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Executive Summary

A transformation of food systems is
urgently needed, possible, and offers
enormous economic benefits

Our food systems — the way we produce,
market, and consume food — are part of the
political, social, economic, ecological, and cultural
fabric of our communities. They have achieved
something of a miracle, keeping pace with decades
of population growth while decreasing some forms
of malnutrition, reducing poverty and increasing life
expectancy. But progress has been uneven around
the world. And the recent evolution of food systems
has fuelled - and continues to inflame - some of the
greatest and gravest challenges facing humanity,
notably persistent hunger, undernutrition, the
obesity epidemic, loss of biodiversity, environmental
damage and climate change. The economic value
of this human suffering and planetary harm is
well above 10 trillion USD* a year, more than food
systems contribute to global GDP. In short, our food
systems are destroying more value than they create.?

lgnoring the consequences of today’s food
systems locks the world onto a course that escalates
their negative effects disastrously. Yet in many policy
discussions, such as those around climate change,
food systems have long been ignored. Concerns for
food affordability and the livelihoods of hundreds
of millions who depend on food systems, the
power of large-scale players, and divergent views
among stakeholders about what sustainable food
systems look like have all contributed to make food
systems something of an exception. Today there is
an opportunity for policymakers to raise the level
of ambition. Transforming food systems worldwide
provides a uniquely powerful means of addressing
the global climate, nature and health emergencies
while offering a better life to hundreds of millions
of people.

The Economics of the Food System Transformation

This report identifies the elements of what a
transformation from today’s food systems to an
inclusive, health-enhancing and environmentally
sustainable global food system entails. It shows that
such a transformation is not only biophysically and
technically feasible; it offers immense economic
benefits to societies across the world. The net
benefits of achieving a food system transformation
are worth 5 to 10 trillion USD a year, equivalent to
between 4 and 8 percent of global GDP in 2020.
Combined with transitions taking place outside the
realm of food, notably to low-emission energy, a
food system transformation can ensure that global
warming stays well below 1.5 degrees C at the end of
this century.?

The economic and planetary case for
transforming our food systems is compelling. But
negotiating change across a multitude of diverse
stakeholders with unequal power and varying
prospects from the transformation is an enormous
challenge. The report confronts this challenge head
on, highlighting practical ways to dismantle barriers
to change and develop achievable transformation
strategies. Evidence shows that embracing equity
and inclusion is key to making a transformation
politically viable and thus essential for success.

The report summarizes the findings of a
four-year investigation by the Food System
Economics Commission (FSEC), an independent
commission expressly created to assess options
for comprehensive food system transformation.
FSEC findings are based on rigorous economic
modeling, in-depth literature reviews, and case
studies. All background research is available at
foodsystemeconomics.org.

1 Unless otherwise specified all figures are in USD Purchasing Power Parity (PPP) 2020.

2 Itisnot possible, either conceptually or analytically, to separate the production of non-food agricultural items from food items. In this report

“food systems” is used as a short-hand for agri-food systems.

3 Thefood system transformation addresses both direct emissions of greenhouse gases (such as e.g. methane from ruminant enteric

fermentation and nitrous oxide from crop production) and indirect ones (through land-use change).
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The costs of current food
systems are far larger than their
contribution to global prosperity

Food systems form a nexus linking some of
the greatest triumphs and challenges of our times.
Thanks to human ingenuity, determination and
technical progress, they feed a world population
that has doubled since the 1970s. And yet the
unaccounted costs of the burdens they place on
people and the planet are currently estimated at
15 trillion USD a year, equivalent to 12 percent of
GDP in 2020. This finding is in line with other recent
estimates in the literature. These unaccounted
costs comprise:

- Health costs, which FSEC estimates to be at least
11 trillion USD. The economic costs of ill health
due to food systems are measured through their
negative effects on labor productivity. Those are
driven by the prevalence of non-communicable
diseases, including diabetes, hypertension, and
cancer which can be attributed to food. A large
share of this burden is born by people living with

obesity, currently estimated at 770 million people.

FSEC’s health costs also include a lower bound
figure for the productivity costs of undernutrition,
currently affecting 735 million people.

> Environmental costs are estimated at 3 trillion
USD a year and reflect the negative impacts of
today’s food systems on ecosystems and climate,
including the impacts of current agricultural
land use and food production practices. These
practices are responsible for a third of global
greenhouse gas emissions, including emissions
arising from deforestation, and result in the net
loss of over 6 million hectares of natural forest
each year. Environmental costs also reflect the
costs of biodiversity loss and environmental
damage arising from nitrogen surplus, which
leaches into waterways and pollutes the air.

The Economics of the Food System Transformation

> Finally, food systems are a source of structural
poverty through the costs of food, but also
through the low incomes of many who work
in food production. The incidence of poverty
tends to be higher in agriculture than in the other
segments of food systems.

The global food system is on an
unsustainable trajectory and
current policy commitments are
not strong enough to divert it

Even if countries follow through on all the
policy commitments made in their Nationally
Determined Contributions (NDCs), they will not
succeed in shifting the global food system from its
unsustainable trajectory. It will still be responsible
for about one third of future global emissions if
current trends in the overall economy prevail to
2050. These emissions will contribute to an increase
in global mean temperature of 2.7°C by the end of
the century,* compared to pre-industrial periods.
But the negative impacts of the current trajectory go
well beyond climate.

The continuation of current trends to 2050, modeled
through the Current Trends pathway (CT), has
further striking features:

- Food insecurity and undernutrition continue to
plague humanity, still leaving 640 million people,
including 121 million children, underweight in
2050, particularly in India, Southeast Asia, and
Sub-Saharan Africa.

> The global adoption of diets high in fats, sugar,
salt and ultra-processed foods would increase
the number of obese people worldwide by 70
percent to an estimated 1.5 billion in 2050, or 15
percent of the expected global population. Note
that the direct medical costs of treating the health
consequences of overweight and obesity have
been estimated by others to rise from 600 billion
USD today to almost 3 trillion by 2030 already.

4 Under current trends warming at the end of the century also coincides with “peak warming”.
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> Per capita food waste increases by 16 percent
compared to today, reaching 76 kg of dry matter
per capita in 2050.

> Food production in many countries becomes
increasingly vulnerable to climate change and
environmental degradation, with the likelihood
of extreme events dramatically increasing.
Rising food prices due to climate or other shocks
heighten poverty and hunger, stretching the
budgets of the poor and middle classes. This
leads to social tensions and the imposition of
measures to limit trade.

> Deforestation will erode a further 71 million
hectares of natural forests between 2020 and
2050, an area equivalent to 1.3 times the size of
France. This has far-reaching implications for
carbon emissions and biodiversity loss.

> Nitrogen surplus from agriculture and natural land
also increases from 245 Mt N to about 300 Mt N a
year, polluting water, destroying biodiversity and
undermining public health.

Transforming food systems would
provide economic benefits equivalent
to at least 5 trillion USD a year

FSEC has assessed one specific science-based
transformation pathway for food system which
brings huge benefits for both people and planet.
This pathway is called the Food System
Transformation (FST). Estimates of those benefits,
measured as reductions in the unaccounted costs
of food systems outlined above, amount to at least
5 trillion USD per year. When the full effects of a
global food system transformation on incomes are
factored in, estimates of its benefits rise to
10 trillion USD per year (Box ES.1). The FST offers
a future where:

> Undernutrition is eliminated by 2050, and
cumulatively 174 million lives are saved from
premature death due to diet-related chronic
disease, compared to CT. This fall in diet-related
chronic disease accounts for

The Economics of the Food System Transformation

55 percent of the reduction in the food system’s
hidden costs associated with the FST (see figure
ES.1). When accounting for the impacts of changing
diets on both consumption and (indirectly) on land
use, changing diets accounts for 70 percent of the
benefits of transforming food systems.

- Farmers in the global food system — around 400
million people — enjoy a sufficient income from
their work thanks to productivity growth and
targeted support policies.

- An additional 1.4 billion hectares of land is
protected, while a further 200 million hectares are
afforested and open to planet-friendly economic
uses such as the production of timber for housing.

> A shift to environmentally sustainable production
in agriculture reverses biodiversity loss, reduces
demand for irrigation water and almost halves
nitrogen surplus from agriculture and natural land
(i.e. land that has not been altered or developed
for human purposes).

> The food system becomes a net carbon sink
by 2040. As part of a larger sustainability
transformation which includes the energy sector,
this helps to ensure that global warming is limited
to well below the 1.5°C Paris Climate target by
the end of the century, with peak warming barely
exceeding 1.5°C.

> Processes of structural transformation are
accelerated, meaning that agriculture becomes
less labor-intensive than under CT. About 75
million more on-farm jobs are reallocated to other
segments of food systems or other sectors than
expected under CT.

This alternative future plays out differently in
different parts of the world. A shift to healthy

diets entails notably higher consumption of fruits,
vegetables and nuts in South and South-East Asia
and of legumes in China. Meanwhile, consumption of
animal-sourced food decreases drastically in high-
and middle-income regions.



Executive Summary

FIGURE ES.1

The Economics of the Food System Transformation

Reduction in hidden costs compared to Current Trends

Trillion USD PPP 2020

2020 2025 2030 2035

Trillion USD/year

® Greenhouse Gas Emissions

Nitrogen Pollution ® Dietary Intake

The Northern Hemisphere sees the largest increase
in land conservation over CT, while one half of the
projected additional afforestation happens in Brazil.
And food waste is reduced most in some European
countries, the USA, and China.

At 200-500 billion USD a year,
estimated costs of global food system
transformation are low compared to
its economic benefits

Implementing the FST pathway worldwide
will need investments and transfers averaging 500
billion USD each year between now and 2050. Of this
amount, about 200 billion USD covers investments
in rural infrastructure (including roads, irrigation
expansion, access to energy), the protection and
restoration of forests, the reduction of food loss
and waste, support for the dietary shift and
agricultural research and development. All these
costs are additional to spending already expected
in these areas.

The remainder of the transformation costs
cover the safety net support needed to keep food

2040 2045 2050

Poverty

The difference in poverty
hidden costs between

CT and FST is minimal and
roughly constant

at 4 billion USD throughout
the period

® Land Use Change

® Poverty

affordable for the poorest, especially in the earlier
phases of the food system transformation. Under
the FST, agricultural commodity prices increase by
roughly 30 percent by 2050, which may significantly
increase the prices consumers pay for food. Food
price rises will be somewhat offset by rising incomes
and changing consumption patterns. However,
the risk of food becoming less affordable for the
poorest needs to be addressed head on with
transfer programs. The initial estimate of FSEC
is that this might require up to 300 billion USD a
year, based on spending patterns of the poor in
low income countries. This estimate needs to be
refined depending on local circumstances, including
national programs’ ambition and how they are
scaled up over time, the specificincome groups
expected to benefit, local household vulnerability to
price increases and the availability of resources and
capacity needed to operate transfer programs.
Given strained post-COVID budgets and
recent geo-political shocks, financing the costs of
transforming food systems will be a difficult hurdle
for low- and middle-income countries to overcome.

10
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It risks putting the benefits beyond their reach, even
though these far outweigh the costs. Yet at a global
level, the costs of the food system transformation
are equivalent to only 0.2-0.4 percent of global

GDP, and clearly affordable compared to the

global benefits. New resources, such as those
currently under discussion as part of the Multilateral
Development Banks reform agenda, could support
these efforts.

Five broad priorities can guide national

food system transformation strategies
Global food system change will in reality

take place at national and local levels. There is

no universal recipe for what each transformation

should look like, but five broad priorities can guide

national and local strategies everywhere. Bundling

policies into coherent strategies to pursue these

priorities maximizes the likelihood of impact:

Shifting consumption patterns towards

healthy diets. A global shift towards healthy diets
is the biggest source of benefits in the FSEC FST
pathway. Changing what people choose to eat is
not easy but policies that have been shown to work
include: regulating the marketing of unhealthy foods
to children; front-of-pack nutritional guidance;
targeting public food procurement on healthy
options; taxing sugar-sweetened beverages and
unhealthy foods; and reformulating packaged

food. These policies can be applied at scale, but
more work is needed to find new ways to shift
consumption patterns and improve access to
healthy food, as well as more research on which
policies work best and why.

Resetting incentives: Repurposing government
support for agriculture. Most agricultural support
from governments benefits larger producers and
much is linked to harmful environmental, climate,
and health effects. Reforming agricultural support
to make sure it incentivizes choices in line with

the goals of the food system transformation could
lower food systems’ hidden costs. For example,
repurposed subsidies could help to improve
access to healthy diets and make them more

The Economics of the Food System Transformation

affordable. However, subsidy repurposing might
displace production to less efficient countries
thereby increasing environmental impacts. This
calls for investments to improve productivity and
contain environmental impacts, possibly through
international redistribution.

Resetting incentives: Targeting revenue

from new taxes to support the food system
transformation. Transforming food systems into
net carbon sinks and reducing nitrogen pollution
are two important sources of benefits. Taxing
carbon and nitrogen pollution to help achieve these
outcomes is in line with recommendations from
expert bodies including the IPCC and OECD. But new
taxes must be designed to suit the local context.
Targeting resulting revenues towards direct and
progressive benefits for poorer households that
might otherwise struggle to afford food can ensure
its outcomes are inclusive and help to win political
support for a food system transformation.

Innovating to increase labor productivity and
workers’ livelihood opportunities, especially
for poorer workers in food systems.

An unprecedented number of new food system
technologies is being developed. Currently

this comes largely from the private sector.

National and international public institutions

can do a lot to speed up the development and
diffusion of innovations that meet the needs of
poorer producers and remove barriers to their
adoption. Priority areas for public research and
innovation include: improving plant breeding in
low- and middle-income countries; supporting
environmentally sustainable, biodiversity-friendly,
and low-emission farming systems by, for instance,
tailoring public procurement and extension services;
and developing digital technologies useful to small
farmers, such as information systems based on
remote-sensing, in-field sensors and market
access apps.

11
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Scaling-up safety nets to keep food affordable
for the poorest. Developing and strengthening
safety nets is key to making food system
transformations inclusive and politically feasible.
Experience with cash transfers during the COVID
pandemic has redefined what is possible, in terms
of making efficient digital payments and targeting
vulnerable populations. Countries should decide
to start by targeting limited transfer resources on
children, whose nutritional needs are critically linked
to their lifetime achievements, while mobilizing
more resources and putting in place more
comprehensive safety nets.

Failure to address head on the tensions
surrounding food system transformation
will hold back change

Transforming food systems brings huge benefits
but it also gives rise to unavoidable tensions among
potential winners and losers. Managing these
tensions calls for new ways of implementing policies.
Unless they are addressed, these tensions will stymie
change. Issues likely to require management include:

Fears of food price rises. Increasing hunger and
worsening food insecurity caused by rising food
prices can lead to social unrest, especially when
politically powerful populations are affected.
For good reason, the price of food is considered
by governments and opposition parties as an
important barometer of their prospects for re-
election or election. Concerns about the future
affordability of food can paralyse food system
reforms, as well as resulting in disruptive policy
responses such as export bans. Putting in place
effective safety nets, as proposed by FSEC above, is
crucial to lifting this barrier to change.

Fears of job losses. Transforming food systems
can accelerate the reallocation of jobs away from
food production. Localized impacts can be severe
when transforming food systems affects the main
sources of livelihoods. Developing downstream
segments of the food system can help create jobs
for farm workers displaced by food system change,
particularly in low-income countries. Deploying

The Economics of the Food System Transformation

nature-based agricultural practices such as
agroforestry can do the same. The shift towards
healthy diets is also likely to create new jobs: the
ILO expects some 15 million additional jobs from
this source in Latin America alone. But for these
new developments to absorb at scale labor shifting
from obsolete forms of food production they

will need well-targeted investment in productive
infrastructure, skills and more equitable access to
finance - notably for women farmers.

Policy siloes. Numerous government ministries
and departments influence food systems. They
often pursue disparate, overlapping, and sometimes
contradictory policy goals, and their decisions are
rarely informed by the views of other stakeholders.
While most governments now recognize the urgent
need to reform food systems, to ensure success
they need to convene more participatory forms of
food system governance, develop clear, long-term
strategies with transparent accountability, and
coordinate their implementation of policies.

Global inequalities. While the food system
transformation is a clear win at the global level,
there are tensions surrounding the distribution

of its benefits and costs. The required dietary

shift will reconfigure production patterns, likely
concentrating many of the costs in some producer
countries. Richer producer countries are equipped
to contain and mitigate adjustment costs but they
are clearly unaffordable for many low-income
countries. Food system reforms need to be
prioritized for climate finance, in global public health
interventions and agreements, and on the agendas
of multilateral development banks to be sure of
progress at the necessary scale and speed.

Entrenched vested interests. Food systems

are characterized by marked asymmetries in

power, information, and accountability. Powerful
corporations often use their influence over
policymaking to delay or dilute reforms perceived as
a threat to shareholder value. FSEC highlights three
ways to assert the public interest in food system
reform based on successful examples of generating

12
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change. First, emphasize the intended public
benefits, such as better child health and lives saved

by healthier diets, to build constituencies for reform.

Second, form broad-based, multi-stakeholder
coalitions to challenge corporate power. Coalitions
were instrumental in persuading governments
across Latin America to raise taxes on sugary
beverages despite corporate lobbying against them.
Finally, when using new taxes to change incentives,
link the tax revenue directly to interventions which
command broad support. For example, Bolivia
finances its healthy school meal programs from a
tax on hydrocarbons, converting natural capital into
human capital.

Daunting as the challenges of transforming food
systems may be, there are reasons to be hopeful.
Over recent years transforming food systems has
risen in visibility as a policy priority. From citizen
movements to farmers to businesses, new groups
and coalitions are innovating to make food systems
more sustainable. New technologies and business
models are expanding the scope of what is possible.
The COP28 UAE declaration on Sustainable
Agriculture, Resilient Food Systems, and Climate
Action signed by over 150 countries signals a new
ambition to seize the opportunities offered by
transforming food systems.

Addressing squarely the concerns that shape
policymakers’ vision of what is possible offers a
pathway to reap large benefits for people and
planet.

The Economics of the Food System Transformation
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BOX ES.1

Modeling the Food System Transformation

The Economics of the Food System Transformation

To understand the food system transformationin a
scientifically rigorous way, FSEC explored food system
pathways generated using the modeling framework MAgPIE
(Model of Agricultural Production and its Impact on the
Environment, Dietrich et al. 2019). MAgPIE projects how

the agriculture and food sector may change over time

given a consistent set of socio-economic assumptions and
biogeophysical constraints. Its modeling capabilities are
extended through coupling it with specialized models of
public health (Springmann et al. 2018), the energy system
(Baumstark et al. 2021), and the climate system (Meinshausen
et al. 2020). FSEC uses the resulting pathways to produce
economic valuations of the gross and net economic benefits
of the food system transformations that they capture.

This report focuses on two such pathways. “Current Trends”
(CT), represents a continuation of the trends that characterize
food systems today. The “Food System Transformation”
(FST), characterizes a global effort to transform current

food systems into a global system that produces healthy,
nutritious food without sacrificing a livable environment,
meets the needs of those working in agriculture and lifts up
the world’s poor and hungry. A third pathway, elaborated in
Chapter 3, embeds the FST within a more general sustainable
transformation that is largely external to the food system.
This includes more optimistic assumptions for future GDP and
population growth as well as the ongoing energy transition.

The Current Trends (CT) Pathway

The Current Trends pathway projects a future extrapolated
from past trends and the present. Assuming no deep
structural changes in the world economy, global GDP expands
by over 100 percent by 2050, yet this prosperity is unevenly
distributed. Poverty rates decline, but entrenched structural
disparities ensure that a considerable portion of the global
population remains impoverished. Food production scales

to meet the needs of that global population, expected to
reach 9.5 billion by 2050, but 640 million people remain
undernourished. At the same time, the increasing prevalence
of unhealthy diets in richer countries contributes to a surge in
obesity, affecting nearly 1.5 billion people in 2050. Regarding
climate change mitigation, nations adhere to their current
Nationally Determined Contributions (NDCs), increasing
managed forestry by 230 million hectares to reach 560 million
hectares globally. Yet, inadequate international cooperation
hampers further progress toward the 1.5°C climate goal, and
earlier powerful ambitions to meet the Paris climate targets
lose momentum. Agricultural expansion and overexploitation
of natural resources further degrade natural ecosystems and
the biodiversity they foster.

The Food System Transformation (FST) Pathway

The Food System Transformation pathway projects an
alternative future, defined by worldwide commitment

to achieving an inclusive, health-enhancing, and
environmentally sustainable food system. Over the next
thirty years, all countries gradually transition away from diets
dominated by empty calories and animal-sourced proteins,
and instead increase their consumption of vegetables, fruits,
nuts, legumes, and whole grains. Resolute action eliminates
hunger by 2050, sparing 640 million people the pain of going
to bed hungry, or not knowing what their children will eat the
next morning. Enormous swathes of natural ecosystems are
protected from development, and ambitious re-/afforestation
programs begin to expand managed forests by 2.5 million
hectares each year from today to 2050. These efforts, together
with technological progress reducing agricultural pollutants,
ensures the land-use sector becomes a net carbon sink by
2040. Campaigns to fight poverty in the agricultural sector
are successful, ensuring living wages for the almost 400
million people who work in it. Simultaneously, the transition
away from expensive and wasteful diets, coupled with
redistribution of carbon taxes, guarantees that food remains
affordable.

The gross and net economic benefits of the

food system transformation

FSEC uses two distinct but complementary methods to assess
the economics of transforming food systems: an aggregate
top-down approach and a detailed bottom-up approach. The
top-down approach (Dietz 2023) calculates the aggregated
impacts of the FST in terms of health, environment, and
income, expressing changes in social welfare in monetary
terms. The bottom-up approach (Lord 2023) quantifies the
hidden costs avoided by the FST, including those related to
health, environment, and poverty. The bottom-up approach
estimates the value that present or future economies may
lose from poor health or environmental pollutants like

GHG emissions or nitrogen surplus. While both methods

are grounded in welfare economics, the top-down method
aims for a holistic measure of societal well-being, while the
bottom-up approach focuses on tangible, itemized costs.
Together, they provide a comprehensive understanding of the
economic impacts of food system transformation on a global
scale.

Sources: Baumstark et al. 2021; Bodirsky et al. 2023; Dietrich
etal. 2019; Dietz 2023; Lord 2023; Meinshausen et al. 2020;
Springmann et al. 2018
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TABLE ES.1
Packages of measures modelled by FSEC

Operational Goal Food system measures

=

Diets
Consumption of

healthy diets by all

Livelihoods
Strong livelihoods
throughout the
food system

L

Biosphere
Protection of intact
land and restoration

of degraded land

5

Production
Environmentally
sustainable production
throughout the

food system

» Eradication of undernutrition

« Stabilization of obesity

» Convergence towards healthy diets
» Halving food waste

» Trade liberalization
» Wage increases in agriculture
« Capital substitution

+ Reducing emissions from
deforestation and forest degradation
(REDD+)

«» Land conservation

+ Peatland rewetting

» Water conservation

« Biodiversity offset

« Nitrogen efficiency

+ Longer crop rotations

» More landscape habitats

» Emission mitigation from rice cultivation
« Livestock management

» Manure management

+ Soil carbon management

iz

External
Sustainable
transformations
external to the
food system

« Slower population
growth

» Equitable human
development

» Sustainable energy
transition

« Increase in bioplastics
» More timber construction
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The Economics of the Food System Transformation

> Transforming food systems worldwide provides a uniquely powerful means of
addressing the global climate, nature and health polycrisis while offering a
better life to hundreds of millions of people.

> The approach of the Food System Economics Commission to the analysis of the
economics of the food system transformation is characterized by five elements:
an emphasis on inclusion, putting people at the centre of the transformation;
the integration of insights from a variety of economic approaches; the emphasis
on generating and sustaining systemic change; the recognition that transforming
systems takes time and progress will be uneven; and an emphasis on the
interdependencies between food systems and other systems.

The power of food systems

Our food systems — the way we produce, market,
and consume food — are woven into the political,
social, economic, ecological, and cultural fabric of our
communities. Seen as one global food system, they
have performed something of a miracle over recent
decades, managing to keep pace with global popula-
tion growth while decreasing some forms of malnutri-
tion, reducing poverty and increasing life expectancy
(Box I.1). But the rapid evolution of food systems has
also fuelled and continues to inflame some of our
greatest and gravest challenges, from persistent hun-
ger, undernutrition and obesity to declining biodiver-
sity, environmental damage and climate change.

lgnoring the consequences of today’s food
systems locks the world onto a course that escalates
their negative effects disastrously. Yet in many policy
discussions, such as in discussions around climate
change, food systems have long been ignored -
concerns for food affordability and the livelihoods of
hundreds of millions who depend on food systems,
the power of large-scale players, divergent views
among stakeholders about what sustainable food
systems look like have all contributed to make food
systems something of an exception. Current policy
commitments fall short of preventing agriculture
from being the source of about one third of global
emissions and at the same time a victim of climate
change. Efforts to rein in consumption of the foods

most harmful for our health are defeated by con-
cerns about food affordability. Incentives to promote
more sustainable ways of producing food contend
with the challenge of addressing stranded assets

at the farm level while offering strong and stable
livelihoods. Yet this is an opportunity for policymak-
ers to raise the level of ambition. Transforming food
systems worldwide provides a uniquely powerful
means of addressing the global climate, nature and
health emergencies while offering a better life to
hundreds of millions of people.

What would making our food systems inclusive,
health-enhancing and environmentally sustainable
entail? This report draws on extensive research un-
dertaken by the Food System Economics Commis-
sion (FSEC) from 2020 to 2023 to answer this ques-
tion and three more: is such a global transformation
economically viable? What policy levers can make it
happen? And what obstacles could block its way?

Chapter 1 examines today’s food systems and
the opportunities and threats they pose, before set-
ting out five defining characteristics of an inclusive,
health-enhancing and environmentally sustainable
food system. These characteristics form the goals of
potential food system transformation pathways that
FSEC has explored using an Integrated Assessment
Modelling (IAM) approach, explained in Chapter 2.
Overall, the modeling shows that a transformation
of the global food system is both possible by 2050
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BOX I.1

Defining food systems

Agri-food systems are defined as “encompassing
the entire range of actors and their interlinked
value-adding activities involved in the
production, aggregation, processing, distribution,
consumption and disposal of food products that
originate from agriculture, forestry or fisheries,
and parts of the broader economic, societal

and natural environments in which they are
embedded” (FAO 2018).

FSEC’s focus is on the global food system made
up of infinite interconnected national and local

and economically viable. Indeed, food system
transformation on a global scale leads to enormous
economic benefits that far outweigh its costs, as
Chapter 3 shows.

Achieving those global gains depends first and
foremost on action to change food systems at the
national and local levels. There is no universal recipe
of policies for transforming food systems, but trans-
formation strategies everywhere are likely to share
the priorities detailed in Chapter 4, namely: shift
consumption patterns towards healthy diets; reset
incentives to encourage essential changes, especial-
ly by repurposing existing government support for
agriculture and by taxing carbon and nitrogen pollu-
tion; invest to increase productivity in food systems
through innovation and improve the livelihoods they
offer, particularly for poorer workers; and scale-up
safety nets to keep food affordable for the poorest.

Food systems are already changing across the
world, as Spotlights on Change throughout the report
demonstrate. Citizen movements, farmers, businesses,
and others are all innovating to improve food system
sustainability (see Spotlight on Change 1). But these
uncoordinated improvements are scaling too slowly to
achieve a global transformation in time. Much faster,
large-scale change needs to be negotiated among the
multitude of diverse stakeholders in food systems who
have unequal power and very different interests in the
major changes ahead. Chapter 5 identifies potential
barriers to change and highlights practical ways to
dismantle them, to help food system stakeholders

The Economics of the Food System Transformation

elements, which in this report are referred to as
food systems (plural). It is analytically difficult,
often impossible, to separate food and non-food
related activities in food systems, as often a single
product, for instance maize, has both food and
non-food uses. For this report, therefore, FSEC has
mostly drawn on analysis of agri-food systems. For
simplicity they are referred to throughout as “food
systems” except where a special emphasis on the
non-food components is needed.

Source: FAO 2018

negotiate system transformations that are politically
achievable.

FSEC’s approach to understanding food
systems and their transformation

Several recent reports have explored different
aspects of the food system transformation (Willett
etal. 2019; FOLU 2019; Mbow et al. 2019; FAO et al.
2022). Building on those insights and others, FSEC’s
analytical focus is defined by five elements:

> First, the emphasis on inclusion. This means the
report puts people at the centre of food system
transformation. For FSEC, protecting and enhanc-
ing the livelihoods of those who depend on food
systems and ensuring that healthy, diverse and
safe diets are accessible and affordable to all are
essential aims of any transformation strategy.
They entail addressing inequalities across gender
and race, and those experienced by particular so-
cioeconomic groups (see Spotlight on Change 2).
This emphasis on inclusion requires understand-
ing how different groups might be affected by
food transformation strategies and to incorpo-
rate distributional impacts in strategy design.
Understanding of distributional impacts includes
not only direct income and price effects but also
broader effects, such as the shifting profile of
opportunities and jobs that a transformation
will bring.
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> Second, the integration of insights from a
variety of economic approaches. The research
informing the report integrates long-term global
pathway analysis and modeling with political
economy analysis to identify relevant policy tools
and insights into how feasible transformation
strategies can be shaped (Gaupp et al. 2021).

> Third, the emphasis on generating and sus-
taining system change. This emphasis explains

SPOTLIGHT ON CHANGE 1

Different actors, similar goals

The Economics of the Food System Transformation

why the report covers not only changes in the
production and consumption of food, but also
the need for new institutions and new ideas to
shape preferences and shift interests, fostering
sustained systemic support for new practices and
behaviours. Taking this systemic approach to the
design of transformation strategies means
considering all the relevant interactions and feed-
back loops between different elements of food
systems as well as the synergies and trade-offs

Transforming deserts into fertile farmland

Part of the rich dynamism of food systems is that
change can be initiated at all levels, from the
global to the very local. And while government
action and funding can often play a central role,
there is much that can be achieved by individual
actors and communities. The two very different
examples of land restoration interventions in the
Loess Plateau in western China and in Tigray, in
northern Ethiopia, help illustrate the variety of
ways that transformative change can happen in
food systems.

The once rich soils of the Loess Plateau in
western China, a region about the size of
France, used to feed one quarter of the Chinese
population. Intense pressure on the land eroded
the soil leaving the population in poverty by
the 20th century. Funds from the World Bank
and the Chinese government restored 4 million
hectares of land on the Loess Plateau in the
2000s. Local farmers’ incomes have more than
doubled, sediment erosion has been reduced
by 100 million tons annually, the risk of flooding
has been reduced and grain production has
increased dramatically. The changes were
brought about by designating ecological and
economic areas of land, terracing, sediment
traps, dams, and other methods of capturing
rainwater.

In contrast with this largely central government
project, large-scale restoration of arid areas in
Ethiopia started as a bottom-up initiative led

by local farmers: The inherently barren Tigray
region in Northern Ethiopia is frequently hit by
severe and ever more frequent droughts. These
contributed to several hundred thousand people
starving to death in the 1980s. As a result,

local smallholders and communities came up
with innovate approaches and techniques for
capturing water. As well as the building of wells,
they tended upper mountain slopes to capture
water and prevent soil erosion. Farmers in the
region created a collective knowledge repository
with more than 50 methods to prevent soil
erosion and capture water. The World Food
Programme provides technical assistance,

while the Ethiopian government has granted
microloans to smallholders, and provides
subsidized artificial fertilizers and improved
plant seeds. Most farmers have paid off their
loans expeditiously thanks to significantly
increased and diversified yields, including a
wide range of cereals, vegetables, and fruits. The
continued expansion of fertile lands in Ethiopia
is endangered by the terrible domestic conflict,
as well as disputes with neighbouring Sudan and
foreign land-grabbers over fertile soils, which
are threatening to reverse progress.

Sources: Buckingham 2016; Hagazi et al. 2020

19



Introduction

SPOTLIGHT ON CHANGE 2

The Economics of the Food System Transformation

Tackling the constraints that limit women'’s access to land

Regularizing land tenure in Rwanda

Gaining security of tenure generally makes
landholders more willing to invest in improving
the productivity of their land and its natural
capital. It may also empower women, as
Rwanda’s experience demonstrates.

Historically, competition for land in Rwanda
has fuelled pervasive land disputes, “land
grabbing” and illegal land sales, in turn
exacerbating inequality, landlessness and
social tensions. To reduce such land-related
conflicts, Rwanda has taken far-reaching legal
measures aimed at clarifying land rights and
ending discrimination that impedes women
from becoming landowners. Between 2007
and 2013, Rwanda tested and rolled out a
land tenure regularization (LTR) program
which identified and registered more than
10.3 million land parcels (DAI 2023). The
program included sensitizing stakeholders,
demarcating the boundaries of land parcels
with both landowners and neighbours present,
documenting the parcels on an index map

between different food system objectives. (FAO
2018).

> Fourth, the recognition that transforming
systems takes time and progress will be un-
even. Changes to a food system’s supply side are
especially likely to be uneven where altering es-
tablished production patterns depends on large,
“lumpy” investments. External shocks can also
interrupt the pace of change. And some effects of
a transformation may themselves produce unin-
tended volatility.

> Finally, our focus on the interdependencies
between food systems and other systems.
Transforming food systems will not be enough
by itself to keep the world within 1.5 degrees C of

and registering everyone with a claim to each
parcel, including women and minors. The tenure
maps and registers were digitized and made
publicly available.

A scientific evaluation of the effects of the
pilot program (2007/08) found a subsequent
increase in secure land tenure among married
women, who are more likely to be regarded

as joint landowners than before. Women

were more likely to inherit land too. Although
Rwandan inheritance law requires gender
equality, informal inheritance of land by men
often bypassed women'’s rights. By requiring
landowners to specify their planned inheritors,
the LTR virtually eliminated gender bias in
inheritance. In addition, households almost
doubled their investment in soil conservation
and female-headed households almost
tripled their investment (Ali et al. 2014). Since
completion of the program, 92 percent of land
certificates include the name of a woman
(DAI, 2023).

Sources: Ali et al. 2014; DAl 2023

global warming, significantly reduce obesity and
the incidence of diet-related, non-communica-
ble diseases, and strengthen the livelihoods of
people working in food systems. FSEC’s analysis
seeks therefore to distinguish progress that can
be achieved by changes within food systems and
advances that depend on accompanying broader
socio-economic developments.

The diversity of the world’s food systems makes it
hard to pin down specific recipes for transforming
them. But the dynamism, adaptability, and inno-
vative abilities of all the actors that shape food
systems grounds the hope that transformations to
an inclusive, health-enhancing and environmentally
sustainable food system will be achieved by 2050.
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Chapter 1

Chapter 1

The Economics of the Food System Transformation

> Food systems are incredibly diverse and transforming them towards more
inclusive, health-enhancing and environmentally sustainable outcomes will
require solutions tailored to their different contexts.

> Despite local specificities, the future of food systems is likely to be shaped by
heightened concerns for resilience to climate and conflict shocks, an ongoing
shift away from traditional diets, high levels of innovation along the whole food
value chain, and continued reallocation of labor out of agriculture.

> Transforming food systems towards inclusive, health-enhancing and
environmentally sustainable outcomes can be translated as the pursuit of five
operational goals: (1) consumption of healthy diets by all; (2) strong livelihoods
throughout the food system; (3) protection of intact lands and restoration
of degraded lands; (4) environmentally sustainable food production and (5)
resilient food systems that maintain food and nutrition security in the short

and the long run.

Introduction

This chapter looks at the challenges of transform-
ing food systems given their diversity and the variety
of trends that shape them. It describes the major
trends affecting food systems today and the opportu-
nities and threats ahead. It then identifies five defining
characteristics of inclusive, health-enhancing and en-
vironmentally sustainable food systems. FSEC’s mod-
eling of transformation pathways, detailed in Chapter
2, adopts these five characteristics as operational
goals and considers courses of actions or pathways to
reach them. In practical terms, these five operational
goals can also guide the actual transformation of
any food system, whatever its scale and geographic
location, into one that is inclusive, health-enhancing
and environmentally sustainable.

Food systems around the globe
are highly diverse and dynamic

Afirst step towards transforming food systems
is to recognize their differences, similarities and in-
terconnections, and the variety of country-level and
global trends shaping their future.

Country-level trends

Food systems are highly diverse. Ambikapathi et
al. (2022) group them in five categories ranging from
traditional systems using ancient practices to highly
automated, industrial systems. This categorisation
helps to identify several trends that have shaped
food systems in all countries, to varying degrees, as
they have experienced both the modernization of
agriculture and its declining contribution to national
economies. These trends include:

> Increasing affordability of healthy diets, driven
by the increasing supply and falling prices of a
number of healthy foods. However, healthy diets
remain unaffordable for 3.1 billion people (FAO et
al. 2022), and obesity and other non-communica-
ble diseases associated with unhealthy diets have
been rising worldwide over the past few decades
(Willett et al. 2019; Branca et al. 2019).

> Alarge shift away from distinctively local diets high
in traditional, minimally-processed staples and
cereals towards more globally homogenized diets
higher in sugar, salt and fat. This trend has been
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driven by urbanization and rising incomes as well
as the growing role of multinational corporations in
shaping food systems (Vaidyanathan 2021).

> Agrowing burden on the environment arising
from over-consumption of certain foods and
excessive food loss and waste. In particular, the
over-consumption of ruminant meat in industri-
alized food systems is expanding their carbon
footprint.

- The movement of labor out of agriculture as ur-
ban and rural activities and employment in man-
ufacturing and services have expanded. These
developments have transformed the structure
of most economies. Corollaries of this structural
transformation are an ageing farmer population
and increasing land consolidation (Giller et al.
2021).

While agricultural productivity growth related to
these trends has helped to reduce poverty and
increase food security in many countries, some in
Sub-Saharan Africa (SSA) and South Asia have been
exceptions (IFAD 2016).

Global trends

In addition to these country-level trends, at least
three major global trends shaping food systems
have intensified since the turn of the millennium:
Market concentration in the agri-food industry;
trade and interdependence; and the frequency
of shocks producing food crises across the globe.
These trends are having varying effects on inclusion,
food security, nutrition and the environment.

GROWING MARKET CONCENTRATION
IN THE AGRI-FOOD INDUSTRY

Market concentration in the agri-food industry
has increased across most segments and geogra-
phies due to mergers and acquisitions combined
with the spread of modern food retailing - the
“supermarket revolution” (Reardon et al. 2010). While
concentration does not necessarily enable a few
large companies to manipulate prices at the expense
of consumers, big market players are seen to use
their financial power to exert significant influence
on food systems and on policy decisions affecting

The Economics of the Food System Transformation

them (Hernandez et al. 2023; see also Chapter 5).
For example, big players can push back against
government regulation and advocate self-regulation
instead (Béné 2022). As a result, agri-food industry
regulators have increasing difficulty in setting and
enforcing industry standards to protect consumers,
workers and the environment. In other sectors, such
as tobacco, the lack of effective regulatory stan-
dards has been associated with failure to contain
excessive influence from big players (Sharma et al.
2010). This weakness in the regulation of the tobacco
industry was addressed successfully by the WHO
Framework Convention on Tobacco Control (FCTC)
(Puska & Daube 2019).

GROWING INTERNATIONAL TRADE
AND INTERDEPENDENCE

Although on average only 17 percent of all food
by weight is currently internationally traded, the
value of trade in food and agricultural commodities
has grown eight-fold over the past five decades,

a period in which agricultural production tripled
(Global Panel 2020). Staple grains, mostly for animal
feed, dominate this trade although growth in other
food categories, including fruits, vegetables, meat
and eggs, is enabling the diversification of diets
worldwide.

There is much debate on the implications of the
growing interdependence of food systems through
trade over the past few decades, since trade has
multiple and often contrasting effects:

- Thedistributional effects of trade on inclusion
vary according to the impact of trade on sources
of incomes, on the consumption and prices of
traded and non-traded goods and on the assets
owned by different groups of people. In general,
however, the income opportunities offered by
more trade integration can be difficult for small-
er producers to grasp (Onono-Okelo & Omondi
2023). Women in particular face disproportionate
barriers to accessing the resources they need
to benefit from these opportunities (Njuki et al.
2023).

> The effects of trade on food security may be
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countervailing to some extent. Trade helps to
smooth volatility in domestic consumption of
heavily traded staples (Bradford et al. 2022). How-
ever, interdependence between food systems
can amplify the impact of local or regional supply
shocks, such as those caused by Russia’s inva-
sion of Ukraine or export restrictions in producer
countries to protect domestic consumption.

From a nutritional point of view, “food trade plays
an important role in the global distribution of
nutrients” (Global Panel 2020). However, its im-
pact has been mixed depending on what type of
food is traded and in which region. For example,
fruit imports have risen globally since the mid-
1990s, but fruit imports per capita have stalled in
Sub-Saharan Africa and South Asia. At the same
time, nutritionally less helpful sugarimports have
risen in high income countries and also in some
low and lower-middle income countries. The

SPOTLIGHT ON CHANGE 3

The Economics of the Food System Transformation

establishment by multinationals of new produc-
tion facilities in Latin America to take advantage
of growing trade in ultra-processed food has
been linked to the growth in local consumption of
those foods (Global Panel 2020).

> The environmental aspects of trade are much

debated and may also be countervailing to some
extent. In principle, trade can be crucial for ad-
aptation to climate change. Producers can adapt
to regional biophysical and climatic conditions
by specializing in export products suited to their
local conditions, avoiding the negative impacts
on biodiversity and the environment of trying to
meet all their needs locally (WRI 2022). However,
empirical estimates of success are mixed. The ev-
idence suggests that trade overall leads to more
efficient water use (Dalin & Rodriguez-Iturbe 2016)
butits effects on greenhouse gas emissions and
pollution are less clear. Trade may also indirectly

The potential of urban agriculture to feed cities

Urban agriculture can nourish up to one billion
city dwellers while supporting progress towards
several other sustainable development goals.
These range from strengthening livelihoods,
extending environmentally sustainable
production and creating new local food supply
chains to enhancing ecosystem services such
as climate change adaptation and countering
the urban heat island effect. Urban agriculture
can also play a major role in strengthening the
resilience of cities and communities.

In low-income countries urban agriculture
already provides significant shares of household
income in urban areas, notably in Nigeria (71
percent), Madagascar (63 percent), and Ethiopia
(40 percent) (Poulsen et al. 2015). Urban
agriculture has the advantage of offering women
additional income earning opportunities. In
higher income countries too, there is growing

awareness of the potential for urban agriculture.
The city of Berlin estimates that urban
agricultures could supply up to 80 percent of

the city’s fresh vegetable demand. In China,
cities could meet 30 percent of their vegetable
demand from indoor and rooftop urban
agriculture on average, with its potential ranging
from supplying 10 to more than 200 percent of
individual cities’ total vegetable needs.

The success of urban farming depends on

a range of factors. Available space, local
population density, vegetable yields and
resource management all make a difference.
To encourage successful urban agriculture
over the long term, cities need to offer both
incentives and the right supporting physical
and organizational infrastructure, including
commercial frameworks.

Sources: Pradhan et al. 2023; Poulsen et al. 2015
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amplify pressure to convert natural habitats to
agricultural uses by enabling output from newly
cultivated areas to meet international demand
(Global Panel 2020). Growth in trade also directly
affects the environment through the demand for
storage, packaging and transport that it stimu-
lates (Nemecek et al. 2016).

GROWING FREQUENCY OF SHOCKS LEADING TO FOOD
CRISES ON A GLOBAL SCALE

Extreme weather events and geopolitical and
economic shocks have been the main triggers of
increasingly frequent food crises (Cottrell et al. 2019).
Financial markets often amplify any resulting volatil-
ity in food prices (Headey et al. 2010). Repeated food
crises over the past two decades have highlighted

SPOTLIGHT ON CHANGE 4
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the fragility of today’s highly interdependent, con-
centrated global food systems (FAO 2022).
Paradoxically, this fragility arises from the
pursuit of efficiency. Short-term optimization of
resources has tended to concentrate a large propor-
tion of global production of many traded food com-
modities in locations with the most favorable cost/
output ratios. This makes global supply of those
commodities much more vulnerable to shocks in
those locations than would be the case if there were
less specialization and more redundancy in food
systems, that is, if traded commodities were grown
in more locations more widely dispersed around
the globe (Janetos et al. 2017). Pilditch et al (2023)
discuss the trade-off between optimizing for too
narrow a set of variables and diminishing resilience

Developing new production opportunities downstream

Processing cashew by-products in Benin

Benin relies on exports of shelled, raw cashew
nuts, which grow on cashew apples. At present,
the cashew apples and nutshells are generally
discarded as waste. However, cashew apples

are rich in nutrients and especially beneficial for
diabetes patients. They can be processed into
various products such as cashew apple juice.
And both cashew apples and nutshells can be re-
used to produce bioenergy.

Cashew apple processing at scale has not yet
developed in Benin partly because the apples
are highly perishable and must be processed

the day they are picked. The lack of available
technical know-how and equipment plus
unstable electricity supplies pose further
challenges to processors, as does the currently
low domestic demand for cashew apple juice
due to low awareness of its availability, taste and
health benefits among consumers.

Scenario analysis shows that overcoming these
challenges to develop a cashew processing
sector would bring a host of benefits to Benin:

the economic benefits of additional growth;
higher income for cashew farmers; alternative
employment for agricultural workers including
new jobs in processing, transport, marketing,
and sales; the social benefits of increasing
incomes for women, who form a large part of the
cashew harvesting and processing workforce;
the population health benefits of substituting
cashew juice for sugar-sweetened beverages;
and the environmental benefits of processing
waste into healthy food and green energy.

Targeted policies that would speed development
of Benin’s cashew processing sector include
promoting cashew apple juice to consumers,
improving rural infrastructure, and providing
support for a processing value chain. Helping
farmers to execute the first stage in that chain
on-farm would solve the perishability problem
and reduce transport volumes. Converting
cashew apples and nutshells into bioenergy
would give processing factories both a new
source of electricity and additional income.

Source: Kinkpe & Grethe 2023
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as a common feature of complex systems.

Structural inequalities common in food systems
underlie uneven distributions of losses when a food
crisis strikes. Women and other marginalized groups
are particularly vulnerable. Women tend to be less
able to guard against the risks of shocks or recover
from their effects because of social norms including
restrictions on their mobility and access to informa-
tion and other resources (Njuki et al. 2023). More-
over, the governing bodies of today’s food systems
have limited mechanisms for coordinating crisis
management. As a result, food price spikes following
supply shocks increase hunger, poverty and inequal-
ity, especially in the poorest countries (Ocampo et
al. 2022).

Looking ahead: opportunities and threats
shaping the future of food systems
The food system trends summarized above

shape several future opportunities and threats:

> Food system resilience will remain a central
concern because climate and conflict shocks
pose real risks to food systems at all levels, from
local to global. Population growth will also add to
pressures on food systems: the global population
is expected to reach about 9.5 billion by the mid-
dle of this century. According to the latest IPCC
report, “Climate-related extremes have affected
the productivity of all agricultural and fishery
sectors, with negative consequences for food
security and livelihoods [.. .]. Climate change will
make some current food production areas unsuit-
able [.. ]. Climate change will increase the number
of people at risk of hunger in mid-century, con-
centrated in Sub-Saharan Africa, South Asia and
Central America” (Bezner Kerr et al. 2022, p.717).
Furthermore, lower nutrient levels are expected in
some crops due to warming and increases in CO,
concentrations (Ziska 2022; Smith et al. 2018; Ebi
et al. 2021).

> Food consumption patterns will probably
continue to shift away from traditional norms,
driven by complex responses to factors such as
urbanization, income growth, the loss of culinary
knowledge and traditions (HLPE 2017), and the
marketing of non-traditional foods and bever-
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ages (Kearney 2010). Some aspects of this shift
will give currently undernourished populations
access to healthier diets. Others are likely to fuel
the growing consumption of ultra-processed
food, resulting in more instances of diet-related
non-communicable disease and their associated
economic threats, such as rising healthcare costs.
In addition, sustained global increases in the
supply of animal-sourced products are likely to in-
crease pressures on the environment unless there
are significant innovations in production methods
and improvements in their productivity.
Innovation will continue apace, possibly lead-
ing to entire new models of production. Supply
chains are already being redesigned. For example,
labor shortages are promoting the use of robots
in highly labor-intensive sectors such as fruit and
vegetable production. Plant breeding and preci-
sion farming will remain important for adapting
production systems to more volatile conditions
and assuring product quality. Other develop-
ments include more locally-produced food and
circular production models, more food grown

in cities (see Spotlight on Change 3), and more
diversification of suppliers (Hertel et al. 2023). Arti-
ficial intelligence applications are likely to trans-
form many parts of the economy and will affect
food systems. Synthetic foodstuffs may become
increasingly important as they can be sourced
locally, making supply chains more resilient.

They could also replace animal-sourced proteins,
although their effects on inclusion, health and the
environment when deployed at scale are as yet
unknown and untested.

The modernization and structural transfor-
mation of agriculture will continue to reshape
opportunities and livelihoods. Both trends may
offer many people now working in agriculture the
chance to diversify and strengthen their sources
of income or to get new jobs, either in other parts
of food systems or elsewhere in the economy.
New investments, for example in rural infrastruc-
ture, may be needed to create new opportunities
(See Spotlight on Change 4). However, while the
movement of workers out of agriculture clearly
helped to reduce poverty during the second half
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of the 20th century, there is current evidence
that some people leaving agriculture in countries
experiencing a late structural transformation are
moving into low productivity services rather than
more productive manufacturing jobs (Ambikapa-
thiet al. 2022; Gollin et al. 2016).

Assessments of how these opportunities and
threats will play out vary wildly. For example, some
expect further urbanization and land consolida-
tion to foster the more productive, intensive use of
land for food production, which they see as key to
protecting uncultivated land from the encroach-
ment of agriculture if matched with policies and
support to halt land expansion (Folberth et al. 2020).
Others emphasize the potential of new and more
geographically diffuse, smaller-scale production
models focused, for example, on urban or peri-ur-
ban agriculture (Pradhan et al. 2023) or alternative
proteins (Humpenoeder et al. 2022) to offset future
threats to food supply and nature. The homogeneity
of these trends across geographies is also in ques-
tion. Some see a global increase in the consumption
of animal-sourced food as inevitable as incomes
rise around the globe despite evidence that such

a trend would be detrimental to both human and
environmental health. The global increase in meat
consumption is incompatible with both the 1.5°C
climate target and the land targets agreed upon in
the 2023 Kunming-Montreal Convention on Biodiver-
sity. Others point to signs of a shift away from eating
meat products in high-income countries (Willoughby
& Muzi 2023).

The food systems of the future are likely to be
characterized by all these contrasting forces, though
differently in different parts of the world. Global
trade, for example, will continue to mitigate the
impact of local shocks, while new, more diffuse food
production models may create some of the redun-
dancy in food systems needed to lessen the impact
of global shocks.

Five goals for the food
systems of the future

Given the diversity of food systems today and
the complexity of the trends shaping them de-

The Economics of the Food System Transformation

scribed above, are there any characteristics com-
mon to inclusive, health-enhancing and environ-
mentally sustainable food systems?

FSEC has identified five of such defining charac-
teristics. Those can be taken as operational goals
that can be quantified to guide specific transfor-
mative actions. The operational goals include: (1)
consumption of healthy diets by all; (2) strong food
system livelihoods; (3) protection of intact lands and
restoration of degraded lands; (4) environmentally
sustainable food production and (5) resilient food
systems that maintain food and nutrition security in
the short and the long run (Figure 1.1). While the five
goals can be adopted in every context, the actions
needed to reach these goals are context-specific
and will differ by location.

Consumption of healthy diets by all. This goal
addresses all forms of malnutrition, including over-
weight and obesity. It encompasses both food secu-
rity for all, to address the current undernourishment
of almost 1in 10 people on the planet, and afford-
able diets for all, to address the lack of affordable
healthy food currently experienced by more than 3.1
billion people worldwide (FAO et al. 2022).

General alignment on what a healthy diet
comprises is needed for this goal to guide coherent
action at the global level. The healthy diet’s com-
position needs to be sufficiently flexible to accom-
modate local variations in food culture, ecological
context and each individual’s age and gender.
Scientific debate about the recommended ranges of
healthy consumption levels for some foods contin-
ues. However, there is broad scientific consensus
on the need for diets to be diverse, including foods
across major food groups, and to allow significant
flexibility of choice of foods from those groups with-
in overall healthy levels of consumption (Neufeld et
al. 2023). The EAT-Lancet Planetary Health reference
diet (Willett et al. 2019; Springmann et al. 2018), FAO
and WHO recommendations for Sustainable Healthy
Diets (FAO & WHO 2019), and National Food-Based
Dietary Guidelines (FAO 2023) all provide dietary rec-
ommendations that are aligned at this general level.
Although there are some variations in their general
dietary recommendations, they differ from each
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FIGURE 1.1
Five operational goals for transforming
food systems
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% Consumption of
healthy diets by all
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land and restoration
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Production
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sustainable production
throughout the food system
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@ Resilient food systems
maintain food and
nutrition security in
the short and long run

other much less than actual consumption patterns

differ from what they recommend. In other words,

there is strong consensus on the recommended

direction of change in diets. Following this direction

while retaining regional differences in diet would on

average require:

> anearly universal increase in the consumption of
whole grains, fruits, vegetables and nuts;

> less consumption of ultra-processed foods; and

> regional changes in the consumption of
animal-sourced food, with consumption signifi-
cantly reducing in high-income countries and
rising in low-income countries to ensure the ade-
quate consumption of essential nutrients (Afshin
etal. 2019) in all regions.

The Economics of the Food System Transformation

There are no constraints on the diversity of foods
that can be consumed in a healthy diet beyond the
requirements that it provides a healthy balance of
foods from the major food groups and safeguards
cultural differences and values.

Strong livelihoods throughout the whole food
system, meaning higher incomes and better jobs for
food system workers. An estimated 1.2 billion peo-
ple work in agri-food systems and 3.8 billion live in
families whose livelihoods depend on food systems
(Davis et al. 2023). Those livelihoods are support-

ed by a variety of jobs, from daily manual labor on
farms to managerial employment in large supermar-
ket chains. Often, food system livelihoods involve
work in multiple roles within food systems, or across
food and non-food related activities. Importantly,
many food system livelihoods entail working to vary-
ing degrees in the informal sector. This complicates
the task of understanding, monitoring and manag-
ing food systems, as informal work is often unre-
corded. The need to identify local solutions to food
systems challenges, and particularly the challenge of
strengthening of livelihoods, largely stems from the
differences in the extent and nature of informality
across food systems (see Box 1.1 on informality and
the challenges of strengthening informal workers’
livelihoods).

The persistent concentration of extreme pover-
ty in agriculture is an indirect indication that many
farming systems limit the productive potential and
well-being of people whose livelihoods depend
on them. Such systems restrict workers” access
to resources including security of tenure, capital,
and inputs that they need to improve productivity.
In addition, activities in many local food systems
are assigned to particular groups, often by gender
or caste. This can further limit the opportunities
available to the poorest, most vulnerable groups to
improve their livelihoods. Many food systems also
offer little social protection for workers. Examples
of oppressive work conditions and modern slavery
from food systems all over the world are well docu-
mented (McGregor et al. 2018).
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Protection of intact land and restoration of
degraded land. Ensuring the ecological sustainabil-
ity of food systems requires halting or limiting the
expansion of agriculture into remaining intact eco-
systems and wilderness areas. These lands currently
occupy approximately 50 percent of the globe’s

land surface, but much of this area is taken up by
desert and boreal/tundra ecosystems unsuitable for
agriculture. In each ecoregion?, intact lands need to
be protected from encroachment to halt the loss of
biodiversity and of unique "ecological communities"
-i.e., groups of native species that are interacting

in the same unique habitat — and help maintain
nature’s contributions to people, including the regu-
lation of climate and water cycles (Rockstrom et al.
2023; Richardson et al. 2023). Restoration of degrad-
ed lands can help these essential environmental ser-
vices recover and flourish. Retention of upwards of
75 percent of forest lands is required to retain their
contribution to climate mitigation targets (Richard-
son et al. 2023).

Environmentally sustainable production
throughout the food system. Food systems
contribute significantly to total GHG emissions,
biodiversity loss and environmental pollution. They
account for about a third of global GHG emissions,
with conversion of land to agriculture and agricul-
tural production itself responsible for much of that
amount, notably in the form of methane emissions
from ruminant livestock and rice production. Emis-
sion intensities also vary significantly within product
categories, depending on production practices

and contexts. For example, environmental impacts
of maize, wheat, and rice production from the 10
percent most emission-intensive forms of produc-
tion are more than three times as large as those
from the 10 percent least emission-intensive forms
(Deconinck & Toyama 2022). Emissions from areas
of food systems other than agricultural production
remain under-researched, although new approaches
to monitoring and reporting emissions from supply

The Economics of the Food System Transformation

chains are helping to make them more transparent
(Deconinck & Hobeika 2022).

Sustainable intensification of production is nec-
essary in order to spare remaining intact land for its
contributions to climate and environmental stability
(Folberth et al. 2020). Sustainable and ecological
intensification aim to close yield gaps where they
persist, while recognizing and amplifying the ecolog-
ical performance of production systems, including
retaining sufficient embedded habitats within agricul-
ture to secure pollination, pest regulation, and other
ecosystem services necessary in agricultural lands
- at least 20 percent habitat per square kilometre has
been proposed as a minimum value necessary to
maintain such services (Willett et al. 2019; Rockstrom
et al. 2023; Garibaldi et al. 2020). A diversity of prac-
tices qualifies as sustainable intensification including
conservation agriculture, agroforestry, precision
agriculture, organic agriculture to name but a few
(FOLU 2023). There are concerns that some of these
practices reduce yields with active debates on how
to sustainably manage production landscapes with
topics including regenerative agriculture, sustainable
intensification, and ecological intensification. To aid
navigation of this debate, the FAO has adopted 10
principles of agroecology that emphasize inclusion
and diversity (FAO 2018).

Resilient food systems that maintain food and
nutrition security in the short and long run.
Resilience is closely entwined with the other four
operational goals. Consuming healthy diets, provid-
ing higher incomes and better jobs, protecting and
restoring land, and producing food in an environmen-
tally sustainable fashion all help to give food systems
the capacity to cope with sudden shocks. Their result-
ing resilience is particularly important for protecting
the most vulnerable. Strengthening food systems’
ability to withstand shocks through measures that
create more redundancy in food systems and reduce
the impact of shocks is therefore an essential compo-
nent of a food system transformation strategy, partic-

1 Alarge area of land or water containing a characteristic set of natural communities that share a large majority of their species, ecological

dynamics and environmental conditions (Fath 2018)
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ularly as climate change increases the risk of shock.
To illustrate, environmental shocks threaten
food security, especially for the poorest, by restrict-
ing supply and causing price spikes. They can also
derail efforts to make food systems sustainable over
the long term by pushing policymakers into crisis
management. The urgent need to address short-
term food supplies, particularly for lower-income
groups, may divert their attention from longer-term
transformation goals. During food crises, for in-

BOX 1.1
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stance, policymakers often relax environmental
regulations as a means of quickly increasing food
production, which undermines long-term goals.
(Laaninen 2022; Cerier 2023). In contrast, protecting
valuable ecosystems, and restoring the productivity
of degraded lands delivers myriad environmental
services that both lessen the likelihood of environ-
mental shocks and help to ensure food security over
time.

Informality and the challenges of strengthening informal workers’ livelihoods

The livelihoods of many people working in food
systems are at least partly informal, meaning
they are beyond the reach of formal regulations.
Globally, agriculture is the sector with the
highest level of informal employment. Today

98 percent of agricultural workers in Africa are
employed informally, as are 99 percent in South
Asia, and India is the country with the largest
number of informal food system workers by far
(ILO 2018). In Sub-Saharan Africa, food traders
are mostly unregistered, and 70 percent of the
urban population in 11 African cities get all their
food from such informal street vendors or other
informal retailers (Resnick 2017).

Informality is generally prevalent where many
enterprises lie outside the scope of regulations.

For example, in India the employment threshold
that triggers regulatory scrutiny of an enterprise

is five workers and an estimated 95 percent of all
firms in the economy have fewer than five (MOSPI
2016). Alternatively, workers may be contracted

by formal organizations in arrangements not
governed by labor laws. And where informal entities

and workers do come under the scope of policies,
these may have limited impact for various reasons.
For instance, policies to regulate the terms of
pervasive informal financing might be circumvented
by creditors requiring repayment from indebted
producers outside regulated sites. Or informal
workers may be eligible for state income transfers
but cannot receive them because they are not
registered with the state welfare system.

The boundaries between formal and informal
work are often blurred. The combination of
corruption, working arrangements that are
exploitative without being illegal, poor compliance
with policies and weak policy enforcement all
make it especially difficult for regulators to
influence activity in the informal sector. Moreover,
high levels of informality can amplify policies’
unintended effects. For instance, when street food
vendors are closed down for breaking food safety
regulations, this not only damages their livelihoods
but also removes a supply of food from their poor
customers.

Sources: Resnick 2017; ILO 2018; MOSPI 2016.
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Chapter 2

> It is biophysically and technologically feasible to transform the current global
food system into one that is inclusive, health-enhancing and environmentally
sustainable. The Food System Economics Commission has explored this
transformation by contrasting two science-based, quantitative pathways
up to 2050: Current Trends (CT) and the Food System Transformation (FST).

> All measures aimed at transforming food systems need to be implemented in
a deliberately integrated fashion to leverage synergies and manage trade-offs

between different food system goals.

> The FST pathway achieves health targets by eradicating food insecurity,
improving diet-related health outcomes, and achieving a strong reduction in

nutrition-related mortality.

> In the FST pathway, greenhouse gas emission reductions keep global warming
below 2°C by 2050, biodiversity loss is reversed, and nitrogen surpluses are

reduced by half.

> This pathway enhances processes of structural transformation and reallocation

of labor outside of agriculture.

> Broader societal goals, such as stabilizing climate and eradicating poverty,
require complementary actions outside of food systems, particularly in the

energy system.

Introduction

Chapter 1 showed how the world’s food sys-
tems are together on an unsustainable pathway. It
then set out five goals for the food systems of the
future. Achieving those goals worldwide would in
effect produce a global food system that is inclusive,
health-enhancing and environmentally sustainable.
But is it biophysically and technologically possible
for food system reforms across the globe to pursue
and achieve these multiple goals at the same time?

To answer this question, FSEC has developed a
science-based Food System Transformation (FST)
pathway targeting the five operational goals set out
in Chapter 1. Using integrated modeling, FSEC has
tested the feasibility of pursuing this FST pathway to
achieve the goals at the global level by 2050. De-
veloping science-based pathways to reach defined

operational goals and modeling to test them is a
well-established means of exploring strategic op-
tions and revealing synergies and trade-offs across
multiple goals.

FSEC’s main finding is that it is indeed biophys-
ically and technologically feasible for the global
food system to become inclusive, health-enhancing
and environmentally sustainable. The FST pathway
modeling quantifies gradual progress towards the
operational goals set out in Chapter 1 by 2050, as
societies respond to packages of measures aimed
at changing dietary patterns, improving rural
livelihoods, conserving ecosystems and improving
agricultural management.

Throughout this chapter, the outcomes of the
FST pathway are contrasted with those emanating
from following Current Trends (CT). A crucial insight
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FIGURE 2.1

The Economics of the Food System Transformation

Detailed description of packages of measures
modelled by FSEC in the FST and External pathways

Operational Goal

&

Diets
Consumption of
healthy diets by all

Livelihoods
Strong livelihoods
throughout the
food system

o

Biosphere
Protection of intact
land and restoration
of degraded land

5

Production
Environmentally
sustainable production
throughout the

food system

Food system measures

Eradication of undernutrition
Caloricintake is increased to eliminate undernutrition by 2050.

Stabilization of obesity
Excess caloric intake is reduced to stabilize the rate of obesity at
50 percent of Current Trends.

Convergence towards healthy diets

Countries are in line with minimum levels of legumes, nuts and seeds,
fruits and vegetables, and fish, and maximum levels of staples, sugar,
and animal-sourced foods.

Halving food waste
Household and retail food waste is reduced to a maximum of
20 percent of per-capita caloric intake.

Trade liberalization
Trade barriers are reduced for crops, livestock, and secondary products.

Wage increases in agriculture

A minimum wage in primary production increases incomes in low-income
countries, but also higher production costs and some labor substitution
by capital.

Capital substitution
Capital is substituted by labor in countries with high capital intensity,
leading to increased employment and production costs.

Reducing emissions from deforestation
and forest degradation (REDD+)

A GHG price on AFOLU emissions curtails deforestation and degradation,
promoting the regrowth of natural vegetation on non-agricultural land.

Land conservation

Protected areas expand from 15 to 30 percent of global land, including
threatened biodiversity hotspots and intact - though currently unprotected -
forests.

Peatland rewetting
A GHG price on AFOLU emissions disincentivizes draining intact peatlands
and encourages the rewetting of drained ones.

Water conservation
Local minimum environmental water flow requirements cannot be overdrawn.

Biodiversity offset
The Biodiversity Intactness Index (BIl) does not decline post-2020. Local
biodiversity loss must be offset by increases in the same biome and region.

Nitrogen efficiency

Nitrogen uptake efficiency is increased through technical measures
including optimized manure application, nitrification inhibitors,
designated fertilizer-free zones, etc.

Longer crop rotations
Payments incentivize longer crop rotations to offset the external costs
associated with less diverse farming practices.

More landscape habitats
20 percent of land in agricultural landscapes is reserved for semi-natural
habitats to support biodiversity and ecosystem services.

Emission mitigation from rice cultivation
Reduced emissions through direct seeding, improved residue management,
flooding and drainage, and improved fertilization.

Livestock management
Livestock intensification, especially in low-income countries, enhances
feed-to-product conversion efficiency.

Manure management

About 50 percent of confined manure is anaerobically digested with a

90 percent recycling rate; reducing storage losses and emissions compared
to conventional methods.

Soil carbon management
A GHG price on AFOLU emissions discourages the degradation of
soil carbon (e.g. through land conversion) and encourages sequestration.

e

External
Sustainable
transformations
external to the
food system

Slower population growth
Population growth slows more
quickly than expected, particularly
in low-income countries.

Equitable human development
Societal development is more equitable,
with stronger institutions, education,

and social justice.

Sustainable energy transition
Sustainable development strongly
curtails GHG emissions in the energy

and transport sectors.

Increase in bioplastics
30 percent of the projected total plastic
demand is replaced by bioplastics.

More timber construction
Wood is used as construction material
for 50 percent of future urban buildings.
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gained from this modeling is that measures aimed at
transforming food systems need to be implement-
ed in a deliberately integrated fashion to leverage
synergies and manage trade-offs between differ-
ent food system goals. For instance, shifting diets
towards more plant-based consumption patterns
is essential to moderate the emerging food price
pressures generated by protecting ecosystems and
shifting to environmentally sustainable production
throughout food systems. Spotlight on Change 5
provides an example of how synergies between food
system goals can advance systemic transformation.
The chapter also considers a third pathway that
combines actions taken on the FST pathway and
additional changes external to the food system, for
example, creating low-emission energy systems. This
is called the Food System and External Transforma-
tions pathway (FXT). The packages of food system
measures assumed to be implemented in the FST and

SPOTLIGHT ON CHANGE 5

The Economics of the Food System Transformation

FXT pathways and their connection to the five goals
are shown in Figure 2.1 (see also Chapter 2 Annex).
Comparing the FST and FXT outcomes brings to
light a critical finding from this modeling exercise:
achieving the FST without pervasive sustainable
progress beyond food systems will not be enough
to secure society’s broader goals, particularly for
stabilizing the climate and reducing poverty.

The value of identifying and modeling
guantitative, science-based pathways
The United Nations Food Systems Summit in
2021 highlighted the need for comprehensive and
sustainable pathways, rooted in scientific evidence,
research, and principles, to guide a sustainable
transformation of food systems (UNFSS 2021).
Science-based pathways aid in identifying and de-
signing policy instruments that incentivize transfor-
mative changes. They also help to guide the invest-

How synergies between food system goals can propel transformation

The rewilding of California’s rice production

The Central Valley of California, once home to
grizzly bears, is now one of the most productive
agricultural regions in the world and a major
contributor to the state’s total agriculture,
valued at 48 billion USD. In the middle of

the valley, the San Joaquin, American, and
Sacramento Rivers form the Sacramento Delta,
which is California’s rice growing region. Until
the early 1990s, farmers burned rice straw to
clear their fields for spring planting. But the
negative effects on air quality and human
respiratory health in the Sacramento region led
to a ban on burning rice straw in 1991.

Instead of burning, farmers switched to winter
flooding, which slowly decomposes the rice
straw. Migratory waterfowl began to choose
the flooded fields as their winter habitat, and
accelerated decomposition of the rice straw

in the process. Banning rice straw burning for

health reasons doubled California’s wetland
habitat and turned the state’s rice farmers into
its most successful restoration agents without
reducing the rice-growing area or compromising
yields: at 10 tons per hectare, these remain
among the highest in the world. The economic
value of this habitat has been assessed at 1.5
billion USD, plus the additional economic value
of duck hunting. The same land also serves as
the first line of defence against flooding for the
city of Sacramento, valued at 121 million USD
(40-400 USD per hectare). Much of the area lies
in the Yolo Bypass, which is jointly managed

by farmers, the Army Corp of Engineers, and
the California Department of Fish and Game.
Together these groups coordinate land and
water management in the delta to reap
multiple benefits: Human health, wildlife
conservation, rice production, recreation,

and flood protection.

Source: Bogdanski et al. 2017
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ments from both public and private sectors needed
to finance them (Hainzelin et al. 2023; Béné et al.
2019; FOLU 2019; Hendriks et al. 2023; von Braun

et al. 2023).

Integrated assessment models, of the kind that
FSEC has used here, are valuable tools for gener-
ating these science-based pathways because they
can present plausible futures based on consistent
assumptions about key drivers of change and their
interactions (van Vuuren et al. 2012; Hainzelin et al.
2023; Bai et al. 2016). These models allow for the
simulation of long-term, large-scale food system
transformations by integrating key processes that
drive the economics of land use alongside the bio-
geophysical dynamics that constrain it. These mod-
els additionally incorporate broader societal shifts

BOX 2.1
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in population and GDP, and thus facilitate synthetic
investigation of the consequences of long-term
structural changes in the food system. This kind of
integrative modeling enables, for example, rigorous
estimation of synergies and trade-offs in pursuing
different objectives of the food system transforma-
tion at national level, as illustrated by the country
level analysis FSEC conducted for India (see Box 2.1).

Modeling the FSEC pathways

The FSEC science-based pathways are designed
and modelled to estimate a set of outcome variables
wider than any previous food system pathways.
These outcomes reflect not only the economics of
the foods people eat, but also food consumption’s
consequences on the environment (GHG emissions,

Synergies and trade-offs on the pathway to a sustainable food system in India

India’s food system faces several interconnected
challenges: Undernutrition and diet-related
diseases persist; conventional agricultural
practices deplete groundwater, cause high GHG
emissions and pollute the environment; and many
farmers are indebted. FSEC’s modeling shows
that by following a pathway to a sustainable food
system, India could improve nutrition, reduce
environmental damage and enhance livelihoods.
Moreover, there are synergies between these
multiple goals. But there are also trade-offs, which
must be negotiated and navigated, calling for
careful policy design.

On the one hand, including more fruits, legumes,
and nuts in Indian diets would significantly
improve public health by reducing both
underweight and obesity. It would also diversify
crops grown in the country, reduce GHG emissions
from farming and boost agricultural employment.

On the other hand, growing more fruits, vegetables

and nuts would require more irrigation, while
water is already scarce in many regions. Similarly,
liberalizing trade and raising wages to improve
food system livelihoods will not only raise farmers’

incomes but bring multiple environmental benefits

as well. However, these measures will add to

already significant pressures to reallocate jobs
from agriculture, which will need to be absorbed
by new jobs in other food system segments or
other sectors. Measures to conserve and restore
land likewise offer multiple benefits by improving
biodiversity and lowering GHG emissions.
Adopting more sustainable agricultural practices
will do much to protect the environment and bring
India’s GHG emissions down further. However,
along with action to make diets more nutritious
and improve livelihoods, as noted above, these
measures will raise food prices and the costs of
agricultural production. Food may become less
affordable, and poverty may increase without
countervailing policies, such as social protection
and compensation measures.

This example helps underscore the trade-offs and
synergies that transforming food systems entail

in practice. As discussed in Chapter 4 and Chapter
5 emerging national food system strategies

that are focused on incentives and regulation,
innovation, and investment and fine-tuned to
address the political economy constraints can help
policymakers navigate these challenges.

Source: Das et al. 2023
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nutrient surpluses, biodiversity), people’s health
(premature mortality, obesity and undernourish-
ment), and their livelihoods (agricultural wages,
poverty). FSEC has been able to assess this wide
range of variables by constructing a comprehensive
framework that integrates a variety of specialized
models describing land systems, macroeconomies,
human health and poverty, and the climate system
and their mutual interactions (see Figure 2.2). These
constituent models are each well-established, with
robust records of scientific publication, and are
themselves often included in the ongoing modeling
exercises contributing to the IPCC reports. How-
ever, FSEC’s pathways are the first of their kind to
combine these state-of-the-art models into a single

FIGURE 2.2
Modeling Framework

Population
Income

Population
Income

Macroeconomy
and Energy
System Model

Climate
Model

Tk

The Economics of the Food System Transformation

comprehensive framework.

The findings in the following section draw
on comparison of FSEC’s pathway modeling showing
potential global food system development towards
2050.

One pathway reflects the continuation of current
trends (CT) and a second represents a comprehen-
sive food system transformation (FST) pathway
(see Bodirsky et al. 2023, for more details). A third
pathway extends the FST to account for potential
sustainable transformations occurring external to
the food system (FXT). This includes, for example,
the decarbonization of energy systems.

The results are summarized in terms of 16
outcome indicators, each connected to one of the
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five FSEC operational goals (Figure 2.1). Health
indicators include underweight, premature mortal-
ity and obesity. Environmental indicators include

a biodiversity intactness index, Shannon index,
nitrogen surplus, environmental water flow viola-
tions, AFOLU GHG emissions, and global surface
warming. Inclusion and economy indicators consist
of expenditure on agricultural products, number of
people in poverty, agricultural employment, agri-
cultural wages, bio-economy supply, and agricul-
tural production costs.

FSEC has explored what happens if the FST
pathway is realized within the larger socio-economic
context modelled in the Shared Socio-economic
Pathway 2 (SSP2) or “Middle of the Road” (O’Neill et
al. 2014). SSPs are a set of standardized assumptions
used by climate researchers to account for potential
future change in key variables such as population
and GDP growth. By integrating prevalent socio-eco-
nomic trends, the analysis isolates the effects of the
food system transformation from these confound-
ing variables, which shape the wider outcomes but
fall beyond the realm of the transformation itself.
Importantly, as modelled here, SSP2 assumes that
countries successfully implement their current policy
commitments (Nationally Determined Contributions,
NDCs) to reduce greenhouse gas emissions.

To model the FXT pathway, FSEC incorporated
into the FST pathway several more general sustain-
able transformations external to the food system, as
well as more optimistic assumptions of population
and GDP change aligned with the trends of Shared
Socio-economic Pathway 1 (SSP1) or “Taking the
Green Road” (O’Neill et al. 2014). The FXT pathway
also considers the effects of a renewable energy
transformation and an increase in timber demand
for construction (Figure 2.1).

This analysis focuses on the broadly-scoped
measures taken to achieve food system goals, as de-
tailed in the following section. It does not model the
underlying policies necessary to incentivize and en-
sure implementation of the measures. To illustrate,
the FST modeling assumes that the changes needed
to ensure healthy diets are introduced in different
parts of the world without prescribing how they
come about. Details about different policy levers

The Economics of the Food System Transformation

and their effectiveness are discussed in Chapter 4.
Disaggregating global modeling outcomes demon-
strates that the FST pathway often generates diverse
outcomes in different regions particularly concern-
ing the affordability of food. Notable differences in
regional outcomes are highlighted throughout this
chapter. Chapter 4 explores potential responses for
policymakers. Further decomposition and details

of regional outcomes of the pathway modeling is in
Chapter 2 Annex.

The Food System Transformation Pathway

The FST pathway (Figure 2.1) provides a compre-
hensive understanding of how changes to different
aspects of the global food system, ranging from
production to consumption, interact to achieve
outcomes that are inclusive, health-enhancing, and
environmentally sustainable. Comparison with the
CT pathway underscores the urgency of achieving
FST ambition.

The FST is designed to:

> Immediately reduce greenhouse gas emissions
and ensure the land system becomes a net
carbon sink by 2040;

> FEradicate undernutrition by 2050 and halve
obesity compared to CT (that is equivalent to
stabilizing obesity at current levels);

- Reverse the decline of biodiversity, and protect
and expand forests;

> Increase the wages of agricultural workers and
contain poverty.

The FST has been designed to ensure a rapid fall in
GHG emissions, as accumulating emissions increase
the challenge of future mitigation. It also reflects the
need for rapid action to stem the irreversible loss of
biodiversity and address hunger and malnutrition.
The modelled shift towards healthy diets, while also
ambitious in pace, is relatively slower than the other
elements of the transformation.

Translating these shifts in the model to achieve
the five operational goals set out in Chapter 1 has re-
quired implementing 19 selected measures, (Figure
2.1). They have been identified based on the findings
of existing literature and previous assessments of
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sustainable development pathways (Soergel et al.
2021). The measures include eradicating undernu-
trition, halving food waste, stemming the loss of
biodiversity, improving nitrogen-use efficiency, and
reversing deforestation among others. The mea-
sures are grouped in packages aligned with the FSEC
operational goals, to enable the modeling to identify
interlinkages between them. To operationalize the
shift to healthy diets, the FST reflects all countries
gradually adopting by 2050 a healthy reference

diet as defined by the EAT-Lancet Commission
(Willett et al. 2019, Springmann et al. 2018). This diet
includes healthy minimum food intake levels for
fruits, vegetables, soybeans and other legumes, and
nuts. It also includes healthy maximum food intake
levels for sugar and vegetable oils, as well as red
meat, poultry, eggs, and milk products (Bodirsky et
al. 2023). Within these limits, as detailed in Figure
2.1, country-specific dietary patterns can be quite
diverse. Together, these measures constitute the full
FST pathway (Figure 2.1). In addition to the complete
FST, the impacts of all 19 measures have been mod-
elled individually and in combination® to explore
their interactions and interdependencies.

Readers should note that while food system
resilience is best measured by its ability to adapt to
short-term disruptions, integrated assessment mod-
els are designed to analyse long-term dynamics and
trends. This makes them unsuitable for assessing
resilience to short-term shocks and extreme events.
For that reason, no food system measures in the FST
are explicitly linked to achieving the operational goal
of resilience; however, as discussed in Chapter 1,
reorienting food systems to achieve the other opera-
tional goals will also strengthen their resilience.

The Economics of the Food System Transformation

The Current Trends pathway

underscores that a food system

transformation is urgently needed

to avoid systemic failures

The transformative impact of the FST is fully
brought out by comparisons with the Current Trend
pathway. Current Trends shows that without effective
food system measures the world will undergo a deep-
ening ecological and health crisis. While the relatively
optimistic assumptions embedded in SSP2 on global
economic development improves poverty levels and
wages in the Current Trends pathway, these inclusive
gains come at the cost of increasing environment
degradation. This trade-off threatens to severely
undermine Earth system stability and long-term living
standards. Food production in many countries would
become increasingly vulnerable to climate change
and environmental degradation, with the likelihood
of extreme events dramatically increasing. Rising
food prices due to climate or other shocks heighten
poverty and hunger, stretch the budgets of the poor
and the middle classes and lead to social tension.

Some of the more specific 2050 outcomes of Current

Trends include:

- Food insecurity and undernutrition would continue
plaguing humanity, leaving 640 million people (@nd
121 million children) underweight in 2050, particular-
ly in India, Southeast Asia, and Sub-Saharan Africa.

> The global adoption of diets high in fats, sugar,
salt, and ultra-processed foods would increase
the number of obese people worldwide by 70
percent, reaching 1.5 billion in 2050, or 15 percent
of the expected global population.?

> Per capita food waste would increase by
16 percent compared to today, reaching 76 kg
of dry matter per capita in 2050.

- While Latin American countries may successfully
fulfil their NDCs on deforestation, Sub-Saharan
Africa and Southeast Asia are likely to contin-
ue losing their primary forests and associated

1 Usingthe open-source, integrated land system model MAgPIE (Dietrich et al. 2019). Model-based outcome indicators are provided at the

aggregate global level, at the level of 14 world regions and three country income groups, and at a spatial grid of about 50x50km for showing

spatial heterogeneity.

2 Note that other sources estimate the direct medical costs of treating the health consequences of overweight and obesity are already estimated
to rise to almost 3 trillion USD by 2030, from 600 billion USD today (Okunogbe et al. 2022).
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FIGURE 2.3
Pathways for select outcome indicators
of the food system until 2050
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FIGURE 2.3A
Global AFOLU GHG Emissions
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biodiversity. Deforestation will erode a further 71
million hectares of natural forests between 2020
and 2050, an area equivalent to 1.3 times the

size of France, with far-reaching implications for
carbon emissions and biodiversity loss.

Nitrogen surpluses will increase from 245 Mt N a
year to about 300 Mt N in 2050. As more nitrogen
continues to leach into waterways and natural
areas, it will undermine public health and exacer-
bate biodiversity loss.

The median estimate of global surface tempera-
ture under CT rises to 2.7°C by the end of the
century, with a 30 percent likelihood of exceeding
3°C. Under Current Trends, global GHG emissions
from agriculture, forestry, and other land use

(AFOLU) will drop by 16 percent from 2020 to
2050. Implicit in this reduction is

that countries implement the mitigation mea-
sures necessary to meet their current NDCs
within the UNFCCC framework. However, the
scale of expected non-food related GHG emis-
sions means this progress in reducing AFOLU
emissions does not prevent an overall failure to
address the climate crisis.

An inclusive, health-enhancing,
and environmentally sustainable
food system is possible
Overall, the findings show that prioritizing rapid
implementation of all FST measures can achieve
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FIGURE 2.3B
Global Surface Warming
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Degree C, peak global warming level between 2020-2100, relative to 1850-1900
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the transformative change described by the five
goals and effectively tackle the systemic failures and
sustainability challenges that characterize Current
Trends by 2050. However, turning sharply away from
the Current Trends pathway, with its immediate and
long-term threats to human health, climate, biodi-
versity, and inclusion, remains a huge challenge.

Major achievements include:
The FST alone will transform the land sector into
a net carbon sink by 2040 and limit peak global
mean temperature to just above 2.0°C. (Figure
2.3B) Heavy investment in carbon sinks, such as
forests and peatlands, and substantial reductions in
non-CO, emissions from agriculture are the critical
FST measures. An additional 1.4 billion hectares of
land is protected, while a further 200 million hect-
ares are afforested and open to economic uses such

C

® Food System Transformation

Limiting damages: transforming food
systems together with other external
transformations limits peak
temperatures to just above 1.5°C degrees

® Food System Transformation + External

as the production of timber for housing. The shift
away from diets rich in animal-sourced protein is
important too as these diets generate extreme pres-
sure on land. As a result of these changes, emissions
under FST become net negative as early as 2040,
with Brazil and the rest of Latin America becoming
the most effective carbon sink per hectare due to
extensive reforestation. These positive develop-
ments will gradually help to reduce the occurrence
of extreme weather events (IPCC 2021) and thus
safeguard future agricultural production.

Coupling the FST with external transformations
(FXT) could further reduce peak global mean
temperature (that is the maximum temperature
reached over the period) to slightly above 1.5°C
and lead to global mean temperatures well below
1.5°C by the end of the century. An ambitious
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transformation of the food system will be a critical
and necessary component of an economy-wide
transformation to sustainability. Far-reaching changes
in factors external to food systems, including a suc-
cessful phase-out of fossil fuels, lower-than-expected
population growth, and a thriving, equitable global
economy, could limit peak warming to slightly above
1.7°C. But only by pursuing the FST as well does it be-
come possible to limit peak global mean temperature
to just above 1.5°C.

A shift to environmentally sustainable produc-
tion in agriculture reverses biodiversity loss,
reduces demand for irrigation water and almost
halves nitrogen surplus from agriculture and
natural land. Protecting ecosystems significant-

ly reduces biodiversity loss, while adherence to
regional water withdrawal limits curtails the over-
use of freshwater resources without compromising
agricultural yields. These measures, combined
with diversified cropping systems, contribute to a
more resilient food system, capable of sustaining

FIGURE 2.3C
Global Nitrogen Surplus
Million tonnes N per year
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a growing population even in the context of global
change (Isbell et al. 2015; Rosa et al. 2020; Egli et al.
2021). The adoption of technical mitigation mea-
sures together with the widespread shift towards
more plant-rich diets dramatically reduces nitrogen
pollution. (Figure 2.3C).

Greater trade integration, along with diversifi-
cation of trade routes, improves connections
between regions with food surpluses

and deficits. This interconnection strengthens food
system resilience to shocks, helping to prevent loss
of lives during extreme weather events and crop
failures (Janssens et al. 2020).

FST eradicates food insecurity, improves
diet-related health, and sharply reduces nutri-
tion-related mortality in all regions. By ensuring
that all people have access to sufficient calories,
the FST eradicates undernutrition. In contrast,
under Current Trends prevailing food insecurity
and undernutrition would leave 640 million people
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FIGURE 2.3D
Global Premature Mortality
Millions of attributable deaths
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FIGURE 2.3E
Global Obesity Prevalence
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(@and 121 million children) underweight in 2050. The
FST reduces diet-related mortality from 12 million
deaths per year attributable to poor diets in 2020 to
7.7 million in 2050 by decreasing rates of diet-related
diseases such as of cardiovascular conditions and
cancers (Figure 2.3D). Compared to CT, 174 million
lives are saved by the reduction in diet-related
chronic diseases under FST. At the same time, obe-
sity as a result of diets high in fats, sugar, salt, and
ultra-processed foods would increase by 70 percent
under CT and affect 1.5 billion people, that is 15
percent of the expected global population in 2050
(Figure 2.3E).

The necessary shifts in diet vary by region. (Fig-
ure 2.4) While over- and under-consumption now oc-
cur across high-, medium- and low-income regions,
on average, high- and middle-income regions need
to reduce their per capita intake of animal-sourced
food by 68 percent and 62 percent respectively from
2020 to 2050, and increase their intake of fruits, nuts,
vegetables, and legumes. In low-income regions,
such as Sub-Saharan Africa and India, overall intake
—in particular intake of healthy foods — must in-
crease to combat undernutrition. The outlook for
their intake of meat varies. For instance, in order

to meet healthy intake levels, some countries in
Sub-Saharan Africa need to increase their intake of
animal-sourced food to ensure adequate healthy
protein intake, but some middle-income countries
in the region need to reduce it. Similarly, high intake
of particular animal-sourced foods, such as dairy
products in India, needs to fall. In total, low-income
regions see a 33 percent aggregate decline in the
intake of animal-sourced foods under FST even
though their intake by currently undernourished
groups in those regions should increase to improve
health.

Dietary change under FST eases the need to in-
crease crop yields further and distributes legume
production more equally around the world, with
environmental benefits. Under the FST, conserving
biodiversity hotspots and wetlands together with
more afforestation and reforestation restrict the
area of land available for agriculture. However, the

The Economics of the Food System Transformation

FST also reduces global demand for cropland and
pasture compared to CT, as land-intensive livestock
products are replaced by plant-based proteins

in healthy diets from less land-intensive legumes
such as soybeans, groundnuts and other pulses.
Production of legumes increases most strongly in
Sub-Saharan Africa, China and India, while there
are moderate reductions in Brazil and the US. This
represents a significant shift from legumes for feed
production to legumes for food production. The
higher share of legumes in healthy diets diversifies
crop production systems and reduces the need for
nitrogen fertilizers.

The FST leads to a fall in global per capita food
waste of 24 percent between 2020 and 2050. This
contrasts with an expected increase under CT of 16
percent, which would bring it to 76 kg of food waste
per capita (dry matter) per capita by 2050. FST sug-
gests that high- and middle-income regions, where
food waste is currently highest, will contribute most
to waste reduction, lowering it by 39 percent and 29
percent compared to 2020 respectively. Per capita
food waste in low-income regions is expected to in-
crease by 5 percent from today’s currently low levels.
Food losses in the supply chain, although not covered
by the modeling, will also need to be reduced.

Global convergence towards healthy diets limits
therise in agricultural commodity prices and
stabilizes expenditures on agricultural products.
Upward pressure on agricultural commodity prices
is observed under the FST for two main reasons:
first, FST improves livelihoods by ensuring minimum
wages for workers in the agricultural sector, but in
turn increases production costs that ultimately lead
to higher prices. Second, many of the benefits of FST
depend on changes in land use that make cultivable
land more scarce. One such change is reforesta-
tion to safeguard biodiversity and mitigate climate
change. The resulting increase in agricultural com-
modity prices is largely mitigated by the dietary shift
away from unhealthy and unsustainable diets. As a
result, under the FST agricultural commodity prices
rise to 28 percent above 2020 levels by 2050, which
represents a much slower rate of increase than has
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FIGURE 2.4
Intake of select food groups globally, and in low and high
income regions until 2050
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FIGURE 2.3F
Global Agricultural Price Index
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At a global level, the shift away from overcon-
sumption of food (especially overconsumption of
animal-sourced foods) coupled with less food waste
will lead expenditure on agricultural products to
stabilize by 2050 under the FST. However, in Sub-Sa-
haran Africa and India expenditures on food will in-
crease. This is due to differences in the composition
of their respective dietary shifts, as healthier diets
require an increase in the intake of legumes, fruits,
and nuts, and a decrease in the staple foods of
those regions, which are relatively less costly (Figure
2.4). Rising food expenditures in these regions will
have a negligible impact on their poverty levels as
they are compensated for by other elements of the
FST (Figure 2.3H).

FST does not affect the pace of poverty reduction.
Under FST, the reduction in poverty is only marginally
larger than under Current Trends. Under FST the in-
comes of the poor increase in aggregate, thanks to an
exogenous increase in agricultural wages and univer-
sal transfers financed by the recycling of environmen-
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tal taxes. However, the increase in production costs
puts pressures on prices which largely neutralizes the
real income impacts of those measures. More people
would be lifted out of poverty if transformative action
is taken beyond the food system. Measures external
to the food system that result in more equitable GDP
growth and faster human development in line with
SSP1, as shown by the FXT, would help to raise anoth-
er 610 million people above the poverty line by 2050
and bring the number of people in poverty worldwide
down to 225 million. However, further measures
would be needed to completely eradicate poverty
and ensure food is affordable in all regions, especially
for those working outside the agricultural sector.

FST amplifies the reallocation of labor from agri-
culture, but other parts of food systems are likely
to absorb more jobs, particularly in lower income
countries. Under CT, mechanization and increas-

es in labor productivity will reallocate 309 million
people from agriculture towards other sectors. FST
would add 75 million more people formerly em-
ployed in primary food production to that flow - 37
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FIGURE 2.3G
Global Expenditure on Agricultural Products

USD per capita per year (MER 2005)
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FIGURE 2.3H
Global Poverty Headcount

Million people below USD 3.20 per day (PPP 2011)
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million in Sub-Saharan Africa, the region that overall
would see the largest drop in the share of working
age population employed in agriculture; 13 million in
China; 12 million in India.

One reason for the further reallocation of labor
under FST is that the shift away from animal-sourced
foods generates a 50 percent drop in global livestock
production, reducing employment in that sector.
Other factors decreasing employment in produc-
tion are additional waste reduction and improved
efficiency through increased trade. In contrast, the
spread of certain labor-intensive agricultural practic-
es under FST - such as more efficient use of nitrogen
and the production of fruits, vegetables, nuts, and
seeds - will increase demand for agricultural labor.
However, such impacts are not enough to compen-
sate fully for the fall in employment arising from
lower livestock production.

Other parts of food systems can be expected
to generate more labor demand under FST even
if these additional employment effects cannot

The Economics of the Food System Transformation

be modelled. For example, investments in na-
ture-based solutions and providing plant-rich diets
are likely to create new employment opportunities.
The ILO estimates that the dietary shift in Latin
America alone could create an additional 15 mil-
lion jobs (Saget et al. 2020). Nature restoration and
protection interventions can provide significant job
opportunities, particularly when large in scale. The
"Great Green Wall" initiative by the African Union for
the Sahel and Sahara region has the potential to cre-
ate 10 million jobs (GCA 2021). The scope for creating
additional jobs in the downstream food economy
(e.g., trade, processing, and storage and its finance
and infrastructure) is largest in regions where cur-
rent food system employment is still overwhelming-
ly in production, such as Sub-Saharan Africa (Chris-
tiaensen et al. 2021; Allen et al. 2018). Non-farm food
system jobs in this region currently account for 22
percent of all food system jobs, compared to a glob-
al average of over 40 percent (Davis et al. 2023; FSEC
Africa Brief).
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Annex

Main regional aggregates

Regionally specific modeling can help identify
challenges and opportunities for each region, allow-
ing for targeted measures and policies. In modeling
FSEC pathways, regional decomposition allows for
a more nuanced understanding of food systems
transformation by identifying which regions deviate
from global trends. In this modeling assessment, 14
world regions were allocated geographically (Figure
A.1). Based on current per-capita income, these
14 regions can be classified as low-income (LIR),
middle-income (MIR), and high-income regions (HIR)
(Table A.2). In this Appendix, regional outcomes of
the food system transformation (FST) are analysed
for four regions: Sub-Saharan Africa (SSA), Brazil
and the rest of Latin America (BRA + LAM), China
(CHA), and South and Southeast Asia, excluding
India (OAS). The choice of these regions reflects their
classification as low- and middle-income regions.
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FIGUREA.1
Map with world regions used for the modelling of FSEC pathways.
Regional abbreviations are in Table A.2.

® ANZ ® BRA ® CAN ® CHA
® EUR © IND ® JKO ® LAM

® MEA ® NEA
SSA  USA
TABLE A.2

NEU

OAS
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World regions used for FSEC pathways and their classification into

low-income, middle-income, and high-income.

ANZ

BRA

CAN

CHA

EUR

IND

JKO

LAM

MEA

NEA

NEU

OAS

SSA

USA

Australia & New Zealand
Brazil

Canada

China

European Union

India

Japan & South Korea
Latin America (excl. Brazil)
Middle East & North Africa
Northern Eurasia

Europe (Non-EU)

Other Asia

Sub-Saharan Africa

United States of America

High-income region (HIR)
Middle-income region (MIR)
High-income region (HIR)
Middle-income region (MIR)
High-income region (HIR)
Low-income region (LIR)
High-income region (HIR)
Middle-income region (MIR)
Middle-income region (MIR)
Middle-income region (MIR)
High-income region (HIR)
Middle-income region (MIR)
Low-income region (LIR)

High-income region (HIR)
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Regional outcomes

The FST and CT pathways can be compared at
the sub-global level using the aggregated regions
in Table A.2. The regional decomposition provides
a comprehensive view of the impact of the food
system measures, as delineated in Chapter 2, on the
same key outcome indicators discussed at the glob-
al level (Table A.3). The disparities and similarities
across regions relative to the global trend are shown
as indicated by the colours and legend.

Sub-Saharan Africa

From today until 2050, FST would spare nearly
99 million people from undernutrition in Sub-Saha-
ran Africa and further safeguard 39 million hectares
of primary and secondary forests (and their biodi-
versity) that would have otherwise been deforested
under CT. Measures that increase agricultural wages
and recycle emission tax revenues are fundamental

The Economics of the Food System Transformation

to a successful transformation, as they ensure these
bold interventions do not endanger the well-being of
agricultural workers. Of all world regions, Sub-Saha-
ran Africa is subject to the largest decline in employ-
ment in primary production by 2050, with 37 million
fewer people working in agriculture compared to
the CT pathway. Global dietary change can lower
scarcity and prices on agricultural markets, reducing
poverty in SSA by 40 million people. Yet, when all
food system measures (FSMs) are combined, ex-
penditures for agricultural products will increase by
33 percent over a period of 30 years in FST, caused
predominantly by implementing a minimum wage

in the agricultural sector, following Goal 2 of FSEC.
Should a minimum wage for agricultural workers

be implemented, livelihoods for those working in
agriculture will improve, but rather than decreasing,
overall poverty levels would remain stable.
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Brazil and rest of Latin America

By 2050, the FST pathway shows that increases
in the rate of reforestation and afforestation can
transform Brazil and the rest of Latin America into
the world’s largest sequesters of GHG emissions.
Fundamental to this evolution is the protection of
the Amazon, critical to mitigating climate change
and biodiversity protection. To ensure a successful
transformation in this region, of particular signifi-
cance will be a widespread shift in demand away
from meat products either pastured on-or fed
from-deforested land in the Amazon. This shift car-
ries large co-benefits not only for health, reducing
the number of lives lost due to diet and weight-relat-
ed diseases by 7.6 million through 2050, but also for
water scarcity, as environmental flow violations de-
crease by 15 km? per year. If FST is accompanied by
a broader, cross-sector sustainable transformation
and liberal trade policies, Brazil would benefit from
increased bioeconomy-related production. If imple-
mented alongside stringent biosphere protection,
this sector can capitalize on sustainable forestry and
biofuel demand to achieve economic revenues of
134 billion USD per year.

The Economics of the Food System Transformation

China

FST in China is characterized by a dramatic
abatement in land-based GHG emissions com-
pared to CT, shifting from emitting 753 Mt of CO,eq
per year in 2050 under CT to sequestering 472 Mt
CO,eq per year in 2050. Measures protecting unique
biodiversity hotspots will strongly bend the curve
of China’s biodiversity loss. These measures would
be facilitated by a transformation towards healthy
diets, with enormous co-benefits for human health,
reducing premature deaths from diet and weight-re-
lated disease by 35 million until 2050. A further
co-benefit of this dietary transformation-of par-
ticular relevance in China-will be the mitigation of
nitrogen pollution, as the FST halves total pollution
levels in 2050 from 60 Mt N, to 33 Mt N, per year. Al-
though employment in agriculture is reduced by 11
percent in the FST, this represents an acceleration of
ongoing demographic trends. The agricultural sector
does benefit, however, from the diet transition, as
the production of legumes increases by 180 percent
compared to CT by 2050.
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South and Southeast Asia

South and Southeast Asia (excluding India, as
a separate model region) sees a historic reduction
in malnutrition in FST, helping 163 million people in
the year 2050 achieve healthy weights. This region in
particular strongly increases its intake of fruits, veg-
etables, nuts, and seeds in the FST pathway, more
than doubling intake compared to current values.
Coupled with interventions increasing nitrogen use
efficiency in agriculture, this broader shift towards
healthy and sufficient consumption patterns reduc-
es nitrogen pollution in 2050 from 52 Mt N, per year
under CT to 34.4 Mt N, per year in FST. Over the next
30 years, FST would further eliminate 40.5 Gt CO,eq
of land-based emissions from being emitted in the
region, turning the region into a net sink of 400 Mt
CO,eq per year in 2050.

The Economics of the Food System Transformation
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Chapter 3

> The hidden costs of food systems are mortgaging our future, undermining
future productive potential by well over 10 trillion USD a year.

> Pursuing the Food System Transformation pathway can yield substantial
environmental and health net economic benefits, estimated at a minimum of
5 trillion USD annually. Factoring in the full impact of rising incomes as part
of the transformation could potentially elevate net economic benefits to an
average of 10 trillion USD per year. Global convergence towards healthy diets
would contribute as much as 70 percent of the total economic benefits of
pursuing the Food System Transformation pathway through direct effects on
dietary health and indirect impacts on the environment.

> The costs of food system transformation are remarkably modest when
compared to the expected benefits. FSEC estimates a cost range of between
200 and 500 billion USD annually, depending on the extent to which the
expenses of ensuring food affordability for the most vulnerable are factored in.

> The transformation is affordable at a global level, but its costs for lower-income
countries are beyond their current financing capacity. Lifting their financing
constraints is critical to unlocking the global benefits of transforming

food systems.

Introduction®

The preceding chapter mapped a Food System
Transformation (FST) pathway leading to a more
equitable, health-enhancing, and environmentally
sustainable global food system. This chapter ex-
plores the hidden costs of current food systems and
the economic costs and benefits of pursuing FST on
a global scale.

The economic benefits of pursuing FST are po-
tentially very large: on the order of at least 5 trillion
USD a year. FSEC draws on two complementary
methods for economic valuation described in Box
3.1 and later in this chapter to derive this value.

A bottom-up approach to assessing the
net benefits of pursuing the FST pathway:
measuring the reduction in hidden costs

A bottom-up approach to estimating the net
benefits of pursuing FST divides the evaluation into
two components: estimation of the gross benefits
resulting from hidden costs avoided and estimation
of the costs to transform food systems.

Estimating the gross benefits of pursuing FST from
the bottom-up entails calculating the hidden costs
avoided by moving from Current Trends to FST. As dis-
cussed, the hidden costs are calculated item by item in
each scenario. This involves multiplying physical flows
by either market or shadow prices (Lord 2023).

1 Unless otherwise specified all monetary values in this chapter are expressed in USD PPP (Purchasing Power Parity) (2020)
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BOX 3.1

The Economics of the Food System Transformation

FSEC’s tools for assessing the economics of transforming the global food system

The food system pathway analysis in Chapter 2
showed how alternative developments in the global
food system pathways lead to a variety of outcomes
for people’s livelihoods, their health, and the
environment. The economic value of those outcomes
needs to be visible to decision-makers if they are to
choose the best food system pathway for society.
However, standard estimates of the economic

value of food systems ignore or capture them only
marginally. For example, they do not show whether
the food produced by a system leads to healthy and
productive lives or whether production practices
harm local biodiversity or the environment.

Different economic tools can make those largely
hidden impacts of alternative food systems visible
and comparable with the other economic variables
that decision-makers focus on, such as GDP. The
FSEC analysis presented in this chapter has used
two such tools (Figure 3.1).

A top-down social welfare function approach.
This assesses the overall value of the food system
based on directly estimating the well-being that
people derive from it. This approach tries to capture
all the ways in which food systems contribute to
people’s well-being, positive or negative, whether
or not these are included in conventional economic
statistics, across different pathways.

A bottom-up hidden cost approach. This assesses
the hidden costs of food systems related to

health, environment and poverty, item-by-item.
This approach compares the hidden costs of food
systems across different pathways to arrive at an
estimate of the gross benéefits of transforming food
systems. To derive the net economic benefits of
transforming food systems comparable to the one
provided by the top-down social welfare function

These gross benefits then need to be compared
with the costs of transforming food systems globally
(Passaro et al. 2023). A more rigorous estimate of
the benefit/cost ratio of transforming food systems
globally would require country level analyses. Never-
theless, itis clear that the orders of magnitude in-
volved are such that the costs of transformation are

approach, estimates of the costs of implementing a
food system transformation are needed.

These two approaches give a “top-down” and
“bottom-up” representation of the same effect,
namely the economic impact of moving to a
particular food system pathway as compared

to predicted trends. The former attaches a
monetary value to the combined impact of all

a pathway’s outcomes related to health, the
environment and income growth and the latter
values those outcomes one by one (Figure 3.1). A
notable difference between the two methods, as
emphasized in the text, is that the latter values
income growth for the poor only, while the former
factors in the benefits of income growth for the
whole distribution.

In an ideal world, where everything could be
comprehensively understood and precisely
measured, the top-down and bottom-up
approaches would yield identical estimates. In
practice, they both encounter distinct challenges
and have different strengths and weaknesses.
FSEC’s view is that using these two conceptually
coherent yet operationally divergent approaches
to assess the economic impact of the FST should
make the analysis more robust overall. The
convergence of both approaches in yielding similar
results underscores the large economic benefits

of the FST compared to the Current Trends
pathway. This affirms the FSEC conclusion that
pursuing FST to make the global food system more
inclusive, health-enhancing, and environmentally
sustainability is economically highly beneficial as
well as biophysically and technologically viable, as
shown in Chapter 2.

Sources: Dietz 2023; Lord 2023; Passaro et al. 2023

certainly small compared to the potential benefits.

The hidden costs of the food system

The first step in evaluating the benefits of the
FST using the bottom-up approach is to assess
the hidden costs of food systems today, that is the
present value of their unaccounted for negative im-
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FIGURE 3.1

The Economics of the Food System Transformation

FSEC’s approach to the economics of the food

system transformation

Benefits

Costs

Top-down approach

Net Benefits
(Applied social welfare analysis)

Bottom-up approach

Gross Benefits
(Avoided hidden costs)

pacts over time and space. The last few years have
seen different studies attempt to quantify these
hidden costs comprehensively. All estimates point to
significant costs, with most of them well above the
10 trillion USD mark (FOLU 2019; Lucas et al. 2023;
World Bank 2021; Hendriks et al. 2023). The variation
between different hidden cost estimates is driven by
differences in the items they consider, their attribu-
tion to food systems of specific effects, and in the
models they use to estimate the quantities to which
they apply the costs of externalities.

FSEC estimates the hidden costs of the Food
system arising from GHG emissions, freshwater use,
land use conversion, nitrogen pollution, under- and
over-nourishment, poverty, and dietary risks. FSEC
estimates the value of the hidden costs from these
sources in the likely range of 14 to 18 trillion USD PPP
a year, with a central estimate of 15 trillion, which
is equivalent to 12 percent of GDP PPP in 2020. The
costs break down as follows:

Bottom-up approach

Gross Transformation
Costs

> Health costs are calculated by estimating the
extent of labor productivity lost to poor diets.
The health costs of the global food system are 11
trillion USD PPP at least. These costs are largely
driven by the high incidence of obesity (730 million
people) and the high burden of chronic health con-
ditions such as diabetes, hypertension, and cancer.
The impacts of malnutrition are not captured fully
as the impacts of other health conditions linked to
food, such as maternal mortality due to anaemia,
are notincluded in these estimates.

- Environmental costs are the negative effects of
today’s food systems on ecosystems and climate.
Estimation at 3 trillion USD PPP, they include the
costs of current agricultural land use and food
production practices. Environmental costs also
include the costs of biodiversity loss and envi-
ronmental damage caused by nitrogen surplus,
which leaches into waterways and pollutes the air.
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> Poverty costs arise from food systems’ contri-
bution to structural poverty through the cost of
food. Such costs are estimated as the income gap
from the poverty line - that is the amount need-
ed to bring all poor people to the 3.20 USD PPP
(2011) poverty line. This amounts to 900 billion
USD.?

The gross benefits of transforming food systems

FSEC’s estimates of the gross benefits associated
with the FST pathway are determined by evaluating
the extent to which it reduces the hidden costs evalu-
ated under Current Trends. Following this bottom-up
method, FSEC estimates that FST provides cumula-
tive gross benefits from avoided hidden costs of 104
trillion USD PPP between 2020 and 2050, equivalent
to 5 trillion USD a year (annuitized). Over time, the
present value of hidden costs decreases both under
Current Trends and the FST pathway. This is mainly
due to discounting, which reduces the present value
of hidden costs the further in the future they occur.
But itis also due to policy actions. In Current Trends,
these include the Nationally Determined Contribu-
tions pledged by countries to fight climate change.
The FST pathway includes a much broader and more
ambitious set of actions to transform global food
systems. The difference between Current Trends and
the FST widens over time, so that the gross benefits
grow even in present value terms.

Figure 3.2 looks at the evolution of the gross
benefits of the FST compared to Current Trends over
time, without annuitization. These gross benefits
derive from environmental and health factors in
equal amounts, even though different effects play
out at different times. Early and comprehensive
implementation of the environmental measures in
the FST leads to an annual reduction in hidden costs
of around 500 billion USD, providing lasting bene-
fits over time. These benefits stem from restoring
forests and ecosystems, which effectively offsets the
residual harm caused by methane emissions and ni-
trogen pollution from food production. Additionally,

The Economics of the Food System Transformation

the efficiency of nitrogen use significantly improves
under FST. In contrast, the reduction in health-
related hidden costs becomes more pronounced,
steadily increasing FST’s impact over time as people
gradually adopt healthier diets.

The total reduction in hidden costs between 2020

and 2050 under the FST breaks down as follows:

- Reducing health-related hidden costs accounts
for 55 percent of the total reduction. Less over-
consumption reduces the number of years of life
lost (YLLs) to non-communicable diseases that it
causes. These estimates do not account for the
benefits that changing diets generate indirectly
through their effects on food production, such as
theirimpacts on land use.

- Reducing hidden environmental costs accounts
for 45 percent of the total reduction. Hidden envi-
ronmental cost reductions arise from decreased
GHG emissions from agricultural production
under the FST (13 percent), halting or reducing
the loss of intact habitats (17 percent), and lower
nitrogen pollution (15 percent).

- The hidden costs of poverty are virtually un-
changed, accounting for less than half a percent-
age point of the gross benefits of the FST. This is
because food prices increase under FST and while
its income support measures compensate for that
increase, they do not eliminate poverty. External
measures such as those included in the FXT path-
way would reduce the hidden costs of poverty
more significantly (see Chapter 2).

FST alone does not eliminate the hidden costs of
the global food system over time. Residual hidden
costs are largely derived from the residual burden
of disease. In contrast, under FST, the food system
gradually produces net environmental benefits on
aggregate as it becomes a net carbon sink. This
result displays the balancing interactions between
different regions. In particular, initiatives such as af-
forestation and increased ecosystem services from

2 Amore conservative approach could take as a starting point the over two thirds of workers in agriculture alone are estimated to live in poverty.

Such an approach would however leave unresolved the issue of how to attribute the poverty of the dependents of those working in agriculture.
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restored forest habitats in Latin America effectively
counterbalance residual environmental costs linked
to nitrogen pollution and the expansion of agricul-
tural land, particularly in China.
The gross benefits of the FST pathway vary
across regions. Most regions experience substantial
benefits from better health and better environmen-
tal outcomes in the FST, though the main drivers
vary by region.
> In many high-income regions, like the USA and
the European Union, the most significant driver of
gross benefits is a shift in dietary patterns.

> In Brazil and Latin America, restoring forest
habitats and reducing GHG emissions result in net
environmental benefits, which offset remaining
diet-related hidden costs in the region.

> In China, adopting the FST can reduce health-
related hidden costs stemming from obesity and
non-communicable diseases by 30 percent be-
tween 2020 and 2050, amounting to an estimated
300 billion USD average annual benefit compared
to the Current Trends pathway. The country can
also reduce environmental costs. Being the larg-

FIGURE 3.2

The Economics of the Food System Transformation

est contributor to agricultural nitrogen pollution
today, under FST, China manages to reduce the
costs of its pollution by 30 percent (equivalent to
a benefit of approximately 100 billion USD annual-
ly) (see Spotlight on Change 6).

> Sub-Saharan Africa faces a triple economic bur-
den amounting to 540 billion USD by 2050 under
the Current Trends pathway. Its components
are the environmental hidden costs of escalat-
ing nitrogen use, labor productivity losses from
unhealthy diets and hidden costs of persistent
poverty. Adopting FST in the region could halve
this burden from health-related hidden costs and
eliminate environmental costs by 2050.

The costs of transforming food systems

To compute the net benefits of transforming
food systems from the bottom-up, it is necessary to
determine the costs associated with the implemen-
tation of the food system transformation.
Those costs can be derived by identifying the set of
specific measures required to make the transforma-
tion and pricing those actions using detailed unit

Reduction in hidden costs compared to Current Trends

Trillion USD PPP 2020

2020 2025 2030 2035

Trillion USD/year

® Greenhouse Gas Emissions

Nitrogen Pollution ® Dietary Intake

2040 2045 2050

Poverty

The difference in poverty
hidden costs between

CT and FST is minimal and
roughly constant

at 4 billion USD throughout
the period

® Land Use Change
® Poverty
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price information (Passaro et al. 2023).

To estimate the transformation costs, a list of
areas for action aimed at achieving the changes
broadly captured by the FST was curated through a
series of expert consultations and thorough liter-
ature reviews. The additional costs of implement-
ing those packages of measures on top of current
expected sectoral expenditures is 215 billion USD
(See Figure 3.3). In addition, a broad estimate of the
possible safety nets for the most vulnerable people

SPOTLIGHT ON CHANGE 6

Changing gear on nitrogen

The Economics of the Food System Transformation

needed to cushion them from impact of FST on food
prices and keep food affordable in the transition
period has been considered.

This exercise offers a first rough approximation
of the costs of global food system transformation.
Considerably more detailed and contextual analy-
sis would be needed to cost national food system
transformation strategies, as discussed in Chapter 4.

In addition, while FSEC has tried to obtain
detailed local unit costs to build up a global picture,

Attitudes to synthetic fertilizer are shifting.
Where once this source of nitrogen was seen

as an unambiguously reliable ally in the global
quest for food security, now the environmental
impact of excess nitrogen is forcing changes on
national policy agendas.

The Netherlands and China are two countries
adopting new nitrogen policies.

In the Netherlands, excessive use of nitrogen
has been the subject of public policy debate for
several years. Before 2018, the management

of nitrogen in Dutch agriculture was based on

a nitrogen-licensing system. After both the
European Court of Justice and the Dutch State
Council judged this system insufficient to protect
Natura 2000 areas, it was suspended. The
resulting uncertainty and immediate blockage
of thousands of construction projects triggered
farmer protests and heated public debate.

In 2022, the Government introduced a policy
framework for halving pollution from nitrogen
emissions by 2030. This includes a transition
fund of 25 billion euro until 2035 to compensate
farmers and reduce the number of livestock in
the country. The highly confrontational nature

of policy debates on nitrogen in the Netherlands
shows the importance of including farming
communities in transformational policymaking
(Selnes 2023).

China also has a nitrogen problem. It is the
largest consumer of synthetic fertilizer in the
world, using an average 226 kg per hectare-3.3
times more than the global average-but at only
half the world’s average efficiency. In 2015,

the Ministry of Agriculture and Rural Affairs
launched a “Zero Growth in Synthetic Fertilizer
Use” policy. This removed subsidies on fertilizer
manufacturing and introduced four new
measures: fertilization standards for different
regions; adjustments to the structure of N, P,
and K fertilizers and application of high-
efficiency fertilizers; improved fertilization
methods; and substitution of organic manure for
synthetic fertilizer. This approach of combining
new technologies for more efficient use of
nitrogen with taxes on surplus nitrogen has
already proved effective in several European
countries at cutting nitrogen use without
compromising yields.

Sources: Selnes 2023; Wang et al. 2022;
Zhang et al. 2015.

1 Natura 2000 is a network of core breeding and resting sites for rare and threatened species, and some rare natural habitat types which are

protected in their own right, established across Europe by the EU member states.
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information is irregular, making it difficult to scale
costs between local, regional, and national levels.
Finally, the quantities to be considered can also vary
widely across contexts and policies, depending on
the level of ambition and implementation capacity
assumed. For example, a new program might be
introduced gradually, reflecting the time needed
to create new delivery mechanisms, or it might be
introduced rapidly, where need is urgent and all the
necessary interventions can be made immediately.
The need for further contexual analysis is par-
ticularly strong for our estimates of the safety nets
provision, which are based on the average global
income gap and the share of food in the consump-
tion basket of the poor in low income countries,

FIGURE 3.3
FSEC transformation costs, by operational goal

Operational Goal Intervention/Measure

The Economics of the Food System Transformation

approximated with evidence from Sub-Saharan
Africa (World Bank 2021). This estimate needs to be
refined depending on local circumstances, includ-
ing national programs” ambition and how they are
scaled up over time, the specificincome groups
expected to benefit, local household vulnerability to
price increases and the availability of resources and
capacity needed to operate transfer programs.

Taking those caveats into account, FSEC esti-
mates the costs of transforming food systems at
between 200 and 500 billion USD PPP a year to 2050.
This broad range is comparable to the 300 to 400
billion USD a year estimated by the UNFSS finance
lever (World Bank 2021).

The estimated costs of safety nets account for the

Average transformation
cost per year
(in billion USD PPP 2020)

Diets Diversification of protein supply 3
Consumption of _ ) _ o
healthy diets by all Behavioural interventions for shift in demand 1
Child nutrition 17
Restrictions, taxes and regulations 1
Livelihoods Rural infrastructure development 24
Strong livelihoods o )
throughout the Training of agricultural entrepreneurs 1
food system Financing of smallholder farmers 6
Biosphere Protection of forests and other ecosystems 78
Protection of intact
land and restoration Management of forests and other ecosystems 3
of degraded land Restoration of forests and other ecosystems 7
Production Reduction of emissions 28
Environmentally o )
sustainable production Improvement of emission sequestration 42
throughout the Agricultural public research and development 3
food system
Reduction of food loss and waste 2
Total 215
Safety nets 292

(Measures to ensure food affordability for the poor)
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largest share of FST costs - beyond the actual value
of these interventions, this is an important pointer to
the significance that FSEC attaches to addressing the
distributional impacts of food system transformation,
both for justice reasons and because the political
feasibility of transformation is jeopardized within the
implementation of safety nets (Chapter 5). Next come
measures to protect and restore degraded land and
those needed to shift to environmentally sustainable
food production. These comprise annual expen-
ditures of almost 90 billion USD for managing and
restoring forests and ecosystems, below 70 billion
USD to reduce greenhouse gas emissions in crop and
livestock production through improved management
practices, agroforestry, soil organic carbon enrich-
ment of croplands and grasslands, and biochar ap-
plications. Measures targeting the reduction of food
loss and waste and investments in public agricultural
research and development account for the rest of the
projected costs of shifting to sustainable food pro-
duction.

Spending to ensure the transformation is
inclusive is expected to absorb some 30 billion USD
per year. This money would go towards providing
small producers with training and better access to
financial resources, as well as developing vital rural
infrastructure such as roads, electricity, internet
connectivity and irrigation systems.

Finally, over 20 billion USD a year is expected to
be needed for measures to support shifts to healthy
diets. As Chapter 4 discusses further, action in this
area encompasses a range of measures including sup-
port for diversifying protein supply, promoting child
nutrition through breastfeeding and school feeding
programs, informational campaigns and regulation of
trans-fatty acids and sugar-sweetened beverages.

As the main elements of the food system trans-
formation differ by region, so do regional implemen-
tation priorities. In low- and lower-middle income
countries, four areas are critical: forest and ecosys-
tem protection; improved emission sequestration
in agriculture; rural infrastructure development;
and child nutrition. Within SSA, forest protection
accounts for over a quarter of total transformation
costs. In Southeast and East Asia, forest protection
and rural infrastructure development each repre-

The Economics of the Food System Transformation

sent one quarter of the total costs. In high-income
regions, emission reduction in agriculture accounts
for the largest fraction of transformation costs. And
in middle-income regions, almost half of total costs
are absorbed by safeguarding forests and other
ecosystems, with emission sequestration improve-
ments in agriculture requiring more than 20 percent
of transformation spending.

A top-down approach to assessing
the net benefits of pursuing the FST
pathway: applied social welfare analysis

The top-down approach to assessing the net eco-
nomic benefits of transforming food systems uses an
applied social welfare function. The first step entails
directly estimating global social welfare under Current
Trends and the FST pathways (Dietz 2023). The differ-
ence in welfare between these two pathways is then
translated into monetary terms to quantify the net
economic benefits under FST. This comprehensive
approach encompasses the impacts on welfare stem-
ming from health and environmental improvements
within the food system, as well as from real income
growth along the whole income distribution.

Using this top-down approach, the estimated net
economic benefits of FST amount to approximately
10 trillion USD a year until 2050, roughly equivalent to
8 percent of global GDP PPP in 2020 (see Figure 3.4).
Accumulated net welfare gains would amount to 270
trillion USD by the middle of the century.

Like the bottom-up approach, the social welfare
analysis captures FST outcomes linked to critical
changes in environmental quality and human health.
But this methodology takes a broader approach
to valuing the income component of FST than the
bottom-up approach does since it values income
changes in the population as a whole rather than
among the poor only. This difference between the
two approaches accounts for the much higher
valuation of benefits under the top-down than the
bottom-up approach.

Figure 3.4 shows the decomposition of net ben-
efits of pursuing FST globally by its final outcomes.

It values improvements in two of the three social
welfare outcomes targeted by the FST, environmen-
tal quality and incomes, at approximately 4 trillion
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FIGURE 3.4

The Economics of the Food System Transformation

Net benefits of the FST compared to Current Trends, overall and
disaggregated by food system outcome, top-down approach

Trillion USD PPP 2020

10

Environment Health

USD per year each, equivalent to about 3 percent

of global GDP in 2020. Improvements in health, the
third outcome targeted by FST, can contribute up to
2 trillion USD per year (about 2 percent of global GDP
in 2020) to the increase in social welfare.

Crucially, the results of assessing the net eco-
nomic benefits of pursuing FST using the top-down
approach are remarkably consistent with the find-
ings from the bottom-up approach. Notably, in both
exercises, the environmental and health benefits
of the transformation are in the range of 5-6 trillion
USD PPP a year. This convergence of results is both
remarkable and reassuring as it underlines the reli-
ability of the findings.

In addition to FST and Current Trends, the
top-down approach has been applied to pathways
implementing bundles of measures each targeting
directly one specific operational goal. The measures
considered affect both production and consump-
tion, illustrating the likely overall effectiveness of
each individual bundle. Figure 3.5 shows that the
bundle of measures targeted at shifting diets by it-
self achieves about 70 percent of the overall impact
of the FST, roughly equivalent to a 5 percent increase
in global GDP in 2020. This is because a dietary shift

Combined
net benefits

Income

not only produces the direct health benefits on the
demand side but facilitates the reallocation of land,
enabling countries to invest in forest protection and
reforestation which result in the far-reaching societal
benefits of climate change mitigation, more biodi-
versity and less agricultural pollution.

Implicitin Figure 3.5 is that by integrating bundles
of measures targeting different operational goals, the
welfare benefit from the different bundles adds up to
a value higher than the welfare benefit from the FST.
This is due to the decreasing marginal utility of an in-
crease in one bundle; income, health, or environment.
As more measures are added, the additional benefit
derived increases at a decreasing rate and the initial
implementation of measures will have a larger effect
on the welfare benefits than later ones.

The financing gap of the transformation
as a major barrier towards reaping
its benefits

This chapter has shown that investment to
make food systems inclusive, health-enhancing and
environmentally sustainable is likely to produce very
large economic benefits.

The additional annual costs of such a transfor-
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FIGURE 3.5

The Economics of the Food System Transformation

Net benefits of the FST compared to Current Trends, when implementing
seperately bundles of measures and overall, top-down approach

Trillion USD PPP 2020

10

Diets Livelihoods

mation worldwide are equivalent to between 0.2
and 0.4 percent of global GDP PPP in 2020, so the
necessary investment is clearly affordable at a glob-
al level. However, these costs burden low-income
countries disproportionately and are beyond their
financing capacity. To reap all the potential benefits
of a global food system transformation, it needs to
be financed in full everywhere.

Figure 3.6 shows how the transformation costs,
as assessed by FSEC, are unevenly distributed
among different country income groups. Even at the
lower bound cost estimates, paying for the transfor-
mation in low-income countries would require the
equivalent of almost 2 percent of their GDP PPP in
2020. The financial burden of financing the food sys-
tem transformation becomes even greater for them
if it includes the cost of safety nets to ensure food
affordability. In contrast, the financial burden on
high- and upper-middle-income countries is propor-
tionally much lower, at 0.03 percent and 0.26 percent
of their GDP respectively.

This suggests that funding a long-term, com-
prehensive food system transformation will be hard
for many countries. There are a number of options
for closing their financing gaps, some national and

Biosphere

Combined
net benefits

Production

others involving international redistribution.

At the national level, all governments could re-
allocate public expenditures, target spending more
accurately to vulnerable populations and strengthen
both tax law and compliance with that law. Howev-
er, low- and lower-middle-income countries might
find that funds yielded by these measures fall short
of their requirements, particularly since they face
many competing needs. Private investment via the
banking system and capital markets could also
be a significant source of funds for transformation
investments. However, private flows from banks and
capital investors in low- and
middle-income country (LMIC) food systems has so
far been limited: for instance the annual flow of for-
mal loans to LMICs for agriculture, forestry, and fish-
eries between 2015-2019 is estimated at 14.2 billion
USD (Diaz-Bonilla 2023), although this figure would
be higher if informal finance flows are included.

A lot of attention has recently been paid to the
potential funding that could be released by repur-
posing environmentally damaging subsidies (Dama-
nia et al. 2023);
> Developing countries allocate approximately 300

billion USD per year to fossil fuel subsidies, which
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FIGURE 3.6

The Economics of the Food System Transformation

Gross Transformation Costs (without safety nets), by income country classification

Income Annual GDPin 2020
regions transformation (billion USD)
costs
(billion USD)
High-income 22 63,282
Upper-middle- 126 48,241
income
.Lower-middle- 4 21,532
income
Low-income 25 1,338
World 215 134,748

Transformation Investments  Transformation
costs as share of in 2020 costs as share
GDP PPP (billion USD) of investments

(in %) (in %)

<0.1% 14,041 0.2%

0.3% 16,704 0.8%

0.2% 5,786 0.7%

1.9% 315 8.0%

0.2% 36,846 0.7%

Table 3.3: The table shows the annual transformation costs in billion USD 2020 PPP necessary to transform the food

system per country income group (World Bank classification), compared to key macroeconomic indicators such as GDP

and investments in billion USD per country income group. Sources: Passaro et al. (2023) for the transformation costs,

and Diaz-Bonilla (2023) for the estimates based on World Bank WDI for savings and investment.

is about two thirds of the total of 455 billion USD
in 2021 spent on such subsidies globally (Parry et
al. 2021). The Glasgow Climate Pact, established
at COP 26 in 2021, calls for all fossil fuel subsidies
to be gradually phased out.

> Globally about 400 billion USD of public resourc-
es are allocated to agricultural subsidies (OECD
2023). Those could be reallocated to promote
environmental public goods and the shift to sus-
tainable diets, as well as target resources more ef-
fectively towards agriculture and social assistance
programs for the impoverished and vulnerable
(Diaz-Bonilla et al. 2021; Diaz-Bonilla & Echeverria
2022; Parry et al. 2021; Laborde et al. 2020).

Unlike the repurposing of fossil fuel subsidies, this
latter strategy is less relevant to lower-income devel-
oping countries, which have limited agricultural sub-
sidies to reallocate. Laborde & Pineiro (2023) explore
a scenario in which international redistribution adds
to repurposed subsidies as a source of finance for a
global food system transformation. This additional
source ensures that as production moves to low-in-
come countries there is available finance to invest in
closing their productivity gap, which in turn reduces

the potentially damaging environmental impact of
that geographical shift in production. This scenario
highlights that reaping the global benefits of the
food system transformation calls for new ways of
doing things.

It seems inescapable that profoundly reshaping
the global food system will involve some element
of international redistribution. Currently, interna-
tional funding for food systems is very low. Only 4.5
percent (approximately 12 billion USD) of all interna-
tional development funds are earmarked for agri-
culture, forestry, and fishing (Diaz-Bonilla 2023). And
currently, only 3 percent of public climate finance is
dedicated to food systems, despite these systems
contributing one third of global greenhouse gas
emissions. This is astonishingly low compared to the
financial amount allocated to greening the energy
and transport sectors which is 22 times larger (GAFF
2022). A good starting point for mobilizing additional
financing for food systems could be the ongoing
discussions on the multilateral development banks’
agenda for reforming.
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> Transforming food systems calls for wide ranging and coordinated national
strategies, informed by science-based, quantitative pathways and setting

monitorable targets.

> National strategies should include bundles of policy interventions as to ensure
coherence, to maximize synergies including with transformations outside
food systems, focus on areas of maximum impact, be based on coordinated
governance and be supported by adequate implementation capacity.

> Policy bundles can span incentives and regulation; innovation; and investment.
The specific combination of policies adopted needs to reflect local needs,
though global priorities emerge in terms of favoring a shift towards healthy diets,
repurposing government support and targeting revenues from new taxes to

support the transformation.

> Adopting an inclusion lens through the choice of specific policies, compensation
schemes, and measures to ensure that poor and disadvantaged groups can
access new opportunities, is essential to address the pervasiveness of trade-
offs between different transformation objectives and the interests of more

vulnerable and marginalized groups.

Introduction

Previous chapters have highlighted that a food
system transformation towards inclusive, health-en-
hancing and environmentally sustainable outcomes is
biophysically and technologically possible and could
deliver enormous economic benefits. Such a transfor-
mation would require major shifts in dietary behaviour,
rural livelihoods, nature conservation, and the man-
agement of production. This chapter asks how public
policy can help make those major changes happen.

Given the diversity of food systems around the
world, there can be no universal policy blueprint for
reshaping them. Food systems vary greatly in the
ways they are regulated (Lowder et al. 2022b; 2022¢)
and the extent to which their activities are informal
and thus largely fall beyond the direct reach of regu-
lation (see Box 1.1).

This chapter synthesizes principles for designing

successful food system transformation strategies
drawn from the literature. It then discusses the avail-
able policy tools broken down into three categories:
(i) incentives and regulations; (i) innovation; and
(iii) investment. Box 4.1 provides an example of how
co-ordinating action across these three levers can
inform the design of policy strategies to address
obesity. Lastly, the chapter examines the need to
apply an inclusion lens to the choice and design of
policies. The policies highlighted in the chapter are
supported by either robust evidence where this is
available or widespread agreement among scien-
tists that implementing them will be effective and
feasible.

While the chapter’s recommendations aim
to help with the choice of policies for a national
food system strategy, successful implementation
depends on grounding strategy design in a clear
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understanding of the political economy* of food sys-
tems. The recommendations in this chapter there-
fore complement those in Chapter 5, which focuses
on the roles of interests, institutions, and ideas and
information in shaping the political economy of food
systems and how to work with different stakehold-
ers to effect planned changes. National food system
strategies need to combine effective policies, local
context and political viability in order to be feasible.

Designing food system
transformation strategies

This report calls for all countries to put in place
wide ranging and coordinated strategies for trans-
forming national food systems aimed at realizing a
vision for change shared by all system stakehold-
ers. The design of national strategies needs to be
informed by pathway modeling exercises similar
to those presented in Chapter 2 and tailored to the
local context. Strategies that offer long-term goals
and monitorable progress indicators will set invest-
ment expectations and also make accountability for
progress towards the goals transparent.

Evidence suggests that for best effect, national food
system transformation strategies should adhere to
the following principles:

Make sure new and existing policies affecting
food systems are coherent and tackle inconsis-
tencies. For example, a new tax on sugar—svveetened
beverages to reduce national sugar consumption
could be undermined by long-standing subsidies
on corn production which aim to support farmers’
incomes but produce a large supply of inexpensive
corn syrup as well (Dilk & Savaiano 2017). Starting
the design of a national food system strategy with a
policy audit to identify such policy inconsistencies
helps to ensure the strategy itself addresses them
(Parsons 2021).

The Economics of the Food System Transformation

Use “policy bundles” to maximize synergies be-
tween different interventions and offset adverse
effects (Lowder et al. 2022 a). The pathway analysis
in Chapter 2 has highlighted trade-offs and synergies
between pursuing different operational goals, for
example between the protection of pristine habi-
tats and changing diets towards healthier patterns.
Translating this insight into national food system
strategy design means combining complementary
policies in “policy bundles” tailored to optimize po-
tential synergies in the local context. Detailed simu-
lations of the impacts of a standardized set of policy
bundles across the world indicated that in some
food systems, particularly those classified as “rural
and traditional” (largely located in Sub-Saharan
Africa and South Asia), income support or subsidies
targeted to low-income households would have to
be added to the bundles to mitigate the impact on
those households of potential food price increases
(Kuiper et al. 2023).

Exploit synergies with transformations taking
place in other systems, such as energy or water.

As discussed in Chapter 2, meeting all the goals of a
sustainability transformation in food systems calls for
complementary measures in interrelated systems. A
concrete example is offered by the Paris food system
strategy, which uses the transformation of local food
production to improve the city’s water quality at the
same time (see Spotlight on Change 7).

Focus on areas of food systems where policy will
have maximum impact. These are areas where
policy intervention is likely to speed the pace of
change and/or trigger related changes in other parts
of food systems (Lenton et al. 2022). Action in these
areas of food systems, often through downstream
links in food value chains, will have disproportionate
effects on the system as a whole because of the
leverage of their demands on other areas (Lenton et
al. 2022). For example, supermarket retailers have

1 Political Economy is an analytical approach that focuses on agency, power relations, and institutional structures. The concept is used to

analyse the interaction of political and economic processes by primarily looking at the interests and constellations of relevant actors, the power

relations between them, the structures and institutions that influence these relationships, the resulting inequalities, and how these dynamics

change (Duncan et al. 2019; de Schutter 2019; Swinnen 2018).
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SPOTLIGHT ON CHANGE 7

The Economics of the Food System Transformation

An integrated strategy for food system change

The city of Paris

Several cities are already developing integrated
food system transformation strategies. This may
have something to do with complex reforms with
multiple objectives being easier to coordinate

in cities than at a national level because city
populations live close together and are relatively
small. More than 250 cities have signed the Milan
Urban Food Policy Pact and 16 cities have signed
the C40 Good Food Cities Declaration, which
commit them to reforming their food systems

as a means of tackling climate change and
extending access to healthy foods.

The Paris plan sets targets to increase the amount
of food both consumed and produced in the Paris
Basin to 50 percent of the total, compared to 25
percent now. It also aims for 20 percent organic
production and 75 percent organic consumption.
In addition, the strategy aims to eliminate food
insecurity (which affected 6 percent of the
population in 2016), reduce the incidence of

sufficient buying power to impose their strategies
on their suppliers further downstream (Reardon
2006; Humphrey 2006). However, the distribution in
food value chains has so far rarely been targeted by
policies aimed at reshaping food systems (Lowder et

al. 2022¢).

Ensure governance of food system reform is co-
ordinated by establishing governance mechanisms
that span government departments, different levels
of government and key stakeholder groups. Drawing
representatives from all these areas into the gover-
nance of food system transformation is a means of
ensuring that the transformation’s guiding vision for
change is shared by all the relevant actors (see also
Spotlight on Change 11). Switzerland’s citizen as-
sembly on food policy (Blrgerrat 2022) and Ireland’s
agri-food system stakeholder committee
(Government of Ireland 2021)

obesity to less than 5 percent of the population
and support a general shift to a diet rich in fruit
and vegetables with less meat and fish.

The local public sector is investing significantly
to achieve these targets. Municipally owned Eau
de Paris is providing 37 million euro and the city
itself providing 10 million euro over twelve years
to help farmers shift to organic and less polluting
forms of production. This shift will also reduce
the cost of water treatment. The initiative is

just one example of how the Paris food system
strategy is helping the city to progress towards
multiple civic goals in an integrated fashion, all
the while reinforcing the local economy and its
relationships with adjacent communities. Paris
noted that Europe’s Common Agricultural Policy
(CAP) would have been an appropriate source of
funding for the strategy but the city had to act
on its own as the CAP does not yet provide for
such investment.

Source: Mairie de Paris 2018

both demonstrate this approach.

Have enough implementation capacity to

carry out and enforce the strategy. The complex-
ity of food system reform requires countries to have
adequate implementation capacity at relevant levels
of government to carry out and monitor complex
and multi-sectoral strategies, to enforce regulations
and to provide supporting infrastructure. Implemen-
tation capacity comprises three elements: organiza-
tional capacity, such as the expertise and know-how
to implement the changes; technical capacity, such
as the digital infrastructure and information tech-
nology needed to monitor policy performance or
compliance with new rules; and financial capacity, to
pay for all the public sector workers and the public
services and investments needed to transform food
systems (Bardhan 2022).

68


https://foodsystemeconomics.org/science/working-papers/
https://foodsystemeconomics.org/science/working-papers/

Chapter4

Apply an inclusion lens to policy design. This criti-
cal requirement for successful food system transfor-
mation strategies is discussed in detail below.

Incentives and regulations

Government policies and regulations create
incentives that steer the choices of all food system
actors — producers, processors, transporters, inter-
mediaries, consumers, and investors. Ideally, these
incentives would align with the true economic value
of what is being produced and consumed. As high-
lighted in Chapter 3, today they rarely do, resulting in
USD trillions of economic damage unaccounted forin
economic statistics. Designing incentives to reduce
negative externalities?, increase positive ones?, and
make food systems generally more responsive to the
revised incentives is therefore a top priority for any
food system transformation design team.

Avariety of policy tools for creating incentives
is available: fiscal tools such as taxes or subsidies;
mandatory instruments such as restrictions or
bans; and market-based policies such as trading
schemes and voluntary certification. The choice of
tools needs to be closely tailored to each food sys-
tem context as the evidence for their effectiveness
varies notably in different circumstances (Lowder
et al. 2022b; Willenbockel 2023). Policymakers also
need to be alert to the risk that new incentives may
increase burdens on disadvantaged groups.

Individual policies for incentivizing specific
changes are discussed below. As noted above, bun-
dles of policies tailored to the context can maximize
synergies among interventions. This might involve,
for example, combining fiscal policy interventions to
reduce food waste and losses with public investment
in equipment and training that help food system
actors to achieve reduction targets.

The Economics of the Food System Transformation

Reducing negative externalities

Possible policy responses to a food system’s
pervasive externalities include taxing harmful sub-
stances, imposing mandatory restrictions or bans
on their use and repurposing agricultural support.

Taxing. Taxes on sugar-sweetened beverages and
on nitrogen fertilizers, have proved effective in
reducing the use of both by making them more ex-
pensive. Evidence for the effects of these measures
is robust and generally consistent across different
settings, although larger in some places than others.
- Research on the effects of taxes on sugar-sweet-
ened beverages is starting to identify positive but
small health benefits beyond reduced consump-
tion, including decreasing prevalence of over-
weight and obesity and fewer adolescent girls
with a high Body Mass Index (Gracner et al. 2022).
However, such findings are not universal (Fletcher
et al. 2010) suggesting that this policy would need
to be bundled with other interventions, such as
behavioural incentives or urban planning directed
atincreasing physical activity, to reduce obesity
significantly (see also Box 4.1 at the end of
this chapter).
> Taxing nitrogen is similarly considered an effective
way to reduce 