diarrhoeal disease
agents: 17.7%
■ Invasive infectious
disease agents: 8.1%
■ Helminths: 5.8%
■ Chemicals and toxins
(including Aflatoxin): 0.9%

Source: Compiled by the authors, based on WHO (2015b), Table 7

Where regional estimates are available, Figure 2.3 shows that in
African countries, diarrhoeal disease agents are responsible for
the vast majority of the foodborne DALY burden. In South-East
Asian countries, the burden is equally shared between diarrhoeal
disease and invasive infectious disease agents. There are no
projections of foodborne DALYs, but given the rapid pace of
urbanization and growing slum populations, the consumption of
prepared street food and food prepared outside the home, it is
likely that the number of DALYs per 100,000 people will increase.

Box 2.2: Agents which cause foodborne disease
• Microbial pathogens e.g. rotavirus, Salmonella spp.,
Campylobacter spp., toxigenic Escherichia coli. This group
is the most important source of foodborne disease (FBD)
and responsible for diarrhoeal diseases, and for over
half of all foodborne disability-adjusted life years DALYs
(Figure 2.2). They lead to billions of cases of illness and
over 100 million DALYs each year in low-middle-income
countries. They are found mainly in animal source foods
and fruits and vegetables.
• Foodborne macro-parasites e.g. tapeworms; fish and
aquatic animal associated fluke (common in South-East
Asia); roundworms and whipworms. Foodborne macroparasites are responsible for around 1.4 billion cases and
a burden of 5.8 million DALYs each year (Figure 2.2). They
are found mainly in livestock and seafood.
• Toxins and chemicals The leading source is aflatoxins
– fungal toxins, which contaminate mainly staple crops
such as maize and groundnuts.48 They are widespread in
tropical and subtropical developing countries. Responsible
for an estimated 90,000 annual deaths from liver cancer
and around 1.5 million DALYs, they are also associated
with stunting in children. Plant toxins and marine toxins
(e.g. diarrhetic shellfish poisoning) are responsible for
tens of thousands of cases of illness. Chemicals such as
arsenic, cadmium, mercury, dioxins and highly hazardous
pesticides can contaminate food; other toxins (e.g.
polycyclic aromatic hydrocarbons and acrylamide), are
formed by smoking, grilling, roasting and frying food.
Source: Compiled by the authors, based on Grace (2015)

Microbial pathogens ... lead to billions of cases of illness
and over 100 million disability-adjusted life years
(DALYs) each year in low-middle-income countries.
FAO and WHO (2007); Grace (2015); Global Panel (2016b)
Unnevehr and Grace (2013)
49
WHO (2015b)
47
48
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FIGURE 2.3: The global burden of foodborne disease (DALYs per 100,000 population) by hazard groups and by
subregion, 2010
■ Helminths

■ Diarrhoeal disease agents

■ Chemicals and toxins

■ Invasive infectious disease agents
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Source: Compiled by the authors, based on WHO (2015b), Table 8
Note: AFR = Africa; AMR = the Americas; EMR = Eastern Mediterranean; EUR = Europe; SEAR = South-East Asia; WPR=Western Pacific. A = very low child
and adult mortality; B = low child mortality and very low adult mortality; C = low child mortality and high adult mortality; D = high child and adult mortality;
and E = high child mortality and very high adult mortality.

2.5 The role of food processing in diet quality
FBDGs are typically based on “wholefoods”, such as fruits rather
than fruit juice, potatoes rather than potato chips and sugar
rather than biscuits/cookies. However, as we show in Chapter
3, the amount of foods in the global diet that have undergone
various degrees of processing is increasing.
While there are no official international guidelines available to
date on the recommended amount of foods with differing degrees
of processing, in 2014, the Brazilian Food Guide set a precedent
by referring to the degree of food processing. Specifically, it
recommends that high-quality diets contain minimal amounts of
“ultra-processed foods.” The term “ultra-processed” was coined
to refer to industrial formulations manufactured from substances
derived from foods or synthesized from other organic sources. They
typically contain little or no wholefoods, are ready-to-consume or
heat up and are fatty, salty or sugary and depleted in dietary fibre,
protein, various micronutrients and other bioactive compounds.50
Examples include: sweet, fatty or salty packaged snack products,
ice cream, sugar-sweetened beverages, chocolates, confectionery,
French fries, burgers and hot dogs, and poultry and fish nuggets.51

PAHO (2015)

50

In 2015, WHO’s regional office for the Americas, Pan-American
Health Organization (PAHO), released a report52 on trends in the
sales of “ultra-processed” foods. The PAHO report53 suggests that
the proportion of ultra-processed products in food supplies can
be seen as a measure of overall population diet quality. This is
because these foods have very high energy densities, are high in
free sugars, unhealthy fats and salt and are low in dietary fibre, all
of which increase the risk of obesity and other diet-related NCDs.
The PAHO report notes that other forms of processing can be
beneficial for diet quality. Processed foods such as pasteurized
milk, bread made through fermentation, canning and freezing
vegetables and flours made from legumes, all provide important
opportunities for preserving foods, converting inedible into
edible foods and converting difficult-to-prepare foods into
nutritious and convenient forms. These processing methods can
help to increase food availability, extend seasonality through the
‘hunger gap’ and importantly, make food safer to eat.

The full list is too extensive to reproduce here and can be found in Annex 4 52PAHO (2015)

51

See Vandevijvere et al. (2013) work

53
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2.6 Sustainable diets
In 2010, FAO introduced the concept of “sustainable diets”,
defined as:
“diets with low environmental impacts which contribute to food
and nutrition security and to healthy life for present and future
generations. Sustainable diets are protective and respectful of
biodiversity and ecosystems, culturally acceptable, accessible,
economically fair and affordable, nutritionally adequate, safe
and healthy; while optimising natural and human resources.”54

There is considerable debate around the relationship between
high-quality diets from a nutritional perspective and from an
environmental perspective. Are diets that are environmentally
sustainable and make efficient use of limited natural resources
healthy for humans? Or do countries face a trade-off between
eating healthily and conserving the natural resource base on
which people depend on for food, particularly in regions that
are under ever-greater pressure from growing populations and
changing climate?

Sustainability, however, is only incorporated in a small number
of FBDGs (Figure 2.1). Four countries have official guidelines that
include sustainability (Brazil, Germany, Sweden, Qatar) and some
countries have quasi-official guidelines that refer to sustainability
for example, Netherlands, Norway, Iceland and France.55

Figure 2.4 provides an overview of the global food system’s
contribution to total global energy consumption as well as to
greenhouse gas emissions. It is important for two reasons. First, it
shows the food production/post-production shares of energy use
and greenhouse gas emissions. Both the components of the food
system (production/post-production) have significant impacts
on the environment. It is critical therefore to consider the entire
food system and not just part of it when examining environmental
footprints. Second, it demonstrates that food production produces
2.7 times more greenhouse gas emissions than post-production
processes, while the latter uses 3.5 times more energy than food
production does. This shows why it is essential to look at different
environmental dimensions of food systems when considering
whether high-quality diets in the future will be environmentally
sustainable. Very few studies analyze the various parts of the food
system from an environmental perspective.

FIGURE 2.4: The food system’s contribution to
total global energy consumption and greenhouse
gas emissions

Share of global total (%)
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At a global level, most research on diets and the environment has
focused on modelling greenhouse gas reduction. For example,
greenhouse gas emissions are lower for stylized Mediterranean,
pescatarian and vegetarian diets compared to the current global
average diet.56 Another global study,57 which compares baseline
emissions in the year 2005/07, suggests that a projected 51%
increase in food-associated greenhouse gas emissions by 2050
would be reduced to a 7% increase if diets in line with global
dietary guidelines were adopted globally.
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At the country level, estimates58 optimizing the UK diet in line
with WHO guidelines (i.e. increasing fruits and vegetables intake
and reducing red meat and processed meat intake) could lead
to a decrease of 17% in greenhouse gas emissions and increase
average life expectancy by eight months.
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Greenhouse
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■ Cropping production
■ Livestock production
■ Fisheries production
■ Processing and distribution
■ Retail, preparation and cooking

But greenhouse gas emissions represent only one dimension of
a diet’s environmental footprint. A global analysis59 of the carbon
and water footprint of different foods within food groups such
as fruits, vegetables, oils and nuts shows considerable variation
in ecological footprints. They conclude that there are many
synergies between a diet that is both good for health and the
environment, as long as the most sustainable production choices
are made for each food group.

Source: 2016 Global Food Policy Report, Figure 3 (IFPRI 2016b)

Burlingame and Dernini (2010) 55Gonzalez Fischer and Garnett (2016)
Tilman and Clark (2014) 57Springmann et al. (2016) 58Milner et al. (2015)
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Downs and Fanzo (2015)

59

Data for the United States (US)60 illustrate the levels of energy
and resource use for the consumption of different food groups
(Figure 2.5). The results show that there is a challenge, at least in
this case, of trying to align nutrition, energy use, water use and
greenhouse gas emissions. For example, while the consumption

of plant foods produces lower greenhouse gas emissions per
calorie than animal-based foodstuffs, the consumption of fruits
and vegetables (nutritionally positive) uses more ‘blue water’
(i.e. water derived from rivers, lakes and aquifers) and energy per
calorie than less healthy food items such as added sugars.

FIGURE 2.5: Indices of average energy use, blue-water footprint and greenhouse gas emissions per calorie of
food for each food group, US data
100
■ Energy Use
■ Blue Water Footprint
■ Greenhouse Emissions
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0

Source: Tom, Fischbeck and Hendrickson (2015)
Note: A score of 100 represents the highest resource use and emissions per calorie. Scores were developed based on the weighted averages of energy use, bluewater footprint and greenhouse gas emissions per calorie estimates for comparable food types within each food group.

Estimates suggest that the expected 51% increase
in food-associated greenhouse gas emissions
by 2050 would be reduced to a 7% increase if
WHO guideline diets were adopted globally.

Tom, Fischbeck and Hendrickson (2015)
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FIGURE 2.6: The water-use consequences of different diets in the EU-28 countries
The average EU-28 diet for the reference period 1996-2005
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Based upon the dietary recommendations issued by
the German nutrition society
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Vegetarian diet: Same as the healthy diet, but all meat
products are substituted by pulses and oilcrops
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Combination diet: Diet between a healthy and vegetarian diet:
half of the meat products is replaced by pulses and oilcrops

2,973
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Source: Compiled by the authors, based on Vanham, Mekonnen and Hoekstra (2013)

While these costs will be different for the same foods in other
countries, particularly with respect to energy costs involved
in processing and food chains, these patterns suggest that
aligning high-nutrition, low-resource footprints and low-carbon
footprints will not be straightforward. More analyses of this kind
for a much wider range of food systems are needed to give policy
makers greater guidance.
Research is also needed which focuses on diets rather than the
consumption of individual foods. When diets are reviewed, the
diversity of foods involved produces fuller and more rounded
pictures of nutritional and environmental trade-offs. For
example, in the 28 European Union (EU) countries, it has been
estimated61 that the consumption of healthier diets generates
lower total water62 footprints (see Figure 2.6).
Achieving a balance between diets that are high quality
and those that are environmentally sustainable may look
challenging, but as the science advances our understanding
of how to do this will improve. A small but increasing number
of countries is beginning to consider sustainability in their
food-based dietary guidelines. Brazil, Germany, Japan, Sweden

and Qatar include messages related to sustainability, food
waste and leftovers in their FBDGs.63 And while the latest
US Dietary Guidelines for Americans 201564 do not explicitly
include sustainability, the report behind the guidelines
acknowledges that:
“plant-based diets are associated with lower resource use than
diets higher in animal products and lowered resource use will
be important in ensuring long-term food security".

Aligning high-nutrition, lowresource footprints and lowcarbon footprints will not be
straightforward. More analyses of
this kind for a much wider range
of food systems are needed to give
policy makers greater guidance.

Vanham, Mekonnen and Hoekstra (2013) 62Not just blue water (from irrigation and rivers) but also green water (rainfall) and grey water (water needed to control
waste). 63González Fischer and Garnett (2016) 64U.S. Department of Health and Human Services and USDA (2015)
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2.7 Implications
The objective in this chapter has been to build a clear
picture of a high-quality diet, which can be used to guide
food systems policy. As noted at the start of the chapter,
this is not straightforward. One of most complex areas is
meat consumption. For groups with high micronutrient
requirements and low meat consumption, such foods offer
important opportunities to increase micronutrient intake.
For groups with meat consumption levels that are already high,
the advice is to moderate intake levels. However, it is possible to
draw together the elements of what is currently recommended
for high-quality diets, as we do in Box 2.3.

Given the coexistence in many low- and middle-income countries
of the continued presence of hunger and growing levels of
overweight and obesity, policy makers face major challenges
in defining high-quality diets for their populations. But these
challenges mean it is now even more important to define such
diets. Not enough low-income countries have FBDGs. These
countries will need to generate and promote dietary guidelines
that both improve the diets of those who are not eating enough
food and improve the diets of those who are consuming levels of
certain foods and components above recommended levels. Also,
besides offering guidance to consumers, FBDGs need to guide
policy decisions across food systems. This is not currently general
practice and is a missed opportunity.

Box 2.3: Elements of a high-quality diet
Drawing the evidence together with an emphasis on adequacy,
diversity and balance, current recommendations from UN
agencies, governments and scientific bodies point towards the
following choices for ensuring a high-quality diet for all people
over two years of age:
• E at a diverse diet drawing on as many food groups as
possible.
•C
 onsume diets that contain plenty of wholegrains, fruits and
vegetables, fibre and nuts and seeds.
•U
 nless a vegetarian or intolerant to dairy, consume eggs,
moderate amounts of dairy (mainly milk), fish and small
amounts of meat.
•A
 void or consume low levels of added sugars, sugary snacks
and beverages.
•A
 void or consume low levels of processed meat.
• Replace saturated and industrial trans fats with unsaturated fats.
• E at low levels of salt and ensure that all salt that is consumed
is iodized.
Babies under six months of age should consume only
breast milk; infants and young children 6–23 months of
age should continue to consume breast milk but consume

complementary foods that are sufficiently diverse and
nutrient-dense to promote optimal child growth.
The food consumed needs to be free of foodborne disease
agents and toxins. There is a tension here since many fresh,
perishable foods, which can contribute to a high-quality diet –
e.g. fruits and vegetables, dairy and fish – are also the leading
sources of foodborne disease.
Food processing can be beneficial for the promotion of highquality diets; it can make more food more available as well
as making food safer. However, some forms of processing can
lead to very high densities of salt, added sugar and saturated
fats and these products, when not consumed in low amounts,
will undermine diet quality.
To be accessible to future generations, high-quality diets
need to be produced, processed, distributed and prepared in
ways that use natural resources sustainably and mitigate the
generation of greenhouse gases.
Source: Compiled by the authors
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How diets are changing

• Huge numbers of people worldwide have diets that are deficient
in adequacy, diversity and balance.

• Many infants are not breastfed despite WHO guidance.
• Only a small proportion of infants from low- and middle-income

countries are meeting minimum recommended dietary standards.

KEY MESSAGES

• In low- and middle-income countries, more than half of adolescent
girls (10-20 years) surveyed are consuming monotonous,
starch-based diets with low diversity, which do not meet their
micronutrient needs.

• Over time, people are consuming more recommended components

of high-quality diets. However, despite dietary improvements, the
net result is still a prevalence of low-quality diets in most countries.

• Sales of ultra-processed food and sugar-sweetened beverages are

growing. This growth is almost exclusively found in lower-middleincome and upper-middle-income countries.

• Income growth does not guarantee healthier diets. Countries
cannot simply ‘grow’ their way out of poor diet quality.

• The lack of data on what people actually consume around the
world needs urgent attention from policy makers.
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3 How diets are changing
 ver half of adolescent
O
girls in low- and middleincome countries do not get
micronutrients that are vital
for good health (iron, zinc,
calcium, vitamin D, folate,
thiamin and riboflavin).

While there is enough scientific evidence to broadly establish
high-quality diets that are beneficial for preventing malnutrition
in all its forms, recommendations in international and national
guidelines have not been accompanied by major changes in
dietary patterns around the world. Large numbers of people have
diets that are inadequate, not diverse and balanced.
Our ability to describe diets is hampered by fragmented and
incomplete data. Much of the data available are not on what
people actually eat, but on what is produced, sold or purchased,
from which diets are estimated based on a range of assumptions.
This important distinction is explained in Box 3.1. The lack of
sound, empirical data represents a serious hurdle to policy
makers who seek to design evidence-based policies aimed at
promoting healthier diets. This significant data gap needs to be
urgently addressed.

Box 3.1: Diet and food intake: Data challenges
Assessing the quality of diets is challenging. Different
combinations of food intake are not easily aggregated and
the availability of internationally comparable data is poor.
There are no standard protocols for collecting data on food
intake and a plethora of methods are used, each with its
own strengths and weaknesses and at irregular intervals.
This has led to a highly disparate set of intake estimates and
the process of integrating them has only recently begun
(See Appendix 2, Table 3.1).
Many analysts use FAO food balance sheets as proxies for
diet intake although recent work has shown a variable
correspondence between food availability and food intake.65
In this report, food balance data are used in Chapters 6 and
7 as a valuable resource to estimate past and future changes
in food supply. For diets, data from the Global Dietary
Database66 are drawn upon. This database brings together
data from 266 country-specific nutrition surveys for 187
countries between 1990 and 2013. In 2014, the database
released data on a select number of ‘healthy’ and ‘unhealthy’
components of diet (Appendix 3 Table 3.2).
Source: Compiled by the authors

In this chapter, data from a variety of sources are used to
examine dietary trends from several perspectives: how diets
have changed among adults, infants, young children, women
and households experiencing poverty. Because of the growing
importance of ultra-processed foods in diets we also
examine trends in their sales.

Our ability to describe diets is hampered by fragmented and
incomplete data.
Sales of ultra-processed foods in East and South-East Asia are
expected to approach those of high-income countries by 2035.

65

Del Gobbo et al. (2015)

Global Nutrition and Policy Consortium (2014)
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3.1 Data from the global dietary database
3.1.1 The database
In 2014, Tufts University in the US established the Global
Dietary Database as a means of drawing together household
surveys that measure actual diets. Although the data released
to date do not include all food groups or the granular detail
required for measurements of diet diversity outlined in Chapter
2, they are, in our view, the best collation of diet data available.67
They represent an improvement over the use of food supply data
as a proxy for diet, as has commonly been done in the past on
research on changing diets (see Box 3.1).
The data released by the initiative divides food items and diet
components into those categorized as ‘healthy’ and ‘unhealthy’
as they are related to NCDs such as coronary heart disease,
stroke and diabetes (see Appendix 3 Table 3.2 for definitions).
These categorizations are based on systematic reviews of the
latest scientific evidence on the links between food intake and

NCDs. The list in Table 3.1 shows dietary risks considered
and the consumption ranges assumed to avoid disease risk.
The dietary risk factors are ranked in order of importance from
the top going down i.e. the number of people affected
by consumption levels and the strength of association with
various diseases.
These categories are mostly consistent with international and
national guidelines reviewed in Chapter 2, with the exception of
red meat which is labelled as “unhealthy”, but which in nutrient
deficient contexts can be an important means of increasing
micronutrients in the diet.
In the next section, publicly available data from the Global
Dietary Database on foods considered to have a large influence
on diet quality are summarized to outline current levels of
consumption, trends over time and trends across income groups.

TABLE 3.1: Dietary risks considered in the Global Burden of Disease Study
Food/diet risk component
(ranked based on most DALYs generated:
top generates the most)

Theoretical minimum risk exposure level (range to avoid health risk)

Diet low in fruits

Consumption of fruit between 200 g and 400 g per day

Diet high in sodium

Consumption of sodium between 1 g and 5 g per day

Diet low in wholegrains

Consumption of wholegrains between 100 g and 150 g per day

Diet low in vegetables

Consumption of vegetables between 350 g and 450 g per day

Diet low in nuts and seeds

Consumption of nuts and seeds between 12 g and 20 g per day

Diet low in seafood omega-3 fatty acids

Consumption of seafood omega-3 fatty acids between 200 mg and 300 mg per day

Diet low in fibre

Consumption of fibre between 28 g and 32 g per day

Diet high in processed meat

Consumption of processed meat between 0 g and 14.3 g per day

Diet low in polyunsaturated fatty acids

Consumption of polyunsaturated fatty acids between 10% and 15% of total daily energy

Diet high in trans fatty acids

Consumption of trans fatty acids between 0% and 0.8% of total daily energy

Diet high in sugar-sweetened beverages

Consumption of sugar-sweetened beverages between 0g and 64.3 g per day

Diet high in red meat

Consumption of red meat between 11.4 g and 17.1 g per day

Diet suboptimal in calcium

Consumption of calcium between 0 g and 0.77 g per day

Diet low in milk

Consumption of milk between 425 g and 475 g per day

Source: Global Burden of Disease Study 2013 Collaborators (2015), Table 1

FAO and WHO are developing a Global Individual Database on Food Intake (GIFT), which, once completed, promises to represent an additional valuable resource on diets.

67
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3.1.2 Current consumption
Analysis of the Global Dietary Database food intake data
reveals substantial variation in food consumption in different
regions (see Figure 3.1, Panels A and B). From Panel A, we can
see that fruit consumption tends to increase from lower- tohigher income regions while vegetable consumption declines.
Consumption of seafood omega-3 fatty acids, present in fatty
fish, is over 70% higher in South-East Asia compared to other
regions. This is in contrast to dairy intake where consumption
exceeds 200 g/day in Europe, compared to <40 g/day in South-

East Asia. From Panel B, we can see that red meat consumption is
similar in East Asia, Latin America, North America and the EU-15.
Trans fat intake is highest in South Asia. Notably, the relative
consumption of sugar-sweetened beverages exceeds 400 g/day in
Latin America, followed closely by North America in contrast to
East Asia, where intakes are ten-fold lower (~40 g/day).

FIGURE 3.1: Intake of key foods and diet components, by region, 2013
PANEL A
grams per day unless otherwise specified

400
■ SSA
■ S. Asia
■ SE Asia
■ E. Asia
■ LAC
■ US-Can
■ EU-15
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■ SE Asia
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Red meat

Processed
meat

Sugar sweetened
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Source: Masters (2016), based on data from the Global Dietary Database
Note: SSA: sub-Saharan Africa; S. Asia: South Asia; SE Asia: South-East Asia; E. Asia: East Asia; LAC: Latin
America and the Caribbean; US-Can: USA and Canada; EU-15: European Union 15.
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Sodium *10

Transfat % *100

3.1.3 Change over time
In general, the consumption of the foods and diet components
in Panel A (the ‘healthy’ items) has grown in all regions over the
past decade and only about 5% show declines in a few areas (see
Figure 3.2). However, there are some important differences across
food types. Fruit consumption is increasing in all regions, while
vegetable consumption is increasing in only four out of seven
regions. Intake of wholegrains is rising substantially only in SouthEast Asia, while consumption of seafood omega-3 fatty acids is
declining in three out of seven regions.

Income growth is a doubleedged sword when it comes
to diet quality.

FIGURE 3.2: Changes in intake of key foods and diet components by region, 1990-2013 (%)
PANEL A
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Source: Masters (2016), based on data from the Global Dietary Database.
Note: SSA: sub-Saharan Africa; S. Asia: South Asia; SE Asia: South-East Asia; E. Asia: East Asia; LAC: Latin
America and the Caribbean; US-Can: USA and Canada; EU-15: European Union 15.
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The changes in consumption patterns for the foods and diet
components in Panel B (the so-called ‘unhealthy’ items) are
mixed (see Fig. 3.2). The picture for trans fats is encouraging,
with declines in all regions. Red meat consumption has declined
everywhere except in East Asia where it has risen by nearly 40%.68
The consumption of processed meat has risen in all regions while
sugar-sweetened beverage consumption has risen in more than
half of the regions, with the largest increase in North America
during the period. Changes in salt/sodium consumption have
been minimal in all regions.

3.1.4 Changes with national income level
Analysis of the impact of income level on diet changes across
countries in Figure 3.3 shows that as countries get wealthier,

the consumption of foods that are associated with high-quality
diets (the so called ‘healthy’ components) increase. But the
consumption of those associated with low-quality diets increase
even more strongly. For example, as national income increases,
the consumption of fruits, seafood and milk rise, as does the
share of polyunsaturated fats, but vegetable consumption
declines, as does fibre. Red meat consumption increases
and so too does the consumption of less healthy foods and
diet components such as processed meat, sugar-sweetened
beverages and sodium. The consumption of trans fats stays
constant. While the effects on the overall quality of the diet are
not clear, Figure 3.3 illustrates how income growth is a doubleedged sword when it comes to diet quality. Increased levels of
income certainly enable higher-quality diets, but they also enable
lower-quality diets.

Figure 3.3: Consumption of foods and other diet components by national income group, 2013
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Source: Compiled by the authors, based on data provided by Masters (2016)

 he decline in South and South-East Asia and sub-Saharan Africa may reflect a substitution of red meat by other types of fresh meat, but the current data do not allow this
T
possibility to be assessed.
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But the trends in Figure 3.3 are not predestined for the lower- and
middle-income countries. As their income increases, they do not
have to emulate high-income countries: they can increase the
consumption of foods that are consistent with a high-quality diet,
while keeping in check the consumption of foods that are not.
South Korea is a good example of a country with income
levels that have grown rapidly but where obesity rates have

remained low (at approximately 6% compared to the UK’s
28%).69 Why South Korea has been able to chart this course
is not entirely clear. It is thought that some combination
of a healthy traditional diet, excellent monitoring of diet in
annual surveys and the implementation of a range of food
systems policies designed to encourage the availability and
consumption of foods consistent with a healthy diet are
responsible for this trend.70

3.2 Diets of important population subgroups
The data from the Global Dietary Database are not available for
different age and gender categories and regular diet surveys may not
cover the particular dietary needs of certain age groups. Yet as the
previous chapter outlined, there are some very important groups
of individuals that have special nutrition requirements throughout
their life cycle. Here we draw on specialized data to fill the gap.

FIGURE 3.4: Percentage of infants age 0-5 months
who are exclusively breastfed by region, around
2000 and 2012
■ Around 2000 (1998-2002) ■ Around 2012 (2008-2012)
60

From birth to five months of age
The latest data indicate that only a small fraction of all babies
in the world meet dietary recommendations. The number of
babies who are exclusively breastfed is rising slowly in low- and
middle-income countries (Figure 3.4). This is due, in part, to
active promotion campaigns71 but gains are at risk due to weak
implementation of the International Code on the Marketing of
Breast-milk Substitutes into national legislation (only 39 countries
out of 193 have fully enshrined the Code in legislation).72 Between
2008 and 2013, total world milk formula sales volume grew by
40.8%, from 5.5 to 7.8 kg per infant/child/year and is projected
to increase by 30.4% to 10.8 kg in 2018, with growth led by the
infant (0–6 months) and follow-up (7–12 months) categories.73

Infants and young children

50

For infants and young children aged 6–23 months, WHO
recommends that breast milk consumption should continue,
complemented by the intake of foods that are sufficiently
energy-dense and diverse to promote optimal growth. WHO
recommends two indicator thresholds to assess the diet quality
of infants and young children: the percentage of 6–23 month olds
who attain a minimum diet diversity (MDD) and the percentage
who attain a minimum acceptable diet (MAD). Between them,
they measure diet quality for this age group.74
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IFPRI (2016a)

69

IFPRI (2015a)

70

IFPRI (2014)

71

IFPRI (2016a)

72

World

Central America

Caribbean

Western Asia

South-Eastern Asia

Southern Africa

Western Africa

Central Africa

Eastern Africca

Latin America
and Caribbean

Asia

Africa

0

For the low- and middle-income countries where data are
available, the percentages are low. An average of 28% of infants
are consuming minimum dietary diversity (MDD) across 60
countries for which we have data and an average 15% of infants
are consuming a MAD in 50 countries for which data are available
(Table 3.2).75 However, the range is wide for both indicators,
at 5–90% and 3–72% respectively, suggesting the potential for
improvements even within a low- and middle-income context.

Baker et al. (2016)
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IFPRI (2016a)
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and any babies she may give birth to. It concludes that:
“Cereal-based diets, with low consumption of nutrient-dense
foods, characterize intakes across regions”.

TABLE 3.2: The percentage of infants and
young children meeting WHO minimum
recommended standards for diet in lowand middle-income countries
Percentage of infants and young
children 6–23 months
of age who meet the minimum
recommended levels

Indicator of
coverage of
interventions

Number of
countries
with data

Children 6–23
months who
receive MDD

60

28

5

90

Children 6–23
months who
receive a MAD

50

15

3

72

Median for
countries
with data

Lowest
Highest
Prevalence prevalence

Source: 2016 Global Nutrition Report, Table 5.1, IFPRI (2016a)

Adolescent girls and young women
The nutrition status of adolescent girls is low due to the loss of
nutrients through menstruation; it is also a time when many
of them are getting ready to become mothers. A recent major
review of the quality of the diets of adolescent girls (10–20
years) in a wide range of low- and middle-income countries76
found that there have inadequate levels (by at least 50%) of:
iron, zinc, calcium, vitamin D, folate, thiamin and riboflavin –
micronutrients that are all vital for the good health of the girl

Mothers of reproductive age
Maternal nutrition is closely tracked because of the nutritional
demands of pregnancy on women and because of the
consequences of poor maternal nutrition on their newborn
children.77 However, few countries collect internationally
comparable data on the quality of women’s diet. What we
have are from nationally representative surveys (Demographic
and Health Surveys) in a small number of sub-Saharan African
countries. Using this data, Figure 3.5 shows that most women
report consumption of starchy staples, but less than half of
women – for all six countries – consumed legumes and nuts,
vitamin A-rich fruits and vegetables, dairy or eggs in the
preceding day.
Using these same data, analysis78 shows that higher socio-economic
status was associated with higher dietary diversity for women, with
an increased intake in the number of food groups consumed and
more frequent consumption of fruits, vegetables and ASF (i.e. meat,
dairy and eggs). Interestingly, obese women, compared to thin
women, had a greater amount of dietary diversity, with particular
increases in fruits and vegetables and animal-based foods. As
already noted, rising incomes may simultaneously facilitate access
to more diverse and nutrient-rich foods, as well as more energydense diets. This trend has also been reported elsewhere.79

FIGURE 3.5: Percentage of women aged 15-49 years who gave birth in the last three years who
consumed various food groups in the day or night preceding the survey, DHS surveys 2007-2010
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Source: Kothari et al. (2014), Table 2.10
Note: Year of data; Ghana 2008, Liberia 2007, Madagascar 2008–9, Nigeria 2008, Tanzania 2010, Zambia 2007.
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Mayén et al. (2014); Imamura et al. (2015)
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3.3 Purchases of processed foods
Growth of sales of processed foods, including ultra-processed
foods, is shown on Figure 3.6. (The definition of what we include
in the ultra-processed food category is shown in Table 3 in
Appendix 4.) The purchases of food do not equate to actual
intake, but still provide a useful proxy measure of how diets are
changing. Data on the sales of processed foods are collected from
formal retailers by the market analysis firm, Euromonitor. The
key limitation of this data source is that no data are available for
low-income countries, only for those in the middle- (lower and
upper) and high-income categories.

As Figure 3.6 shows, sales in high-income countries have
levelled off for all three categories of processed food, although
per capita volumes remain high. In contrast, sales have grown
rapidly in lower-middle-income countries and upper-middleincome countries and are catching up with the high-income
countries. For example, in 2000, sales of ultra-processed foods
and beverages in the upper-middle-income countries were
one-third of those in the high-income countries. Fifteen years
later, they were more than half.

FIGURE 3.6: Trends in per capita sales volumes of non-alcoholic beverages, processed foods and ultraprocessed foods by country income group, 2000–15, with 15-year average growth rates shown
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Source: Baker (2016)

In 2000, sales of ultra-processed foods and beverages in the
upper-middle-income countries were one-third of those in the
high-income countries. Fifteen years later, they were more than half.
In low- and middle-income countries, more than half of the young women
and adolescent girls surveyed do not meet their micronutrient needs.
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The sales of most processed foods in the high-income countries
have plateaued. Growth is visible in nearly all of the middleincome countries (Figure 3.7). The lower-middle-income
countries are showing the fastest growth in sales for processed
foods that contribute calories, sugars, salt and fats, but little
in the form of fruits and vegetables, legumes and wholegrains

and micronutrients, i.e. biscuits and snack bars, confectionery,
ice cream and frozen desserts, and sweet and savoury snacks.
Upper-middle-income countries show the greatest growth in the
products that are easier to classify as part of a high-quality diet,
i.e. processed fruits and vegetables.

FIGURE 3.7: Total change (percentage) in sales of processed foods (kg/capita per year), by country income
group, 2010–15
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Source: Compiled by the authors, based on data from Baker (2016)
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Figure 3.8 shows the data for the non-alcoholic beverage category
(defined in Table 3.3, Appendix 4), which includes carbonated
soft drinks, concentrates, ready-to-drink coffee and tea, juice
drinks and sports and energy drinks. It shows that sales of

bottled water are increasing in every region. Sales of carbonated
drinks are rising in Africa, Asia, the Pacific and the Middle East.
Juices and ready-to-drink sweetened tea and coffee sales are also
increasing strongly in East Asia and the Pacific.

The lower-middle-income countries are showing the fastest
growth in sales for processed foods that contribute calories,
sugars, salt and fats, but little in the form of fruits and
vegetables, legumes, wholegrains and micronutrients.
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Much of the recent growth over the 2000–15 period in ultraprocessed foods and beverages in lower-middle-income countries
and upper-middle-income countries can be explained by the
East Asia and Pacific and South Asia regions,80 which together
are home to four of the world’s six most populous countries

(i.e. China, India, Indonesia and Pakistan). Much of the stagnant
growth in high-income countries has occurred in North America.81
But Africa, the region where hunger and chronic undernutrition
are declining least rapidly, is also experiencing a rapid increase in
the consumption of ‘highly processed foods’ (Box 3.2).

Box 3.2: The rise of highly processed foods in Southern and Eastern Africa
A recent study makes a unique contribution to how diets are
changing in Africa by pooling survey data from six African
countries to explore the consumption patterns of different
income groups in rural and urban areas (see Figure 3.9). It
shows that as incomes rise, highly processed foods take an
increasing share of the food basket value; this is true for rural

as well as urban settings. In urban areas, in the highest income
group, highly processed foods take 65% of the value of the
food basket compared to 35% for this group in rural areas.
The diets of the poorest households in urban areas are also
a concern as they spend 31% of their food basket on highly
processed foods.

FIGURE 3.9: Percentage of monetary value of food consumed from different categories: Ethiopia
2004/2005, Uganda 2009/2010, Tanzania 2010/2011, Mozambique 2008/2009, Malawi 2001/2011,
South Africa 2010
Percentage of value of food consumed from different categories
■ Own production ■ Purchase: unprocessed

■ Purchase: low processed

■ Purchase: high processed
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Source: Compiled by the authors, based on data in Tschirley et al. (2015)

In urban areas of Southern and Eastern Africa,
in the highest income group, highly processed foods
take 65% of the value of the food basket compared
to 35% for this group in rural areas.
Baker (2016)

80

Popkin and Slining (2013); Gómez and Ricketts (2013)

81
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3.4 Implications
PANEL A: F&V consumption
1990-2013
by ultra-processed
foods, whileg/day,
othersregions,
consume
too much red
meat, saturated and trans fats, soda and ultra-processed foods
■ Total F&V g/day 1990 ■ Total F&V g/day 2013
and soft drinks. Although fruit intake has been increasing, people
■ WHO min threshold F&V g/day
are still not consuming sufficient amounts, while vegetable intake
500
is declining.

The data reviewed in this chapter represent the most complete
internationally diet data available. We have brought together
disparate data to provide a picture of recent trends in diets
around the world. But the data are imperfect – they are highly
fragmented across methods and surveys, and partial in coverage
of foods and countries.

400
By way of example, an analysis of dietary intakes of fruits and

vegetables, and salt shows that South and South-East Asian
countries exceed the minimum WHO recommended levels of
300
fruit and vegetable consumption but also exceed the maximum
WHO recommended consumption of salt/sodium (see Figure
200
3.10, Box 2.1). Higher-income countries such as the United
States, Canada and European countries, despite their wealth,
are not reaching the recommended levels of fruit and vegetable
100
consumption. In fact their fruit and vegetable consumption is
below the average found in sub-Saharan Africa.

FIGURE 3.10: Consumption of (A) fruits and vegetables (F&V) and (B) sodium in relation to WHO
recommended levels
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We conclude that huge numbers of people worldwide have
diets that are not of high quality. Box 3.3 summarizes the diet
data we presented in the context of what is recommended for a
high-quality diet (Chapter 2). It shows a vast gap between what
people could be eating to address malnutrition in all its forms, ill
health and premature mortality. Infants are not being breastfed
as formula sales soar; young children, adolescents and women are
existing on monotonous, starch based-diets with little diversity
and inadequate animal source foods, increasingly supplemented

PANEL A: F&V consumption g/day, regions, 1990-2013

PANEL B: Sodium consumption g/day, regions, 1990-2013
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PANEL B: Sodium consumption g/day, regions, 1990-2013

Note: SSA: sub-Saharan Africa; S. Asia: South Asia; SE Asia: South-East Asia; E. Asia: East Asia; LAC: Latin America and the Caribbean; US-Can: USA and Canada;
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Box 3.3: A summary of diet data

Infants and young children
•	Based on data from over 100 low- and middle-income
countries, less than half of all babies from 0–6 months of
age are meeting WHO recommended practice of being
exclusively breastfed. Breast milk is the optimal food for
children in this age group.
•	A small proportion of infants and young children from
low- and middle-income countries – at the median of a
set of approximately 60 countries with data – are meeting
minimum WHO recommended dietary standards.

Women and adolescent girls
•	A systematic review of 85 studies from low- and middleincome countries found that the diets of more than half of
the young women and adolescent girls surveyed did not
meet their micronutrient needs.

All individuals in a population
• F ruit and vegetable consumption is below WHO
recommended levels in every region except East Asia
(Figure 3.10A).
•	
Salt/sodium consumption of salt is above WHO
recommended levels in East Asia and South-East
Asia (Figure 3.10B).
•	
Vegetable consumption is lowest in South-East Asia and
the EU-15 (at almost identical levels). Unlike fruit, vegetable
consumption has declined in several regions in the period
1990–2013, including SE Asia, North America and LAC and
also declines as national incomes rise.

Source: Compiled by the authors

While the consumption of recommended components of
diet is increasing worldwide, the consumption of less healthy
diet components is also increasing. This includes, in particular,
growth in the consumption of ultra-processed foods. The
team that helped to compile the Global Dietary Database and
have analyzed it for its health consequences82 conclude that
the quality of the diets – from a disease perspective – actually
declines as national income rises. While this assertion requires
more analysis before being fully accepted, we note that highincome country populations consume high levels of foods that
are good for health but also foods that are not.

•	
Fruit consumption is generally increasing over time and
by country income group, but levels are highly variable. For
example, more than 60% of women surveyed in six African
countries report not consuming any fruits and vegetables
rich in vitamin A in the previous 24 hours.
• R
 ed meat consumption levels are currently low in subSaharan Africa and South Asia, but consumption in these
regions actually decreased from 1990 to 2013. Red meat
consumption has increased substantially in East Asia and
is now at levels seen in the USA and Canada. In general as
national income rises, more red meat is consumed.
• S ugar-sweetened beverage (SSB) consumption levels are
much higher in North America, Latin America and the
Caribbean than in any other region, and in North America
they increased substantially between 1990 and 2013. The
upper-middle-income countries are where consumption
of SSBs is growing most rapidly.
• P
 rocessed meat consumption is increasing in every region:
in SE Asia, Latin America and North America, intakes have
increased by approximately 40% over the past two decades.
•	
Trans fat consumption is highest in South Asia and is
declining only slowly there.
• U
 ltra-processed food purchases have levelled off in the
high-income countries, but are growing rapidly in lowmiddle-income countries and in upper-middle-income
countries (and in upper-middle-income countries from
a much higher level). In the poorest urban populations
surveyed in six African countries, 31% of the basket value of
food is going to highly processed foods. In the upper-income
group in urban areas, the share is as high as 65%.

Thus, the low- and middle-income countries of today do not
have to follow the nutritionally damaging path that high-income
countries have taken: diets low in calories and micronutrients
can be addressed without increasing consumption of salt, added
sugars and harmful fats beyond recommended levels. Policy
makers need to find more direct and less damaging dietary
pathways from where their countries are to where they want to
be. Chapters 7 and 8 provide advice and guidance on how policy
makers can achieve this.

Imamura et al. (2015)
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Forecasting changes in
food availability
• A continuation of current trends in food availability will not deliver
the diets needed to accelerate hunger reduction or reduce the
growth in obesity.

• Vegetable production is projected to rise much less rapidly than

fruit production. For vegetable availability to meet recommended
levels, there will need to be a strong drive to action across policy,
research, technology and infrastructure.

• Forecasts on the availability of meat, fish and dairy suggest robust

KEY MESSAGES

growth in demand from middle-income countries but less in lowincome countries where availability needs to be accelerated. While
in middle-income countries, ways need to be found to slow down
increases in availability once upper limits consistent with good
health are in sight.

• The numbers of people with obesity are growing exponentially

in the developing world and show no signs of slowing down. For
example, by 2030, sub-Saharan Africa’s rate of overweight and
obesity is expected to reach 17.5%, double that of 2005.

• If current trends continue, the health and economic costs will

be large. The developing world could avert four million deaths
per year by 2050 if the consumption of fruits, vegetables and red
meat – as well as total calorie availability – is brought in line with
recommended levels.

• Different regions and countries need to focus policy on particular

dimensions of diets to reap health benefits. For example, for Brazil,
China and the Philippines, the greatest projected benefit is from
reducing red meat availability.
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4 Forecasting changes in food availability
The available data tell us that while diet quality is improving among some groups of people, overall the negative trends are dominant.
How might we expect them to develop over the next two decades? In this chapter, we consider what people might be eating in
low- and middle-income countries up to 2035. The analysis of future food consumption is a difficult task for two reasons. First, given
limitations in the available data and existing models, it is not possible to forecast diets directly. Second, the myriad of factors that
can affect diet quality directly and indirectly develop very differently in specific situations and localities so detailed and finer-grained
analysis is necessary at local levels. Nevertheless, there is a range of useful measures associated with diet quality for which predictions
can be made. Therefore, we use a variety of approaches to achieve this, as explained more fully in each subsequent section.

4.1 Calorie adequacy

While most of major world regions met the Millennium
Development Goal for hunger in 2015,83 business as usual (BaU)
estimates84 (shown in Figure 4.1) suggest that by 2030, there will
still be 653 million calorie-deficient people. This is down from 795
million in 2015. Most of the reductions in calorie insufficiency will
come from Asia, while Africa will see a levelling off. If nothing is
done, Asia and Africa will still be grappling with significant hunger
in the next 15 years.
Estimates suggest that if investment of US$117 billion were made
in rural areas over the next 15 years (which is additional to a social
protection transfer of US$19 billion), this would be sufficient to
get to zero hunger in sub-Saharan Africa.85 Although the US$117
billion is not driven by nutrition considerations, much of it offers
great opportunities for improving the quality of diet as well as the
quantity. For example, approximately 40% of the investment is
slated for roads and energy infrastructure, vital for building effective
cold chains for fresh foods, while 10% is for agro-processing and
12% is for research and development (R&D), and extension.

Figure 4.1: Undernourishment in the base year and
projections to 2030 in the business-as-usual (BaU)
scenario, FAO
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Here we report on FAO projections of undernourishment based on
total calorie availability. The measures are useful to assess the role of
adequacy as a critical dimension of diet quality for many countries.
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Refocusing these investments through a diet quality lens would
enable these large public and private flows to deliver diets higher
in diversity (and hence micronutrients), without trade-offs in
hunger reduction.

If nothing is done, Asia and
Africa will still be grappling
with significant hunger in the
next 15 years.
83

FAO, IFAD and WFP (2015b)

FAO, IFAD and WFP (2015a)

84

■
■
■
■
■
■

Source: Compiled by the authors, based on data in FAO, IFAD and WFP
(2015a), Table 1 .
Notes: (1) the total undernourished in the base year of 2005–7 is 949
million, (2) BaU scenario: In the various regions, GDP is projected to
increase at rates between 2.0% (in Latin America and the Caribbean) and
4.5% in East Asia (Table 2). The population in the five regions is expected to
grow by an annual average of 1.1% between the baseline period and 2030.

FAO, IFAD and WFP (2015a)
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4.2 Food availability
Available calories come from different foods and this is an
important measure of diet diversity, which, as shown in Chapter
2, is a critical component of diet quality. Here we draw on FAO
projections to 2030 on food availability.86 The projections show
significant changes over time for a number of foods in different

regions. In Figures 4.2–4.4, the bars above the line show growth in
calorie availability per capita from each food, while those below
the line show a decline. Note that the Food Balance Sheet data
from FAO do not permit a separation for each of these categories
into processed and unprocessed foods.

FIGURE 4.2: Growth in per capita daily caloric intake (2005/2007-2030): Low- and middle-income countries
and high-income countries
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Overall, projected per capita growth rates are much higher
in developing than developed countries (Figure 4.2). These
increases have many implications for diet quality. For ASF,
growth in availability will be particularly high in the developing
world; poultry, beef and dairy will all grow rapidly. ASF have a

complex profile with respect to nutrition (Box 4.1). They provide
essential micronutrients in a highly digestible form, which is of
particular nutritional value in pregnancy and early childhood.
At the same time, certain ASF, such as processed meats and red
meat (above a certain level), are less healthy.

Alexandratos and Bruinsma (2012)

86
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Box 4.1: Animal source foods (ASF): The challenge of hitting the healthy range87
Globally, in recent decades there has been a large increase in
the production of poultry and dairy, while growth in red meat
(from ruminants such as cows and sheep) has been slower
(mainly driven by static levels in the developed world). For fish,
there has been a shift from wild-caught to farmed fish, which
now accounts for half of world production. These shifts have
been associated with higher productivity, as the capacity of
chickens and fish to convert feed (largely from grain crops) into
meat is far better than for ruminants. At the same time, much
animal production takes place on ever-larger farms, with many
livestock housed in stall-fed systems, reliant on water and feed
brought in from elsewhere, generating heavy environmental
and animal welfare costs, such as greenhouse gas emissions
and nitrate pollution from slurry. International trade in ASF
has grown rapidly as well, with middle-income countries now
becoming major importers and exporters. These trends in

production and trade have made ASF more available in the
developing world.
But the trends in availability are not linear. FAO finds an S-shaped
relationship between increased incomes and increased demand
for ASF.88 In other words, at a certain income in the middleincome range, demand rises rapidly. Hence middle-income
countries run the risk of “overshooting” the ASF healthy
consumption range. Low-income countries are projected to
struggle to increase ASF consumption to the levels needed to
address micronutrient deficiencies. So the challenge for lowincome country policy makers is to increase consumption of
ASF (excluding processed meats and being mindful of excess red
meat consumption levels). In middle-income countries, policy
makers have to find ways of putting the brakes on consumption
before levels overshoot the healthy range.

Source: Compiled by the authors

Figure 4.2 shows that cereal availability will experience a lower
level of growth, except for barley, most of which will be used in
beer production. While the availability of certain fruits, such as
citrus and bananas is projected to grow rapidly, the projected
growth in the availability of vegetables and pulses – both

important for diet quality – is low. It will require a concerted effort
to change the trajectory of vegetable availability (Box 4.2). The
availability of vegetable oil will grow rapidly in the developing world
with health effects dependent on the type of oil that is growing
most rapidly (e.g. palm oil is less healthy than olive oil).

Box 4.2: Fruits and vegetables: Shifting the projections89
Chapter 3 showed that in almost all parts of the world,
current consumption of fruits and vegetables is below WHO
recommended levels. It is clear from Figure 4.2 that this picture,
at least for vegetables, will not have changed much by 2035
unless something happens to accelerate current trends. What
might that be?

middle-income countries have lagged far behind that of
staple crops.
As we shall see in Chapter 8, public policy can incentivize
greater investment in the infrastructure required to produce,
store and transport fruits and vegetables, for example via
the reform of consumer food price subsidy policies which
currently tend to focus on staple crops. These public
sector incentives would provide additional impetus
for improvements in commercial production, such as
higher-quality seeds and more efficient and lower cost
shadehouses and greenhouses,91 extending growing
seasons and areas.92 Technology developments in tracking
transportation, processing and storage technologies93
may also improve availability.

Fresh fruits and vegetables are challenging to produce and
distribute. They are susceptible to temperature extremes
during production and are highly perishable and so need to
be brought to market in an unbroken cold chain or processed
(dried, canned, pickled etc.) rapidly.90 Technological innovation
has considerable potential to improve fruit and vegetable
availability. But, as Chapter 6 will show, public research and
development investments in vegetable breeding for low- and
Source: Compiled by the authors

Garnett (2016) 88Alexandratos and Bruinsma (2012) 89Meade et al. (2016)
Ruiz-Garcia et al. (2009); Samadi (2014); Luo et al. (2016)

87
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90

FAO (2016a)

Brown-Paul (2014)

91

Siegel et al. (2014)

92

Figures 4.3 and 4.4 reveal substantial differences in the projected
rates of change in availability for countries in four different
regions. In sub-Saharan Africa, growth rates in availability will be
below 1% for most commodities except for a range of ASF (such
as poultry, eggs and pig meat), while in South Asia, growth rates
will be higher, particularly for poultry meat availability (Figure 4.3).

In the wealthier countries of East Asia, growth rates will be
highest for ASF, fruits and vegetable oils (Figure 4.4). In all four
regions, growth rates for vegetables and pulse availabilities will be
amongst the lowest.

FIGURE 4.3: Growth in per capita daily caloric intake (2005/2007-2030): Sub-Saharan Africa and South Asia
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Notes: The commodity and country aggregation follows Alexandratos and Bruinsma (2012).

A continuation of current trends will not deliver
the high-quality diets needed to accelerate hunger
reduction or reduce the growth in obesity rates.
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FIGURE 4.4: Growth in per capita daily caloric intake (2005/2007-2030): East Asia and Latin America
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■ East Asia
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Source: FAO Global Perspectives Studies Team, unpublished data
Notes: The commodity and country aggregation follows Alexandratos and Bruinsma (2012).

Accounting for population growth, the obesity prevalence for sub-Saharan
Africa will be 17.5% in 2030– a doubling of the figure in 2005.
 e developing world will avert four million deaths per year by 2050 by
Th
bringing the consumption of fruits and vegetables and red meat in line
with recommended levels.
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4.3 Sales of ultra-processed foods
As we noted in Chapters 2 and 3, the consumption of ultraprocessed foods is thought to contribute significantly to
overweight and obesity, and levels of consumption of added
sugars, saturated and trans fats and salt that are above
recommended levels. The largest sales growth has been in the
low- and middle-income countries. Figure 4.5 projects these
data forward to 2035.94 The projections suggest that sales of
ultra-processed foods will not change substantially in highincome countries, but will grow substantially in lower-middleincome countries and even more rapidly in upper-middleincome countries. In fact, based on current trends, projections

in Figure 4.5 show that by 2035, the sales of ultra-processed
foods in upper-middle-income countries will reach almost 75%
of the levels in high-income countries.
When examined at a regional level (figures not shown here),
much of the projected rapid growth in ultra-processed food
consumption in lower-middle-income countries and uppermiddle-income countries will be in East Asia, including such
populous middle-income countries as China and Indonesia, while
sales in South Asia and sub-Saharan Africa will grow more slowly
and from a lower base.95

FIGURE 4.5: Projections of sales per capita of processed foods, non-alcoholic beverages and ultra-processed
foods and beverages to 2035 in countries at different levels of income
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4.4 Health implications of food availability projections
How will these projected changes translate into health impacts?
First, obesity rates have already been increasing at an exponential
rate in low- and middle-income countries. Figure 4.6 shows this
clearly for the period 1980–2015. The change in the number of
obese men and women for Africa, Asia and Latin America and
the Caribbean is stark.

population growth, estimates suggest that in 2030, the obesity
prevalence for sub-Saharan Africa will be 17.5% – a doubling of
the figure for 2005.96

Projections of obesity rates to 2030 are therefore a major concern
(see Box 1.1). The number of obese men and women is growing
in nearly every region (Figure 4.6). For example, accounting for

The analysis here and work commissioned for this report 97
shows that a continuation of current trends in food availability
and diets is unlikely to slow obesity rates down. Can we put
a number on the costs of failing to do so? The best available
estimate is from Springmann et al. (2016).98 They compare
FAO 2050 projections99 of calories available from fruits and

The projections on food purchases are based on projected trends in GDP per capita and the KOF Index of Globalization as a measure of the extent of a country’s integration
into the global economy. The projections cover 78 countries, representing 82% of the world’s population in 2015, but they do not contain any low-income countries
(Baker, 2016). 95Industry-based Euromonitor sales data do not include low-income countries. As the drivers of ultra-processed food and non-alcoholic beverage sales in
low-income countries are likely to be similar to those in middle-income countries, it is reasonable to conclude that sales and consumption will also increase in the former
towards 2035, but probably at a slower rate and from a lower base than in low-medium-income countries. 96Kelly et al. (2008) 97Springmann et al. (2016c)
98
Springmann et al. (2016c) 99This is the same data series we used in Section 4.2, but which we only projected to 2030.

Food systems and diets: Facing the challenges of the 21st century 65

vegetables, from red meat and the total calorie availability with
the corresponding recommended dietary levels from WHO and
the World Cancer Research Fund (WCRF)100 referred to here as
the ‘dietary guidelines’. They model the effects of moving red meat
consumption (down), fruits and vegetable consumption (up)

and total calories (down) to recommended levels. They assume
that food availability data approximates food intake data. For
the developing world, they estimate that the adoption of
these three dietary changes would, in 2050, lead to four million
deaths avoided.

FIGURE 4.6: Trends in the numbers of men and women affected by obesity: 1980–2010
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Source: NCD Risk Factor Collaboration (2016), Figure 8

Figure 4.7 shows the benefits in terms of avoided deaths per
million of the population in 2050 of adopting this improved
(but still limited101) dietary profile: East Asia and Latin America
and the Caribbean stand to gain the most from adopting these
recommended levels, followed by sub-Saharan Africa.
The projections help to prioritize where the greatest policy effort
needs to be placed, at least among these limited number of foodrelated health risks. For example, for South Asia and sub-Saharan
Africa, health gains will be realized mainly through increases in fruit
and vegetable consumption, whereas in East Asia, the gain will be
from reducing the consumption of red meat because projected
levels in 2050 will be well over those recommended levels. In Latin
America and the Caribbean, the largest share of health improvement
will come from reducing calorie availability per capita.
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■ Southern Latin America
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■ North Western Europe
■ South Western Europe
■ Central Europe
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Figure 4.8 disaggregates the analysis in Figure 4.7 to the country
level for a selection of countries. Two things are worth noting.
First, on current trends, Brazil will stand to gain more than the
US in terms of number of deaths avoided by adopting the dietary
guidelines recommended by WHO and WCRF.102 Similarly, South
Africa will stand to gain more than Australia, and Bangladesh
will gain more than Japan. This reinforces the extent to which
developing country diets, based on current trends, will change
over the next 35 years in ways that are not consistent with
recommended levels. Second, different countries will need to set
different priorities over the next 35 years. For India, Bangladesh
and Pakistan, an important challenge is to increase fruit and
vegetable consumption beyond currently forecast levels. For
China and the Philippines, a key challenge is to bring red meat
consumption more in line with recommended levels by 2050.

100
Full details are given in Springmann et al. (2016). The recommended intakes they apply are as follows: Minimum five portions per day of fruits and vegetables,
max 300 g per week of red meat, less than 50 g per day of sugar and total energy intake as recommended for moderately active population (2200–2300 kcal per day).
101
For example ultra-processed foods are not modelled  102Full details are given in Springmann et al. (2016a)
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In conclusion, a continuation of current trends will not deliver
the high-quality diets needed to accelerate hunger reduction
or reduce the growth in rates of overweight and obesity. The
drivers of these trends are found both outside and within food
systems. Drivers found within food systems will be addressed
in Chapter 5. It is the main drivers found outside of food
systems–the contextual drivers – that we turn to next: how
do they shape diets and food systems and what kinds of diet
challenges do they pose?

Australia

low- and middle-income countries, especially in East and
South-East Asia where projected sales levels will approach
those for high-income countries by 2035.

FIGURE 4.8: Deaths avoided by applying dietary
guidelines for fruits and vegetables, red meat and
energy intake to food availability data (compared
to 2050 FAO projections) – selected countries
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supplementary data
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in pulses. Sub-Saharan Africa and South Asia also show low
growth in vegetable availability.
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trajectories. Fruits will have achieved a steady growth in
availability but growth rates have been lower for vegetables.
For vegetable availability to have met recommended levels,
there will need to have been a strong push on policy, research,
technology and infrastructure.
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the consumption of other types of ASF will continue to grow.
The growth in ASF will be uneven. It will be slowest in the very
places it is needed the most – low-income countries where lack
of micronutrients and dietary diversity is a real problem. ASF
will increase rapidly in middle-income countries with the risk
of an overshoot beyond healthy levels of ASF availability.
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slowly in sub-Saharan Africa, with absolute numbers barely
changing. Hunger will continue to be a serious issue that food
systems need to address in 2035. The resources that will be
required to end hunger also have the potential to improve
dietary diversity.

China

• Hunger rates will have reduced quite rapidly in Asia but more

FIGURE 4.7: Deaths avoided by applying dietary
guidelines for fruits and vegetables, red meat and
energy intake to food availability data (compared
to 2050 FAO projections) by region
Deaths avoided per million of population, 2050

The overall picture of likely food availability outcomes in 2035
is outlined below.

Source: Compiled by the authors, based on data in Springmann et al. (2016a),
supplementary data
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KEY MESSAGES

Why are diets changing?

• Many factors outside the food system have profound implications

for diet quality. Important examples include: income growth,
changes in the size and structure of populations, urbanization,
globalization, climate change and competition for natural resources.

• These drivers are interrelated and combinations of them offer both
opportunities and threats for the attainment of high-quality diets.
There are genuine trade-offs and tensions to be resolved.

• The food system is the place where these drivers converge to

influence diet and as such, the food system becomes a place where
these tensions and trade-offs can be resolved.
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5 Why are diets changing?
In the previous chapter, future projections in food availability and purchases were reviewed, along with the economic costs of
continuing with current trends and the benefits of changing them. In the chapters that follow, we consider how these changes might
be made. Here, we take a closer look at the role of a number of the most important drivers of diet. In particular, we focus on the role
of income growth (including changes in poverty and inequality), urbanization, the policies and processes of globalization, population
change, climate change and resource use as drivers of diet change.103

5.1 Income growth
In Chapter 3, we saw that increases in income are accompanied
by more diverse dietary patterns which are characterized by a
move away from starchy staples such as grains, roots and tubers
towards other food groups, greater demand for processed
foods to cook at home and more prepared foods bought and
consumed away from home. This is the case at household
and country levels.104
While increased income reduces hunger and improves diet
diversity, it is a double-edged sword for diet quality105 as it also
compromises the latter by enabling consumption of excessive
calories, ultra-processed foods and excessive consumption of
meat. Thus, current trends will mean that while diets will improve

in terms of calories and some micronutrients, the balance in the
intake of foods that contribute to high-quality diets in only small
quantities will tip over into excessive consumption.
Figure 5.1 shows projections to 2030 of annual growth in real
per capita GDP. South Asia is expected to be the fastest growing
region, followed by East Asia and South-East Asia. Growth in per
capita GDP in sub-Saharan Africa is positive, but relatively low
compared to Asia. The lower growth in income in sub-Saharan
Africa will result in a slow down in the rise in consumption of
foods that lower diet quality, but, as discussed in Chapter 3, it will
also slow down increases in the consumption of foods that will
improve diet quality.

FIGURE 5.1: Projected annual growth rate (%) of real per capita GDP, by region, 2015–30
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The effects of income growth on diets will also depend on how
evenly that growth is shared within counties. Figure 5.2 provides
poverty projections from the World Bank for low- and middleincome countries.106 It shows that, globally, a 3% goal for poverty
at US$1.90 a day can be achieved by 2030 only if the poorest

40% of the population in each country grow faster than the rest.
This kind of inclusive growth will probably help to improve diet
quality faster given that those at lower incomes have diets that
are low in calories and micronutrients.

The possible policy interventions that may affect these drivers (and therefore future diets) are beyond the scope of this report.
Reardon and Timmer (2014) 105Ruel and Alderman (2013) 106Lakner, Negre and Prydz (2014)
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FIGURE 5.2: Global poverty projections with different assumptions about the inclusivity of growth
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5.2 Population change
Along with income, changes in the size and structure of
populations will be a strong predictor of future diets. Figure
5.3 presents the latest population projections from the UN.

Africa’s population is estimated to double in the next 35 years.
Asia’s population will also increase substantially in absolute terms,
reflecting its current magnitude more than future rates of growth.

FIGURE 5.3: Projected changes in population, 2015–50
Regional % change, 2015-50 forecast
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Overall, population growth rates are decelerating as declining
birth rates catch up with declining mortality rates. The
demographic transition is slowest in sub-Saharan Africa107 and
parts of South Asia.108 The declines in birth rates, due to declines
in fertility rates, are positive for maternal and child nutrition
status.109 Maternal nutrient stores will be depleted by frequent
births, and household time, asset and food resources can be
focused on fewer household members. The increased potential
for vulnerable groups to access higher-quality diets under these
circumstances is clear.
The demographic transition means that many populations are
ageing and this has implications for diets. An individual’s nutrient
needs change with age; certain nutrients become harder to
absorb via diets (e.g. vitamin B12), in part because older adults
often eat less, but also because their diets change. The diet
quality of adults becomes more important as populations age,

as mortality becomes related to non-communicable rather than
communicable diseases. Figure 5.4 shows the recent mortality
profiles for women in low-income countries. After 40 years of age,
NCDs such as cancers and cardiovascular disease become the
leading cause of death.
The demographic transition also results in the potential for a
demographic “dividend”, where the ratio of those of working
age to those of non-working age reaches a peak. Many policy
makers in South Asia and sub-Saharan Africa regard this as a
dividend because there is an assumption that the new, young
labour market entrants will be able to gain jobs that generate
wage rates that keep households out of poverty. This is another
reason to focus on the diets of infants and young children –
to support their cognitive development and achievements in
school – achievements that should be rewarded in the labour
market in subsequent decades.110

FIGURE 5.4: Profile of female deaths by age, low-income countries
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The diet quality of adults becomes more important as
populations age, as mortality becomes related to noncommunicable rather than communicable diseases.
107
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5.3 Urbanization
The percentage of the world’s population that lives in urban areas
is increasing steadily and most rapidly in sub-Saharan Africa and
Asia (Figure 5.5). This is due to rapid population growth in towns
and cities and rural to urban migration.111 Urbanization generates

opportunities and challenges for food systems.112 Much of the focus
of work on urbanization and food systems has been in two areas: the
links between expansion of built up areas and the loss of agricultural
land, and on the relationship between urban incomes and diets.113

FIGURE 5.5: Urban percentage of overall population by region, 1950–2050
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 long with income, changes
A
in the size and structure of
populations will be a strong
predictor of future diets.

Being an urban dweller is associated with a number
of consumer preferences and lifestyle changes including:

• year-round access to fresh foods
• greater access to commercially fortified foods114
• access to a greater share of food in the market
• more people working outside the home and an associated
demand for foods that are more highly processed and
require less preparation time
• g reater exposure to food marketing and advertising
that influences norms and preferences on what is healthy
and what is not
• more sedentary lifestyles and fewer safe built-up areas
to encourage physical exercise
• t he lack of home space to prepare food and hence a
greater reliance on affordable street food which is often
high in fat and salt.115
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TABLE 5.1: Challenges and opportunities faced by consumers arising from urbanization
Factors affecting consumers

Opportunity for high-quality diets

Challenge to high-quality diets

Increased access to fresh
foods

Fresh foods such as fruits and vegetables are good
for high-quality diets

Consumption of ASF above certain levels are not
consistent with high-quality diets

Greater access to
commercially fortified foods

Promotes access to micronutrients for vulnerable
groups who can afford fortified foods

Improper fortification or high cost of fortified foods are
a risk for high-quality diets

Accessing a greater share of
food from markets

A greater range of processed foods such as
legumes, vegetables and fruits are available

A greater range of high-energy-dense, lowmicronutrient foods are available. Consumers are
more vulnerable to food price changes due to
international and domestic shocks

Demand for foods that
require less preparation time

Availability of good quality prepared food saves
time for other activities that are important for
nutrition, such as child care

Foods may be unaffordable or low in nutrient quality
or unsafe

Demand for foods outside
home

Availability of good quality prepared food saves
time for other activities that are important for
nutrition, such as child care

Foods may be unaffordable or low in nutrient quality
or unsafe

Source: Compiled by the authors

Eating outside the home is found to be a risk factor for higher
fat intake and low-micronutrient levels in high-, middle- and
low-income country settings.116 Food safety (Chapter 2) is also
an issue of growing concern in urban areas.117 And food loss and
waste are more of a risk if food chains get longer as they tend
to do in urban areas.118 These challenges and opportunities are
summarized in Table 5.1.
For producers, the spatial concentration of urban populations
provides markets for domestic food producers, provided there is
sufficient land and water available to meet this increased demand
and internal transport and market infrastructure costs are not
prohibitive. But where land or water resources are converted
from farm to residential or industrial use, or where infrastructure
quality is poor and costs are high, domestic production will
struggle to respond to the increased demand. Imported food may
be cheaper and preferred if its quality is higher and its processing
makes it more convenient to the consumer.
Whatever the source of food, rapid urbanization provides
opportunities but also major challenges to food systems and the
infrastructure underpinning them. For example, in Nigeria, one
of the countries that is urbanizing most rapidly, estimates suggest
that a Nigerian city of four million inhabitants would require
one three-tonne truck of food supplies entering the city every
90 seconds to feed the population.119 This represents a major
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Bayo (2006)
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challenge for policy makers who are aiming to strengthen their
agricultural sector. It also poses a serious threat to the livelihoods
of domestic farmers. Land use, water use and investments in
infrastructure for transport, storage and other logistics need
to be made in line with maximizing livelihood opportunities
for domestic farmers and diet quality opportunities for all.
Conurbations provide opportunities to sell processed and fresh
products in areas of high population density, opportunities
that large supermarkets as well as smaller retail outlets are well
placed to take up. Choices made about location, size and fees
and taxes will be critical to the ability of these businesses
to improve the access of vulnerable people to food that is
nutritious, safe and affordable.
The fact that so many research studies find rates of urban
dwelling to correlate to lower levels of undernutrition and higher
levels of overweight and obesity – even controlling for income
levels120 – highlights both the challenges and the opportunities
of urbanization when it comes to the production and acquisition
of high-quality diets. Policy makers need to find ways of
strengthening the positive links between urbanization and diet
quality, while not blunting its ability to help reduce hunger and
undernutrition. City and municipal governments will have a
particularly important role to play here, given that they tend to
have a large influence over the evolution, design and planning
of urban infrastructure and local business regulations.

IFPRI (2016a)

120

5.4 Policies and processes of globalization
Policies implemented to drive forward economic globalization
have wrought changes throughout the food system, in turn with
significant implications for diet quality. Policies, notably the
process of trade liberalization, have influenced national food
production, transport, processing and imports and exports and
investments between countries.121 This in turn has influenced
food availability, prices, promotion and safety in different ways.
Some have argued that these policies have reduced hunger.122
The impacts on undernutrition are hard to trace but it
seems evident that there is potential for both coherence
and incoherence between trade policy and undernutrition
outcomes.123 In food safety, trade liberalization likewise has
had both positive and negative implications.124 For forms of
malnutrition associated with excess and imbalance, evidence
indicates that trade liberalization and foreign direct investment,
facilitated by advances in information and communication
technology, have made it easier to make certain food and drink
products (e.g. oils, ultra-processed foods and sugar-sweetened
beverages) more available to consumers in low- and middleincome countries.125 For example, a cross-country analysis126
estimated that low- and middle-income countries that enter
free trade agreements with the US have a 63% higher level

of sugar-sweetened beverage consumption per capita than
countries that did not, controlling for GDP per capita and
urbanization levels. This has led some to argue that globalization
has been a driver of the obesity epidemic.127 Extensive
econometric analyses of several data sets show that globalization
is substantially and significantly associated with an increase in
the individual propensity to be overweight among women.128
Results from a quantitative analysis using a fixed-effects
panel model indicate that the impact of trade openness and
foreign direct investment is positive and significant in lowand middle-income countries.129
Trends in recent decades in globalization, as measured by the
KOF Index of Globalization130 suggest that, while globalization
appears to be levelling off globally, it is still increasing steadily
in South Asia and sub-Saharan Africa, where current rates of
market penetration by large-scale food businesses and retailers
are relatively low. Given the growing demand for highly processed
and ultra-processed foods in the lower- and upper-middleincome countries (Chapter 3) and the relative lack of food-based
dietary guidelines from these country groupings (Chapter 2),
they are likely to be targets for food processing and retailing
companies seeking to grow their markets.

5.5 Climate change
There are important consequences of climate change for diet
in terms of adequacy and quality. Direct consequences include
rising temperatures, more volatile rainfall and the increased
incidence of extreme weather events that will adversely affect
crop and livestock productivity. The impacts of these changes
will depend on the overall increase in greenhouse gases in the
atmosphere and associated rise in average global temperatures.
Twenty years of global studies show crop yields to be negatively
affected by climate change in the tropical areas where hunger
is most widespread.131 In general, they indicate that crop yields
will increase in Northern Europe under a range of climate change
scenarios. At a global level, Nelson et al.132 present results for
nine economic models with common exogenous drivers for
seven climate change scenarios across four crops (staples) and 13
regions. They find most models predicted a significant increase
in food prices that will reduce the affordability of foods.

study published in the Lancet133 sheds some light on this issue.
Using a coupled agriculture-health model, it is estimated that
climate change over the period to 2050 will generate 529,000
net additional deaths from diet-related causes compared to a
reference scenario of no climate change. Most of these deaths
would occur in the low- and middle-income countries of the
Western Pacific and South-East Asia and would be due to
changes in the lower availability of fruits and vegetables which
would lead to 534,000 climate-related deaths. These would far
outweigh the health benefits associated with reductions in red
meat availability due to climate change (29,000 avoided deaths).
In addition, other studies134 estimate that the global impacts of
elevated carbon dioxide on the zinc content of grains, tubers
and legumes will place 138 million people at new risk of zinc
deficiency (and hence at risk of diarrhoeal diseases) by 2050.
Those likely to be most affected would be living in Africa and
South Asia, with nearly 48 million in India.

From a diet quality perspective, it would be helpful to know
which foods are most vulnerable to climate change. A recent

Ocean acidification is a further consequence of climate change,
leading to a fall in the availability of oceanic calcium carbonate

Hawkes, Grace and Thow (2015); FAO (2004) 122Anderson (2010) 123Hawkes (2015); FAO (2015b) 124Hawkes (2015) 125Thow and Hawkes (2009); Baker, Kay and
Walls (2014); Hawkes et al. (2009) 126Stuckler et al. (2012) 127Malik, Willett and Hu (2013) 128Goryakin et al. (2015) 129Miljkovic et al. (2015) 130The KOF Index of
Globalization measures the three main dimensions of globalization: Economic, social and political. For more information see: http://globalization.kof.ethz.ch/
131
Wheeler and Von Braun (2013) 132Nelson et al. (2014) 133Springmann et al (2016b) 134Myers et al. (2015)
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used by marine species to build their shells. Seafood is a good
source of nutrients and omega-3 fatty acids which are beneficial
to health (Chapter 2). The consequences of acidification include
a reduction in the availability of shellfish, losses of coral reefs
(which offer habitats to many fish species) and possible collapse
of the krill fisheries in the Southern Ocean. Such adverse impacts
on the oceans would aggravate the impact on marine ecosystems
from overexploitation of many fish stocks and cut availability of
high-value nutrient-rich seafood.135
Indirect effects on diet quality will be influenced by the
agreements made at the 21st Conference of the Parties (COP) to

the UN Framework Convention on Climate Change (UNFCCC)
held in Paris in December 2015.136 At this conference, all
governments agreed to keep average global warming to well
below 2ºC and to aim towards 1.5ºC. This implies a significant
cut in greenhouse gas emissions below current trends, to
avoid breaching the global carbon budget. If such policy shifts
do indeed occur, they are likely to have a range of indirect
consequences for diets. For example, a rise in energy costs
will have implications for the costs of fertilizer production,
food transport, trade, storage, processing and transformation,
although the net impacts on diet quality will be context specific
and are currently under-researched.137

5.6 Depletion of natural resources
The quantity and quality of food available depends on
fundamental natural assets – soils, water and biodiversity – and
how they are managed. The evolution of diets and food systems
will be constrained by natural resource availability and the
intensity of natural resource use of different diets (see Chapter 3).
As population and incomes grow, the world’s natural resource
base is under increased pressure. For example, the last 50 years
have seen significant degradation of soils in many parts of the
world138 with the conversion of natural habitats into cropland
and the intensive cultivation of inappropriate areas. The
expansion of cropped areas has led to the erosion of biodiversity,
with potentially serious consequences for human health and
well-being.139 Biodiversity is important as it constitutes a reservoir
of genetic diversity from which future crops, medicines and
livestock can be developed. The web of insects, soil micro-fauna
and other life forms, provides critical services for ensuring the
production of crops and livestock. For example, estimates
have been made of the global impacts of a loss in pollination
services by important insect species on the production of fruits,
vegetables and nuts and seeds and how this translates into
changes in micronutrient intake. Keeping calorie intake constant,
they show that the reduction in the availability of these foods of
high dietary value, arising from a 50% loss in pollination services,
would be associated with an additional 700,000 deaths per year
and 13.2 million DALYs per year due to increases in NCDs and
micronutrient malnutrition.140

McCauley et al. (2015)
FAO and ITPS (2015)
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Agriculture relies heavily on freshwater from rainfall, groundwater
and irrigation systems. In many areas, however, groundwater
extraction has led to a large fall in the water table. The principal
grain producing regions of northwest India, northeast Pakistan,
northeast China and the Midwest of the US have all experienced
high rates of groundwater depletion.141 Currently, agriculture
consumes more than 70% of freshwater but with rising demand
from industrial, energy and domestic uses, irrigation systems will
need to adopt more water-efficient methods of use if food yields
are to be maintained. Climate change is expected to aggravate
water shortages, increasing rainfall volatility and erosive run-off.
In assessing the environmental implications of different dietary
elements, as Chapter 2 shows, the manner in which particular
foods are produced and processed matters. For example, the
carbon and water footprint of red meat from intensive, stallreared cattle is very different to meat from extensive cattle herds,
fed on natural pastures, whose dung is a valuable source of plant
nutrients for local farmers.142
Increased pressure on natural resources will constrain food
production and may stimulate technical progress, while driving
diets in unpredictable and highly context-specific ways. The
growing consensus on the need to price scarce resources, such
as water, should provide strong incentives both to increase
the efficiency of resource use and to generate technical
improvements.

United Nations (2016a) 137Wheeler and Von Braun (2013)
Godfray and Garnett (2014) 140Smith et al. (2015) 141Whitmee et al. (2015)
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Garnett (2014)
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5.7 Implications
This chapter has briefly considered the main drivers that
will directly influence diet quality in the future. Drivers offer
both opportunities and threats for the attainment of
high-quality diets.

The food system becomes a place where tensions emerge, but where
they can also be resolved. In the next chapter, we consider in more
detail how food systems work and the elements within them that
could be levered to reorient the trajectory of diets into the future.

• Income growth will allow households to access more

Policy makers need to think through systematically the possible
combination of contextual drivers that shape their own food
systems. But how should they then use this information? The
following chapters will highlight where policy makers should
look within their food systems to leverage them towards
high-quality diets (Chapter 6) and what they can do to achieve
that (Chapter 7).

food and a more diverse basket of foods that contribute
to a high-quality diet but it will also enable the purchase
of a greater quantity and variety of food products that
undermine diet quality.

• Urbanization offers greater convenience to consumers in terms
of low-cost food prepared outside the home, but also creates
risks around food safety.

• Globalization offers investment opportunities for food
businesses to generate incomes, activity and employment but
also makes foods high in sugar, salt and fats more available.

• Climate change policy should reduce the consumption of foods
with a high carbon footprint.
There are thus genuine trade-offs and tensions to be resolved.
Moreover, all the aforementioned drivers are interrelated. For
example, higher incomes, urbanization and globalization are
closely interconnected.
Yet there is one place – albeit an extensive one – where these
drivers converge to influence diet: the food system.143

• Income and population growth increases the demand for
food which places stresses on the food system; the food
environments produced by food supply systems are influencing
what food is available to be purchased with new income and
how much food is purchased per capita.

• Urbanization has a myriad of effects on food systems that
influence diet quality, including taking land away from food
production while also providing hubs of innovation for new
ways of producing food and by being the locus of mass retail
and ‘out of home’ food provisioning.

• The processes of globalization have had a transformative
impact on food systems by enabling the development of new
supply chain networks and changing food environments.

• Climate change and natural resource depletion place stresses
on food production and increase the volatility of supply; the
production of elements of a high-quality diet (e.g. meat for
those with low levels of consumption) contributes to climate
change through increased CO2 emissions.

Finally, we offer a typology (Table 5.2) for policy makers to
help with the identification of the diet issues that their specific
contextual drivers are likely to push them towards. Table 5.2
presents 16 typologies of contextual drivers that can be applied
at the national or subnational level. Guided by the analysis in
this chapter we identify four contextual stratifiers, each with
two values: low-middle-income; rural/urban; low-high-market
liberalization; and natural resource-rich/-poor.
Middle-income contexts tend to be less vulnerable to calorie
shortfalls (i.e. food takes up a smaller share of overall income)
and ASF consumption (i.e. high-income elasticities), but remain
vulnerable to low fruit and vegetable intake (because income
elasticities for these products tend to be lower) and to excess levels
of red meat, excess calorie intake and salt, sugar and unhealthy
fat intakes (due to increased purchasing power). Higher levels of
market liberalization reduce the transactions costs of marketing
both fresh and processed foods. Urban contexts are more
vulnerable to food and lifestyle choices that prioritize the intake
of prepared food and food away from home, foods that can be
energy-dense and micronutrient-sparse and can be prepared in
unsafe ways. Environments that are natural resource-poor144 can be
vulnerable to climatic variation (e.g. due to fragile water tables or
lack of forest cover), have low levels of biodiversity, high population
density and overuse of scarce natural resource capital (e.g. due to
crop choices that require high levels of energy or water).
Drawing on a range of evidence, Table 5.2 links these 16
typologies to 10 key features of high-quality diets as identified
in Chapter 2. The features cover calorie adequacy, the availability
of key foods that are markers for diet quality, food safety, climate
resilience and natural resource use. The relevant stratifiers for
typologies and the diet quality priorities will vary by context:
Table 5.2 presents an example for others to adapt and shows that
different typologies lead to different sets of priorities for food
systems. The nature of the diet challenges generated by 4 of the
16 typologies with suggestions for countries that contain these
contexts is provided in Box 5.1.

Seto and Ramankutty (2016) 144See Solability Sustainable Intelligence (2016) for an index of the natural capital of different countries. High-ranking countries are
characterized by the availability of abundant water combined with a tropical climate, rich biodiversity and availability of other natural resources.
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Box 5.1: Underlying driver typologies and the dietary challenges they generate
Many low-income countries contain regions that reflect the
following typologies: Typology 1 – a context with low-income,
rural, low-market liberalization and natural resource-poor
people. Bangladesh is an example of a country that contains
this typology. Bangladesh is low-income, two-thirds rural,
has a low level of natural capital and has relatively low levels
of globalization according to the KOF Index.145 Clearly,
hunger remains an issue in Bangladesh, diet quality is low
and food systems need to be made more resilient. These
are the challenges for the food system to address. But the
context is complicated by the fact that one third of the
population is urban and in these areas, market liberalization
will be higher and dietary challenges will include the lowering
of consumption of some diet components. For example,
Bangladesh has the 99th highest estimated prevalence of
diabetes (out of 193 countries). Countries increasingly have
to address multiple contexts within their borders.
Typology 8 contexts are low-income, urban, high-market
liberalization and natural resource-rich. They need to focus
more on improving diet diversity and food safety – while not

forgetting about hunger in critical rural areas. Zambia is an
example of a country that contains such a context. It is lowincome (at least in terms of poverty rates), is more urban than
most sub-Saharan African countries, is natural resource-rich
and has relatively high levels of globalization. It will still need
to tackle hunger, while increasing the diversity of food group
consumption, address food safety issues in rapidly growing
urban areas and manage the availability and consumption of
ultra-processed foods, which tend to be energy-dense and low
in fibre and micronutrients.
Typology 13 contexts are medium-income, urban, highmarket liberalization but natural resource-poor. They should
focus primarily on increasing the consumption of fruits
and vegetables, reducing the incentives to consume ultraprocessed foods and pay extra attention to food safety and
reducing ecological footprints. Egypt is an example of a
country containing this typology. It is a lower-medium-income
country; it has a relatively high percentage of its population
in urban areas, and is natural resource-poor with moderate to
high liberalization of markets. Calorie availability is very

Source: Compiled by the authors

TABLE 5.2: Contextual driver types and priorities for food system goals
Example of Food System Goal

Contextual Driver Types

Address calorie
shortfalls

Incentivize
higher ASF
intake

Incentivize higher
F&V intake

1. Low income, rural, low market liberalization, natural resource poor

Higher

Higher

Higher

2. Low income, rural, high market liberalization, natural resource poor

Higher

Higher

Higher

3. Low income, rural, low market liberalization, natural resource rich

Higher

Higher

Higher

4. Low income, rural, high market liberalization, natural resource rich

Higher

Higher

Higher

5. Low income, urban, low market liberalization, natural resource poor

Medium

Medium

Higher

6. Low income, urban, high market liberalization, natural resource poor

Medium

Medium

Higher

7. Low income, urban, low market liberalization, natural resource rich

Medium

Medium

Higher

8. Low income, urban, high market liberalization, natural resource rich

Medium

Medium

Higher

9. Medium income, rural, low market liberalization, natural resource poor

Medium

Medium

Higher

Lower

Lower

Medium

11. Medium income, rural, low market liberalization, natural resource rich

Medium

Medium

Higher

12. Medium income, rural, high market liberalization, natural resource rich

Lower

Lower

Medium

13. Medium income, urban, low market liberalization, natural resource poor

Lower

Lower

Medium

14. Medium income, urban, high market liberalization, natural resource poor

Lower

Lower

Medium

15. Medium income, urban, low market liberalization, natural resource rich
16. Medium income, urban, high market liberalization, natural resource rich

Lower

Lower

Medium

Lower

Lower

Medium

10. Medium income, rural, high market liberalization, natural resource poor

Source: Compiled by the authors
ETH (2016)
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IFPRI (2016a)

146

Note: F&V refers to fruits and vegetable
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high and is concentrated on staples. Fruit and vegetable
consumption needs to increase and overall calories need
to decrease. Food systems need to be resilient and to
reduce their ecological footprint given the reliance on
irrigated food production.
Typology 16 contexts are medium-income, urban,
high-market liberalization and natural resource-rich.
They should focus on reducing ultra-processed food
intake and lowering red meat intakes, excess calorie
intakes, salt, added sugar and unhealthy fats intakes.
Extra attention should also be paid to food safety.
Indonesia is an example of a country that contains this
context. It is medium-income, majority urban, relatively
natural resource-rich and has relatively high levels of
globalization. It is suffering from high levels of multiple
forms of malnutrition:146 stunting of children aged under
five, anaemia in women and adult overweight and
obesity. It has many diet quality challenges and in fact
will contain many of the 16 driver typologies listed here
within its borders.

Incentivize
reduced ultraprocessed foods
intake

Incentivize
lower red
meat intake

Reduce excess
calorie intake

Drivers offer both opportunities
and threats for the attainment
of high-quality diets.

We present this typology not as a definitive answer to the
question of what should different food systems be focusing on.
Each context will generate its own drivers, types and priorities.
But we do encourage policy makers and their teams to take
the time to create a version of Table 5.2 that suits their national
and subnational contexts. It is one way of identifying different
typologies within their own country and making explicit
the breadth of food system outcomes they want to see. The
construction and completion of such a typology can also serve
as a way of identifying and reconciling competing priorities and
trade-offs in an inclusive, consensus-building process.
As we will show in the following two chapters on food systems
and food environments – and the policies that can shape them –
the need for inclusive and evidence-informed policy processes
is vital for making policy decisions that lead to the attainment
of food system goals.

Incentivize lower
salt, added sugar,
unhealthy
fat intake

Pay extra
attention to food
safety

Increase climate
resilience of
food systems

Reduce ecological
footprints of food
systems

Lower

Lower

Lower

Lower

Lower

Higher

Higher

Medium

Lower

Lower

Lower

Medium

Higher

Higher

Lower

Lower

Lower

Lower

Lower

Medium

Medium

Medium

Lower

Lower

Lower

Medium

Medium

Medium

Medium

Lower

Lower

Lower

Medium

Higher

Higher

Higher

Lower

Lower

Medium

Higher

Higher

Higher

Medium

Lower

Lower

Lower

Medium

Medium

Medium

Higher

Lower

Lower

Medium

Higher

Medium

Medium

Medium

Lower

Lower

Lower

Lower

Higher

Higher

Higher

Medium

Medium

Medium

Medium

Higher

Higher

Medium

Lower

Lower

Lower

Lower

Medium

Medium

Higher

Medium

Medium

Medium

Higher

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Higher

Higher

Higher

Higher

Higher

Higher

Higher

Higher

Higher

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Higher

Higher

Higher

Higher

Higher

Medium

Medium
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Food systems and
diet quality
• Food systems comprise all the processes involved in keeping

us fed: The food supply, food environments and food consumers
all form part of the broader food system.

• The food supply system comprises interrelated subsystems which

take food from farm to fork, including agricultural production;
storage, transport and trade; transformation retail and provisioning.

• There has been a shift in the balance of food systems over past

KEY MESSAGES

decades – from “local systems” with short food chains and minimally
processed foods delivered in local markets or consumed by the
producing household towards more “global systems”. These have
long food chains involving multiple pathways and/or transformations
where consumers rely on the market to access food.

• Agricultural production has vital implications for diet quality

because it forms the basis of the foods that people eat. Evidence
shows the food availability from agriculture has increased and
foods other than staples have increased faster. But there is still
a bias in terms of investment and policy in the public and private
sectors towards a small number of staple crops.

• Foods produced by agriculture do not necessarily reach consumers

in the form in which they are harvested. They may be used as animal
feed, lost during storage, contaminated with food safety risks or
transformed into processed foods. The nature of these changes has
important implications for diet quality.

• Beyond agriculture, the food supply system influences which

foods move through the system and in what form, which are made
available and affordable to different people, and how safe they are.
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6 Food systems and diet quality
In Chapter 1, we outlined what we mean by ‘the food system’. This chapter provides an in-depth view of the elements of food systems
and their implications for diet quality.

6.1 What are food systems?
Food systems comprise all the processes involved in keeping
us fed: growing, harvesting, packing, processing, transforming,
transporting, marketing, consuming and disposing of food.
They include the inputs needed and outputs generated at
each step. A food system operates within and is influenced by
social, political, economic and natural environments.147 This
and other definitions of food systems148 emphasize that food
systems produce food, that they are made up of a broad set of
components from production to consumption and that they
are influenced by external social, political and other drivers.
Food systems also produce outputs, which are not food as
by-products or co-products – such as ethanol (for fuel).

Consumers are an important part of food systems. They
eat the food produced by the system and, in so doing,
influence what the system produces. Food cultures – values,
beliefs and social norms around food – play an important
role in shaping what people eat and what they demand from
the food system. Food choices and dietary patterns represent
a central aspect of human societies and have strong symbolic
value in the development of personal and social identities.
Consumer incomes and other socio-economic characteristics
also play a key role in what people can afford to buy. Food
skills and literacy also influence food production, purchasing
and consumption.

FIGURE 6.1: Conceptual framework for the links between diet quality and food systems

Drivers of food systems

su
Food

Food
environment

Agricultural
production
subsystem

Nutrient
quality &
taste of
available
food

Food retail and
provisioning
subsystem

pply system

Physical
access
to food

Food storage,
transport and
trade subsystem

Consumer
Preferences

Time

Diet
quality
Purchasing
power

Food
labelling

Knowledge

Food
price

Food
promotion

Food
transformation
subsystem

Source: Compiled by the authors

Eames-Sheavly et al. (2011) 148Neff, Merrigan and Wallinga (2015); Babu and Blom (2014); Ericksen (2008); Reardon and Timmer (2012); Sobal, Khan and Bisogni
(1998); Combs et al. (1996); HLPE (2014); Dixon (2015)
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However, in a two-way street, food systems in turn play a role
in shaping consumer food preferences, attitudes and beliefs
and therefore food cultures more broadly.149 They influence
what consumer’s decide to acquire and eat and, therefore, their
diet quality. This is because they shape what can be termed
‘food environments’ – the foods available to people in their
surroundings as they go about their everyday lives and the
nutritional quality, safety, price, convenience and promotion
of these foods. Food environments play an important role in
shaping diets because they provide the choices from which
people make decisions about what to eat; they constrain and
signal what people can acquire and, as a consequence, influence
the decisions people make.150 Food environments circumscribe
how income can be spent on food.151

income for farmers and the rest of the economy through
multiplier effects.
2) Food storage, transport and trade subsystem, in which
food is handled, treated, stored, packed, moved, transported
and traded. This subsystem starts immediately after food
is harvested, which is often on the farm. It also involves all
aspects of moving and transporting food products from
production to consumption and provides the physical links
between the other food subsystems.

Underpinning these food environments are food supply systems.
Often referred to as the ‘food supply chain’ or ‘food value chain’”
they are in fact a series of interlinked and interacting subsystems
that create food environments. Four of the core subsystems
can be categorized as follows (Figure 6.1).

3) Food transformation subsystem, in which produced foods
are transformed into final products, which can occur at the
postharvest stage and/or later. Although many crops such
as roots, fruits and vegetables can go almost straight from
field to retail, much of the food produced enters the food
transformation subsystem and is first processed in some way.
How food is processed has a strong influence on the form in
which foods are available for consumers. This subsystem also
includes the marketing of these products.

1) Agricultural production subsystem, which represents
the primary production of foods and related inputs, including
the production of arable crops, horticulture, animals and
fish. It is vitally important as it provides the basis of what foods
are available to the rest of the food system and generates

4) Food retail and provisioning subsystem, comprises the
actors who move products through the market into the hands
of the consumer. Markets, informal retail, street vendors,
supermarkets and small stores are where the majority of the
world’s population acquires their food.

6.2 Changes in food systems
Food systems across the globe are highly diverse. They comprise
‘local systems’ made up of ‘short food chains’ with minimally
processed foods delivered in local markets or consumed by the
producing household, ‘global systems’ with ‘long food chains
involving multiple pathways and/or transformations’ and
'everything in between.152
While food systems remain diverse, there has been a significant
shift in the balance over past decades towards ‘long chain’
models. This means that more food is transported, traded and
transformed after it leaves the farm, leading to a shift in emphasis
away from the farm into later food supply systems – sometimes
referred to as the ‘middle of the chain.’ These food supply chains
are increasingly complex, specialized, and have strong vertical
links between production stages.153 The main shifts have been:
• D
 istancing between production and consumption, from
shorter to longer chain food systems, in which consumers
are physically further from the point of production.

•	From producing foods direct for the cooking pot to
producing ingredients for food processing. Raw ingredients
from agriculture are increasingly transformed through
the food system. Soya oil can become a trans fat; chicken can
be combined with vegetable oils and refined carbohydrates
to make ultra-processed food; and fruits can be used as an
ingredient in processed foods high in sugar. Many ingredients
from agriculture are also transformed into an increasingly
diverse array of non-food products such as biofuels.
•	From growing food to eat, to buying it. The most recent
available data show that in most low-middle-income countries,
the majority of food is not grown by the households that
consume it, but acquired from the market through the food
retail and provisioning subsystem (Figure 6.2).154
•	An increase in role and power of the private sector relative
to the public sector. As food chains have lengthened and
food transformation increased, enormous opportunities have

Hawkes et al. (2015) 150Swinburn, Egger and Raza (1999); Glanz et al. (2005); Story et al. (2008); Swinburn et al. (2011); Vandevijvere and Swinburn (2015); Hawkes
et al. (2015); Herforth and Ahmed (2015) 151Herforth and Ahmed (2015) 152FAO (2013); Brunori et al. (2016) 153FAO (2013) 154Note, the World Bank LSMS unit
informs us that comparable time series data for the value of food are not available.
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grown for private sector investment in the food system. Today,
the private sector – ranging from farmers to huge transnational
corporations – is the main actor in the food system. The power
and concentration of large agribusinesses, manufacturers and
retailers, has grown. This in turn means that power structures
in food systems have changed, which not only influences what
is produced, but political decision making.155

(e.g. 85% in the United States),156 in low-middle-income
countries, these middle segments have grown to form
30–40% of the value added and costs in food value chains.157
Human labour in agriculture remains extensive, although
the development of mechanical, chemical and biological
technologies has enabled substitutions for labour in the field.
There has been a concomitant shift away from labour in the
home to the middle of the chain, reflecting shifts towards the
use of technology in food preparation, as well as additional
food processing and preparation in the food system.

•	A shift of value, labour and power to the middle of the
food chain. Though still far less than high-income countries

FIGURE 6.2: Percentage of household value of food consumed by source of acquisition
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6.3 Elements of food supply systems relevant to diet quality
In each of the parts of the food supply system illustrated in
Figure 6.1, there is a wide range of different elements relevant
to diet quality. In each case, their influence is exerted through
their impact on ‘food environments’. Here we exemplify

a small number of these elements and why they matter for
diet quality. The elements exemplified are summarized in
Table 6.1 and discussed further in Chapter 7 as food system
entry points for policy.

TABLE 6.1: Examples of food supply systems elements that have the potential to influence diet quality via
food environments
Subsystem and element
Agricultural production
1) Degree of diversity of production

Why it matters for diet quality
Can have direct impact on availability of diverse foods for farmer households and local diets
where people are served by short-chain food systems reliant on local production; provides the
global pool from which all foods are made

2) Amount (quantity) of production
of different foods and ingredients

Drives the quantity of different foods available for human consumption globally

3) Productivity of different foods and
ingredients

Key influence over the amount of production of different foods and ingredients

4) Agricultural research investments

Influences productivity of different crops and the nature of the crop production systems

Storage, transport and trade
5) Degree of food losses and waste

Influences the degree to which different foods produced by agriculture can reach consumers

6) Contamination with food safety risks

Influences whether food is safe

7) Transport infrastructure

Influences availability and prices of different foods

8) Imports and exports

Influences availability and prices of different foods, including by providing ingredients for food processing

Transformation
9) Investment in food processing

Influences the type of food processing, which in turn affects whether ingredients produced by
agriculture are transformed into food, which contribute to high diet quality or undermines it

10) Degree and type of food advertising
and promotion

Influences the appeal of different foods to consumers

Retail and provisioning
11) Degree of traditional vs. modern retail

Influences convenience in physical access to different types of foods, prices and food safety

Source: Compiled by the authors

6.3.1 Agricultural production

a broad range of other food system outcomes. We recognize the
central importance of this question but do not deal with it here.

Agricultural production produces the foods and ingredients that
form the basis of the quantity and diversity of foods available for
human consumption. What is produced has vital significance for
diet quality. There are a large number of elements of agricultural
production subsystems that have implications for diet quality.
We focus on just four: (1) diversity of production; (2) amount of
different foods grown, raised and caught; (3) degree of productivity;
and (4) agricultural research. Cutting across these four elements is
the question of how foods are produced, which also has significant
implications for not just what is produced, but how safe it is and

The first key element in the agricultural production subsystem
we exemplify as potentially important for diet quality is the
diversity of production i.e. what crops are being grown and
raised other than staples such as starchy roots. In local short
chains, the diversity of local production can affect local diets. In
the shortest of chains – i.e. when producers consume their own
production – there is evidence that increasing on-farm diversity
can have a strong impact on dietary diversity among subsistenceoriented producer households.158 At the landscape level, where

158
Kumar, Harris and Rawat (2015); Jones, Shrinivas and Bezner-Kerr (2014); Dillon, McGee and Oseni (2015); Hoddinott, Headey and Dereje (2015);
Sibhatu, Krishna and Quam (2015)
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There is evidence that increasing
on-farm diversity can have a
strong impact on dietary diversity
among subsistence-oriented
producer households.
linkages to more distant markets are weak, production diversity
can also be associated with dietary diversity.159 But food is often
sold on to markets far away from the location of production and
where producers do participate in markets, the role of on-farm
production diversity is less significant in contributing to improved
diet quality. The diversity that is available to non-farm
households is a function of a combination of local, national
and global markets, not what is just produced locally. This
in turn reflects what is produced nationally and globally.
When measured at a global level, the degree of diversity of
production of broad food groups has changed very little over

past decades.160 Nevertheless, FAOSTAT data indicate that
there have been changes in the amount of different foods that
are produced (Figure 6.3). This is the second element we identify
as important for diet quality. Figure 6.3 shows that between
1961 and 2011, total calorie availability increased globally and
in all regions. The proportion that has come from non-staple
foods has also increased, except in the US and more recently
in Europe, where this has remained constant at a relatively high
value (Figure 6.3).161 The amount of staples (cereals and starchy
roots) has not increased per capita since the mid-1980s (i.e.
increased in total, but not per person), while the quantity of
most of other foods has (Figure 6.4). Steady increases have been
seen in the availability of vegetable oils, various ASF and fruits
and vegetables. However, some regions show very little change
in food availability patterns over this 50-year period.

The degree of diversity of
production of broad food
groups has changed very little
over past decades.

FIGURE 6.3: Percentage of energy from non-staple foods and total dietary energy per capita by region, 1961–2011
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Duriaux and Baudron (2015) 160Remans et al. (2014); Khoury and Jarvis (2014) 161FAO food balance sheets provide a picture of national food availability for human
consumption by taking total production of different commodities and adjusting these for imports, exports and food losses during storage and transportation, from
which average per capita food availability can then be estimated.
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FIGURE 6.4: Global per capita availability per day (kcal) from different foods: 1961, 1986 and 2011
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Source: Compiled by the authors, data compiled from FAOSTAT (FAO, 2015a)

Behind these global changes are large regional variations. East
Asia (dominated by China, Japan and South Korea) has shown
the biggest transformation. In the 1961–2011 period, per capita
calorie availability increased from 1600 to just over 3000 and

the percentage of calories from sources other than cereals and
starchy roots has doubled, from 25% to 50%. This shift from
a calorie profile dominated by cereals towards a much more
diverse set of calories sources is illustrated by Figure 6.5.

FIGURE 6.5: East Asia, 1961–2011, calories from different categories
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South-East Asia is the next most transformed region, with per
capita calorie availability increasing from 1800 to 2700 and
the percentage of calories from sources other than cereals and
starchy roots increasing from 25% to 40% over the 1961–2011
period. South Asia and Africa have shown mainly increased
calorie intakes over this period (Africa: from 2000 calories to 2700
and the percentage from non-cereals and starchy roots increased
from only 34% to 37%, while for South Asia, the corresponding
figures are 2300 to 2500 calories and 34% to 40%).
A core driver of the quantity of foods produced is productivity.
Between 1960 and 2000, productivity growth in low- and middleincome countries saw cereal and crop yields rise substantially,162
while that of legumes declined.163 This has been reflected in
increases in cereals and declines in legume availability, although
the latter has started to increase and cereals have stabilized
(Figure 6.4). Since the mid-1980s, the rate of increase in
productivity has slowed but productivity per unit of input (e.g.
breeds, feeds) as well as unit of land – i.e. total factor productivity
(TFP) – has risen.164 In 2001–10, increases in TFP accounted for
more than three-quarters of the total growth in agricultural
output worldwide.165
In meat, increasing productivity has played a fundamental
role in the rising supply. Increases in edible output per unit of
livestock have arisen from developments in feeding, breeding
and housing. The shift to poultry meat is because poultry is more
readily scalable than ruminants and delivers greater efficiencies

of production. They tend to have shorter breeding cycles than
ruminants and so selection for particular traits, such as yield,
delivers results more quickly. Intensive poultry production
systems also use less land.166
Productivity is not the only source of growth. For example,
increases in palm oil production is largely a result of increasing
land allocation. It has been calculated that area expansion has
accounted for well over 90% of palm production growth in
Indonesia and 77% in Malaysia.167
Increases in productivity reflect another element of the
agricultural production subsystem we identify as potentially
important: agricultural research.168 For many years, investment
into agricultural research has focused on a small number of
cereals.169 The Consortium of International Agricultural Research
Centers (CGIAR), which commands the most significant
capacity to conduct agricultural R&D in low- and mediumincome countries, still allocates about half of its resources
to rice and maize (Figure 6.6). In the private sector, about 45%
of research investment is directed towards just one crop: maize.170
This share is considerably higher than maize seed’s 25% share
of the overall seed market, but reflects the industry’s experience
that maize seed is the most profitable seed to produce. Other
crops have received relatively little funding. Notably, global
funding for pulse crop productivity is estimated to be
far less than invested in maize171 and comes mostly from
the public sector.172

FIGURE 6.6: CGIAR research funding allocated to specific crops in 2012 (in US$ million)
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6.3.2 Storage, transport and trade subsystem
After foods and ingredients are produced, they are stored and
packed and/or subject to treatment of some type (e.g. drying,
washing, cooling, ripening) and then transported and traded.
Elements of this subsystem that are potentially important for
diet quality include the degree of postharvest losses and waste,
contamination with food safety risks, transport infrastructure
and imports and exports.
Table 6.2 illustrates how food is lost across the food system,
starting with production all the way to consumption.173 In
middle- and high-income countries, much food is wasted at
the later parts of the food system. However, in low-income
countries, postharvest losses are particularly significant
and even in high-income countries, the majority of food
waste occurs before the household gets it (Figure 6.7).
This has implications for diet quality because it influences
the quantity of different type of foods produced by agriculture
that pass through the system. Crops that have high losses
during the postharvest period are important for basic
dietary adequacy in low-income countries e.g. rice, cassava,
groundnuts, as well as perishable foods vital for high diet
quality e.g. fruits and vegetables and milk.174 The crops which
have the highest levels of losses are fruits and vegetables due to

the warm and humid climate of many low- and
middle-income countries as well the seasonality that leads
to unsaleable gluts; losses mean that over half of fruits and
vegetables produced in low-income countries are never
consumed, compared to 20% for cereals.175 Legumes
are generally more difficult to store than cereals and are
more subject to losses from pests.
Food safety risks also occur throughout the food supply
subsystem (Table 6.3). As with food loss and waste, food safety
risks begin with production, particularly for livestock systems
where animal parasites, pathogens and toxins affecting consumer
health enter the system.176 Postharvest is particularly critical in
influencing whether these hazards are eliminated or spread and
can also be where new hazards are introduced. For example,
aflatoxins are toxins produced by fungi that attack cereals and
groundnuts in the field and represent a serious food safety
hazard for low-income populations who consume relatively large
quantities of staples (such as maize and groundnuts) in tropical
regions.177 While aflatoxins do appear in the production stage,
poor postharvest practices (mostly related to poor drying) and
storage conditions can increase aflatoxin prevalence. If the storage
environment is humid and warm, crop infection and crosscontamination can occur as if the grain is not well dried prior
to storage, it can be an ideal environment for fungal growth.178

TABLE 6.2: Food loss and waste along the value chain
Handling
and storage

Processing
and packaging

After produce leaves the
farm for handling, storage,
and transport

During industrial or
domestic processing and/
or packaging

During distribution to
markets, including losses
at wholesale and retail
markets

Losses in the home or
business of the consumer,
including restaurants/
caterers

Fruits bruised during
picking or threshing

Edible food eaten
by pests

Milk spilled during
pasteurization and
processing (e.g., cheese)

Edible produce sorted
out due to quality of
vegetables

Edible products sorted out
due to quality

Crops sorted out at post
harvest for not meeting
quality standards

Edible produce degraded
by fungus or disease

Edible fruit or grains
sorted out as not suitable
for processing

Edible products expired
before being purchased

Food purchased
but not eaten

Crops left behind in fields
due to poor mechanical
harvesting or sharp drops
in prices

Livestock death during
transport to slaughter or
not accepted for slaughter

Livestock trimming during
slaughtering and industrial
processing

Edible products spilled or
damaged in market

Food cooked
but not eaten

Fish discarded during
fishing operations

Fish that are spilled or
degraded after landing

Fish spilled or damaged
during smoking

Production

Distribution
and market

Consumption

Definition
During or immediately
after harvesting on
the farm

Includes

Source: Lipinski et al. (2013)

Lipinski et al. (2013)
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Transport infrastructure is an element of the food system that
matters for diet quality because of its role in perishable food
systems. Underdeveloped and unreliable national electric
and transport grids in low- and middle-income countries can
make cold storage of perishables both difficult and expensive,
so reducing the incentive to make them available and adding
significant costs. For example, in the Indonesian archipelago in
the mid-2000s, the inadequacy of the local transport grid meant
that procurement of fruits from rural areas was more expensive
than procurement from Thailand.179 Similarly, Mexico imports
20% of its fresh fruit and vegetable produce due to cheaper
cross-border procurement systems.180 This can also be the
case for staples. For example, evidence indicates it is easier
to import broken Thai rice to consumers in Dakar than to
transport local production from irrigated rice production
in the Senegal River Valley.181

FIGURE 6.7: Per capita food losses and waste at
consumption and pre-consumption stages (kg/year)
in different regions
■ Consumer ■ Production to retailing
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This indicates the importance of the amount, type and
destination of food imports and exports. According to FAO,
the value of global food exports has grown almost three-fold
between 2000 and 2012 and by around 60% in terms of volume
in the same period and this trend is predicted to continue.182
While cereals have historically been the most traded food, other
commodities have become more important. Trade in fish and
seafood has increased and is now among the most traded of
all food commodities from a value perspective, exceeding the
combined trade value of sugar, maize, coffee, rice and cocoa.183
International trade in fruits and vegetables has expanded at
a higher rate than trade in other agricultural commodities,
particularly since the 1980s. Not only has world trade in fruits
and vegetables gained prominence but also the variety of
commodities has expanded. In the vegetable oil market, trade
has facilitated the greater availability of soya and palm oil and
in the meat market, of dark chicken meat.184
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Trade has also affected the inputs and ingredients used in food
production. Imports of animal feed have been shown to be a
direct stimulus to greater meat production while sugar and a
variety of products are imported to produce ultra-processed
foods.185 This means many processed foods that are produced
locally use ingredients sourced globally.

TABLE 6.3: Examples of food safety risks in the food supply subsystem
Food supply subsystem

Examples of food safety risks

Agricultural production

If the fields are sprayed with contaminated water for irrigation, fruits and vegetables can be
contaminated before harvest. Livestock may be infected by parasites and pathogens that can affect
human nutrition and health.

Food storage, transport and trade

If refrigerated food is left on a loading dock in warm weather, it could reach temperatures that allow
bacteria to grow. Peanut butter can become contaminated if roasted peanuts are stored in unclean
conditions or come into contact with contaminated raw peanuts.

Food transformation

During the slaughter process, pathogens on an animal’s hide that came from the intestines can get
into the final meat product.

Food retail and provisioning

If a food worker continues to work while he or she is sick and does not wash his or her hands carefully
after using the toilet, he or she can spread pathogens by touching food.

Source: Compiled by the authors, based on Center for Disease Control and Prevention (CDC, 2015)
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The diet quality implications of imports are both positive and
negative.186 First, importing food can make it easier and cheaper
to access a more diverse food supply, thus potentially boosting
diet quality. Yet benefits may not accrue to low-income countries
where diets are least diverse. One recent cross-country study
indicated that food imports are associated with a more diverse
food supply in high- and middle-income countries, but not in lowincome countries.187 Second, while many foods associated with
high diet quality have been increasingly traded, fruit and vegetable
trade tends to focus on exporting from low- and middle-income
countries to high-income countries, where supply is less of a
problem.188 Third, while imports can boost adequacy of supply,
they have also facilitated the manufacturing and availability of
ultra-processed foods in low- and middle-income countries.189
More trade has both negative and positive implications for
food safety.190 On the negative side, increased food trade may
introduce new safety hazards, revive previously controlled risks
and spread contaminated food widely. Although most food
imported into low-income countries can be reliably considered
of higher sanitary quality than food in the domestic markets, lowincome countries may also be more vulnerable to illegal imports
of unsafe food. On the positive side, there have been important
evolutions in public regulation of food safety of imported
products, especially perishable animal and plant products, which
are most associated with foodborne disease. For example, the SPS
Agreement is reported to have increased the use of scientific risk
assessment in the formulation of food safety measures.

6.3.3 Food transformation subsystem
Many of the ingredients produced by agriculture are processed in
some way in the food transformation subsystem, meaning they
reach consumers in a different form to when they were grown,
raised or caught.191 For example, maize is processed into high
fructose corn syrup and many arable crops become animal feed.
As discussed in Chapter 1, there is a diversity of processing with
mixed implications for diet quality. Some forms of processing
can help increase food availability, extend seasonality through
the hunger gap and make food safer to eat. Food fortification
can also add nutritional value. Yet processing can also lower the
nutritional quality of products, such as producing trans fats from
soya oil, chicken nuggets from plain chicken and ultra-processed
foods from a range of different ingredients so they become high
in energy-dense, free sugars and unhealthy fats and salt, and low
in dietary fibre.
Elements that are potentially significant for diet quality in
the food transformation subsystem include the allocation
of investments into different types of food processing and
advertising and other forms of promotion.

All processed foods require investment in technology and facilities
required to produce them. For example, the production of one
of the world’s most consumed ultra-processed foods, instant
noodles, involves 13 different steps from entering to leaving the
factory.192 If the focus of processing in one of the world’s largest
food companies (listed in Appendix 5, Table 6.1) is an indicator,
a large proportion of investment in processing dollars goes into
grain-based foods, snacks and confectionery. In addition to the
four companies with highly diversified portfolios that include
them, six companies focus on grain-based and baked products,
three on snacks, sweets/candy and/or soft drinks. Four focus
on meat, including processed meats and four focus on dairy,
including products with added sugars. These companies are
growing fastest in low- and middle-income countries, where they
are often market leaders and have clear strategies to drive further
growth.193
The power and concentration of these companies have grown
over time. For example, in Latin America, the market shares of
the four largest firms in the carbonated soft drinks and sweet and
savoury snacks markets are over 60%.194 This in turn reflects foreign
direct investment by high-income countries’ food manufacturing
companies into low- and middle-income countries. Figure 6.8
shows the scale of Coca-Cola’s foreign and direct investment since
2010. These processes enable companies to produce sugary, fatty
and salty foods at lower cost and make them more available in
low- and middle-income countries. It also stimulates competition
with local ‘b-brands’ thus further stimulating the market195
and/or encouraging foreign expansion of firms from lower-middleincome countries into low-income countries.196 For example, JBS,
a Brazilian meat company, has purchased numerous companies
in the United States, Australia and Europe and is now rated as the
world’s third largest food company (Appendix 5).
One of the outcomes of larger food processing companies
is greater ability and incentive to develop highly differentiated
products in a cost-efficient manner.197 The number of new
and rebranded products produced by these companies has
steadily increased over time. For example, in 2012, the
Coca-Cola Company had more than 3500 products in their
global portfolio. Owing to consumer concern about the
nutritional quality of ultra-processed foods and drinks, this
includes growth of varieties with reduced calorie content; 800
of their 3500 products were low- and no-calorie beverages in
2012 and in 2011 alone, the company launched more than 100
low- and no-calorie beverages.198 However, full calorie versions
remain their core brand.
A second key element of the food transformation subsystem
for diet quality is the advertising and other forms of promotion
of these products. This is a fundamental part of the food

UNSCN (2015) 187Remans et al. (2014) 188Huang (2010) 189Baker, Kay and Walls (2014) 190Hawkes et al. (2015)
Hawkes et al. (2012) 192WINA (2016) 193e.g. Mondelēz International (2016a); Mondelēz International (2016b)
194
PAHO (2015) 195Wei and Cacho (2001) 196Dawar and Frost (1999) 197Hatanaka, Bain and Busch (2006) 198Cited in Hawkes (2014)
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transformation subsystem because the ability to promote
products is a powerful incentive to produce them in the first
place. This is particularly important in low- and middle-income
countries so that products previously unfamiliar to consumers
can be promoted. Promotion is the process by which information
about newly innovated products is communicated. Food and
beverage companies spend large amounts on advertising,
accounting (including alcohol retail) for 17% of global media
spending in 2012.199 Coca Cola and Nestlé, which were among the
top 10 largest global advertisers in 2014, together spent US$6.21
billion200 – equivalent in size to almost two-thirds of the entire
UK overseas aid budget. A recent review201 of food marketing
practices concludes that food promotion in high-income
countries has been geared towards increased access to cheaper,
bigger and tastier calorie-dense food. Much consumer influencing
is conducted “below the radar” using less obvious methods than
advertising, such as brand association, sensory complexity, the
size and shape of portions, packages and serving containers.
These practices are also following similar patterns in low- and
middle-income countries.202 There is convincing evidence that
advertising influences food choice among children.203

6.3.4 Food retail and provisioning subsystem
The point where most consumers meet the food supply system
is the food retail and provisioning subsystem – the markets
that sell the food that has been produced, transported,
traded and transformed in earlier subsystems. Food retailing
and provisioning (e.g. supply of food through schools and
restaurants) is critical for diet quality because it influences all
aspects of food environments i.e. what food is available to people,
its nutritional quality, safety, price, convenience and promotion.

Like all food supply subsystems, there is a tremendous diversity in
retail and other forms of provisioning. One distinction is between
“traditional” and “modern” retail.
The degree of distribution between different forms of food
retail and provisioning influences diet quality. A number of
communities, particularly in rural or poor urban areas, are
still heavily dependent on local “wet markets” for fruits and
vegetables, livestock products and staples.204 However, in a
growing number of low- and middle-income countries, the
modern retail sector is shaping physical access to food.205 Modern
food retail channels include convenience stores and supermarkets
(including hypermarkets and discount stores) and these are
gradually replacing traditional retail outlets, including outdoor
wet markets, food/drink/tobacco specialists, independent small
grocers and other grocery retailers.
This trend has different implications for different kinds of
food. Nearly 60% of processed food is distributed through
supermarkets, which are spreading rapidly in the uppermiddle-income countries. Figure 6.9 shows how modern retail
is beginning to dominate processed food distribution in uppermiddle-income countries, while lower-middle-income countries,
in common with low-income countries, continue to rely on
traditional retail outlets for processed foods and soft drinks.206
The effect of modern retail on the accessibility of fresh foods has
been rather different. Figure 6.10 shows that the share of fresh
foods in supermarkets in different country income types has
been relatively constant over the past 15 years, which suggests
that supermarket growth has not had much impact on retail
patterns for these commodities. One factor thought to be holding

FIGURE 6.8: Coca-Cola's International Investments
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Distribution share (%)

FIGURE 6.9: Total processed food distribution by modern vs. traditional channels in country income groups,
2001–14 calculated as a percentage of total retail value
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Source: Baker (2016) based on data from Euromonitor
Note: Modern grocery retail channels include convenience stores and supermarkets (including hypermarkets and discounters); traditional channels include food/
drink/tobacco specialists, independent small grocers and other grocery retailers.
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FIGURE 6.10: Fresh food distribution by modern vs. traditional retail channels by country income groups,
2006–14, calculated as a percentage of total volume
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Source: Baker (2016) based on data from Euromonitor
Note: Country income-categories included only the following – high-income countries were Australia, Germany, Japan, Russian, UK and US; upper-middleincome countries, Brazil, China, Mexico and South Africa; and the lower-middle-income countries, India and Morocco.

back greater positive benefits from supermarket growth on fresh
food consumption are the logistic and cold chain challenges of
penetrating the fresh food sector.207 It may also be that traditional
outdoor markets remain highly cost competitive for fresh fruits and
vegetables and can be easier to access by low-income groups.208

to 28%). This has been shown to be a risk factor for higher fat
intake and low micronutrients in high-, middle- and low-income
country settings.210 One source of eating outside of the home is
from street vendors. Evidence suggests that while street vendors
offer affordable food, it is often high in fat and salt.211

Another form of food provisioning is the food outlet that
serves ready-to-eat food, such as street vendors and fast food
restaurants/chains. The consumption of food outside the home is
growing rapidly in low- and middle-income countries, especially
in urban areas. For example in Brazil,209 the national 2008–09
survey found that 18% of calories were purchased outside the
home (and for adult men in the top income quartile this rose

Food safety is a growing issue in low- and middle-income countries
and has particular relevance at the retail level, where food sellers
are often subject to safety restrictions and inspections. While
it is often thought that supermarkets and other advances in
retail make food safer, this is not always the case in low- and
middle-income country settings.212 The Global Panel has recently
summarized the challenges and opportunities for policy makers in
improving food safety at this and other levels in the food system.213

Neven et al. (2006); Reardon, Timmer and Berdegue (2004) 208Gómez and Ricketts (2013) 209Bezerra et al. (2013)
Lachat et al. (2012) 211Steyn et al. (2014) 212Blackmore, Alonso and Grace (2015); Roesel and Grace (2014) 213Global Panel (2016b)
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6.4 Implications
Food supply systems are complex and dynamic. Their influence
on diet quality goes well beyond agricultural production into
food storage, transport and trade, transformation, retail and
other forms of provisioning. The influence of food supply systems
on diet quality occurs via food environments i.e. what food is
available and its nutritional quality, price, safety convenience and
promotion. This in turn influences how available high-quality diets
are to the consumer and how affordable and appealing they are.
The evidence on food systems impacts on availability appears
broadly compatible with the evidence on diets. While modern
food systems are providing opportunities to make foods
associated with high-quality diets more available, they are
also presenting barriers to greater growth; many changes have
occurred which make it easier to deliver foods associated with
low-quality diets more available. A critical question is the degree

to which the system is supporting the delivery of high-quality
diets versus lower-quality diets.
Food availability can be linked to prices and affordability. For
example, the increases in cereal productivity over the past 50
years have been mirrored in their declining price.214 Beyond
farm-gate prices, consistent and comparable data on trends in
food prices at point of retail are difficult to find, particularly for
low-income countries. Figure 6.11 shows an analysis of changes
in food prices between 1990 and 2009/12 for five high and uppermiddle-income countries: Brazil, China, Mexico, South Korea
and the UK. Despite the range of food systems represented by
these countries, the trends are very similar. Whenever there is a
significant price change, the price of fruits and vegetables have
gone up in all cases, while prices of the processed foods for which
data are available have gone down in four out of six cases.

FIGURE 6.11: Estimated average annual price change from 1990 in five countries
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It is not only the price level
that matters for diet quality,
but the volatility of prices.
One recent global review215 on whether food prices are
a barrier to the adoption of higher-quality diets by lowerincome groups concluded that energy-dense foods composed
of refined grains, added sugars and fats are cheaper per
calorie than the recommended nutrient-dense foods and
that lower-quality diets were generally cheaper (based on
151 studies). Another recent review216 based on 27 studies
from 10 countries (all high-income except for Brazil and
South Africa) shows healthier meats are more expensive
than unhealthy meats. This category (meats) has the largest
healthy/non-healthy price differential, but there are significant
cost differentials for healthy grains, oils and fats, and dairy
produce. By contrast, there was no difference in the cost of
soda/juice by healthy/ non-healthy categories. Studies on
the affordability of nutritionally adequate diets in low- and
middle-income countries are lacking. Finally, it is not only the
price level that matters for diet quality, but the volatility of
prices,217 as explained in Box 6.1.
We have only considered the role of a relatively small number
of elements in food supply systems that have implications
for diet quality. The evidence we show is only indicative.
Considerably more investment in research is needed to better
understand how exactly food supply system elements are
linked with concrete diet quality outcomes. Nevertheless,
in line with the data presented in Chapter 2, the evidence
indicates that recent trends in food supply systems are
associated with both positive and negative trends for diets
and that there are multiple entry points for both improving
and decreasing diet quality. On the basis of available
predictions, there is no evidence to suggest that future trends
for low- and middle-income countries will be any different to
what has occurred in high-income countries, reflecting the
broader global trend in food system change. But informed
and innovative policies can change food systems in a positive
direction towards healthier future diets. These policy
opportunities are explored in the next chapter.

Box 6.1: Price volatility and diet quality
International food prices have been more volatile after
the food prices spikes of 2007–08218 and analysts project
that such volatility is likely to persist.219 The causes of this
increase are multiple, including the strengthening of links
between financial, energy and food markets generated
by globalization220 and the exacerbating effect of climate
change.221 International food price volatility exerts
significant influence on domestic food price volatility,
especially when the volume of trade in the commodity in
question is greater than 40% of its domestic production.222
Not all regions have seen an increase in food price
volatility since 2007 (e.g. sub-Saharan Africa). But they
also experience high levels of food price volatility caused
by domestic factors223 such as political turmoil,224 poor
infrastructure, weak price transmission, ineffective storage
facilities and government policy that does not take enough
account of – and even exacerbates – factors such as the
seasonality of food prices.225
The poorest in low- and middle-income countries are the
least able to manage food price volatility. They typically
spend the over half of their incomes on food226 and so
volatility in food affordability is also affected by income
volatility. Food intake and hence the diversity of diets of
the poorest are most sensitive to changes in prices227 and
incomes, especially during crises.228 They are most strongly
felt for those dependent on market purchases – the urban
poor and the rural net buyers of food.229 The cost of a
least-cost nutritionally adequate diet has been shown to
increase and fluctuate more dramatically during times
of international food price volatility in many countries,
including Ethiopia, Myanmar, Niger, Tanzania and Uganda.230
Previous research shows that women tend to act as shock
absorbers when it comes to price fluctuations231 even
though they are most vulnerable to diet shortfalls. Impacts
on infants and young children will be locked in for their
lifetimes and so the impacts of food price volatility on
diet and nutrition are long-lived.232 While the impacts
on diet-related NCDs of food price volatility have received
little research attention, some analysts suggest a strong
connection via the liberalization of foreign direct
investment and the stronger connections of financial
and food markets.233
Source: Compiled by the authors
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Policies and tools for dietfriendly food systems
• The food system presents a huge opportunity to act to improve

diets. There are many possible actions that can be taken to improve
diet quality with entry points in different parts of the food system.
Most of these are vastly underutilized.

• Some solutions have already been tried to improve diet quality

in food supply systems, but typically not widely enough. There
is significant scope to improve design so they are more effective
in specific contexts.

• Many policies that influence the food system have objectives other

than improving diet quality, such as increasing the quantity of food
supply and profitability. There is considerable scope to amplify
their effects by building in diet quality objectives.

KEY MESSAGES

• Policies need to align the whole food system towards diet quality

goals. A policy to produce more vegetables, for example, will be
rendered ineffective if they are all lost or wasted before they reach
consumers. Food can also be rendered unsafe through entry points
in the food system.

• Policies to create diet-friendly food systems should be selected

to address the diet quality and malnutrition problems in
populations in individual countries, municipalities or localities.
Policy design should also take account of the reality of people’s
lives and cultural concerns.

• Given the plethora of possible actions, how can policy makers

decide which will be effective to meet local diet quality problems?
A simple decision-making tool is provided to help policy makers
identify which actions will help lever food systems towards diet
quality goals.
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7 Policies and tools for diet-friendly food systems
In this chapter we ask: What actions can be taken in food systems
to maximize the positive trends towards diet quality observed
in Chapter 3 and minimize negative trends? This means actions
that improve food environments by making more diverse diets
available and affordable to vulnerable groups. They involve making
wholegrains, legumes, fruits, vegetables and nuts affordable and
appealing to all, and providing meat, fish and dairy in ways that
contribute to improving diet quality. Actions are also needed to
minimize the availability, affordability and appeal of foods high
in saturated and trans fats, salts, sugars and/or other refined
carbohydrates, as well as excessive consumption of meat. To do so:

• Changes will be needed throughout the different food
supply systems and food environments. This means looking
for actions throughout food systems and aligning them towards
a common objective. They include policies, investments,
programmes and projects. In particular, as the private sector
plays a key role in food systems, incentives and standards for
businesses should be an important consideration. Every action
will have a specific food system entry point.

• Actions are needed at different scales. Leveraging short
chains and local food systems will be effective in some
instances; in others influencing longer chains will be needed.
In practice, a combination will be necessary. Action can also
be taken at different levels of government. While national
governments play a key role in policy formulation, actions can
also be taken at the municipal level. There is also a role for
global decision making.

There are many possible
actions that can be taken to
improve diet quality with entry
points in different parts of the
food system.
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Actions are also needed
to minimize the availability,
affordability and appeal of foods
high in saturated and trans fats,
salts, sugars and/or other refined
carbohydrates, as well as excessive
consumption of meat.
• Action needs to be tailored to address the diet quality
problem, including new and emerging problems, at hand.
While there are common drivers and processes, the nature
of diet quality problems vary spatially and demographically
between different populations, as does the nature of food
systems that serve these populations. While some problems
may be endemic throughout national populations and caused
by nationwide food system elements, in other cases solutions
will be local.

• The starting point should be an understanding of the
diet quality problem and the role food systems play in
influencing it. Finding effective solutions will involve starting
with the population of concern and the diet quality gap they
face, examining what food systems they are served by and then
working back into the food system to find the most effective,
aligned solutions.
Here we illustrate a range of possible options that can be applied
by policy makers. We introduce a simple but innovative decisionmaking tool to assist the decision-making process of identifying
food system actions. The aim is to help guide the decision-making
process for policy makers to follow to ensure that food systems
are delivering high-quality diets.

7.1 Food systems policies for improving food environments and diet quality
In 2014, the Global Panel released its technical brief: How Can
Agriculture and Food System Policies Improve Nutrition?234 In
it, we stress that policies across the food system (i.e. not just
in agriculture) would be key to reducing undernutrition and
growing overweight, obesity and other diet-related NCDs. No
single policy on its own can improve diet quality and nutrition.
Rather, the greatest and the most rapid improvement in diet
quality will come from coordinated efforts in several different
policy domains. For instance, a consumer-facing policy that
promotes nutritious foods will be more successful if an
agricultural policy has improved production of those foods
and a market policy has improved access, making them more
available and affordable in the consumer’s food environment.

of actions, which can be used to improve diet quality via
improving food environments:

• Improving delivery of actions already tried with the goal
of improving diet quality. Some policy actions have already
been taken as a means of improving diet quality. The evidence
for their effectiveness is variable, but they provide experiences
from which to build on and learn from. There are opportunities
to improve their design and/or delivery, as well as implement
more widely used lessons on what has worked well. For
example, school meal programmes are implemented in many
countries, but there is space for wider implementation and
more effective design and delivery to meet diet quality goals
and other food system benefits.235

This in turn requires planning and cooperation across
traditionally isolated parts of government and between public
and private sectors. To add to this political challenge, much
improvement will come from changing existing policies,
which are not contributing to improving diets and to resolving
incoherence between food-related policies in different parts
of the food system.

• Levering existing food systems policies towards diet quality.
There is already a plethora of policies implemented in food
systems, from farm to fork. These policies have a range of
different objectives, including increasing food production,
supporting livelihoods and enhancing economic profitability.
Most do not aim to improve diet quality, but could be modified
to do so. A typical example concerns policies that are directed
at food production and security (i.e. having sufficient food) but
not towards diet quality.

In the following sections, we illustrate some actions for policy
makers to consider for each of the parts of the food system.
We do this to illustrate the range of possibilities, but we must
stress that the most effective approach to improving diet quality
will be to implement a range of coordinated policy changes,
not single actions. These policy actions will not be applicable
in all circumstances and are far from exhaustive. For each part
of the food system, we suggest that there are three broad sets

• Novel policy actions. The third category is innovative policy
actions that are completely novel and untested in the context
of food systems and diet quality. Examples are: using mobile
technology operators to host nutrition messaging as a free
service to farmers in households at risk of malnutrition;236

Box 7.1 The Global Panel’s ‘top 10’ recommendations
In its efforts to catalyze policy action, the Global Panel has
compiled a suite of technical and policy briefs that lay out the
evidence for recommendations. The 10 key recommendations
that offer multiple win opportunities, from agricultural
production, to markets and trade systems, food transformation
and consumer purchasing power to consumer demand are
listed below.
1. Invest in nutrition-enhancing agricultural productivity
growth, markets and trade systems
2.	Increase research to ensure a greater presence of healthy
foods in markets globally, including through public-private
partnerships
3.	Facilitate markets and trade in ways that moderate food
price volatility

4.	Improve infrastructure in agriculture and market systems
to increase year-round availability of nutrient-dense foods
to all consumers
5.	Develop national policy and regulatory framework for food
safety and quality
6.	Improve the nutritional quality of and consumer choice
regarding processed foods
7.	Integrate nutrition education into all available national
services reaching consumers
8.	Expand agriculture-supportive targeted social protection
programmes
9. Expand agriculture-supportive school meal programmes
10. Improve the quality and specificity of metrics and data
needed to support evidence-based policy actions
Source: Global Panel (2016c)

Global Panel (2014)

234

235

Global Panel (2015c)

236

Swanson (2008); Du (2014)

Food systems and diets: Facing the challenges of the 21st century 99

requiring sales reduction targets for companies for specific foods;
or developing new retail hubs for specific nutritious foods at
locations and times suitable for underserved populations.
To identify these actions, we reviewed information collated by
the Global Panel, WHO, FAO, NGOs, donors and governments
on actions that are currently being taken. We then identified
existing food systems policies with non-diet quality objectives
from the evidence gathered in Chapter 6 and FAO FAPDA (Food
and Agriculture Policy Decision Analysis) database. We go on

to use the wider development literature as a basis on which to
speculate about what could be adapted, developed and tested
in the food systems policy area (Table 7.1). We also make a
few “blue skies” suggestions in Tables 7.1 to 7.7 as a way of
encouraging innovative thinking.
Throughout our illustrations of possible actions that can be
taken by policy makers, we pay particular attention to policy
recommendations already made by the Global Panel. Box 7.1 lists
some of the key existing recommendations relevant to diet quality.

7.2 Entry points for policies and actions
7.2.1 Entry points in the agricultural subsystem
Improving delivery of actions that already have diet
quality goals
While households buy a majority of their foods from local markets
in most countries, many households vulnerable to malnutrition
still produce and consume some of their own food. Deliberate
efforts to improve the nutritional quality of that food are proving
an important way of improving diet quality (e.g. Burkina Faso).240
Actions that have been tried to date include urban agriculture,
improving household production of nutritious crops, empowering
women’s control of agricultural production and biofortification.
Early work to leverage agricultural production to improve nutrition
outcomes241 found that agricultural improvement generally
improved diet quantity but not nutritional status. Later work found
that agriculture for nutrition projects are most effective when they:

“invest broadly in improving human capital, sustain and increase
the livelihood assets of the poor and focus on gender equality.”242
The most recent reviews of the evidence found that projects
deliberately established to improve diet quality through
agricultural production (e.g. home gardens) report increased
consumption of the produced foods rich in protein and
micronutrients,243 and significantly improved diet patterns and
vitamin-A intake for both women and children.244
The emphasis of these projects has been in rural areas. Agriculture
is also practiced in cities and urban fringes by millions of
households (Box 7.2). There are many positive implications of this
urban agriculture for diet quality although a recent systematic
review on its effects on food security, dietary diversity and
nutritional status could not find a clear link, mainly because the
constituent studies were poorly designed.245

TABLE 7.1: Policy options in the agricultural subsystem
Improving delivery
of actions already
tried with the goal
of improving diet
quality

• Urban agriculture.
• Home gardens or household production of nutritious foods e.g. milk, vegetables, legumes, underutilized grains in
producer households.237
• Empowering women’s access to agricultural production.238
• Building diet behavioural change into small-scale agricultural programmes.
• Breeding staple crops that have higher densities of key micronutrients such as zinc, iron and vitamin A, i.e. biofortification.

Levering existing
food systems
policies towards
diet quality

• Redesign the agricultural research landscape to support high diet quality,239 by reframing productivity through nutrients
rather than through calories.
• Balance specialization and diversification of agricultural production at the landscape level to support high-quality diets,
such as crop diversification using locally adaptive varieties and adopting agroecology to develop local food systems.

Ideas for novel
actions

• Mobile network operators host nutrition messaging as a free service to farmers to drive more business to their services,
acknowledging that female farmers often control food acquisition and preparation.
• Introduce nutrient productivity metrics that assess kg of nutrient produced per unit of land or labour.

Source: Compiled by the authors
Global Panel (2014)
and Kennedy (1994)
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While these various projects are playing an important role
in levering the agricultural sector towards better nutrition
outcomes, they are limited. For example:
• their primary focus to date has been on farm households or
short chains that directly link agricultural production to local
markets and on relatively small-scale projects developed in
isolation from broader, powerful food system forces
• the evidence of their effects is mixed, indicating a need
to focus carefully on appropriate design for local contexts and
to enhance programme participation
• where they have been successful, the projects have involved
more than improving agricultural production alone
• they have not focused on reducing harmful components
of diets.

Box 7.2: Urban farming: The potential positives
for diet quality
• Vegetables have a short production cycle; some can
be harvested within 60 days of planting, so are suitable
for urban farming.
• Garden plots can be up to 15 times more productive
than rural holdings. An area of just 1 m2 can provide
20 kg of food a year.

There is thus considerable opportunity to improve and expand
on delivery of these existing actions in the agricultural subsystems,
including by scaling-up, implementing synergistic changes to
ensure agricultural products reach markets and vulnerable
groups and complementing them with additional and novel
food system policies. Biofortification is one approach with huge
potential for scale-up. To further advance the potential benefits
of biofortification, experience has shown that greater efforts to
enhance programme participation will ensure effectiveness.246

Levering existing food systems policies towards diet quality
The analysis of food systems change in Chapter 6 highlights the
potential entry points for attention by policy makers. Two of
these are: investment in agricultural R&D and getting the balance
right between specialization and diversification.
Promoting better nutritional quality is rarely the principal driver
of either private or public sector R&D. With the exception of
biofortification, public research is mainly guided by the goal
of ensuring a reliable supply of basic staples, generating more
calories and thereby meeting at least a minimum threshold of
energy demand. As noted earlier, public sector research has also
led to legumes research which to date has not attracted major
private sector R&D. Private sector investment in research is
driven by a range of different incentives, including profitability.
How can the agricultural research landscape be geared more
effectively towards supporting high diet quality?
One approach would to be to allocate funding to “productivity”
of nutrients rather than to calories. Box 7.3 highlights the
modelled impact of moving agricultural productivity towards
diet quality using two sets of scenarios run using IMPACT
Version 3.2.2.247 However, we know that productivity alone will
not necessarily have a direct impact on the diets of vulnerable
groups. Questions need to be asked that reflect more broadly
on the current focus of agricultural research on productivity and

• Urban vegetable growers spend less on transport,
packaging and storage and can sell directly through
street food stands and market stalls. More income goes
to them instead of to middlemen.
• Urban agriculture provides employment and incomes
for poor women and other disadvantaged groups.
Source: FAO (2016e)

ask what type of agricultural research would help meet
diet quality goals. It is possible, for example, that a greater focus
of research on postharvest losses would be more beneficial
than productivity research.
Another entry point that requires attention is the balance
between production specialization and diversification. Economic
theory tells us that agricultural specialization and trade, guided
by a country’s comparative advantage is the logical response
in a rational, frictionless, shock-free world in which there is
perfect information. However, in the real world, agricultural
strategies need to balance specialization with diversification of
cropping systems to ensure a balanced diet, addressing risk and
uncertainty, build resilience and generate greater environmental
sustainability. The Panel has already highlighted how emerging
policy actions for climate-smart agriculture could contribute
to improving diet quality through crop diversification:
“Crop diversification using locally adapted varieties is widely
promoted as a strategy that can support the adaptive
capacity of most food systems. For example, the Adaptation
for Smallholder Agriculture Programme in Bolivia, has used
indigenous knowledge related to climate change adaptation
to support the introduction of varieties that can be grown at
higher altitudes if necessary. That intervention has supported
a transition from almost exclusive potato production to a more
diversified portfolio that includes fruits tree production, which
has increased market penetration for smallholders.”248

De Brauw, Eozenou and Moursi (2015); Global Panel (2015b) 247Robinson et al. (2015). The scenarios were run to 2050, using the second shared socio-economic
pathway (SSP2, O’Neill et al. 2014) and assuming a constant 2005 climate. 248Global Panel (2015a)
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Box 7.3: Modelling the impact of increasing agricultural productivity of healthier foods
Under each of the productivity scenarios (Table 7.2),
agricultural productivity for healthier foods (e.g. fruits,
vegetables, pulses and poultry) is increased compared to
the reference scenario, which assumes continuation of
current trends. Increased productivity of these crops leads
to greater production and a decline in world prices for
these commodities. The Prod25 scenario sees an increase in

productivity of about 25% and price declines for targeted
commodities was in the range of 20–25% relative to the
reference case in 2050. The average change in world prices for
all fruits and vegetables, pulses and poultry is 22%, 22% and
24%, respectively. The Prod50 scenario which doubles the
increase in productivity growth shows a near doubling in the
decline in prices compared to Prod25.

Table 7.2: Policy scenarios: Productivity
Scenario

Description

Reference

Baseline IMPACT Productivity Trends

Prod25

25% higher yields compared to reference scenario by 2050 for fruits, vegetables, pulses and poultry,
phased in over 35 years in all regions starting in 2015

Prod50

50% higher yields compared to reference scenario by 2050 for fruits, vegetables, pulses and poultry,
phased in over 35 years in all regions starting in 2015

Source: IMPACT Model 3.2.2 run Feb 2016

Declining prices benefit consumers, allowing them to purchase
more with the same income than previously. Under both
productivity scenarios, total demand for all foods increases from
1% to 2%. These increases in demand are more pronounced for
targeted commodities, which see global increases of between
3% and 7% under the Prod25 scenario and between 5% and

16% under the Prod50 scenario (Figure 7.1). As all fruits,
vegetables and pulses benefited from increased productivity
in both scenarios, there are limited changes in the make-up of
food demand within these commodities groups (and limited
differences across regions); hence all of the commodities in
these two groups see increases in demand.

FIGURE 7.1: Changes in food demand in calories for select food groups (f&v, pulses, meat) by 2050
■ Prod25 ■ Prod50
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Note: WLD – world; DVG – developing countries; DVD – developed countries

Poultry is the only animal product targeted by the modelling
scenarios. It sees a significant decline in prices relative to
other meat commodities. This leads not only to an increase in
demand for poultry (of 7% and 16% for Prod25 and Prod50,
respectively), but also to substitution effects in relation to
other meat commodities, which become relatively more
Source: Robinson et al. (2015)
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expensive. Meat demand for beef, lamb and pork declines by
about 0.5% and between 1–1.6% for the Prod25 and Prod50
scenarios, respectively. This has the additional benefit not only
of increasing demand for poultry, a relatively healthy animal
protein source, but also of reducing red meat demand, which
is associated with a variety of negative health outcomes.

Levering existing food systems policies towards diet quality

The growing support for agroecology, defined as:

Many policies that influence food storage, transport and trade
have considerable potential to be redesigned through a dietquality lens. In food storage and transport, many efforts to
reduce postharvest losses still focus on cereals.253 Yet training,
capacity building and technologies to reduce waste could play a
key role in enhancing the availability and affordability of a greater
diversity of crops where spoilage levels are relatively high, such
as fruits, vegetables and legumes. Simple measures like the use
of returnable plastic crates have been proposed as effective.254
Waste reduction also aligns well with the need to reduce use of
scarce natural resources and cut greenhouse gas emissions.255
Policies on transport of food could also focus on transport
infrastructure to ensure poorly served communities have access
to better quality diets and cool chain technologies where they
present bottlenecks for availability and access.256

“the science of applying ecological concepts and principles
to the design and management of sustainable food systems”
– is another way through which greater diversity can be
generated.249 It is characterized by temporal diversification
(e.g. crop rotation), spatial diversification (e.g. mixed farming)
and encourages diversity at the plot, farm and landscape level.
Agroecological approaches can be developed as part of a
broader agricultural strategy that aims to balance the benefits
of specialization and diversity. But as yet, these have rarely
been designed with diet quality as one of the primary intended
outcomes. Simply increasing production diversity will not
necessarily have a direct impact on diet quality; markets are also
needed for agroecology.
Along with agroecology, there is a whole range of production
techniques that could be used to increase the contribution of
agricultural production to high diet quality while also meeting
sustainability goals.250 Actions are needed to address food safety
concerns and food waste. Staggering production cycles can, for
example, be used to reduce surplus and even-out production
during the year.

Actions can also be taken to improve food safety. The Global
Panel has highlighted the urgent need to:
“Promote improved knowledge and practices related to on-farm
storage of agricultural products known to be prone to food
safety hazards. Numerous innovations in materials, for example,
in storage bin and sack technology, should be explored and
promoted in the relevant context.”257

7.2.2 Entry points in the food storage, transport
and trade subsystem

For example, it is evident that during storage, better drying and
storage facilities are needed to prevent and control aflatoxin
contamination of maize and groundnuts.

Improving delivery of actions already tried with the goal
of improving diet quality
The food systems analysis in Chapter 6 identified three key entry
points in the storage, transport and trade subsystem, which
covers food as it moves through the system postharvest: reducing
food losses and waste, addressing food safety, and rules and
mechanisms on cross-border trade. While there are numerous
efforts underway globally and nationally to reduce food losses
and improve food safety in the postharvest system, none were
identified which explicitly aim to improve diet quality.
Only a small number were identified for trade policy. Pacific
Island countries, which rely heavily on imports, have imposed
restrictions and tariffs on imports on foods high in fats, sugars
and salt. There is an often-cited example of the Pacific Island of
Samoa, which restricted imports of fatty meats in an attempt to
reduce their consumption. Following accession to the WTO, this
was changed to a high sales tax.251 Another isolated example is
an action by the Government of Ghana to use their food trading
standards to limit the amount of fat in meat and meat cuts. While
these standards apply both to domestic and imported meat, they
were developed in response to rising imports of low quality.252 The
standards limit the amount of fat in specific meat cuts.

Existing food and agricultural trade policies vary widely between
countries. In some countries, governments allocate major roles to
public institutions to manage markets, such as through strategic
infrastructure investments, the setting of commodity prices,
managing publicly-held buffer stocks, distributing commodities
to targeted populations and levying import tariffs on foods.
In contrast, trade policies in other countries focus largely on
providing a legal and regulatory framework with which private
marketing agents must comply, such as those linked to food
safety and labelling of food quality.258 In all cases, diet quality has
not been seen as a primary outcome and food security has played
a more central role. Despite the tensions around trade policy at
the international scale, considerations of diet quality should be
brought into these negotiations and opportunities taken to build
capacity for this process.259 Good diagnosis is needed to ensure
coherence between trade policies and diet and complementary
policies implemented to enhance the synergies and manage the
risks of trade policy for diet quality.260 A critical question is what
complementary policies are needed as part of the package of
trade reforms to ensure that the benefits of trade policies are
transferred to the people who most need them and to mitigate
the risks?

Gliessman (2007) 250Gladek et al. (2016) 251Thow et al. (2014) 252Thow et al. (2014) 253Affognon et al. (2015) 254Kitinoja (2013)
Global Panel(2015a) 256Global Panel (2016b) 257Global Panel (2015b) 258Global Panel (2016a) 259UNSCN (2015) 260UNSCN (2015)
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A range of actions could be taken to make trade policy more
coherent with diet quality outcomes. Regional trade of nutritious
foods is perhaps an underutilized space to fill diet gaps.261
Existing trade mechanisms could be used, such as redefining
sanitary and phytosanitary measures (SPS Agreement) to
incorporate diet considerations, leveraging aid for trade initiatives
to support domestic production of nutritious foods and using the
Codex Alimentarius Commission (Food Code) for international
guidelines. For example, the World Trade Organization (WTO)
Aid-for-Trade initiative or Enhanced Integrated Framework (EIF)
Aid-for-Trade partnership could be used to increase the supply of
fruits and vegetables in low-income countries and diet goals could
be taken into account in the design of Diagnostic Trade Integration
Studies in low-income countries. Codex could be used to set
international standards for consumer-friendly nutrition labelling
and ensure SPS standards support diet quality considerations.

7.2.3 Entry points in the food transformation
subsystem
Improving delivery of actions already tried with the goal
of improving diet quality
Two of the entry points in the food transformation subsystem
have been relatively widely implemented to explicitly improve
diet quality: fortification and reformulation. Both these
approaches are examples of using public policy to leverage private
sector action to improve the nutritional quality of their products.
Many populations and age groups do not get enough of the
recommended nutrients they need through the food they eat.
This may be because they lack the income to buy a diverse diet,
they lack the knowledge about the value of a diverse diet or it is
too inconvenient to access such a diet. The fortification of certain

foods (biofortification) is one pathway towards improving the
micronutrient intake of these groups.
The what, who and how of fortification is very context-specific.
Working through small-, medium- and large-scale industry
to fortify wheat, rice, sweet potatoes, salt and sugar with
elements such as zinc, iodine, vitamin A and iron, fortification
can be an effective intervention for key vulnerable groups
(e.g. those on low incomes with a monotonous diet, those
with illness, those with particularly high nutrient requirements,
pregnant and lactating women and young children).262 The
public sector needs to set the nutrition priorities and the
nutrient thresholds and monitor the safety and compliance
of fortification with standards.
Fortification should not be thought of as a substitute for
a well-balanced and diverse diet, but rather as a complement.
The need for fortification should decline as diet diversity
increases, as education levels improve and as families move
from belonging to low- to middle-income households. There
will still be vulnerable groups with particularly high nutrient
requirements that will at certain times require the consumption
of fortified foods. The Global Panel has already recommended
that for effective fortification, public–private partnerships are
needed to set appropriate standards, establish monitoring
mechanisms, and investigate new ways to process and package
nutrient-dense but affordable, complementary infant food.263
Another entry point that has been relatively widely tried is
reformulation of processed foods i.e. the process by which food
manufacturing companies remove, reduce and/or substitute
one ingredient for another in a processed food. Reformulating to
reduce salt content has now become one of the most widespread
public policies to promote higher-quality diets.

TABLE 7.3: Policy options in the food storage, transport and trade subsystem
Improving delivery
of actions already
tried with the goal of
improving diet quality

• Using tariff levels (within bounded limits) to influence imports of different foods in small island states dominated by imports.
•U
 se trading standards for food composition to improve nutrient quality of specific foods.

Levering existing
food systems policies
towards diet quality

• Train, build capacity building and adopt technologies to reduce postharvest waste of nutritious crops.
• Invest in techniques to reduce postharvest contamination.
• Investing in transport and cool chain infrastructure where they prevent blockage for availability and access to poorly
served communities.
• Safeguards to prevent distortions that discourage local production and regional trade in nutritious foods such as
legumes and underutilized grains.
• Integrating diet quality into trade negotiations around food security.
• Ensuring coherence between trade policies and diet quality, including through implementation of complementary policies.
• Leveraging Aid-for-Trade initiatives to support domestic production of nutritious foods.
• Redefine sanitary and phytosanitary standards (SPS Agreement) to incorporate diet considerations.

Ideas for novel actions • Develop innovative, community-based postharvest technologies to preserve surplus nutritious foods for sale in local
markets throughout the year.
• All food-trading partners are obliged to show how their trading practices will help to promote higher-quality diets
Source: Compiled by the authors
Hawkes, Grace and Thow (2015)
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At least 75 countries have developed salt reduction strategies,
60 or more involve engaging with industry to reformulate
products.264 The process involves identifying the largest sources of
salt in processed foodstuffs and gradually reducing salt levels over
time. Many such interventions have been shown to be successful
in reducing salt intakes. While most initiatives are voluntary, the
governments of Argentina and South Africa are now increasingly
imposing mandatory salt limits. Legislative approaches have also
been taken to reduce trans fats.265 These restrictions have been
universally successful in reducing trans fats levels.266
But, for both salt and trans fats, there has been far less activity
in low- and lower-middle-income countries. For example,
while there are 40 high-income and 21 upper-middle-income
countries reportedly pursuing such measures, only 11 lowermiddle-income countries and a single low-income country
have put a salt reduction strategy in place.267 Given the proven
effectiveness of these strategies, improving delivery involves
wider implementation.

TABLE 7.4: Policy options in the food
transformation subsystem
Improving delivery
of actions already
tried with the goal
of improving diet
quality

• Food product reformulation
• Labelling
•R
 estrictions on advertising and other forms of
promotional marketing
• Health-related food taxes

Levering existing
food systems
policies towards
diet quality

• New primary processing technologies
to reduce costs and enhance consumer
acceptability of nutritious foods.
• Corporate tax rates banded to incentivize
healthier food production and processing.
• Investment fund for start-up SMEs producing
recommended foods.

Ideas for novel
actions

• Investment conditionalities placed on food
companies to meet sales reduction targets of
foods that undermine high diet quality.

Source: Compiled by the authors

Policy entry points are also available, which aim to change food
environments that need to be implemented by the actors in the
food transformation subsystem. These include: health-related
food taxes, nutrition labelling and restricting advertising and
marketing of processed foods to children. Changing affordability
though taxes is an approach that has proved effective in
Mexico268 and is being more widely implemented – at least 11
countries have health-related food taxes. Box 7.4 illustrates the
effects of a health-related food tax using the IMPACT model.269

“There are few data on how the private sector is influencing diets
and diet quality through food processing, fortification, marketing
and pricing. Policy makers need a much better understanding of
the growing role of commercial food transformation as it influences
what the majority of the world’s citizens are already eating.”275

Levering existing food systems policies towards diet quality

Nutrition labelling is also relatively widely implemented and
aims to provide information to consumers, either by providing
lists of nutrient content or more graphical approaches giving
“traffic light” colours for the levels of different nutrients. The
evidence suggests the main influence on diet quality is through
encouraging reformulation.270 Another approach is through
restricting marketing of (often ultra-processed) foods high in fats
sugars and salt to children, which has been, to date, implemented
in only a small number of countries. The aim is to reduce the
appeal of these foods to children, though potentially it could
also have impact by reducing the incentive for food
manufacturers to produce these products in the first place.271
To improve delivery of these actions, more need to be
implemented in low- and middle-income countries. To date these
approaches been far more widely implemented in higher-income
countries although it is the lower-income countries where growth
rates of sales of ultra-processed foods are growing the fastest.272
This is partly because of opposition to their implementation from
the private sector.273 They also need to be carefully designed and
their impact better evaluated.274 As already pointed out by the Panel,

Chapter 5 shows that food processing originated with the
need to enhance the quantity of food available, to preserve it
through seasons and to make it safe, but in more recent years,
the focus has shifted towards producing foods more quickly
and profitably. How can this approach be oriented towards
diet quality? One option is to improve the basic processing of
recommended foods. Legumes are a good example. Improved
technologies to reduce milling losses and enhance product
quality together with the development of fast-cooking bean
flours could act to enhance availability, affordability and appeal
to consumers.276
Existing policies on industry investment often encourage inward
foreign, as well as domestic, investment in food processing. A
way of reorienting this approach would be to provide incentives
for “diet quality” investments and strategies to encourage an
entrepreneurial economy for high-quality diets. Corporate tax
rates could for example be banded to incentivize healthier food
production and processing. Or competition law could be used
to lower barriers to entry for food companies that meet certain
conditions in terms of the health effects of their products.277
Investment funds for healthy start-ups and small-scale, local-level
processing of nutritious foods could also be provided.
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Box 7.4: Modelling the effect of health-related food taxes on diet quality
The tax scenarios differ from the productivity scenarios in that
they suppress demand, by increasing the domestic price that
consumers face on oils and sugar. The global effects of this

intervention lead to a decline in demand. Table 7.5 outlines
the two policy scenarios we model and Figure 7.2 summarizes
the outcomes of the scenarios.

TABLE 7.5: Policy scenarios: Taxes
Scenario

Household food taxes

Tax 1

Decline in baseline consumer support estimates (CSEs) by 20 percentage points implemented in 2015 in all regions for
palm fruits oil, palm kernel oil and sugar

Tax 2

Decline in baseline CSEs by 20 percentage points implemented in 2015 in all regions for all food oils and sugar

Source: IMPACT Model 3.2.2 run Feb 2016

Globally, the demand for sugar declines by about 6% under
Tax 1 and Tax 2. The demand for all food oils is diminished, but
more for Tax 2 (all oils) than for Tax 1 (only palm oil). Tax 1
shows how overall food security can be protected (vegetable

oil consumption is diminished only slightly) while health can
be improved as consumers switch from palm oil to healthier
forms of vegetable oils.

FIGURE 7.2: Changes in food demand in calories for select food groups (food oils, sugar) by 2050
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7.2.4 Policies with primary entry point in food
retail and provisioning subsystem

restructuring of supply chains and are often developed to
improve access to more nutritious foods.278

Improving delivery of actions already tried with the
goal of improving diet quality

Another set of actions involves providing incentives to retailers
to make better quality diets available and reduce the appeal of
lower-quality diets, an approach that has been tried in highincome countries. For example:

There are a large number of potentially powerful entry points in
the food retail and provisioning subsystem, most of them vastly
underused (Table 7.7).
There is a rapidly growing interest in short-chain “local food
systems” involving direct marketing from farmers to customers.
These systems involve new models of retailing as well as the
278

IPES-Food (2015)

WCRF (2016a)
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• In the United States, in February 2014, the US Congress formally
established the Healthy Food Financing Initiative (HFFI) in
which states use funds to incentivize retailers to sell nutritious
foods in underserved areas.279

• In Singapore, the “Healthier Dining Programme” launched
in June 2014, offers food operators who offer lower calorie
meals and use healthier ingredients such as oils with reduced
saturated fat content and/or wholegrains, a certification to
attract consumers.
Retailers are also in a powerful position to make changes in the
way they sell, position and promote food. For example, in the US,
a range of experiments have been tried which change the “choice
architecture” within retailers, so making foods high in fat, sugar
and salt less appealing.280
In food provisioning, an action that has been tried and tested
is public procurement into settings such as schools, hospitals
and prisons. The most notable example is “home-grown school
feeding”. These approaches, where food served in schools is
procured from local and/or family farmers can have multiple
food system benefits by establishing stable markets for producers
while serving more recommended diets to children.281
The food service environment is another critical entry point. For
example, cities in Brazil, such as Belo Horizonte and Curitiba,
have established what are known as “popular restaurants” which
provide meals for all local citizens at affordable prices.282
Food at work is another entry point. The private sector also
has an important role to play here by providing nutritious
meals in workplaces through “food at work” programmes and
the provision of regular meals. Developing “home-grown work
feeding” would be a novel way to build in what has been learned
from public procurement for food in schools.
The considerable potential for the food retail provisioning
subsystem for diet quality appears very underutilized. Improving
the delivery of these actions involves wider implementation. It

will also involve greater consideration of diet quality goals. For
example, historically, the development of public procurement
programmes in low- and middle-income countries has been
focused on the provision of adequate calories. In high-income
countries and some low- and middle-income countries, efforts
have been underway for some years to refocus on diet quality.
Yet many low- and middle-income countries do not yet use food
and nutrient-based standards to guide their food procurement.
Consumer engagement will be needed to ensure that the changes
meet their needs.

Levering existing food systems policies towards diet quality
Another entry point is through informal and traditional markets
and street vendors, which are a source of food for many vulnerable
groups, including foods such as fruits, vegetables and ASF.283 Yet
policy in low- and middle-income countries to date on these
retailers has rarely been focused on diet quality. Investment to
ensure the competitiveness of this sector to help make nutritious
foods accessible and affordable to local populations could
strengthen them in the face of competition from supermarkets.
Food safety policies in the informal sector are a related
opportunity. Most existing policies are directed towards
formal market structures, such as growing supermarkets. This
large, heterogeneous, informal food sector with millions of
disorganized, largely untrained and unmonitored factors, makes
it difficult to assure food safety. The ability to identify unsafe food
or inflict market or legal penalties on those who sell it is relatively
low. Direct efforts to enforce food safety standards could result
in both a loss of nutritious food sources and a loss of livelihoods
for the poor. There is also evidence that, if properly supported,
informal markets can provide food that is at least as safe as that
from supermarkets.284 In these contexts, participatory approaches
that engage informal food traders and vendors directly, offer
some potential.285

TABLE 7.6: Policy options in the food retail and provisioning subsystem
Improving delivery
of actions already
tried with the goal of
improving diet quality

• Local food systems with direct farm-consumer marketing
• Food provision in the public sector (“public procurement”) e.g. home-grown school feeding, “popular restaurants”
• Private procurement e.g. food provision in workplaces
• Incentivizing location of private sector retail selling nutritious foods in locations convenient to households

Levering existing
food systems policies
towards diet quality

• Investment in wet markets that make nutritious foods accessible and affordable
• Reorienting food safety policies to support informal and wet markets
• Price incentives for street vendors to use healthier ingredients
• Planning regulations to support wet markets and informal retailers that provide perishable foods to low-income populations

Ideas for novel actions

• Favourable agreements for small traders at wet markets in return for guaranteeing food safety
• Invest in sanitary local environments as a direct incentive to encourage informal traders and street vendors to sell
perishable, nutritious foods
• Developing new retail hubs for specific nutritious foods at locations and times suitable for underserved populations

Source: Compiled by the authors
Bucher et al. (2016) 281Global Panel (2015c)
Grace (2015) 285Global Panel (2016b)

280

282

Rocha and Lessa (2009)

Gómez and Ricketts (2013); Roesel and Grace (2015)

283

284

Food systems and diets: Facing the challenges of the 21st century 107

7.3 Aligning actions for coherence across food systems
There is clearly a wide range of options available to create more
diet-friendly food systems. We have illustrated a small number
here. In order that they deliver diet quality to people, including
underserved households, they need to be implemented in an
aligned manner across the food system. Changing food systems
for better diets is likely to fail if decisions make changes in only
one subsystem that is then undermined by lack of alignment in

others. Policies should aim to create alignment (coherence) within
food systems and between food systems and diet objectives.
We show examples of how this could be done in the examples
in Table 7.7, which plots the range of different policies across the
subsystems aligned to achieve specific dietary goals.

TABLE 7.7: Aligning actions across food supply subsystems to create healthier food environments for higher-quality diets
Diet goal

Agricultural production

Transformation

Storage, transport and trade

Retail and provisioning

Increase fruit
and vegetable
intake

Invest in mixed and integrated
cropping systems to produce
production diversity in areas
where markets are poorly
developed; where markets are
developed invest in fruits and
vegetable production using
global funding mechanisms
(see column 4)

Develop micro-enterprises
for local processing to
reduce waste

Leverage the World Trade
Organization (WTO) Aid-forTrade initiative or Enhanced
Integrated Framework (EIF)
Aid-for-Trade partnership to
invest in production (column
1) in low-income countries

Invest in “wet market”
infrastructure to enable
maintenance for lowincome groups; increase
capacity for food safety
among traders

Increase intake
of legumes/
pulses

Agricultural research into new
varieties to boost yield

Develop fast-cooking bean
flours

Train farmers in management
practices to reduce loss to
insect damage; safeguards
to prevent distortions that
discourage local production
and regional trade in legumes

Food price subsidies
for legumes where
consumption is low

Increase intake
of grains high
in protein,
micronutrients
and fibre

Incentivize the production of
underutilized grains

Develop more efficient
threshing and milling
technologies for
underutilized grains;
develop novel foods with
underutilized species

Ensure policies support
open regional trade where
neighbouring countries
produce underutilized grains

Set standards and
marketing incentives for
use of wholegrains in
processed food products

Encourage
balanced
consumption
of safe milk

Improve availability of animal
health services and ensure
women have access to animals

Train milk processors in
food safety and quality
assurance

Invest in infrastructure to
ensure safe transport of milk
from farm to retail

Establish milk retail hubs
are open for trading
at times and locations
convenient for women;
provide meals containing
milk in workplaces where
women work

Replace trans
fats with
unsaturated
fats

Encourage cooperatives
between trans fat-free oil
producers to lower prices

Prohibit public investment
and disincentivize private
investment in facilities
producing hydrogenated oils

Lower tariffs on trans fat-free
oils relative to oils containing
trans fats

Create an incentive for
street vendors to use trans
fat-free oils through use of
a “healthier oil” sign

Reduce intake
of sugary
drinks

Horticulture producers donate
fruits that do not meet quality
standards for the production
of fruit juices, thus potentially
lowering costs

Reformulation to reduce
sugar and salt content;
creating incentives for sugary
drinks companies to meet
sales reduction targets of
sugary drinks and increase
sales of pure fruit juices

Codex Alimentarius
Commission sets international
guidelines for consumerfriendly nutrition labels
including sugar warnings on
sugary drinks

Sugary drink taxes

Source: Compiled by the authors
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7.4 How do we decide what actions will be effective? A decision-making tool
FIGURE 7.3: Six steps to identify policy actions to
achieve healthy diets

STEP ONE: Set a clear diet quality objective
What is/are the diet quality gap/s that need
to be addressed and who does it affect?

STEP TWO: Engage with communities to explore
perceptions of causes of the diet gap
What might be responsible for the diet gap from the
perspective of the consumer? Availability? Affordability?
Appeal? Or factors outside the food system?

How can policy makers decide what actions will be effective
to meet local diet quality problems? How can they be prioritized?
The range of possible policies set out above provides an idea
of a few of the broad spectrum of actions available. But not all
will be appropriate and effective for local contexts. What will be
appropriate and effective depends on the nature of the problem,
population and actors involved. They may also need to be
accompanied by policies that address household characteristics.
Here we provide a simple but innovative decision-making
tool to aid decision making (Figure 7.3). The tool is made up
of a simple six-question decision tree and includes two key
innovations. First, it focuses on diet quality as an outcome,
focusing on the “gap” between what people are eating and the
high-quality diets that reduce malnutrition and promote health.
This requires an understanding of the current quality of diet of a
given population, to compare with appropriate and up-to-date
food-based dietary guidelines (FBDGs). This may be challenging
for governments that lack data on current food consumption
and/or established FBDGs. This is a critical issue we will come
back to in the recommendations section of this report.

If and what elements of food systems are responsible
for the diet gaps from the local to the global level?

The decision tool then uses these specific dietary gaps to
identify solutions that are effective and aligned to address
them. The process involves working backwards through the
food subsystems, taking the population and food systems
characteristics into account, to identify realistic actions that
could address the gaps.

STEP FOUR: Identify actions for food systems solutions

In Box 7.5, three examples of using this decision tool are
given for policy actions in different contexts and at local and
national levels; thereby, providing more detail on three of the
examples in Table 7.7.

STEP THREE: Review the role of food systems

What are available options in the food
system for addressing the diet gaps?

STEP FIVE: Align actions to create coherence
What further actions are needed to align
these options across the food system?

STEP SIX: Leverage actions for sustainability
How can these actions also be leveraged to
improve food systems sustainability?
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Box 7.5: Illustrative examples of using the food systems tool to identify effective actions to improve diet quality

Local level (rural)
In Step One, local diet data indicated that low-income
women in rural areas experience high levels of micronutrient
deficiencies and have diets low in dairy and eggs compared
to higher-income women. Dairy is thus identified as the diet
gap. Step Two shows that low-income women are aware of
the importance of consuming these foods for their health,
but cannot afford sufficient amounts. They no longer
produce the products themselves due to export-oriented
employment outside the home; the informal stores that make
these products available are not conveniently accessible to
women working long hours outside the home. In Step Three,
a food systems assessment shows that lack of infrastructure
for distributional logistics and lack of capacity for assuring
a safe milk supply reduces incentives for informal retailers
selling affordable dairy to locate in places more convenient
to women. Women also face barriers in producing it because
of lack of support services and cultural attitudes around
women’s access to milk-producing animals. The retail and
agriculture subsystem are thus identified as critical entry
points. Options in Step Four for addressing these gaps
include a food-at-work programme provided by the women’s
employer; it has the capacity and yet provides no food onsite, despite knowing that the women experience dietary
inadequacy. Another option would be to establish retail hubs
selling milk at times and locations convenient for the women,
whose limited free time is taken up largely by work. Given
lack of employment is one of the local challenges, a further
option would be to support production of dairy products by
women e.g. by ensuring women’s access to animals and the
provision of animal health services, In Step Five, aligning the
whole supply system would involve ensuring capacity for safe
milk throughout the supply chain. Step Six would involve
identifying any synergies for sustainability.

Municipal level (urban slum)
In Step One, data indicate that nutritional status in
urban slums ranges includes both stunting and obesity.
Micronutrient deficiency is rife while obesity is high. A diet
assessment reveals exceedingly low levels of fruit and vegetable
intake and excessive consumption of trans fats from lowquality meat products from street food, often served with
reused oil. The diet goal is thus to increase consumption of
fruits and vegetables and decrease the consumption of fats.
In Step Two, it is evident that these populations are generally
poor, have few, if any cooking facilities at home and experience
poor sanitation, leading to high rates of diarrhoea and risk of
foodborne disease. A food system assessment in Step Three
shows that in the provisioning and retail subsystem, street
vendors are unwilling to sell fruits and vegetables due to
food safety risks from poor sanitation. Foods are deep-fried
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in oil high in trans fats as a means of managing these risks.
In the agricultural subsystem, shortage of land means there
is no opportunity for establishing local fruit and vegetable
supplies or household production, while imports of very
low-cost vegetable oils make purchasing large quantities of
oil very cheap. In Step Four, potential options in the food
retail subsystem include: capacity building in food safety
among street vendors and in wet markets for making fruits
and vegetables available and creating an incentive for street
vendors to use trans fat-free oils through a “healthier oil” sign.
In Step Five, to align to create coherence in other subsystems,
given the critical role of oil imports, lower tariffs could be
placed on healthier oils relative to oils with trans fats while also
encouraging cooperatives between trans-fat free oil producers
as a means of lowering prices. Policy makers could prohibit
public investment and disincentivize private investment
in facilities producing hydrogenated oils. Step Six involves
identifying synergies for sustainability.

National
In this country, data collated for Step One indicate obesity
is rising rapidly throughout the country in both urban and
rural areas. A diet assessment reveals that the sales of sugary
drinks and sweet snacks have risen significantly in the past
decade. Sugar intake in children and adults is significantly
above the 5–10% daily calorie intake as recommended by
the WHO. Given that sugary drinks are the largest single
contributor of sugar intake in the country, the focus is on
reducing the intake of sugary drinks. As pure fruit juice
consumption is very low, a related objective is to increase the
intake of pure fruit juice. A review of consumer attitudes in
Step Two shows that soft drinks are very popular as they are
more widely available than water, which is usually avoided as
it is perceived as being unclean. Soft drinks are also perceived
as affordable relative to pure fruit juices as well as to drinks
with non-caloric sweeteners. There is generally low awareness
that sugary drinks cause weight gain and tooth decay and
no indication on the labels of the drinks that they carry
these risks. Step Three shows that large transnational brands
have taken advantage of an open trade investment regime
and placed significant investments in new bottling plants.
The main ingredients of sugary drinks, sugar, is produced
nationally and obtained by soft drinks manufacturers at low
cost. There is further downward pressure on prices due to an
open trade regime for high-fructose corn syrup, an alternative
caloric sweetener. Alternative non-caloric sweeteners are also
available but at higher cost. In addition to large transnational
brands, local “b-brands” are also available at lower cost. Step
Four reveals a whole range of options available through the
food system. Changing the affordability of sugary drinks in
food environments at the point of retail and applying a sugary

drinks tax is one. In the trade subsystem, the international
food code which sets standards for international trade,
the Codex Alimentarius (the Food Code), could be used
to set standards of labelling for sugary drinks. In the food
transformation subsystem, there are opportunities to reduce
the sugar content of drinks as well as encouraging innovation

by creating incentives for sugary drinks companies to meet
sales reduction targets of sugary drinks and increase sales of
pure fruit juices. Aligning to create coherence in Step Five
would involve creating disincentives for the use of sugar
throughout the supply chain. Step Six involves identifying
synergies for sustainability.

Source: Compiled by the authors

7.5 Implications
The food systems policy space is complex but it can be
navigated with careful diagnosis and a framework for selecting
actions appropriate to context. Not all the solutions will
be in the food system but many will. There are many as yet
untapped opportunities. There are many examples of food
systems approaches that have already been tried to improve
diet quality. However, several of these have not been sufficiently
widely implemented and careful design is needed for all of
them to be effective. More and better evaluation of these
approaches is required to see the effects they have and how
they could be improved.
Some of the more powerful levers are food system policies that
have been implemented for decades with the aim of improving
quantity of output, as well as income and profit. Questions need

to be asked about how to redesign these approaches to alter the
incentives for food systems actors to produce better diets. There
are also possibilities to develop completely novel, innovative
approaches to improving diet quality. The tool we present
can help prioritize and select the most effective approaches:
attention to good diagnosis is key. The policy scenarios illustrate
clearly that the gains could be very substantial.
Governments need to look across food system objectives and
at broader goals and constraints related to the environment
and social equity if better nutrition for all is central to its policy
design. In particular, the need to build sustainability into a
country’s agricultural system, conserve limited water supplies and
promote long-term management of soils, forests and biodiversity
should be a priority.
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KEY MESSAGES

A call to action

• The proportion of the world that is suffering from diet-related
malnutrition stands at just over one in three. If current trends
continue, it will move towards one in two.

• Currrent trends do not have to continue. They can be redirected
towards reduced malnutrition through better diets.

• This process will require focused, determined and sustained action
from policy makers working in a complex context.

• This report is intended to provide policy makers with a guide to
what they can do – and why they need to do it.
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8 A call to action
8.1 Nutrition – a new global priority
Agriculture and food systems must deliver much more than food
– they need to fulfil their potential to underpin the health and
well-being of populations. At a fundamental level, consumers are
making food choices that are not consistent with good nutrition,
health and well-being. And public policies or private sector
actions are not adequately aligning food systems toward the goal
of improving nutrition.

agricultural system, conserving limited water supplies and
promoting long-term management of soils, forests and
biodiversity. In particular, careful consideration needs to be
given to the relationships between diets that are high quality
from a nutritional perspective, and their potential impacts on the
environment. These are more complex than popularly assumed,
and are likely to differ considerably in different contexts.

Diet quality is the number one risk factor contributing to
the world’s disease burden. So at a global level, stakeholders
need to prioritize the improvement of nutrition – and the
consumption of the healthy diets that promote it. While
the Sustainable Development Goals have put ending hunger,
achieving food security, improving nutrition and promoting
sustainable agriculture high on the global agenda, the absence
of diet quality is a serious omission. However, the 2016–2025
UN Decade of Action on Nutrition provides many potential
opportunities to place the improvement of diet quality through
food systems at the centre of global action.

Effective evidence-based policy making should be supported
by use of appropriate analytical tools. Policy makers need to
work throughout the food system to effect diet change. The
methodology set out in Chapter 7, embodying a six stage process
from setting diet quality objectives through to identifying and
aligning actions throughout food systems, provides a systematic
approach that is recommended for use by policy makers.

The international community needs to step up and accord
the goal of healthy diets to all, and extend the same level of
focus and commitment that it gave to addressing HIV/AIDS,
and smoking. This will require stakeholders from governments,
civil society, the media, business and research to work together
to make improving dietary quality a sustained political priority.
Strong campaigns and accountability mechanisms need to
be put in place to build commitment and ensure it leads to
implementation and impact.
At the national level, governments and private sector actors
need to work together to focus on aligning individual food
systems with the goal of attaining healthy diets and improved
nutritional outcomes. This will require, amongst other actions,
creating incentives for private sector actors throughout the food
system so that they can make decisions more favourable to the
adoption of higher-quality diets. If safe and nutritious food is
not available, affordable or deemed desirable, then consumers
will not acquire it and their health and livelihoods will suffer as a
consequence.
It will be critical for governments to look across both
food system objectives and broader goals and constraints
including the need to build sustainability into the country’s
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Non-business stakeholders need to work harder with business
stakeholders to find innovative solutions to providing food
that is nutritious, safe and affordable, especially to those on
lower incomes. Ways in which the public and private sectors can
collaborate to lower the costs of scaling-up low-cost institutional,
technical or infrastructure innovations need to be found.
In making these changes, stakeholders will need to change
the way they think about food systems. They are not merely
for feeding people but for nourishing them well – food systems
are in effect health production systems. This change in mindset is
subtle but crucial.
Finally, this report has highlighted the fact that the long path
that high-income countries have taken to manage rising obesity
rates has not succeeded. That same path is not an inevitable one
for low- and middle-income countries. There are alternatives,
provided the right choices are made now and throughout the
food system. The challenge for policy makers in low- and middleincome countries is to find more direct and less damaging dietary
pathways from where their diets are today, to where they need
and want to be. South Korea is a good example of a country
that has gone from low- to middle- to high-income levels in the
past 30 years in a way that has supported the supply of relatively
accessible and affordable high-quality diets. It is no coincidence
that this country has implemented many food system policies
that aim to promote health.

8.2 Specific priorities for action
6 	Make policies which regulate product formulation,
labelling, advertising, promotion and taxes a high
priority. These are needed to create disincentives for
companies to allocate resources to forms of processing that
undermine diet quality. Policies to educate consumers of the
adverse health effects of consuming these products more
than occasionally are also needed.

While most actions to improve food systems and diets
will depend heavily on local contexts, the following are
universally applicable:
1 F ocus food and agriculture policies on securing diet
quality for infants and young children. These are woefully
inadequate in many countries. Improved policy choices are
needed which recognize the centrality of high-quality diets
for the youngest.
2 	Improve adolescent girl and adult women’s diet quality as
a priority in all policy making that shapes food systems.
Women are particularly vulnerable to the health impacts of
low-quality diets because of their higher nutrition requirements
and because of their disempowerment in some cultures.
3 	Ensure that food-based dietary guidelines (FBDGs) guide
policy decisions to reshape food systems. FBDGs are largely
absent in low-income countries (present only in 2 out of 31)
and limited in lower-middle-income countries (12 out of 51).
They are needed to inform and to influence food policies
around the world.
4 	
Animal source foods (e.g. dairy, eggs, fish and meat)
provide important nutrients. Policy support for these
foods should be pragmatically evidence-based rather
than driven by ideology. Infants, children, adolescents and
women of reproductive age living in low-income contexts will
find it extremely hard to meet nutrient requirements in the
absence of these foods. At the same time some groups in lowincome contexts are consuming levels of these foods in excess
of recommended levels.
5 	Make fuits, vegetables, pulses, nuts and seeds much more
available, more affordable and safe for all consumers.
They offer considerable benefits in terms of diet quality. There
are opportunities throughout the food system to overcome
supply-side barriers to make them available, affordable
and appealing. Public policy can also incentivize greater
investment in the infrastructure required to produce, store
and transport these foods.

7 	Improve accountability at all levels. Governments
committed to reshaping food systems toward healthy diets
need to set targets and publish transparent scorecards of
their results. Private sector actors should acknowledge their
far-reaching roles in defining food environments – and the
nutritional quality of foods and other products that they
promote to consumers. Civil society organizations need to
monitor the performance of others.
8 B
 reak down barriers associated with the longstanding
division of jurisdictional responsibilities within many
governments – between agriculture, health, social
protection and commerce. These can fundamentally
impede integrated action across food systems, inhibit the
effective allocation of resources and create barriers that
inhibit access to data.
9 	Institutionalize high-quality diets through public
sector purchasing power. Food provided in schools,
hospitals, across the armed forces and in the prison
system should be of the highest dietary benefit to the
consumer. This approach has the potential to shape the
norms around foods that contribute to high-quality diets
and incentivize suppliers and contractors to align their
value chains accordingly.
10 	Refocus agriculture research investments globally
to support healthy diets and good nutrition. Global
and national public research organizations (and their
funders) must rebalance their priorities to reflect a priority
focus on high-quality diets. Much more investment
in research on fruits and vegetables, animal source
foods, legumes, nuts and seeds is urgently required.
Better national-level and subnational data are needed on
diet, consumer food prices, food safety, food loss and waste.
The Access to Nutrition Index that assesses the conduct
and performance of companies should be strengthened
at the country level.
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Box 8.1 Research priorities
Research within the food system needs to be driven to a
greater extent by the desire to achieve high-quality diets.
For example, as the agenda-setting agricultural research
system, the CGIAR needs to review how it allocates its annual
US$1 billion research budget. Nutrition concerns should
not only be signalled in one of its challenge programmes
(Agriculture for Nutrition and Health), but in all of them.
The CGIAR needs to review how it allocates funding in relation
to the quality of the diets needed throughout the world.
This may well affect its allocation by crop, by location and
by stage in the food value chain. CGIAR needs to work
with national agricultural research systems to support the
development of mutual capacity to do this kind of work.
Questions are also needed on what private sector research
should be from a diet-quality perspective.
There is an urgent need for better data and metrics for diet
quality and the food system. It is extraordinary that diet is the
number one risk factor for the global burden of disease and
yet the UN, to date, has no functioning global database on
diet. Also, few national governments collect the data required
to inform decision makers about what people actually eat. This
report had to rely on a global database built by academics at
Tufts University in the US, supported by the Bill & Melinda
Gates Foundation. FAO and WHO should work closely with
Tufts University to urgently populate the FAO/WHO GIFT
(FAO/WHO Global Individual Food Consumption data Tool)
database - and funders should be prepared to support them
in doing so. Other efforts to gather data such as the Global
Dietary Database (GDD) should also be built upon.

This report highlights the very serious challenges facing
policy makers today and in the future. Already, approximately
three billion people on the planet – from every country – have
low-quality diets.
But this report also shows that current trends do not have to
persist if the right actions are taken now and in the coming
decades. Better diets are possible. Ensuring that all people eat
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Other indicators also need to be collected to help policy
makers make the links between food systems and high-quality
diets. These include indicators related to consumer food
price series, food safety, food loss and waste, as well as those
that monitor implications for the environment. We also need
scorecards to highlight those countries that have set targets
for diet improvement and actions to improve diets (including
policy, legislative and financial investments) and those
countries who have implemented these commitments
and to what effect.
The Access to Nutrition Index, which assesses the nutrition
performance of large, multinational firms, needs to be
strengthened and much more work needs to be implemented
at the country level to assess the conduct and performance
of companies in national markets. Companies that act to
support high-quality diets should be congratulated and
those that do not need to be encouraged to do better.
A Global State of Food Systems report should be produced
by an independent group of experts on an annual basis.
More and better evaluation is required.
Policy makers need to be able to assess the effect that
specific interventions and policy actions have on diet
quality and to determine how they could be improved.
For example, recent work to track changes in the purchases of
sugar-sweetened beverages in Mexico following the imposition
of a new tax sheds important light on consumer choices in a
changing food environment.

healthily is a moral and economic imperative. This will require
focused, determined and sustained action from policy makers
working in partnership with the private sector in complex and
rapidly changing environments. With so much at stake, we all
share a responsibility to find solutions that work for everyone.
There are many public policy opportunities to act on in the food
system beyond agriculture to improve the consumer’s ability
to access food that is safe, nutritious and affordable.
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Appendices
APPENDIX 1: TABLE 1.1: Recent reports on food systems: Aims and key messages
Product category

Aim

Key messages

Bioversity International. 2012.
Metrics of Sustainable Diets
and Food Systems, 2012286

To develop metrics to define the sustainability
of a food system

Food system sustainability involves measuring: nutrition
adequacy, environmental sustainability, cultural acceptability,
low cost-accessibility

FAO. 2013. The State of Food
and Agriculture: Food Systems
for Better Nutrition287

To provide an overview of how food systems
must be used to ensure better nutrition

Consumers ultimately determine what they eat and therefore
what food systems produce. Within a multisectoral approach,
food systems offer many opportunities for interventions to
improve nutrition, including better governance

Global Panel. 2014. “How can
agriculture and food system
policies improve nutrition?”288

To identify policy actions that support
nutrition-enhancing food systems as a whole

Governments must move away from policy that is focused
on just one or another part of the system at a time. Policies
should focus on agricultural production, markets and trade,
purchasing power, food transformation and consumer
demand

ILSI. 2014. Assessing
Sustainable Nutrition
Security: Role of Food
Systems, 2014289

To generate metrics of the influence of the
food system on sustainable nutrition security

Food systems impact on nutrition from production to
retailing, to consumption and waste disposal. Metrics are
available to model these

FAO. 2014. High Level Panel
of Experts. Food Losses and
Waste in the Context of
Sustainable Food Systems290

To analyze existing evidence about the causes
of food losses and waste (FLW) and suggests
action to reduce them

(1) Improve data collection and knowledge sharing on food
loss and waste (FLW); (2) Develop effective strategies to
reduce FLW, at the appropriate levels; (3) Take effective steps
to reduce FLW – at micro, meso and macro (systemic) levels;
(4) Improve coordination of policies and strategies in order to
reduce FLW

US National Research Council.
2015: Committee on a
Framework for Assessing the
Health, Environmental and
Social Effects of the Food
System291

US focus (1) facilitate understanding of
environmental, health, social and economic
effects of food systems, (2) encourage
improved data collection systems and
methodologies to identify and measure
effects; (3) inform decisions in food/
agricultural practices and policies to minimize
unintended health, environmental, social and
economic consequences

Develop a framework for assessing the health, environmental
and socio-economic effects of the US food system.

Chicago Council. 2015.
“Healthy Food for a Healthy
World”292

To identify what the US government can do to
make nutrition-sensitive policy interventions
across the food system value chain

Stronger policies, more research, training for the next
generation of leaders, public private partnerships needed for
nutrition-sensitive food systems

International Panel of Experts
on Sustainable Food Systems.
2015. The New Science of
Sustainable Food Systems:
Overcoming Barriers to Food
Systems Reform293

To make the case for producing a joined-up
picture of food systems and their political
economy, in ways that reach across the
scientific disciplines and reach beyond
traditional bounds of the scientific community

A comprehensive definition of sustainability which should be
used an end goal of food systems

World Bank. 2015. Ending
poverty and hunger by 2030:
an agenda for the global food
system294

What are the key actions in food systems that
must be taken to end widespread hunger?

Three areas with greatest impact: 1) climate-smart agriculture;
2) improving nutrition (agriculture needs to become more
nutrition-sensitive); and 3) strengthening value across food
chains and improving market access

Most studies evaluating food system strategies are too
narrow and do not look at multiple dimensions – using a
comprehensive framework to assess food systems uncovers
hidden advantages/disadvantages

Source: Compiled by the authors

286
292

Fanzo, Cogill and Mattei (2012)
Bereuter and Glickman (2015)
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FAO (2013) 288Global Panel (2014) 289Acharya et al. (2014)
IPES-Food (2015) 294Townsend (2015)

287
293

HLPE (2014)

290

291

IOM and NRC (2015)

APPENDIX 1: TABLE 1.1 (continued): Recent reports on food systems: Aims and key messages
IFPRI. 2016. Global Food
Policy Report295

How can food systems (support for
smallholder farmers) best contribute to
meeting UN Sustainable Development Goals?

Support for smallholders: invest in agricultural R&D, efficient
and inclusive value chains, increased equality of access to
and control of land, increase women’s access to inputs, better
water and irrigation management, climate smart agriculture
and climate finance

WWF Netherlands report.
2016. The Global Food
System: an Analysis296

To explore if the world can 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?

The world needs to address four main challenges
simultaneously in order to transition to a sustainable and
resilient food system: creating an adaptive and resilient food
system; making nutritious food available to all; working within
planetary boundaries; while supporting livelihoods and wellbeing

Source: Compiled by the authors

APPENDIX 2: TABLE 3.1: Initiatives to improve food consumption quality and availability
Food consumption
measurement initiative

Host organizations

Number of countries

Type of data

Level of aggregation

Global Dietary Database
http://www.
globaldietarydatabase.org/
the-global-dietary-databasemeasuring-diet-worldwide.
html

Tufts University

113 approximately

Population and
individual-based dietary
surveys

National and some
subnational

Global Individual Database
on Food Intake (GIFT)
(under development)

FAO and WHO

Not clear

Individual food intake

National and some
subnational

Voices of the Hungry. The
Food Insecurity Experience
Scale

FAO and Gallup

150 approximately

Experiential estimates
of food insecurity. Selfreported data collected
at the individual level.

National and some
subnational

Comprehensive European
Food Consumption Database
http://www.efsa.europa.
eu/en/food-consumption/
comprehensive-database

European Food Safety
Authority

22 European Member
States

Individual-based dietary
surveys

National and some
subnational

Global Consumption
Database
http://datatopics.worldbank.
org/consumption/
AboutDatabase

World Bank

90 approximately

Food expenditure for
35 food and beverage
categories from
household surveys

National and some
subnational

Passport Nutrition http://
www.euromonitor.com/
passport-nutrition

Euromonitor

54 countries

Retail sales of foods

National

Source: Compiled by the authors

IFPRI (2016)

295

296

Gladek et al. (2016)
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APPENDIX 3: TABLE 3.2: ‘healthy’ and ‘unhealthy’ categories used by Imamura et al. (2015)
and what they mean
Diet component

Why ‘healthy’/’unhealthy’

‘Healthy’
Fruits (100 g/serving)

Coronary heart disease (CHD), stroke,
oesophageal cancer, lung cancer

Vegetables, including legumes (100 g/serving)

CHD,

stroke,

Nuts/seeds (1 oz (28.35 g)/serving)

CHD,

diabetes

Wholegrains (50 g/serving)

CHD,

diabetes

Seafood (100 g/serving)

CHD,

stroke

oesophageal cancer

'Unhealthy'
Red meat, unprocessed (100 g/serving)

diabetes,

Processed meat (50 g/serving)

CHD,

Source: Compiled by the authors, based on Micha et al. (2015), Table 2
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colorectal cancer

diabetes,

colorectal cancer

APPENDIX 4: TABLE 3.3: Definitions of categories of processed foods, non-alcoholic beverages and ultra-processed
foods in Chapter 3
Product category

Description

Included as
ultra-processed

(1) Total processed foods

Aggregation of all processed food categories

Baked goods

Bread, pastries and cakes

✓*

Biscuits and snack bars

Sweet biscuits, savoury biscuits and crackers and bread substitutes, granola/
muesli bars, breakfast bars, energy and nutrition bars, fruit bars

✓

Breakfast cereals

Ready-to-eat and hot cereals

✓

Cheese

Processed and unprocessed cheese*

✓*

Confectionery

Chocolate confectionery, chewing gum and bubble gum, and sugar
confectionery

✓

Dried processed food

Dessert mixes, dried ready meals, dehydrated soup, instant soup, dried pasta,
plain noodles, instant noodles and rice products

✓

Milk products

Fresh/pasteurized, long-life, goat, flavoured milk drinks, soya beverages, milk
powder

Ice cream and frozen desserts

Impulse ice cream, take-home ice cream, frozen yoghurt, artisanal ice cream and
other frozen desserts

Oils and fats

Vegetable/seed oil, cooking fats, butter, margarine, spreadable oils/fats

Processed fruits and vegetables

Shelf stable fruits and vegetables and frozen fruits and vegetables

Processed meat and seafood

Processed meat, processed seafood and meat substitutes

✓*

Ready meals

This is the aggregation of canned/preserved, frozen, dried, chilled ready meals,
dinner mixes, frozen pizza, chilled pizza and prepared salads.

✓

Sauces, dressings and condiments

Tomato pastes/purees, bouillon/stock, herbs/spices, monosodium glutamate
(MSG), table sauces, soya-based sauces, pasta sauces, wet/cooking sauces,
dry sauces/powder mixes, ketchup, mayonnaise, mustard, salad dressings,
vinaigrettes, dips, pickled products

✓

Soup

Canned/preserved, dehydrated, instant, chilled, UHT and frozen soup

✓

Spreads

Jams and preserves, honey, chocolate spreads, nut based spreads, and yeast
based spreads

✓

Sweet and savoury snacks

Fruit snacks, chips/crisps, extruded snacks, corn chips, popcorn,
pretzels, nuts

✓

Yoghurt and sour milk products

Yoghurt and sour milk drinks

✓*

(2) Total non-alcoholic beverages

Aggregation of all non-alcoholic beverage categories

Bottled water

Still bottled water, carbonated bottled water, flavoured bottled water and
functional bottled water

Carbonated soft drinks

Non-alcoholic drinks containing dissolved carbon dioxide, regular
& low calorie

✓

Concentrates

Liquid concentrates and powder concentrates

✓

Ready-to-drink coffee & tea

Packaged ready-to-drink (RTD) coffee and tea, excluding coffee flavoured milk
drinks

✓

Fruit/vegetable juice

100% juice, nectars (25-99% juice), juice drinks (< 24% juice), flavoured drinks

✓

Sports & energy drinks

Sports and energy drinks

✓

✓

Source: Baker (2016)
Note: The categories included as ‘ultra-processed’ are consistent with the PAHO (2015) NOVA food classification system, however, due to the unavailability of more
disaggregated data the categories marked with a ‘*’ aggregate several processed and ultra-processed categories and are subsequently over-represented in the total
ultra-processed categorization.
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APPENDIX 5: TABLE 6.1: The world’s top 25 food and non-alcoholic beverage companies (2003, 2010 and 2015)
Company

Main product line

Food sales (million USD)

Rank

2003

2010

2015

2003

2010

2015

Nestlé S.A.

Diversified

61,615

91,560

72,245

1

1

1

PepsiCo Inc.

Beverages and snack foods

26,971

43,232

66,683

6

2

2

JBS

Meat

–

12,745

52,580

–

13

3

The Coca-Cola Company

Beverages

21,044

30,990

45,998

8

6

4

Archer Daniels Midland Co.

Ingredients, grain-based
products

36,151

32,241

43,232

2

5

5

Tyson Foods

Meat and poultry

24,549

26,704

37,580

7

9

6

Kraft Foods Inc./Mondelez Int.
(2015)

Diversified

31,010

40,386

34,244

3

3

7

Cargill Inc.

Grain-based foods

27,260

26,500

33,700

5

10

8

Mars Inc.

Confectionery

17,000

30,000

33,000

9

7

9

Unilever plc

Diversified

29,938

29,180

29,070

4

8

10

Danone

Dairy, biscuits, water

14,850

20,810

28,545

10

11

11

H. J. Heinz Co./Kraft Heinz (2015)

Frozen and shelf-stable foods

8,415

10,155

28,000

18

24

12

Lactalis

Dairy

6,051

11,805

22,240

31

18

13

Fonterra Cooperative Group

Dairy

6,575

10,025

18,565

25

26

14

General Mills Inc.

Grain-based foods

11,070

14,691

17,910

12

12

15

ConAgra Inc.

Diversified

14,522

12,731

17,703

11

14

16

Royal FrieslandCampina

Dairy

4,866

11,335

15,320

34

19

17

Kellogg Co.

Grain-based foods

8,812

12,575

14,580

17

16

18

CHS Cooperatives

Grain-based foods

4,177

6,550

14,500

41

44

19

Grupo Bimbo S.A. de C.V.

Baked goods

3,530

8,628

14,390

52

33

20

Arla Foods Group

Dairy

6,068

9,710

14,330

30

28

21

Smithfield Foods Inc.

Processed meats

8,248

12,488

13,221

19

17

22

BRF Brasil Foods

Frozen foods

–

8,093

13,185

–

35

23

NH Foods Ltd.

Meat, processed foods, dairy,
marine products

–

–

12,108

–

–

24

Ferrero

Confectionery

–

8,900

11,355

–

31

25

Source: Compiled by the authors, based on Food Engineering (2016)
Note: Alcoholic beverage companies have been removed.
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