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This second global report of the FABLE Consortium
presents thoroughly revised pathways towards
sustainable land-use and food systems for 20
countries. We show that integrated strategies
across food production, biodiversity, climate,

and diets can meet the objectives of the Paris
Agreement and the Sustainable Development
Goals (SDGs). Our iterative Scenathon approach
complements prevailing top-down global models,
which tend to lack the granularity and local buy-in
needed for policy engagement.

FABLE country teams have improved and deepened
the analysis, particularly on biodiversity, climate
impacts, and freshwater use. \We now consider
current trends pathways that describe business as
usual and sustainable pathways to meet ambitious
sustainability objectives. Our work is informed by
consultations with governments, business, civil
society organizations, and other scientists on how
to align development strategies, including climate
and biodiversity strategies, with the objectives of
the Paris Agreement and the SDGs. The pathways
described in this report will help tackle the hidden
costs of today’s food system described by the Food
and Land Use Coalition.

In recent weeks, China, Japan, and South Korea have
joined the European Union, the UK, and a growing
list of countries that have committed to net-zero
greenhouse gas emissions by mid-century. US
President-Elect Joe Biden has also committed to
decarbonization by 2050. Most of these countries
have reasonably robust technical analyses for how
to decarbonize their energy systems but they lack
integrated analyses of land-use and food systems.
Such pathways must consider climate and many
other policy objectives. The FABLE pathways in this
report can help fill this gap and support countries in
designing integrated strategies towards sustainable
land-use and food systems.

\We are encouraged by efforts undertaken by the
UK, as host of next year's climate COP in Glasgow,
and China, the host of the 2021 biodiversity COP in
Kunming, to strengthen the focus on sustainable
land-use and food systems under the climate and
biodiversity conventions. Both meetings must
promote more ambitious targets, particularly on
biodiversity, and - crucially - accelerate integrated
implementation of the commitments. Our work
suggests that the transformations of land-use and
food systems are technically feasible, and we hope
that these findings can help turn 2021 into the
“super year” for land-use and food systems.

At the time of writing, some countries have
controlled COVID-19, but many more are
experiencing a new wave. The pandemic has
underscored the vulnerabilities of the food system.
As the focus shifts towards recovery, countries
should consider investments in sustainable land-use
and food systems to promote greater resilience and
security. FABLE tools, data, and analyses can help
governments and other stakeholders test different
strategies for the recovery and determine their
alignment with the longer-term objectives of the
Paris Agreement and the SDCs.
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Executive Summary

In this second report of the FABLE Consortium,
country teams present 20 national pathways
towards sustainable land-use and food systems
(Figure A). The pathways have been significantly
improved since the 2019 report to show how
countries can meet mid-century objectives on food
security, healthy diets, greenhouse gas emissions,
biodiversity, forest conservation, and freshwater
use. National FABLE Pathways are consistent with
the Sustainable Development Goals (SDGs) and the
objectives of the Paris Agreement. They ensure
consistent trade flows and can inform long-term
climate strategies towards net-zero greenhouse
gas emissions under the United Nations
Framework Convention on Climate Change
(UNFCCC) as well as biodiversity strategies under
the Convention on Biological Diversity (CBD).

Towards the “super year” 2021

In 2020, the world has seen unprecedented
environmental, social, and economic crises
underscoring how unsustainable land-use and
food systems are. Business as usual is not an
option, as underscored by unprecedented forest
fires, coral bleaching, heat waves, and unrelenting
biodiversity loss. Defarestation rates in many
parts of the Amazon are dramatically increasing.
Moreover, the COVID-19 pandemic is taking

lives, increasing food insecurity, causing massive
economic damage, and has temporarily disrupted
logistics in key food supply chains, yet the global
food system has shown a surprisingly high
resilience.

ﬂ Countries represented in the FABLE Consortium and the Food and Land Use Coalition

Pathways to Sustainable Land-Use and Food Systems. 2020 FABLE Report « 11



At the same time, there have been encouraging
policy commitments from major economies.
Indonesia has achieved the third consecutive
year of falling deforestation rates. China, the
European Union, Japan, South Korea, the UK, and
other countries have now committed to net-zero
greenhouse gas emissions around mid-century
(Figure B). Leaders from 77 countries and the EU
have signed the Leaders’ Pledge to Nature, which
commits to reversing biodiversity loss by 2030.

These pledges are highly commendable, but by
and large they are not backed up by analysis and
plans for meeting the targets in the land-use and
food sector. Most countries do not have integrated
policies and long-term strategies for sustainable
land-use and food systems, as summarized by

the three FABLE pillars (Figure D). This has been
particularly apparent in relation to the conservation
and restoration of biodiversity where ambitious
targets have not been achieved. One emerging

exception might be the EU, which is launching

the European Green Deal with a comprehensive
Farm to Fork Strategy covering the entire food and
land-use system, including international spillovers.
The FABLE pathways described in this report

are a method for problem solving for the design
and implementation of integrated, long-term
strategies towards sustainable land-use and food
systems.

We are heading towards a “super year” for
sustainable land-use and food systems in 2021
with China hosting the CBD COP15 in Kunming,
the UN hosting a Food Systems Summit in
New York, and the UNFCCC COP26 in Glasgow,
UK. These three major meetings provide an
opportunity to increase the level of ambition,
raise the profile of land-use and food systems,
and - critically - accelerate the implementation
of integrated strategies. Three breakthroughs are
needed for the “super year™

Countries committed to net-zero emissions around mid-century, as of November 2020

Source. Climate Home News (2020)
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1. Governments must adopt a bold post- The FABLE Approach
2020 Biodiversity Framework that sets :

out ambitious goals for the protection and : FABLE pathways for sustainable land-use
restoration of nature. and food systems are a method for problem
: solving. Pathways work backwards from the
2. All must accelerate the design and mid-century targets and shed light on the major
implementation of integrated strategies, transformations that are needed to achieve
particularly through more ambitious them. They help in three critical ways: (1) they
climate strategies that integrate land- § provide a framework for engaging stakeholders
use and food systems. In particular, this (governments, businesses, civil sacieties and the
will require the inclusion of biodiversity scientific community), to review, pose questions,
and maps for long-term land-use design and suggest improvements for how to achieve
in climate strategies, drawing on recent the targets, which can build a societal consensus
experiences in China and many other for the transformations; (2) without a long-term
countries. : perspective countries risk locking themselves
: into unsustainable infrastructure and land-use
3. Developed countries must mobilize systems, which would make achieving the mid-
additional finance, for example through century targets far more costly if not impossible;
greater climate finance with a particular (3) they help identify mid-term technology
focus on nature-based solutions and benchmarks needed to achieve the targets, such as
biodiversity co-benefits. increases in agricultural productivity or efficiency

gains in livestock, which can then guide business
action and innovation challenges. Long-term
pathways are critical for success, and FABLE's
mission is to develop the tools to prepare them.

Step-by-step FABLE methodology

m 4. Stakeholder engagement

Aggregation of country results at Shared understanding of the system
the global level and iterations to and collective review of the
solve trade balance and increase feasibility of the pathways and
the level of ambition towards develop shared ownership
achievement of the global targets e ®© 0 ©
1. Global targets ig E‘k E i
o
S ‘/

Achieving the SDGs, the Paris
Climate Agreement, and ensuring
the stability of the Earth system

provide input

Trade ad'justment, Reporl.un key Review, critique,
Gaps with global assumptions and

targets

results

2. National pathways and databases

Collect and harmonize socio-economic and biophysical data, compute the
evolution of key variables of the land-use and food system by mid-century

using appropriate models

e 4

Database on land use and food Verification tool
systems

Integrated Model
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FABLE pathways are developed by each FABLE
country team in four steps (Figure C). First,
country teams adopt global targets (Table

A) covering the entire land-use system that
are consistent with the SDGs and the Paris
Agreement. Second, teams develop national
pathways using locally appropriate modeling
tools. To this end, the FABLE Consortium has
developed a simplified FABLE Calculator to

Global FABLE targets

Land and

Biodiversity area by 2030

2030

Greenhouse gas
emissions from

complement more complex models. Third, in an
iterative process (“Scenathon”) country teams
adjust their assumptions and pathways to
ensure balanced trade flows and to aim towards
achieving the global FABLE targets. Throughout
the process, country teams engage stakeholders
to review assumptions, seek technical advice, an
build a shared vision of how to transform land-
use and food systems.

A minimum share of Earth’s terrestrial land is within protected areas. At least 30% of global terrestrial

Zero net deforestation. Forest gain should at least compensate for the forest loss at the global level by

Greenhouse gas emissions from crops and livestock compatible with keeping the rise in average
global temperatures to below 1.5°C, which we interpret as below 4 GtCO.e yr' by 2050 (3.9 Gt for non-C0,
emissions and 0.1 Gt for CO; emissions)

AFOLU Greenhouse gas emissions and removals from Land-Use, Land-Use-Change, and Forestry (LULUCF)

Food security by 2030

Freshwater

water uses

Nitrogen

Phosphorous

compatible with keeping the rise in average global temperatures to below 1.5°C. Negative global
greenhouse gas emissions from LULUCF by 2050

Zero hunger. Average daily energy intake per capita higher than the minimum requirement in all countries

Low dietary disease risk. Diet composition to achieve premature diet related mortality below 5%

Nitrogen release from agriculture within environmental limits. N use <69 Tg N yr' total Industrial
and agricultural biological fixation (global estimates in the range of 52-113 Tg N yr') and N loss from
agricultural land <90 Tg N yr' (global estimates in the range of 50-146 Tg N yr') by 2050

Phosphorus release from agriculture within environmental limits. P use <16 Tg P yr’ flow from
fertilizers to erodible soils (global estimates in the range of 6.2-17 Tg P yr') and P loss from agricultural
soils and human excretion <8.69 Tg P yr' flow from freshwater systems into ocean by 2050

d

AREA GLOBAL TARGET

A minimum share of earth’s terrestrial land supports biodiversity conservation. No net loss by 2030
and an increase of at least 20% by 2050 in the area of land where natural processes predominate.

Water use in agriculture within the limits of internally renewable water resources, taking account of other
human water uses and environmental water flows. Blue water use for irrigation <2,453 km?yr? (global
estimates in the range of 670-4,044 km?yr') given future possible range (61-90%) in ather competing
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This year, FABLE has made several improvements
to the design of national pathways. First, all
countries now present at least one Current Trends
Pathway and one Sustainable Pathway to assess
how far and how quickly improved policies can
make land-use and food systems sustainable.
Second, we have broadened the scope of the
analysis to include freshwater, future climate-
change impacts on crops, a richer discussion of
biodiversity targets, and a more detailed trade
analysis. Third, we have incorporated feedback

on last year's pathways. As a result, we now

have greater confidence in the robustness of the
FABLE pathways.

Key findings and policy implications

Current Trends Pathways lead most countries
towards unsustainable land-use and food
systems, but through decisive action
governments and other stakeholders can

meet the related SDGs and objectives of the
Paris Agreement. The Sustainable Pathways
concurrently meet the objectives related to food
security, greenhouse gas emissions, water use,
and biodiversity (Table B).

Achievement of FABLE targets under the Current Trends and Sustainable Pathways

GLOBAL FABLE TARGET

Land and Biodiversity

CURRENT TRENDS SUSTAINABLE

Land where natural processes predominate.
No net loss by 2030 (globally) ...

Achieved Achieved

Land where natural processes predominate.
...and an increase of at least 20% by 2050 in the area of
land where natural processes predominate (globally)

Not achieved Not achieved

Zero net deforestation globally by 2030

GHG emissions from AFOLU

Not achieved Achieved

Global GHG from Agriculture less than 4 GtCO,e yr' by 2050

Almost achieved
(4.1GtCO- yr')

Not achieved

Global GHG from LULUCF less than 0 GtCO,e yr' by 2050

Not achieved Achieved

Food Security

Average calorie consumption per capita greater than the average
minimum daily energy requirement in all

countries by 2030

Freshwater Use

Achieved Achieved

Global consumptive blue water use less than
2,453 km3yr' by 2050 (global estimates in the range of
670-4,044 kmdyr”)

Achieved Achieved
(but not achieved for the (but not achieved for the
lower boundary of the lower boundary of the

literature estimates) literature estimates)
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Each country faces specific challenges and
solutions vary. For example, FABLE country
teams adopt varying assumptions on changing
diets and reducing food loss and waste. These
differences often reflect deep cultural and historic
preferences, agroclimatic conditions, and other
factors that governments and scientists should
take into account when designing strategies
towards sustainable land-use and food systems.
This demaonstrates the importance of country-
driven analyses of land-use and food systems as
presented in this report.

Countries need a systems approach that covers
three pillars of sustainable land-use and food
systems (Figure D). These pillars cover efficient
and resilient agriculture systems that ensure
farmers’ livelihoods, conservation and restoration
of biodiversity, and food security and healthy
diets - that should be embedded in integrated
land-use design policies and sustainable supply
chains. They contribute to many SDGs, are critical
for meeting the objectives of the post-2020

Biodiversity Framework and can contribute about
a third of the emission reductions to achieve the
objectives of the Paris Agreement.

Countries have at least four critical levers for
making land-use and food systems sustainable:
(1) Dietary shifts - often towards less meat
consumption and less overconsumption of
food; (2) sustainable and productive agriculture;
(3) improved land-use design, particularly

for protecting and restoring nature; (4) rapid
reductions in food loss and waste. Together,
these levers can lower the demand for pasture
and cropland at the global level and thereby
support greater conservation and restoration of
ecosystems with resultant impacts on increased
carbon sequestration, biodiversity conservation
and restoration. The report and the country
pathways illustrate each of these levers with
specific examples.

FABLE pathways provide a tool for countries
to integrate biodiversity conservation and

Three pillars for integrated land-use and food systems (Schmidt-Traub et al., 2019)

Trade and supply chains consistent with sustainable development

Integrated land and water-use planning

PILLAR1

Efficient and resilient
agriculture systems

Increase yields; reduce
food loss; limit emissions
from agriculture; raise
water-use efficiency;
reduce release of
nitrogen and phosphorus.

PILLAR 2

TYYY

Conservation and
restoration of biodiversity

Limit emissions from
deforestation; protect a
minimum share of
terrestrial land; ensure
that land supports
biodiversity conservation.

PILLAR 3

A\ 4

Food security
and healthy diets

Zero hunger, low

dietary-disease risk and
reduced food waste.
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restoration as well as food systems into their
climate strategies, particularly in the run-up

to the climate and biodiversity COPs. This
integration does not require any new negotiations
under the Conventions and can instead be
advanced through operational strategies at

the country level. Such strategies need to be
supported by maps of desired land-use, including
for food production, biodiversity conservation and
restoration, ecosystem services management,
and disaster risk reduction. If it is not possible to
update an NDC or a long-term climate strategy
ahead of the COPs, countries can announce

their commitment towards this integration and
spatially explicit policies. They can then complete
the technical and policy work in preparation for
the 2023 stock-take under the UNFCCC. The
same strategies and maps could then also serve
as national strategies under the Convention on
Biological Diversity.

Measures to green international supply chains
will make critical contributions towards
sustainable land-use and food systems, but
they need to be embedded into a broader
transformation strategy, as outlined in FABLE
Pathways. Perhaps the largest levers for

most importers of food and feed to reduce
their international environmental footprint is
domestic demand reduction through dietary
shifts, reductions in food loss and waste,

and sustainable intensification of domestic
agriculture. Together, these supply- and demand-
side levers will reduce the need for imports. Large
importers, such as the EU and China, also have
an incentive to promote sustainable policies

in exporting countries. This provides an added
motivation for the hosts of next year’'s UNFCCC
and CBD COPs to pursue ambitious outcomes,
including greater financial support for the
transformation of land-use and food systems in
exporting countries.

Next steps for the FABLE Consortium

In a short period of time, our global consortium
of FABLE country teams has developed major
analytical capacities on land-use and food
systems, pioneered new tools, and strengthened
the analytical capacity in 20 countries. \We plan to
focus upcoming work on the following priorities:

1. As part of the Food and Land Use Coalition,
we will work with interested governments
to support integrated strategies, including
climate and biodiversity strategies under
the Conventions, that address short-term
pressures on land-use and food systems
and are consistent with meeting long-term
goals.

2. Through the new Food, Environment, Land,
and Development (FELD) Action Tracker,
we will advance a deeper understanding of
how countries can design, implement, and
monitor better policies to transform their
land-use and food systems.

3. Partnering with the Food Systems
Economics Commission and the Nature Map
Initiative, we want to improve modeling
tools to develop pathways and model policy
options for land-use and food systems. This
will include better integration of economic,
biophysical and geospatial analyses.

4. The FABLE Consortium members want
to train the next generation of analysts
and policymakers in developing long-term
pathways towards sustainable land-use
and food systems, so that FABLE tools
can be applied by any research group or
government that would like to do so.

5. And finally, we will strengthen and expand
the FABLE Consortium, including by
welcoming new country teams.
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1. Towards sustainable land-use
and food systems in 2020

In 2020, the world has seen unprecedented
environmental, sacial, and economic crises
associated with land-use and food systems,

but there have also been encouraging palicy
developments in major economies. Business as
usual is not an option, but we are seeing the
elements of possible turning points in the lead-up
to 2021, which might become the “super year” for
sustainable land-use and food systems. Countries
need better analyses of land-use and food systems
to develop policies that can meet the Sustainable
Development Goals (SDGs) and the objectives of
the Paris Agreement. The tools and long-term
pathways developed by 20 country teams and
presented in this second FABLE report support
strategic approaches towards making land-use and
food systems sustainable.

Box 2)

In this introduction we briefly review the state

of land-use and food systems in 2020, including
the impact of COVID-19, and describe major palicy
developments. We then outline the need for and
use of long-term pathways towards sustainable
land-use and food systems. The section concludes
with an outlook on the “super year” 2021 for nature
and climate.

1.1 Crises and positive momentum in 2020
The current geographic extent of land use, the
large appropriation of multiple ecosystem services,
and the loss of biodiversity are unprecedented

in human history (Shukla et al., 2019). In 2020

the largest ever recorded wildfires swept across
Australia, Siberia, the Amazon, and the western
US. Another major coral bleaching event is

Counttries represented in the FABLE Consortium and the Food and Land Use Coalition (FOLU,

. FABLE and FOLU Country Platforms . FABLE Country Teams
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underway in the Pacific driven by global warming.
A catastrophic locust plague has been decimating

food supplies in East Africa, the Arabian Peninsula,

and South Asia. In addition, the COVID-19
pandemic has not only caused massive human
suffering and death, but it is also exacerbating
the vulnerabilities of food systems, threatening
livelihoods, undermining food security, and
worsening environmental destruction (Box 1).

These crises were predicted, and they will get
worse under business as usual (Diaz et al., 2019;
Masson-Delmotte et al., 2018). The Growing
Better report by the Food and Land Use Coalition
(Box 2) shows that today's land-use and food

systems generate large “hidden costs” in terms

of poor health and malnutrition, environmental
degradation, and threatened livelihoods, particularly
among smallholder farmers. These hidden costs
often exceed the value of all agricultural products
produced in a region (FOLU, 2013). Moreover,

the IPCC Special Report on Land (Arneth et al.,
2019) and IPBES (Diaz et al., 2019) confirm that
unsustainable land-use and food systems make
countries increasingly vulnerable to environmental
and social shocks. Unchecked climate change will
make these shocks more severe and frequent and
may - over time - lead to irreversible tipping points
(Lenton et al., 2019). The Global Nutrition Report
shows that for many poor and marginalized groups

m Impact of COVID-19 on land-use and food systems

The COVID-19 pandemic has major short-term and long-term consequences on land-use and food systems. As a result
of the lockdowns and immediate consequences of COVID-19, the number of people suffering acute hunger is expected
to rise significantly (WFP, 2020b). Over the medium term, the high economic cost of the disease (IMF, 2020) and falls in
government spending might increase the number of extreme poor who earn less than $1.90 per day by up to half a billion
people (Sumner et al., 2020). If these impacts materialize, COVID-19 would undo several decades of progress in reducing
hunger and extreme poverty.

Another immediate driver of malnutrition are school closures around the world. Many children, including in some
industrialized countries, depend on school meals for their caloric intake and health nutrition. The World Food Programme
(WFP, 2020a) estimates that some 370 million children might have been affected during the first half of 2020. These
deprivations risk irreversible damage to cognitive abilities and wellbeing (Development Initiatives, 2020) over the long term.
They are compounded by expected increases in child deaths and maternal mortality rates through the direct and indirect
impacts of COVID-19 (Roberton et al., 2020).

Over the short to medium term, some countries may face disruptions to food supplies owing to the impacts of lockdowns
and - so far limited - trade restrictions imposed by some food exporters (Laborde et al., 2020). Livestock value chains have
shown to be especially vulnerable to disruptions. Food importing countries in sub-Saharan Africa and elsewhere appear
vulnerable to supply disruptions and rising prices, particularly in the face of major balance of payment crises (IMF, 2020). In
parallel, the quality of diets may fall, as stretched production systems and supply chains struggle to deliver fresh vegetables
and other highly perishable foods. If lockdowns persist then future planting seasons and harvests might be threatened.

In response to the economic damage wrought by COVID-19, we have seen a major loosening of environmental regulations
and their enforcement in many countries. In particular, protected areas have seen sharp rises in land conversion, poaching,
timber extraction, and illegal fishing, as park rangers go unpaid with declining revenues from tourism (Corlett et al., 2020).
There is anecdotal evidence that some countries are trying to cushion the economic shock by accelerating the unsustainable
extraction of natural resources.

Countries are deploying trillions of dollars to accelerate the economic recovery from COVID-19. So far, however, most
investments in recovery are not “green”, and hardly any funding has flown into nature-based solution or other green
recovery programs targeting land-use and food systems (Vivid Economics & F4B, 2020). For this reason, the Food and Land
Use Coalition is developing practical proposals for green recovery programs for land-use and food systems. FABLE tools
described in this report can support the design of green recovery programs and ensure their alignment with long-term
objectives, such as the SDGs and the Paris Agreement.
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are likely to suffer even poorer nutrition, as high
inequalities in today's food system are exacerbated
(Development Initiatives, 2020).

Fortunately, 2020 also saw positive developments
in a number of countries. They give us optimism
that governments might support more ambitious
policies for sustainable land-use and food systems.
For example, in spite of the economic devastation
caused by COVID-19, the European Union has

held firm in its commitment to climate neutrality
by 2050 and is in the process of increasing its
ambition for 2030 through a comprehensive
European Green Deal. With the Farm to Fork
Strategy, this Green Deal includes a comprehensive
blueprint for ensuring sustainable agricultural
production through a reformed Common
Agricultural Policy (CAP), the conservation and
restoration of biodiversity under the Biodiversity
Strategy, and sustainable and healthy diets - all
governed by the Climate Law, which enshrines
climate neutrality by 2050 in EU and national law.
Farm to Fork emphasizes the need for sustainable
agricultural trade and supply chains. While the
recently enacted CAP reform does not meet high
environmental standards, Farm to Fork provides
an ambitious, comprehensive framework for
sustainable land-use and food systems in the

m The Food and Land Use Coalition (FOLU)

European Union that is fully aligned with key
recommendations from the FABLE analysis (SDSN
& IEEP, 2020).

In September 2020, President Xi Jinping
announced in the UN General Assembly that
China would achieve carbon neutrality before
2060 in line with the Paris Agreement. This is a
major announcement from the largest emitter of
greenhouse gas emissions. China's Minister for
Ecology and Environment has subsequently made
clear that this pledge also covers emissions from
land-use and food systems and nature-based
solutions. China is now revising its Nationally
Determined Contribution and long-term climate
strategy under the United Nations Framework
Convention on Climate Change (UNFCCC),

which presents an opportunity to put forward

an integrated policy framework for climate,
biodiversity, and food drawing on its strong spatial
planning policies that will feature in the country’s
14th Five-Year Plan (Box 3). As host of the 2021
COP15 of the Convention on Biological Diversity
(CBD) in Kunming, China can of course play a
critical leadership role in making land-use and food
systems sustainable.

Established in 2017, the Food and Land Use Coalition (FOLU) is a community of organizations and individuals committed to
the urgent need to transform the way we produce and consume food and use our land for people, nature, and climate. FOLU
supports science-based solutions and helps build a shared understanding of the challenges and opportunities to unlock
collective, ambitious action. FOLU builds on the work of the FABLE Consortium and its 20 country teams

(Figure 1).

FOLU supports a growing community of country platforms, core partners, FOLU Ambassadors, and funders, connecting
those who share the FOLU mission: to ensure land-use and food systems play their full role in delivering on the SDGs and the
Paris Agreement to ensure the future prosperity of all people and to protect and restore our planet’s vital ecosystems. FOLU
brings together the public and private sectors, the research community and civil society, to harness expertise and enable
systems thinking approaches.

FOLU core partners currently include Alliance for a Green Revolution in Africa (AGRA), EAT, Global Alliance for Improved
Nutrition (GAIN), International Institute for Applied Systems Analysis (IIASA), Sustainable Development Solutions Network
(SDSN), SYSTEMIQ, World Business Council for Sustainable Development (WBCSD), The World Farmers’ Organization (WFO)
and World Resources Institute (WRI). More information at www.foodandlandusecoalition.org
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m Countries committed to net-zero emissions around mid-century, as of November 2020

Source. Climate Home News (2020)

More recently, Japan and South Karea have also
committed to full decarbonization of their energy
systems by 2050. And US President-Elect Joe Biden
has announced his intention to rejoin the Paris
Agreement on his first day in office and to achieve
zero net emissions by 2050. They all join a rapidly
growing list of countries that have made similar
commitments (Figure 2). All will need strategies to
make their land-use and food systems sustainable,
which in turn require long-term pathways as
presented in this report (section 5 below).

We are encouraged by the growing commitment
to net-zero greenhouse gas emissions by mid-
century. These commitments force the question of
how such ambitious objectives can be met in the
land sector, which can deliver up to a third of the
emission reductions needed for 1.5°C (Clark et al.,
2020; Griscom et al., 2017) and is critical for climate
change adaptation (Arneth et al., 2019).

Yet, these and other countries lack clear and robust
strategies for meeting these objectives. Land-
use and food systems are only poorly addressed

in most national climate strategies (Fyson &
Jeffery, 2019; Seddon et al., 2019), and countries
do not present vital spatial information in their
strategies (Khan & Schmidt-Traub, 2020). This gap
must be urgently closed to turn the policy pledges
into practical strategies for achieving net zero
emissions and other SDGs related to sustainable
land-use and food systems.

While deforestation has increased markedly in
Brazil and seems on the rise in parts of Africa,
other countries demonstrate that rates can be
brought down. With one of the largest tropical
faorests, Indonesia has achieved the third
consecutive year of falling deforestation rates
and is on track towards achieving its ambitious
climate strategy (NDC). The Government of
Indonesia seeks to make the country a “Natural
Capital Superpower”, including by tapping into
international carbon markets to finance nature
conservation and restoration efforts. This
commitment can set an important example for
next year's CBD and UNFCCC COPs.
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Building in parts on last year's IPBES report (IPBES,
2019) and the Living Planet Report (WWF, 2020),
political attention to biodiversity has also risen
tremendously. In September political leaders
representing 77 countries and the European Union
signed the Leaders Pledge for Nature, which commits
to reversing biodiversity loss by 2030. More than
30 countries have come together under the High
Ambition Coalition for Nature and People, which

is chaired by Costa Rica and France, to support an
ambitious post-2020 Biodiversity Framework.

None of these developments are a decisive
breakthrough, and the data shows that the world
remains off-track towards carbon neutrality by
mid-century (UNEP, 2019), halting biodiversity

loss (WWF, 2020) or making diets sustainable
(Afshin et al., 2019). Yet, there is sufficient

positive momentum now to enable breakthrough
agreements next year. Success will require a shared
method for problem solving.

1.2 Improvements to the FABLE method

for problem solving

Countries need long-term pathways towards
sustainable land-use and food systems for several
reasons (FABLE, 2019). First, rigorous pathways
can identify levers for action and demonstrate the
feasibility of deep transformations of agriculture,
biodiversity, other land-use, diets, and trade

in agricultural commaodities. Second, they are
tools for bringing together different government
ministries, private companies, civil society,
indigenous peoples, and scientists to develop a
shared vision of how to achieve sustainable land-
use and food systems. Pathways help identify
implementation challenges and unintended
consequences that can be addressed by mobilizing
the knowledge and experience of different expert
communities and stakeholders. Finally, they help
ensure that short-term policies are aligned with
the long-term objectives of the SDGs and the Paris
Agreement. Indeed, long-term climate and other
goals can only be achieved by “back-casting” the
future to identify and quantify the changes that
must be made over the near term.

In this report we present first assessments of
how vulnerable countries’' food systems are

to international supply and demand shocks

such as COVID-19. We estimate the diversity

of countries’ trade and diversity in production
using the Herfindahl-Hirschman Index (HHI).
Higher concentrations suggest that countries are
more vulnerable to shocks affecting individual
commodities. Another measure, the Ratio of
Self-Sufficiency (RSS), tracks the extent to which
domestic consumption of a commodity can be
satisfied through domestic production. It allows
food importing countries to determine their
dependency on imports.

Findings and toals presented in this report can help
countries integrate land-use and food systems
into national strategies. We do not provide any
final answers to complex technical, political, and
socio-economic guestions, but our work will help
articulate these questions more clearly, integrate
the analysis across the full land-use and food
system, consider the impacts of international
trade, and determine how countries’ individual
approaches can deliver global sustainable
development objectives. In other words, we
propose a method for problem solving towards
sustainable land-use and food systems. All FABLE
country teams have now applied and adapted tools
for modeling national and sub-national land-use
and food systems that can help test different
assumptions and scenarios for the future of land-
use and food systems.

Since last year's report, the FABLE pathways
have been thoroughly revised and improved by
adding new goals, incarporating feedback from
stakeholders (section 2), and considering the
latest science. We are now confident that our
countries can meet seemingly competing goals:
food security, agricultural productivity, and
environmental sustainability. Implementing the
FABLE pathways will require more international
cooperation to make international supply chains
sustainable, improve the management of global
commons, and raise the level of ambition in every
country.
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An important toal for integrated land-use

and food systems policies is spatial design or
planning that can balance competing demands

on land for agriculture, nature conservation,
ecosystem services, infrastructure, industry,

urban development, and other needs. As one
example, China is promoting land-use planning for
sustainable land-use and food systems to meet
ambitious biodiversity, food security, and other
development objectives (Box 3). Such land-use
design is necessary (but not sufficient) to make
land-use and food systems sustainable, but it is
rarely applied. No climate strategies under the
UNFCCC contain actionable maps (Khan & Schmidt-
Traub, 2020), and only 15% of national biodiversity
strategies include actionable maps (Cadena et al.,
2019). Of course, maps alone are not sufficient, but
without them, countries’ climate and biodiversity
strategies cannot tackle the challenges of
unsustainable land-use and food systems.

FABLE is therefore prioritizing the use and

integration of maps into country pathways. This

includes, for instance, land-cover and land-use
maps, grid-level climate change projections,
maps of low human density, key biodiversity

areas, protected areas, and maps of intact forest

landscapes to identify areas where natural
processes currently predominate. In particular,

FABLE country teams are collaborating with the
Nature Map Consortium (IIASA, 1IS, SDSN, UNEP-
WCMC) that provides open-access global maps

on biodiversity, carbon and other ecosystem

services through the UN Biodiversity Lab (www.

unbiodiversitylab.org). Countries can use these

maps to develop and improve their own national
maps, as illustrated be the case of Argentina and

Mexico (section 5).

ﬂ China’s land-use planning for sustainable land-use and food systems

With 18% of the global population and only 10% of arable land, China is highly vulnerable to loss of agricultural land and
natural capital. Following major natural disasters and in view of the growing evidence of the rapid decline of biodiversity
and ecosystem services (Gao, 2019; Ouyang et al., 2016) the country developed national and provincial spatial zoning plans
that cover and integrate functional zones: critical ecological functions, agricultural production, and zones for industrial
development and human settlements (NDRC, 2015). To strengthen coherence, these initially disparate spatial planning
frameworks are now being consolidated by the Ministry for Natural Resources under a single, integrated land-use
management plan for China to be incorporated into the 14th Five-Year Plan, which will take effect in 2021.

China’s spatial planning frameworks include “redlines” that delineate areas for special protection or management. As one

example, an agricultural redline identifies a minimum agricultural production space of 120 million hectares that must be
maintained. Conversion of agricultural land within the agricultural redline is only possible if new agricultural land is brought
under production elsewhere in the country.

China’s Ecological Conservation Redline (ECRL) (Gao, 2019) puts about a quarter of terrestrial areas under some form of
protection, based on rigorous mapping and prioritization of biodiversity and ecosystem services through a mix of top-down and
bottom-up approaches (Gordon, 2019). Some of the most densely populated provinces have high proportions of land integrated
into the ECRL, e.g. Beijing (26.1%) and Hebei Province (20.7%). Spatial patterns of priority ecosystem services identified through
the scientific surveys also form the basis for urban master planning in many cities, such as Beijing and Guangzhou. Early lessons
underscore the vital importance of consulting local populations in the land-use design (Gordon, 2019).

By coordinating the agricultural redline and the ECRL with other land-use planning frameworks, including for industry,
mining, urban areas, and infrastructure, China can better identify and address land-use conflicts between economic, social,
and environmental objectives. This provides the country with a comprehensive policy framework to promote nature-based
solutions and make its land-use and food systems more sustainable. Lessons might be applicable to other countries
grappling with the competing demands on scarce land.

Source. Adapted from Schmidt-Traub et al. (2020).
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1.3 Making 2021 the “super year”

for land-use and food systems

Next year will see three major international events
on land-use and food systems. In September

2021, the UN Secretary-General will host the Food
Systems Summit in New York. This will likely be
followed in the fall by the COP15 of the CBD under
Chinese Presidency in Kunming. The UK with
support from Italy will host the UNFCCC COP26 in
Glasgow in early November. If successful, each event
can set the long-term direction and level of ambition
on key dimensions of land-use and food systems.

To make 2021 the “super year" for climate and
nature, breakthroughs are needed in three broad
areas. First, the CBD COP15 needs to adopt a
bold post-2020 Biodiversity Framework that
sets out ambitious goals for the protection and
restoration of nature. The zero draft (CBD, 2020)
suggests that 30% of terrestrial and marine
areas be placed under protection by 2030 to help
bend the curve on biodiversity loss (Leclére et al.,
2020). This proposed target sets out a minimum
to be achieved at global levels. Similarly, the
Food Systems Summit has an opportunity to
build consensus around targets for healthy and
sustainable nutrition, which can then help guide
national dietary standards and implementation
strategies.

Second, all three events must accelerate
implementation of existing agreements, such

as the Paris Agreement and the 2030 Agenda,
including the SDGs as well as new goals. In the
case of the climate convention this requires on

the one hand increasing the level of ambition of
NDCs (UNEP, 2019) and including land-use and
food systems in climate strategies, which account
for about a third of greenhouse gas emissions,

but are inadequately considered in most NDCs
(Fyson & Jeffery, 2019). Even if many NDCs have
already been completed, there is scope for further
improvements before the COPs and the critical
2023 stock-take under the Paris Agreement. On the
other hand, countries should submit long-term low
greenhouse gas emissions development strategies
(LT-LEDS), as foreseen under Article 4.19 of the

Paris Agreement, that chart out pathways towards
net-zero emission by mid-century. Such LT-LEDS
must cover land-use and food systems from both
an adaptation and mitigation perspective.

Accelerating implementation is more complicated
for the CBD. The CBD's objectives of biodiversity
conservation, sustainable use, and fair benefit
sharing can only be achieved by curbing the drivers
of biodiversity loss, such as land-use change
(chiefly through agriculture), infrastructure and
urbanization, climate changes, and invasive
species (Diaz et al., 2019). Yet with the exception
of invasive species, all these drivers are outside the
scope of the CBD and the environment ministers
who attend the meetings. Moreover, the CBD lacks
a robust country reporting framework along the
lines of the Paris Rulebook.

For this reason, biodiversity needs to be
“mainstreamed” into sector strategies. One
promising way to achieve objectives under the CBD
and UNFCCC, including climate change mitigation
and adaptation, is to include biodiversity and
nature-based solution in NDCs and LT-LEDS. In
particular, this can be done by including maps for
desired long-term land use into climate strategies,
drawing inter alia on emerging experiences from
China (Box 3). Such integration will overcome

an unhelpful separation between climate and
biodiversity strategies. And, critically, it can be
undertaken voluntarily by countries without
requiring any new negotiations. The FABLE country
chapters in section 5 illustrate how maps can
support this integration.

Itis less clear how the Food Systems Summit

can accelerate implementation towards
sustainable diets, as the event does not have an
intergovernmental mandate or infrastructure for
country strategies and reporting. So perhaps like

in the case of biodiversity, the Summit can make

a major contribution by sharing best practice and
urging the inclusion of healthy and sustainable
diets in national biodiversity and climate strategies.
Again, this FABLE report shows why this inclusion is
so important and how it can be done.
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Third and importantly, the 2021 conferences

must mobilize additional financing and greater
international solidarity in making land-use and
food systems sustainable. Some developing
countries need financial support to transform
their existing land-use and food systems and to
protect vital ecosystems. Maost importantly, some
countries need international support to enhance
nutrition outcomes, particularly among children,
to avoid crippling long-term cognitive impairment
and to curb inequalities (Development Initiatives,
2020). The United Nations and other international
organizations play a critical role in promoting and
coordinating international solidarity at a time when
many countries are inward-looking.

We are of course under no illusion about the
difficulties in realizing these breakthroughs, but
recent positive developments, particularly from
the EU, China, and the US, open up a path towards
breakthroughs at the international level. We

also see strong demand in each of our countries
for making land-use and food systems more
sustainable. The motivations range from economic,
social, to environmental concerns, but they all
point towards the need for the same integrated
pathways that we present in this report.
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2. The FABLE approach to
coordinated pathway design

The FABLE Consortium has identified three pillars
for action to make land-use and food systems
sustainable: (i) efficient and resilient agriculture
systems, (ii) conservation and restoration of
biodiversity, and (iii) food security and healthy
diets (Schmidt-Traub et al., 2019) (Figure 3). Each
pillar covers essential priorities for transforming
land-use and food systems that require profound
changes from business as usual practices. Each
is equally important, and all are interdependent
and synergistic. They must also operate over the
near and long-term. Naturally, the pillars should
be tailored to each country, take account of local
constraints, and be complemented with local
priorities.

The three pillars can guide the design of pathways
and their implementation at local, national, and
global scales. They are also consistent with the ten
critical transitions identified in the Growing Better
report by the Food and Land Use Coalition (FOLU,
2020). Pursuing them in an integrated manner will
make critical contributions towards meeting the
Sustainable Development Goals (SDGs) and the
objectives of the Paris Agreement (Sachs et al.,
2019).

Three pillars for integrated land-use and food systems must be assessed in the context of integrated
land-use planning and sustainable international supply chains (Schmidt-Traub et al., 2019)

Trade and supply chains consistent with sustainable development

Integrated land and water-use planning

PILLAR1

Efficient and resilient
agriculture systems

Increase yields; reduce
food loss; limit emissions
from agriculture; raise
water-use efficiency;
reduce release of
nitrogen and phosphorus.

PILLAR 2

Y'Y

Conservation and
restoration of biodiversity

Limit emissions from
deforestation; protect a
minimum share of
terrestrial land; ensure
that land supports
biodiversity conservation.

PILLAR 3

A\ i

Food security
and healthy diets

Zero hunger, low
dietary-disease risk and
reduced food waste.
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FABLE country teams have developed four steps

for coordinating bottom-up national pathways to
address national priorities, collectively achieve global
sustainability objectives, and balance international
trade in agricultural commodities (Figure 4). Our
work proceeds in four steps:

1. Global Targets - the country teams jointly
decide on global targets to be achieved
collectively, and each country team applies
them to its country context.

2. National pathways and databases - each
FABLE country team integrates national
data from many different sources and
develops mid-century pathways towards
sustainable land-use and food systems.

3. Scenathon - key parameters and results
from the FABLE country pathways are
aggregated to determine if the sum of
national pathways meets the FABLE
targets and to check for consistency in

assumptions regarding imports and exports
of agricultural commodities. Discrepancies
are addressed through iterative refinements
of national FABLE pathways.

4. Stakeholder engagement - throughout,
FABLE country teams consult stakeholders
to test and refine assumptions, support a
shared understanding of land-use and food
systems, and develop shared ownership of
the results.

These four steps along with our methodological
advancements since the 2019 FABLE Report (FABLE,
2019) are described in detail in the remainder of this
section.

Step-by-step methodology for coordinated national pathways consistent with global

sustainability objectives

m 4. Stakeholder engagement

1. Global targets
A

Achieving the SDGs, the Paris

Aggregation of country results at
the global level and iterations to
solve trade balance and increase
the level of ambition towards
achievement of the global targets

Shared understanding of the system
and collective review of the
feasibility of the pathways and
develop shared ownership

Climate Agreement, and ensuring
the stability of the Earth system

.H

Database on land use and food

.i [ 3 E @ i.
i R t k
Trade ad,JLIJ:t:nZnT' asseupr:rtiz:s Eci\r:d Review, critique,
Gaps with globa P provide input
results

2. National pathways and databases

Collect and harmonize socio-economic and biophysical data, compute the
evolution of key variables of the land-use and food system by mid-century

using appropriate models

-7
X

Verification tool

Integrated Model
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2.1 Step 1: Agree on global targets

In a first step, each country team needs to set
long-term targets for sustainable land-use and
food systems, consistent with achieving the SDGs,
meeting the objectives of the Paris Agreement,
and ensuring the stability of the Earth system
(Rockstrom, Steffen, Noone, Persson, Chapin Il

et al., 2009). Such targets are critical to set the
level of ambition, drive coherence, and ensure
short-term policies are consistent with the
long-term transformation (Sachs et al., 2019).
There are many ways to apply global targets at

the national level, taking account of fairness
principles for burden sharing arrangements,
vulnerability to environmental change, ability to
finance transformations, poverty levels, and other
development needs (Leach et al., 2018), as applied
for greenhouse gas emissions (UNEP, 2019). Since
there is no universally agreed top-down method for
assigning national targets, all FABLE country teams
commit to meeting the global targets jointly (Table
1), and each team sets its own national targets.
These national targets can successively be aligned
with global goals through an iterative process
described in step 3 below.

The choice of global FABLE targets is guided by
four principles. First, we propose as few targets as
necessary to cover the three pillars of sustainable
land-use and food systems while avoiding
unnecessary complexity. Second, we focus on mid-
century targets that can guide the transformation
towards sustainable food systems and land use.
Third, we use science-based targets drawing on the
latest literature and give priority to targets that
have been agreed by the international community.
Finally, we frame targets in ways that enable them
to guide policymaking at local, national, regional,
and global levels.

2.1.1Land and biodiversity

The SDGs contain the Aichi Targets for conservation
of biodiversity and ecosystems. These include a
minimum of 17% of the terrestrial surface area
under protection for conservation by 2020. A new
conservation target is currently under negotiation
under the CBD. Following the release of the CBD's

zero-draft of the post-2020 Biodiversity Framework,
we have revised our biodiversity targets. Specifically,
they now aim to achieve “no net loss by 2030 and an
increase of at least 20% by 2050 in the area of land
where natural processes predominate” and ensure
that “protected areas cover at least 30% of land

by 2030". Moreover, as in our 2019 FABLE Report,
we also aim to achieve a third target on zero-net
deforestation, meaning that forest gain should at
least compensate for forest loss at the global level
by 2030.

FABLE supports area-based conservation targets.
There is considerable debate about the dimension
and effectiveness of such area-based targets and
the extent to which the focus should be placed

on complementary or alternative targets (Ellis,
2019; Joppa & Pfaff, 2009, 2011). While monitoring
biodiversity conservation based on species
extinction rates more accurately captures losses,
habitat for biodiversity must be conserved to avoid
further extinctions and maintain nature’s capacity
to provide Earth system and ecosystem functions.

We use the term “land where natural processes
predominate” to more accurately reflect what

the targets and associated indicators measure.
The term is taken from Jacobson et al. (2019) who
describe low-impact areas as “areas where natural
processes predominate, but are not necessarily
places with intact natural vegetation, ecosystem
processes, or faunal assemblages”. For this report,
we use the union of the following datasets as

an indicator of the baseline state of areas where
natural processes predominate: Low Impact Areas
(Jacobson et al., 2019), Intact Forest landscapes
(Potapov et al., 2017), and Key Biodiversity Areas
(BirdLife International, 2019). These datasets were
selected based on a comparison by Consortium
members of the reliability for conditions in their
country of several, recent globally consistent spatial
datasets that attempt to identify places with high
levels of biological activity and/or low levels of
human disturbance (Kennedy et al., 2019; Newbold
et al., 2016; Venter et al., 2016)(for full comparison
details, see Annex 7).
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TARGET DOMAIN

Land and
Biodiversity

Land where
natural
processes
predominate

Global targets formulated by the FABLE Consortium by target domain

TARGET FORMULATION SUPPORTING DOCUMENTS

A minimum share of earth’s terrestrial land supports
biodiversity conservation. No net loss by 2030 and an
increase of at least 20% by 2050 in the area of land where
natural processes predominate.

Dinerstein et al.(2017) ;
Jacobson et al. (2019) ; Noss
et al. (2012) ; Wilson (2016)

Protected area

A minimum share of Earth’s terrestrial land is within
protected areas. At least 30% of global terrestrial area by 2030

Aichi Target 11; Maron et al.
(2018)

Zero net
deforestation

Zero net deforestation. Forest gain should at least
compensate for the forest loss at the global level by 2030

Aichi Target 5; SDG 15;
Maron et al. (2018); New
York Declaration on Forests
(NYDF) (2019)

Greenhouse | GHCG from Greenhouse gas emissions from crops and livestock Hadjikakou, Bowles, & Bryan
gas Agriculture compatible with keeping the rise in average global (in preparation)
emissions temperatures to below 1.5°C, which we interpret as below 4
from GtCOe yr' by 2050 (3.9 Gt for non-CO; emissions and 0.1 Gt
AFOLU for CO, emissions)
GHG from Greenhouse gas emissions and removals from Land-Use, | Griscom et al.,(2017); Popp
LULUCF Land-Use-Change, and Forestry (LULUCF) compatible et al,,(2017); Rogelj et al.,
with keeping the rise in average global temperatures to (2018)
below 1.5°C. Negative global greenhouse gas emissions
from LULUCF by 2050
Food Zero hunger Zero hunger. Average daily energy intake per capita higher SDG 2, Laborde et al. (2016);
security than the minimum requirement in all countries by 2030 Springmann et al. (2016)
Low dietary Low dietary disease risk. Diet composition to achieve Afshin et al.(2019); Willett et
disease risk premature diet related mortality below 5% al. (2019)
Freshwater | Freshwater Water use in agriculture within the limits of internally Hadjikakou et al., (in
use use renewable water resources, taking account of other human | preparation)
water uses and environmental water flows. Blue water use
for irrigation <2453 kmPyr' (global estimates in the range of
670-4044 kmPyr-1) given future possible range (61-90%) in
other competing water uses
Nitrogen Nitrogen Nitrogen release from agriculture within environmental Hadjikakou et al., (in
and release limits. N use <69 Tg N yr' total Industrial and agricultural preparation)
Phosphorus biological fixation (global estimates in the range of 52-113
release Tg N yr') and N loss from agricultural land <90 Tg N yr’
(global estimates in the range of 50-146 Tg N yr') by 2050
Phosphorus Phosphorus release from agriculture within environmental | Hadjikakou et al., (in
release limits. P use <16 Tg P yr” flow from fertilizers to erodible soils | preparation)

(global estimates in the range of 6.2-17 Tg P yr") and P loss
from ag soils e- human excretion <8.69 Tg P yr' flow from
freshwater systems into ocean by 2050
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Our protected area target is supported by
ecologically robust species-area relationships that
suggest that the Aichi Target for conservation

are insufficient and will lead to the extinction

of thousands of species (Roberts et al., 2020).

The authors (Roberts et al., 2020) call for higher
caverages of intact and restored ecosystems inside
protected areas and estimate that such ecosystems
need to cover at least 30% of terrestrial land to
halt biodiversity loss. The CBD zero-draft also
proposes that 30% of land and sea areas should be
protected. Aiming for the protection of 30% of land
is substantially more ambitious than Aichi target
11, which was the basis of our 2019 target. We used
the ecoregion boundaries (Venter et al., 2016) to
implement the protected areas expansion target in
the FABLE Calculator in order to reflect regionally
unique biological qualities and allow countries to
consider differences in status and potential actions
required to conserve biodiversity at the ecoregion
level. In both the FABLE Calculator and the Model
of Agricultural Production and its Impact on the
Environment (MAgPIE) land-use model (Dietrich et
al., 2019), the area of land where natural processes
predominate decreases with the loss of forest or
other natural land and increases when agricultural
land is abandoned.

Most countries have national forest management
standards and objectives. However, only a subset

of countries has implemented ambitious standards
successfully. Forest target formulations on the global
level is a more recent phenomenon. We use a zero-
net forest-caver-loss target by 2030 which has its
beginning with the quantitative assessments around
the WWF's Living Forest Report (WWF, 2015). This
report provided additional forest conditions for the
definition of forests to ensure the ecological integrity
of the target, for example, ruling out fast growing
plantations. Subsequently, the zero net deforestation
target by 2030 has been included in the SDGs (Target
15.3) and the New York Declaration on Forests (NYDF
Assessment Partners, 2019).

In addition, we recognize the importance of
agroecological farming and agricultural landscape
complexity for conserving biodiversity and

maintaining crucial ecosystem services both to and
from agriculture (Bommarco et al., 2013; Kremen

et al., 2012; Kremen & Miles, 2012; Rosa-Schleich et
al., 2019; Rusch et al., 2016; Tscharntke et al., 2005,
2012). While there is currently no globally consistent
spatial data available on agricultural management
practices (organic, conventional, tillage practices,
local crop diversity, agrochemical applications),
higher levels of natural habitat in agricultural
landscapes can be used as an indicator of more
biodiversity-friendly farming contexts (Garibaldi et
al., 2020). We use the proportion of natural or semi-
natural vegetation in cropped areas as a measure
of cropland landscape complexity and set the
percentage of natural or semi-natural vegetation
required to support biodiversity and ecosystem
functioning to at least 10% within a ~1x1km window
as proposed by Willett et al. (2019). This is a first
step towards the consideration of a FABLE target on
biodiversity-friendly agriculture in the future.

2.1.2 GHG emissions from AFOLU

The FABLE target for greenhouse gas emissions
must be compatible with the ambition of the Paris
Agreement to keep global warming to “well below
2°C and to pursue efforts to limit the temperature
increase even further to 1.5°C" (UNFCCC, 2015). We
interpret this target to require staying within 1.5°C
of global warming, since the additional risks of 2°C
warming are now understood to be high, particularly
for land-use and food systems (Arneth et al., 2019;
Masson-Delmotte et al., 2018).

There is general agreement that global human-
induced COz emissions will need to reach net zero
levels by mid-century if global warming is to be
limited to 1.5°C (Masson-Delmotte et al., 2018).
Informed by new scenario ensembles (Huppmann
et al., 2018; Roe et al., 2019), the FABLE Consortium
therefore aims for a maximum of 4 Gt COz in non-CO;
and COzemissions from crops and livestock by 2050.
We identify a separate target for emissions from
land-use, land-use change and forestry (LULUCF).
The viability of negative emission technologies and
the extent to which these will be required to offset
residual emissions acrass sectors in order to meet
the 1.5°C target is the subject of scientific debate
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(Griscom et al., 2017, Popp et al., 2017; Rogelj et al.,
2018). The FABLE Consortium accounts for this
uncertainty by setting a global target of net-negative
emissions from LULUCF by 2050.

To summarize, the FABLE Consortium aims to
achieve two GHG emission targets for the AFOLU
sector:

1. GHG emissions from crops and livestock below
4 Gt COze/year by 2050 (3.9 Gt for non-C0:
emissions and 0.1 Gt for CO; emissions)

2. Net-negative GHG emissions and removals
from Land-Use, Land-Use-Change, and
Forestry (LULUCF) by 2050.

2.1.3 Food security

SDG 2 calls for ensuring food security by 2030.

This target is, therefore, a core objective for the
FABLE analysis. As this stage, our tools are unable
to capture the distribution of food security within

a population. Therefore, for the time being, our
food security targets focus on average values.
Specifically, the FABLE target for food security
requires that the excess in the average daily energy
intake per capita exceed the minimum daily energy
requirement (MDER) (Cafiero, 2014) in all countries
by 2030. National MDERs reflect the structure of
the population by age class, sex, and activity level.

A second dimension of food security is the
nutritional quality of diets, which in turn affects
their environmental impacts. In this report, we
compare our projections on future diets with

the EAT-Lancet report (Willett et al., 2019) and
the recommended intake of fats and proteins.

In the future, we also will aim to add a target on
low dietary disease risk by 2050, based on the
recommendations of the Global Burden of Disease
Collaboration (Afshin et al., 2019).

2.14 Freshwater use

Human activities have largely appropriated
freshwater globally both by disrupting the flow of
freshwater systems with dams used for hydropower
and storing water for human consumption and
irrigation (Grill et al., 2019). Irrigation water accounts

for nearly 80% of freshwater use (Foley et al., 2011).
This appropriation has severe impacts on natural
ecosystems including the loss of wetland, delta,
and freshwater ecosystems (Foley et al., 2011;
Vérosmarty et al., 2010).

Therefare, for the first time, the 2020 FABLE
pathways include a global target for water use.
Drawing from the literature (Campbell et al., 2017,
Hejazi et al., 2014; McIntyre, 2009; Rockstrom,
Steffen, Noone, Persson, Chapin, et al., 2009;
Steffen et al., 2015; Tallis et al., 2018; UNCCD,

2017, Wada & Bierkens, 2014), we set a planetary
boundary target of consumptive blue water use

in agriculture of 2,453km? per year in 2050. This
target derives from accounting for the possible
trajectories in the share of agriculture versus
industry and domestic water use. Other global
estimates are in the range of 670-4,044 km? per
year. Blue water is water that has been sourced
from surface or groundwater resources (Hoekstra
et al., 2012). Consumptive blue water use accounts
for any returns to the environment and provides a
metric of net use of water resources (as opposed to
withdrawals).

This global target has several limitations. Water
management is mainly relevant at the local level,
therefore meeting the global target can hide
unsustainable water use in some basins. Moreover,
using an annual average ignores seasonal water
scarcity. It is estimated that nearly half the global
population already lives in areas that are potentially
water scarce for at least one month per year and
that this number could increase to some 4.8-5.7
billion in 2050 (Burek et al., 2016).

2.1.5 Nitrogen and phosphorus release
Nutrient flows into freshwater and marine
ecosystems have severe environmental
consequences (Rockstrom, Steffen, Noone,
Persson, Chapin IIl, et al., 2009; Steffen et al.,
2015; Stevens, 2019). Curbing them has therefore
been recognized as a key priority in the SDGs
(Target 14.1). We recognize that so-called planetary
boundaries (Rockstrém, Steffen, Noone, Persson,
Chapin Ill, et al., 2009; Steffen et al., 2015) for
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nitrogen and phosphorous have been challenged
by some (Carpenter & Bennett, 2011; De Vries

et al., 2013). Still, in the absence of alternative
boundaries we use the 2015 proposal by Hadjikakou
et al. (in preparation).

2.2 Step 2: Develop national pathways

2.2.1 Developing alternative pathways

In this report, each FABLE country team presents
and compares at least two pathways. Their Current
Trends and Sustainable Pathways correspond,
respectively, to the lower and higher boundary of
realistic action to reach sustainable development
objectives in relation to land-use and food systems.
This allows country teams to illustrate the impact
of ambitious strategies compared to a business-as-
usual approach. The national pathways for all FABLE
countries are described in the country chapters in
section 5 and the aggregated global results are
presented in section 3.

In addition to these two pathways, six FABLE
country teams (Brazil, Canada, Germany, Sweden,
the UK, and the US) present a third pathway with
an intermediate level of ambition. We therefore
refer to the three pathways in these chapters as:
Current Trends, Sustainable Medium Ambition,
and Sustainable High Ambition. Nearly all FABLE
countries developed their national pathways using
the FABLE Calculator (Mosnier et al., 2020). The
FABLE country team in India used the MAgPIE land-
use model (Dietrich et al., 2019).

2.2.2 Inclusion of climate change impacts
Another addition of our 2020 analysis is the
inclusion of climate change impacts on national
pathways by 2050. We drew on publicly available
data from the Inter-Sectoral Impact Model
Intercomparison Project (ISIMIP) (Frieler et al., 2017,
Warszawski et al., 2014), which gathers climate-
impact modelers from around the world. Using a
common set of climate impact data and other data
necessary to ensure consistent impacts simulations

Average corn yield change by country in 2050 compared to 2010 in the Current Trends (left)
and in the Sustainable Pathways (right)
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Relative Yield Change compared to 2010

-63% -35% -10% -5%

0% 5% 10% 39%

Note. Projections forced with crop model GEPIC, GCM HadGEM2-es without CO2 fertilization effect. Countries in white have no simulated values for corn
yield with GEPIC. The Current Trends Pathway corresponds to RCP 6.0; the Sustainable Pathway corresponds to RCP 2.6.

Source. Authors' computation based on data from the Inter-Sectoral Impact Model Intercomparison Project (ISIMIP) (Frieler et al., 2017, Warszawski et al.,
2014), and IFPRI's Spatial Production Allocation Model (SPAM) (International Food Palicy Research Institute, 2019)
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across sectors, ISIMIP provides data on climate
change impacts on annual crop productivity, and in
some cases water use and fertilizer use, at 50x50
km resolution, for the period 2000 to 2100.

This year’s national pathways are embedded in
global GHG concentration trajectories. Current Trends
Pathways use a global GHC concentration trajectory
that would lead to a global mean warming increase
likely between 2°C and 3°C above pre-industrial
temperatures by 2100 (RCP 6.0). The Sustainable
Pathways use a global GHG concentration trajectory
that aims to keep global warming likely below 2°C
above pre-industrial temperatures by 2100 (RCP 2.6)
(van Vuuren et al., 201M).

All the countries using the FABLE Calculator used
national averages of the climate change impacts
estimated by the crop model GEPIC for 4 crops (corn,
rice, soy and wheat) using climate estimates from
the model HadGEM2-es, without CO: fertilization
effects. Impacts of climate change are included in
the FABLE Calculator as national averages of the
relative changes in crop yields (Figure 5), fertilizer
use, and water use (Mosnier et al., 2020). In the
MAgPIE model, climate impacts on crop yields
(rainfed and irrigated), carbon densities of natural
vegetation (vegetation, litter and soil carbon pools),
and surface freshwater availability are included

at the level of the spatial clusters (Dietrich et al.,
2019). This should be seen as a first attempt to take
climate change impacts into account. Future work
should emphasize the uncertainties around these
estimates by using a larger ensemble of crop and
climate models.

2.2.3 Other improvements to the

FABLE Calculator

Since our 2013 FABLE report, we made several
important improvements to the FABLE Calculator.
These include:

* Biofuels: Many countries have established
biofuel mandates with the aim of reducing
their GHG emissions. However, studies have
shown that, in some cases, higher biofuel
demand might increase global GHG emissions

(Mosnier et al., 2013; Plevin et al., 2015;
Searchinger et al., 2008). Biofuels are now
represented in the FABLE Calculator as an
additional demand for crops and vegetable oils.

Protein and fat intake: Proteins and
unsaturated fats (plant-based oils) are key
nutrients for human health (e.g. legumes,
pulses, unsaturated fats such as olive ail or
palm oail). The types and quantities of fats and
proteins consumed have particularly significant
impacts on human health and several
environmental variables. Over-consumption

of animal protein and fat is an important
driver of disease risk, notably cardio-vascular
disease risk, whereas transitions to plant-
based proteins and oils would significantly
lower this risk. Therefore, the FABLE Calculator
now monitors the evolution of protein and fat
intake, both in terms of quantity and source.

Food waste: The FAQ database does

not include statistics on food loss at the
consumption level (i.e. during distribution and
at the household level). In our 2019 report,

we assumed that losses currently represent
10% of total consumption. For this report, we
included different shares of consumption-
based losses by food group and by large
regions (based on FAQ, 2011) in the FABLE
Calculator.

« Alternative levels of post-harvest losses in

the future: Post-harvest losses (i.e. during
storage and transportation) are especially
large in low-income regions due to improper
harvesting methods, poor storage, and

the lack of infrastructure and refrigerated
transport (Kiaya, 2014). We included
alternative scenarios for reducing the share
of post-harvest losses to reflect potential
improvements in these domains.

Separated food group for nuts: The EAT-
Lancet report (Willett et al., 2019) recommends
consuming 50 g of nuts and seeds (0-75 g
range) per day. The Global Burden of Disease
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Collaborative suggests a minimum value of

20 g per day and estimates global consumption
at 2.5 g per day on average. In order to better
account for the potential implications this could
have on land-use and food systems at the
national and global levels, we created a new
food group in the FABLE Calculator to separate
nuts from other food categories.

* Indicators on the resilience of the food system:

The COVID-19 crisis exposes the fragility of food
and land use systems by bringing to the fore
vulnerabilities in international supply chains
and national production systems. In this report,
we examine two indicators to gauge countries’
resilience to agricultural trade and supply
disruptions: the rate of self-sufficiency and
diversity of agricultural production and trade.

2.2.4 Automatic verification of key model
parameters and results

To facilitate the identification of potential
weaknesses or mistakes, we verify country
pathways based on key model parameters and
variables. These verifications use a “traffic light”
system (Figure 6) to indicate a technical problem
that needs to be solved before the next iteration of
the Scenathon.

Assumptions regarding the evolution of crop and
livestock productivity are especially difficult to

assess but are critical to our pathways. Therefore,
we began to systematically compare crop yield
projections with the FAO's “Food and agriculture
projections to 2050” report and the Global Yield Gap
Atlas (GYGA) database (Grassini & van Ittersum,
2020). In some cases, we found that our yield
assumptions were too optimistic. Country teams
were encouraged to revise their assumptions except
when they were supported by further evidence. In
the future, we would like to expand this database
on benchmarks for productivity projections to cover
both crops and livestock, integrating, for instance,
expert knowledge from national crop and livestock
research centers and CGIAR.

2.3 Step 3: Scenathon to ensure globally
consistent national pathways

If developed in isolation, national FABLE pathways
tend to suffer from two inconsistencies. First,
the level of ambition of the sum of national
pathways does not reach global FABLE targets,
such as greenhouse gas emissions consistent
with 1.5°C, because country teams conclude that
other countries can mare easily reduce emissions.
A central purpose of the FABLE Consortium is

to ensure consistency between the ambition of
national pathways and global targets.

Projected trade flows can introduce a second
source of inconsistency across national FABLE

ﬂ Traffic light system for verification of the model parameters and results

solution must be found.

RED: Thereis an imbalance, impossible value, or large difference between
computed variables and historical values or other benchmark values for which a

YELLOW: There is a moderate difference between computed variables and
historical values or other benchmark values which need to be reviewed.

GREEN: No problems have been identified.
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pathways. If looked at inisolation, country
pathways may lower the environmental footprint
of their domestic agricultural production through
increased imports, but other countries may not be in
a position to generate the corresponding volume of
exports. Conversely, major increases in agricultural
productivity and reductions in food loss and food
waste may allow countries to increase agricultural
exports, but there may not be a commensurate
increase in demand for imports from other
countries. For these reasons, FABLE country teams
compare trade projections to identify and address
inconsistencies for each commodity.

The FABLE Consortium has developed the
“Scenathon” process to ensure national-glabal
consistency of pathways. A Scenathon consists
of iterative coordinated submissions of FABLE
pathways from all country teams plus the rest of
the world regions using a standardized reporting
warksheet. Country teams can participate in the
Scenathon using different models as long as the
tools provide the information required for each
country’s reporting worksheet. For the 2020
Scenathon, we used two models - the FABLE
Calculator and MAgPIE.

Each Scenathon consists of several iterations and
each iteration has two rounds. In the first round,

trade is defined by each country’s own assumption
about the evolution of its exports and imports.

In the second round, national pathways are
constrained by trade quantities that are consistent
at the global level. The FABLE country teams
monitor the collective progress toward achieving the
global FABLE targets in each round and, if necessary,
try to increase their level of ambition during the
next iteration.

For our 2020 pathways we refined two key aspects
of the methodology for adjusting trade flows in
national pathways. While in 20139 we adjusted
either imports or exports that were in excess
depending on imbalances at the global level,

we now only adjust exports. In other words, we
assume that exports will adjust to the level of
imports estimated by each pathway. Second, we
changed our calculation method to correct trade
imbalances based on the historically reported trade
imbalances for each commodity (Figure 7).

The Scenathon results can be monitored on the
online Scenathon dashboard, which covers all
FABLE targets and visualizes the contribution of
each country pathway to each global target and
in global trade flows. The Scenathon dashboard
is publicly available at the following address:
[https://www.scenathon.org/pgepublicscen20].

m Methodology to adjust exports during the Scenathon 2020

*

J 1. Exports are reduced

Legend

* Exports before
adjustment

7//? Exports after
adjustment

Xexp  Maximum
exports excess

* pexp Maximum

exports deficit
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2.4 Step 4: Stakeholder engagement

to test assumptions and build buy-in

Many stakeholders, who may legitimately have
divergent interests and limited experience in
working together, are involved in and affected by
changes to land-use and food systems and efforts
to make them sustainable. These include numerous
government departments, indigenous communities,
business sectors ranging from smallholder
farmers to large multinational corporations, local
and international civil society organizations, the
general public, and many scientific disciplines.
Participatory engagement science (Leach et

al., 2018) demonstrates that they need to be
engaged in the design and implementation of the
transformation, in order to build buy-in (Sachs et
al., 2016), anticipate and resolve challenges in the
design and implementation of the transformation,
particularly with regards to equity (Leach et al.,
2018) and other trade-offs (Sachs et al., 2019). This
requires modeling approaches to be transparent

and well communicated to ensure they are not seen
as opaque, technocratic, or based on unrealistic
assumptions.

To ensure the acceptability and use of our pathways,
each FABLE country team therefaore engages with
national experts and stakeholders on developing
and refining national pathways and the underlying
tools. For example, the UK country team convened
a stakeholder forum with various government
departments, devolved administrations, and other
stakeholders to review initial findings, identify
knowledge gaps, and explore how policy reforms
could chart a course toward sustainable land-

use and food systems (Box 4). Country teams in
Australia, India, Mexico, and the Nordic regions
have organized consultations on emerging findings
with business, civil society, and government
representatives, which has led to significant
improvements in the assumptions and modeling
underlying their pathways.

The UK FABLE team’s stakeholder engagement

The UK FABLE team from the UK Centre for Ecology & Hydrology and the University of Oxford held a successful stakeholder
consultation exercise between the 2019 and 2020 Scenathons. This is an important time for UK land-use and environmental
policy, as the UK has recently committed to net zero emissions by 2050; while agricultural subsidies and environmental
policies are being fundamentally reviewed following our exit from the European Union.

We created a 2-page flyer summarizing the FABLE approach and preliminary findings for the UK, and sent this to key
policy-makers from UK government, the devolved regions (Scotland and Wales), UK Research and Innovation (the main
public research funding organization) and expert researchers from the Royal Society and the Royal Academy of Engineering.
These stakeholders were invited to a round-table forum in London on 8th October 2019. We presented results from the 2019
Scenathon and held structured discussions to establish how FABLE could address UK policy needs, and to explore how we
could collaborate to enhance and extend our analysis.

Following the workshop, we circulated a draft document of our initial assumptions for the Current Trends and Sustainable
Pathways in the 2020 Scenathon and gathered feedback from stakeholders via email and an online workshop on 10th
February 2020. Suggestions for key policy documents or data sources that could help to inform the selection of suitable
parameters were also requested. Further iteration with stakeholders via email between February and April 2020 enabled us
to co-design our pathways, so that they are aligned with policy needs. Stakeholders also identified priorities for enhancing
the UK FABLE model, including moving to spatially-explicit predictions. Options for technical implementation of this next
phase of work were explored through a 1-month secondment to the FABLE team from the UK government’s Department of
Environment, Food and Rural Affairs (DEFRA) in March 2020.

Stakeholders felt that the integrated modeling of land-use taking account of trade and global environmental targets was
a major strength of FABLE, as it emphasizes links between the UK and other countries’ emission reduction ambitions. It
enables exploration of the trade-offs and challenges associated with the major land-use change needed to deliver the UK’s
net zero target, whilst simultaneously meeting our biodiversity and other environmental commitments.
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3. Global FABLE results

In this section, we present the global results of
the national and regional Current Trends and
Sustainable Pathways. For the aggregate FABLE
Sustainable Pathway, we take into account all
Sustainable Pathways or the Sustainable High-
Ambition Pathways for Brazil, Canada, Germany,
Sweden, the UK, and the US. Below we provide

a brief description of the choices on national
drivers that countries have made in defining their
respective scenarios. We then present the global
results for each FABLE target (section 2.1). Country
pathways are presented in section 5 (National
pathways).

3.1 Overview of assumptions

and achievement of FABLE targets

across pathways

Table 2 provides an overview of the key scenarios’
that the FABLE country teams selected to develop
their Current Trends and Sustainable Pathways.
Scenarios provide alternative values for some
parameters of the model before computation and
reflect the key assumptions that form the basis of
their respective pathways. Assumptions are shown
as relative changes between 2015 and 2050 for each
key driver, which makes them easily comparable.
Box 5 presents the list of parameters that can be
changed through scenarios in the FABLE Calculator
and MAgPIE.

Another important assumption that is not
summarized in Table 2 relates to the constraints
on agricultural land expansion. For example,

in their Current Trends Pathways, Argentina,
Colombia, and Malaysia stopped forest conversion
to any other land use after 2030. Australia,
Germany, Mexico, Norway, and South Africa
prevented any agricultural land expansion beyond
currently farmed areas, while China prevented the
reduction of cropland area below the currently
farmed area. In the Sustainable Pathways, forest
conversion to any other land use is also reduced
to zero in Brazil, Canada, Indonesia, and Rwanda
after 2030, and agricultural land expansion is
prevented in Argentina, Ethiopia, Malaysia, and
Russia.

Table 3 summarizes the achievement of each
FABLE target under the Current Trends and
Sustainable Pathways. While some targets are
met in both pathways, the zero net deforestation
and GHG emissions from the LULUCF targets
are only achieved in the Sustainable Pathway
and one of the two biodiversity targets is not
met in either. Similarly, the target on GHG
emissions from agriculture is almost achieved in
the Sustainable Pathway, but is far from being
achieved in the Current Trends Pathway:.

1 We define a pathway as a combination of scenarios that represents the coherent development of a system along a certain trajectory. Scenarios are the
suite of possible actions that set a pathway on a certain trajectory; assumptions are the conditions that a modeler establishes before the model is run to
make predictions on, for example, causality chains and changes in specific parameters of the model according to the selected scenarios; a parameter is a
constant in model simulations except when it is changed for a specific scenario (i.e. the modeler decides on its value before running the model) - this is an
input of the model; a variable represents a model state and results from the model’s computations (i.e. the modeler does not decide on its value before

the model is run) - this is an outcome of the model.
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Note. Population is measured in million people. Calories per capita is measured in average daily kilocalorie intake. Crop productivity is measured in average
kilocalorie output per hectare of cropland. It results from the combination of the assumption on the evolution of crop yield growth and climate change
impacts. Livestock productivity is measured in average kilocalorie per Tropical Livestock Unit (TLU - one unit is equivalent to 250 kg animal weight).
Ruminant density is measured in TLU per hectare of pasture. Biofuel consumption is measured in metric tons of biofuels used. Exports and imports are
measured in kilocalories. Afforestation is measured in absolute million hectare change between 2015 and 2050.

FABLE country teams ARCG: Argentina; AUS: Australia; BRA: Brazil; CAN: Canada; CHN: China; COL: Colombia; DEU: Germany; ETH: Ethiopia; FIN: Finland;
IDN: Indonesia; IND: India; MEX: Mexico; MYS: Malaysia; NOR: Norway; RUS: Russia; RWA: Rwanda; SWE: Sweden; UK: United Kingdom; USA: United States
of America; ZAF: South Africa. Rest of the world regions - ASP: Rest of Asia and Pacific; CSA: Rest of Central and South America; NEU: Rest of Europe (non
EU27); NMC: Rest of North Africa, Middle East and Central Asia; ROEU: Rest of European Union; SSA: Rest of Sub-Saharan Africa.
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Table 3

Pathways

GLOBAL FABLE TARGET

Land and Biodiversity

Land where natural processes predominate. No net loss by 2030
(globally)...

CURRENT TRENDS

Achieved

Overview of achievement of global FABLE targets under the Current Trends and Sustainable

SUSTAINABLE

Achieved

Land where natural processes predominate...and an increase of
at least 20% by 2050 in the area of land where natural processes
predominate (globally)

Not achieved

Not achieved

Zero net deforestation. Forest gain should at least compensate
for the forest loss at the global level by 2030

GHG emissions from AFOLU

Global greenhouse gas emissions from crops and livestock

Not achieved

Not achieved

Achieved

Almost achieved

compatible with keeping the rise in average global temperatures (4.1GtCO yr')
to below 1.5°C, which we interpret as below 4 GtCOze yr' by 2050

(3.9 Gt for non-CO2 emissions and 0.1 Gt for CO2 emissions)

Global greenhouse gas emissions and removals from Land-Use, | Not achieved Achieved

Land-Use-Change, and Forestry (LULUCF) compatible with
keeping the rise in average global temperatures to below 1.5°C.
Negative global greenhouse gas emissions from LULUCF by 2050

Food Security

Zero hunger. Average daily energy intake per capita higher than
the minimum requirement in all countries by 2030

Freshwater Use

Water use in agriculture within the limits of internally
renewable water resources, taking account of other human
water uses and environmental water flows. Global consumptive
blue water use <2,453 km®yr' (global estimates in the range of
670-4,044 km?yr') given future possible range (61-90%) in other
competing water uses

Achieved

Achieved

(but not achieved for the
lower boundary of the
literature estimates)

Achieved

Achieved

(but not achieved for the
lower boundary of the
literature estimates)
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ﬂ Defining scenarios in the FABLE Calculator and MAgPIE

Each pathway is defined by a combination of scenarios that allow for variation across key parameters of the models. Each of
our country teams could select different values for the following parameters:

- DEMAND: GDP (*), population (*), diets (*), and biofuel use (*);

- TRADE: the share of domestic consumption that is imported for key imported commodities (*), the evolution of
exported quantity for key exported commodities(");

- FOOD LOSS: the share of the production that is lost during storage and transportation (i.e. post-harvest losses) (7)
and the share of food consumption that is wasted at household level (*);

- PRODUCTIVITY: livestock productivity per livestock unit (¥), ruminant density per hectare of pasture (7), crop yields (¥),
and nitrogen use efficiency (“).

- LAND USE: restrictions on agricultural land expansion or reduction (*), expansion of protected areas (*), and
afforestation target (¥);

- WATER USE: irrigation of bioenergy crops (“), protection of environmental flows (“);

- GHG: animal waste management systems (“), GHG price (“);

- CLIMATE CHANGE: which combination of crop model, RCP, and global climate model is used to compute impacts of
climate change on crop yields, water use, and fertilizer use (*).

The parameter is part of the scenario selection:
* in both the FABLE Calculator and in MAgPIE
" in the FABLE Calculator only

“in MAgPIE only

Some of FABLE country teams have adapted or created additional scenarios that affect other parameters of the model.
These are described in the respective country chapters.
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3.2 Land and biodiversity

3.2.1 Current state

In 2010, land cover maps indicated total global
land was 18% cropland, 9% grassland (managed
and natural), 30% forest, less than 1% urban
(built-up), 17% other natural land, 13% bare, 10%
snow and ice, and 2% water (land cover data
aggregated from ESA (2010) as shown on Map 1).
Most agricultural areas were located in temperate
regions while forest and other natural land were
mostly found in tropical and northern boreal
regions. Human activities, including agricultural
production, are accelerating global biodiversity loss
with some claiming we are entering a sixth mass
global extinction (Ceballos et al., 2015). Preserving
and increasing the area of land where biodiversity
can flourish is critical to halt further biodiversity
loss and erosion of ecosystem function and
services (Ceballos et al., 2020).

\We estimate that land where natural processes
predominate? accounted for 56% of ice-free global
terrestrial land area in 2010. This value is unevenly
distributed however and ranges from 89% in
boreal/taiga and 88% in tundra biomes to 20%

in tropical & subtropical dry broadleaf forests and
27% in temperate grasslands. Russia, Canada,

and Australia account for the largest area of land
where natural processes predominate globally
(Map 2 and Map 3), while boreal forests, tundra,
and temperate conifer forests are the world's
biomes with the largest share of land where
natural processes predominate (Table 4). Ecoregion
analysis, covering distinct ecosystems within
biomes, further points to over half (51%) of the
world’s ecoregions having less than 50% of areas
where natural processes predominate. In these
ecoregions, extinctions are likely to persist, if not
accelerate, without strong conservation actions.

Across the globe, while 17,886,490 km? of land is
under formal protection, covering 13% of ice-free
land, no single biome enjoys 30% protection (Table
4). Mangroves come closest with 29% protected.
Several biomes have only 10% protection and

are subject to increasing conversion pressure

such as dry tropical forests. Only 20% of land
where natural processes predominate is formally
protected. This indicates that targets to increase
the share of the Earth’s terrestrial land under
protection can be met in areas where natural
processes already predominate at a global scale.

34% of global cropland had at least 10% natural or
semi-natural vegetation within a 1x1km window,

in 2010 (Map 4). The share of this relatively
biodiversity-friendly cropland is highest in the
tundra biome, followed by the montane grasslands
and shrublands and tropical and subtropical
coniferous forests. Each of these biomes are
regions that are under relatively low natural
habitat conversion pressure. Six biomes have

less than 30% of biodiversity-friendly croplands.
Grassland biomes, often the most arable regions,
have been subjected to the greatest amount of
natural habitat conversion and simplification
characterized as losses in species richness

(e.g. extensive monocultures). As fewer arable
lands remain, combined with growing agrarian
economies in tropical regions, there is increased
pressure on the conversion of forests in the tropical
forest biomes to agriculture.

2 We follow Jacobson et al. (2019) definition: “Landscapes that currently have low human density and impacts and are not primarily managed for human
needs. These are areas where natural processes predominate, but are not necessarily places with intact natural vegetation, ecosystem processes or faunal

assemblages”.
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(YET'N  Global land cover, distribution of protected areas where natural processes predominate, and
VWP RERCLLES  natural or semi-natural vegetation in cropped landscapes at country-ecoregion level in 2010

Map 1| Global land cover Map 2 | Global distribution of protected areas and land where
natural processes predominate
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Sources. Map 1: European Space Agency (ESA) Climate Change Initiative (CCI) land cover map for 2010, available at ~300m resolution. Correspondence
between original ESACCI land cover classes and aggregated land cover classes displayed on the map can be found in Annex 2. Maps 2 and 3: Land where
natural processes predominate results from the combination of three datasets: low impact areas from Jacobson et al. (2019), intact forest landscapes
from Potapov et al. (2017) and Key Biodiversity areas (BirdLife International, 2019). Protected areas are from the UNEP-WCMC and IUCN (2020). Map 4:
Percentage of natural or semi-natural vegetation in cropland: modified from ESA CCI 2010 land cover data. See Annex 2 for details of how this dataset was
created.
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Table 4

Tundra
(836.1M ha)

Boreal Forests/Taiga
(1531.7M ha)

Temperate Conifer Forests
(375.9M ha)

Deserts & Xeric Shrublands
(2637.1M ha)

Mangroves
(30.8M ha)

Tropical & Subtropical Moist Broadleaf Forests
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Montane Grasslands & Shrublands
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Sources. countries - GADM v3.6; ecoregions Dinerstein et al. (2017); cropland, natural and semi-natural vegetation - ESA CCl land cover 2015 (ESA, 2017);
protected areas - UNEP-WCMC and IUCN (2020); natural processes predominate comprises key biodiversity areas - BirdLife International (2019), intact
forest landscapes in 2016 - Potapov et al. (2017), and low impact areas - Jacobson et al. (2019).
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3.2.2 Pathways and results

In the Current Trends Pathway, we estimate that
the main changes in land cover will result in a 177%
and 4% increase in cropland and pasture areas,
respectively, and a 5% and 8% decrease of forest
and other land areas, respectively, by 2030. This
trend slows but remains relatively constant over
the period 2030-2050 (Figure 8). The loss of
forest and other natural land result in a decline
in land where natural processes predominate of
2% by 2030 (-131 Mha) and 1% by 2050 (-58 Mha)
compared to 2010, respectively.

The expansion of the planted area for wheat,
corn, and sorghum explains one third of cropland
expansion between 2010 and 2030 at the global
level. Higher livestock feed demand causes 31%
of wheat expansion, 60% of corn expansion, and
80% of sorghum expansion. Therefore, when we
include pasture expansion, at least 45% of the
total agricultural area expansion between 2010 and
2030 is driven by higher consumption of livestock
products. This also explains cropland expansion
between 2030-2050, despite productivity
increases for wheat, corn, and sorghum. Falls in
pastureland are explained by lower demand for
milk and ruminant meat while the pace of pasture
intensification remains similar to the period 2010-
2030.

In comparison to the Current Trends Pathway,

the Sustainable Pathway achieves the following
outcomes (i) avoids the destruction of 84 Mha of
forest between 2020 and 2050, (ii) the land where
natural processes predominate reaches 58% of
the Earth’s surface in 2050 instead of 54% (Figure
9), (iii) cropland area begins to decline after 2030
instead of 2045 and is 12% lower in 2050, (iv)
pasture area begins decreasing after 2020 instead
of 2040 and is 25% lower in 2050; and (v) total
affarested land in 2050 is 102 Mha higher.

Our results for the Sustainable Pathway show that
shifts towards more sustainable diets will require
significant changes in the composition of cropland
globally. The reduction in meat consumption and
higher consumption of nuts and pulses leads to a

0T Evolution of area by land cover
type under each pathway
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Note. In our models “grassland” is split across the category “pasture”
which corresponds to the grassland used by domestic livestock, while the
category “other land” includes grassland not used by domestic livestock.
Sources. Authors’ calculations based on ESA (2010), Food Security
Information Network (2020) and FAOSTAT (2020) for the area by land
cover type for 2000

reduction of the planted area for carn by 70 Mha
and an increase in the planted area for nuts by 40
Mha and peas by 14 Mha in 2050 compared to the
Current Trends Pathway.

3.2.3 Comparison with the global targets
FABLE country teams work towards two targets for
land and biodiversity: (1) no net loss by 2030 and an
increase of at least 20% by 2050 in the area of land
where natural processes predominate; and (2) forest
gain should at least compensate for forest loss at
the global level by 2030 (deforestation target).

Under the Current Trends Pathway, countries fall
short of the deforestation target, with a net forest
loss of about 20 Mha between 2030 and 2035. This
gap narrows, but is not closed, by 2050 when net
loss reaches 15 Mha of forest per five-year period.
However, our results under the Sustainable Pathway
show that it might be possible to achieve the target
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as soon as 2020-2025, when gains in global new
forests exceed forest losses by a difference of 16
Mha (Figure 10).

More ambitious outcomes under the Sustainable
Pathways are mainly due to reductions in

Evolution of the area where

deforestation and increases in afforestation in
Brazil, reductions in deforestation in Canada and
Indonesia, and increases in afforestation in the
US, India, Australia, and Ethiopia (Figure 11). The
non-linear evolution of the net forest cover change
is explained by the fact that several countries
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apply zero deforestation after 2030, and continue
afforestation after 2030 at a stable pace, except for
India where the afforestation peaks over 2020-2025.

Our results show that, under both the Sustainable
and Current Trends Pathways, it might be possible
to achieve “no net loss by 2030 in the area of land
where natural processes predominate”. However,
they fall short of the target to achieve an “increase
of at least 20% by 2050 in the area of land where
natural processes predominate”. Instead countries
achieve a 1% increase by 2050 in the Current
Trends Pathway and an 8% increase by 2050 in
the Sustainable Pathway compared to 2010. This
increase in the expansion of areas where natural
processes predominate in the Sustainable Pathway
compared to the Current Trends Pathway is driven
mostly by changes in Brazil, the US, and China.
Their contributions represent 65% of the total
difference between the pathways over the period
2015-2050 (Figure 12).

processes predominate increase

~
N
[
S

7100-

7000-

6900~

6800~

6700~

6600~

6500~

6400~

6300-

6200~

6100-

©
<
=3
1]
2
©
£
£
S
°
9
o
o
1]
o)
1]
0
@
o
IS
o
o
®
[
=1
2
©
=z
)
o
@
<
2
«
9
0
<<

6000~

2010 2015 2020 2025 2030 2035 2040 2045

2050

3.3 GHG emissions from AFOLU

3.3.1 Current state

The Agriculture, Forestry, and Other Land Uses
(AFOLU) sector accounts for an estimated 12 Gt
CO,e per year of net anthropogenic GHG emissions
and 23% of total GHG emissions between 2007-
2016 (IPCC, 2019). It is estimated that 80%

of nitrous oxide (N,0) emissions from human
activities come from AFOLU globally (IPCC, 2019).
LULUCF emissions represent the net balance
between emissions from land-use change and
carbon sequestration from the regeneration of
vegetation and soils. While the AFOLU sector
generates significant emissions, the residual
terrestrial sink (i.e. the accumulation of carbon in
the terrestrial biosphere excluding land sinks from
land use, land use change, and forestry (LULUCF),
which we cannot explain with bottom-up LULUCF
accounting), also currently sequesters around
30% of annual anthropogenic emissions. Land is,
therefore, vitally important to draw carbon out of
the atmosphere (IPCC, 2019).

Change in the aggregate global area where natural processes predominate in the
Sustainable and Current Trends Pathways and main contributors to area where natural

Note. FABLE country teams - ARC:
Argentina; AUS: Australia; BRA:

:25? Brazil; CAN: Canada; MEX: Mexico;
BRA RUS: Russia; USA: United States of

® CAN America; ZAF: South Africa. Other

® MEX FABLE countries- China, Colombia,

® RUS Ethiopia, Finland, Germany, India,

©® USA Indonesia, Malaysia, Norway, Rwanda,
(Z)l?hFer FABLE Sweden, Unitfed Kingdom. Rest of
Countries the world regions- Rest of Asia and

Rest of the
World Regions

Pacific; Rest of Central and South
America; Rest of Europe (non EU27);
Rest of North Africa, Middle East and
Central Asia; Rest of European Union;
Rest of Sub-Saharan Africa.
Sources. Authors’ calculations.

Land where
Natural Processes
Predominate

= Current Trends
=+ Sustainable
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Other Land Use (AFOLU) by source in 2018

Historical global GHG emissions and contribution of each sector to total emissions, and
historical decomposition of country level net GHG emissions from Agriculture, Forestry and

Energy
Ind. Fugitive /
27.8% Emissions
(Fuel
M
45GtCO%e

Wa
ippud-1%
8.7%

8. 4GtCO.e -7.7GtCOe

AFOLU Emissions

B Agriculture
Land-Use
Change and
Forestry

Emissions Removals

Note. Figured based on data available for the most recent year for all countries, in most cases this is 2018 but in others it is earlier. AFOLU
emissions and removals are at the country net emissions level. The total removals are made up of the sum of removals from countries that
have a negative net balance of GHG emissions from land-use change and forestry. The same methodology is applied to emissions with

countries with a positive net balance.

Sources. UNFCCC Greenhouse Gas Inventory Data (UNFCCC, 2020a, 2020b).

The principal sources of AFOLU emissions from
agriculture are soils and enteric fermentation,
which together represent 78% of the net AFOLU
emissions from agriculture. LULUCF emissions
represent the net balance between emissions from
land-use change and carbon sequestration from
the regeneration of vegetation and soils. Changes
in forest and other woody biomass stocks, forest
land and forest and grassland conversion represent
72% of the sinks for countries that have a negative
net balance of GHG emissions from LULUCF
(“removals” in Figure 13). Forest and grassland
conversion also acts as a source of GHG emissions
for countries that have a positive net balance of
GHG emissions from LULUCF (emissions from
LULUCF in Figure 13) by accounting for 69% of the
net emissions from LULUCF.

For the year 2015, our models are able to reproduce
global GHG emissions from agriculture reported

by countries to the UNFCCC quite well, with 5.2

Gt COze per year compared to 5.4 Gt COze (Figure
13). The comparisons are more challenging for
emissions from LULUCF (Annex 3) but it seems

that the main source of deviation between our
calculations and the UNFCCC GHG Inventory
database may be due to removals from LULUCF
- we only estimate 0.5 Gt COze GHG removals per
year compared to 7.7 Gt COze per year reported.
These discrepancies are explained by the FABLE
Calculator’s and MAgPIE’s partial coverage of
emission and removal processes reported in the
UNFCCC Inventory database. This is described in
Annex 3.

3.3.2 Pathways and results

The Current Trends Pathway for agriculture and
LULUCF differ significantly. While emissions from
agriculture are projected to steadily increase from
5 Gt COqze peryearin 2010 to 8 Gt COze per year
between 2010 and 2050 under the Current Trends
Pathways, the emissions from the land use sector
covered by the FABLE calculations are already
expected to decline sharply after 2020 from 3 Gt
COze in 2010 to almost zero in 2050 (Figure 14).
Methane emissions from livestock account for 52%
of the emissions in 2050.
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AFOLU emissions reduction trajectory under the Sustainable and Current Trends Pathways

Note. Emissions by subsectors (land use,
crops, livestock and biofuels) are shown for
the Current Trends Pathways. The Crops
category also includes CO2 emissions from on

Difference in Net Emissions compared
with Current Trends in 2050

g" farm energy use. The right-hand bar indicates
% the emission saving attributable to measures
2 under the Sustainable Pathways.

:é SiStainable Sources. Authors’ calculations.

5 —6.7GICO.e

©

I

I}

0

2010 2015 2020 2025 2030 2035 2040 2045 2050

Il Land Use Crops I Livestock Biofuels

Net AFOLU Emissions: == Current Trends -+ + Sustainable

The Sustainable Pathway projects an 83%
reduction in net GHG emissions from AFOLU
compared to the Current Trends Pathway in 2050
(Figure 14). This potential decrease in emissions

is dominated by decreasing GHG emissions from
deforestation and livestock emissions (Figure 15).
Mareover, total emissions from crops and livestock
begin to decrease in 2030. If we remove emissions
from energy use in agriculture and from fossil fuel
substitution by biofuels, which are not included

in AFOLU, computed emissions from agriculture
reach 4 Gt COze per year in 2050. Total net
emissions from LULUCF become negative in 2030
and reach -3 Gt COze per year in 2050.

Comparison of cumulated
projected GHG emissions
reduction over 2020-2050 by
AFOLU type compared to the
Current Trends Pathways

Sustainable

AFOLU GHG
Sources and
Sinks

Crops
B Deforestation
B Livestock
[ Other Land Use
B Peat
B Sequestration (Sink)
B GHG Biofuels (Sink)

Source. Authors’ calculations.

Pathways to Sustainable Land-Use and Food Systems. 2020 FABLE Report < 48



3.3.3 Comparison with the global targets and
closing the GHG emission gap from AFOLU
We aim to achieve two targets for reducing
greenhouse gas emissions from AFOLU: (1)
greenhouse gas emissions from crops and
livestock below 4 Gt CO,e per year by 2050; and
(2) greenhouse gas emissions and removals

from Land-Use, Land-Use Change, and Forestry
(LULUCF) become negative by 2050.

Our results show that it might be possible to reach
GHC emissions from the agricultural and the land
use sectors (AFOLU) that are compatible with

the ambition of the Paris Agreement under the
Sustainable Pathway. However, under the Current
Trends Pathway, our GHG estimates in 2050 miss
the target by a wide margin: GHG emissions from
AFOLU exceed the maximum level by 80%. This
confirms that there is sufficient potential to meet

Aggregate global AFOLU net emissions in the Sustainable and Current Trends Pathways and

main contributors to emissions reduction

® AuUS
BRA

® CAN

® CHN

® DN
IND

® USsA
Other FABLE
Countries
Rest of the
World Regions

GHG Emissions (GtCOze)

P . Net Emissions

~ = Current Trends
=+ Sustainable

2010 2015 2020 2025 2030 2035 2040 2045 2050

Figure 17

® USA
Other FABLE
Countries
Rest of the
World Regions

GHG Emissions (GtCOze)

Net Emissions

1- = Current Trends
=+ Sustainable

2010 2015 2020 2025 2030 2035 2040 2045 2050

Note. FABLE country teams - AUS:
Australia; BRA: Brazil; CAN: Canada; CHN:
China; IDN: Indonesia; IND: India; USA: United
States of America. Other FABLE countries

- Argentina, Colombia, Ethiopia, Finland,
Germany, Mexico, Malaysia, Norway, Russia,
Rwanda, South Africa, Sweden, United
Kingdom. Rest of the world regions - Rest of
Asia and Pacific; Rest of Central and South
America; Rest of Europe (non EU27); Rest

of North Africa, Middle East and Central

Asia; Rest of European Union; Rest of Sub-
Saharan Africa.

Sources. Authors’ calculations.

Aggregate global emissions from agriculture in the Sustainable and Current Trends
Pathways and main contributors to emissions reductions

Note. FABLE country teams - BRA: Brazil;
CHN: China; IND: India; USA: United States of
America. Other FABLE countries - Australia,
Argentina, Canada, Colombia, Ethiopia,
Finland, Germany, Indonesia, Mexico,
Malaysia, Norway, Russia, Rwanda, South
Africa, Sweden, United Kingdom. Rest of the
world regions - Rest of Asia and Pacific; Rest
of Central and South America; Rest of Europe
(non EU27); Rest of North Africa, Middle East
and Central Asia; Rest of European Union;
Rest of Sub-Saharan Africa.

Sources. Authors’ calculations.
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Figure 18

GHG Emissions (GtCO.e)

-1

-2

-3
2010

2015

2020 2025 2030 2035 2040 2045

Aggregate global net emissions from land use and land use change in the Sustainable and
Current Trends Pathways and main contributors to emissions reduction

Note. FABLE country teams - ARC:
Argentina; AUS: Australia; BRA: Brazil; CHN:

:ﬁsg China; IDN: Indonesia; USA: United States of
BRA America. Other FABLE countries - Canada,
® CHN Colombia, Ethiopia, Finland, Germany, India,
® DN Mexico, Malaysia, Norway, Russia, Rwanda,
g ch)ﬁ;:r FABLE South Africa, Sweden, United Kingdom.
Countries Rest of the world regions - Rest of Asia and

Rest of the

4 Pacific; Rest of Central and South America;
World Regions

Rest of Europe (non EU27); Rest of North
Africa, Middle East and Central Asia; Rest of
European Union; Rest of Sub-Saharan Africa.

Net Emissions Sources. Authors’ calculations.

= Current Trends
=+ Sustainable

2050

an ambitious climate mitigation target by 2050
but countries need to substantially increase their
current efforts. In Figure 16, Figure 17, and Figure 18
we present country-level contributions to closing
this GHG emissions gap from AFOLU. These gaps
are assessed as the difference between projected
GHG emissions from AFOLU in the Current Trends
and Sustainable Pathways.

Under the Sustainable Pathways it might be
possible to achieve a 2 Gt COze per year emissions
reduction in the agricultural sector (Figure 17) and
additional carbon sequestration of another 3 Gt
CO2e per year by 2050 in the LULUCF sector
(Figure 18).

In 2050, 50% of the emission reductions from
agriculture can be attributed to actions in India,
followed by contributions from Brazil (15%), the US
(12%), and China (3%) (Figure 17). One explanation
is that these countries are the main contributors
to global emissions from agriculture. Another

is that India, Brazil, and the US implemented
measures in the Sustainable Pathways that lead
to the strongest relative reduction of emissions
from agriculture among FABLE countries.

The reduction of the consumption of animal-
based products combined with the increase in
livestock productivity are the key drivers of GHG

emissions reductions from agriculture in these
countries (Table 2). Mitigation potential from
agriculture could be even higher if the FABLE
Calculator accounted for mitigation options such
as conservation tillage, improved feed, methane
capture from pork and dairy operations (Frank et
al., 2018; Murray et al., 2005).

In 2050, a little under half of the entire mitigation
effarts from LULUCF can be attributed to Brazil,
followed by China, the US, and Indonesia (Figure
18). A large share of LULUCF mitigation comes
from additional carbon sequestration from the
regrowth of natural vegetation on abandoned
agricultural land and from afforestation. Avoided
deforestation due to the implementation of zero-
deforestation palicies after 2030 and productivity
gains also contribute to one-third of the emission
reduction in Brazil and two-thirds in Indonesia.

In Indonesia, additional mitigation is obtained
through the implementation of the maratorium on
new permits in peatland, thus avoiding emissions
from peatland decomposition. Our results could
underestimate the total mitigation potential from
LULUCF as our models do not take into account
mitigation opportunities within the forestry sector
(Baker et al., 2017; Van Winkle et al., 2017; Wade et
al., 2019).
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3.4 Food security

3.4.1 Current state

The “Triple Burden” of Malnutrition

Undernutrition

Micronutrient
Deficiency

33% of women and 42% of
children suffer from anemia in
2016, which can lead to maternal
death (World Bank, 2016, 2013b).

About 30% of children under 5 are
deficient in vitamin A (Wirth et
al., 2017) which can notably lead
to blindness and child mortality
(WHQ, 2020a), and 2 billion
people are deficient in iodine,
which can lead to developmental
abnormalities (Biban &
Lichiardopol, 2017).

Overweight/
Obesity

13% of the global population was
obese in 2016. These shares have
nearly tripled since 1975 (WHO,
2020b).

39% of the global population was
overweight in 2016. These shares
have increased since 1975 (WHO,
2020b).

Disease Burden due to Dietary Risks
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3.4.2 Pathways and results

The average global calorie intake was 2,441 kcal
per capita per day in 2015 (FAQSTAT, 2020).
Compared to the EAT-Lancet recommendations
(Willett et al., 2019), the average global per capita
consumption of roots and tubers, sugar, cereals,
and eggs is too high, and far too low for nuts and
pulses (Figure 19).

Most of the FABLE country teams assumed lower
calorie consumption per capita in the Sustainable
Pathway compared to the Current Trends Pathway.
However, Rwanda and Ethiopia assumed higher
calorie consumption per capita in the Sustainable
Pathway (Table 2). In these two countries, as in
many low-income countries, the challenge is to
increase overall calorie intake, especially from
animal protein, in order to ensure nutritious diets.
Ten FABLE countries project a reduction in the per
capita intake of calories per day both in the Current
Trends and in the Sustainable Pathways - the

recommendations

Current Trends 2050
2,627 kcal/cap/day

FAO 2015
2,441 kcal/cap/day

Sustainable 2050

2,366 kcal/cap/day /
1

European countries, Argentina, Colombia, Mexico,
Indonesia, Russia, and the US.

Compared to 2015, the Current Trends Pathway
projects an increase in average calorie consumption
per capita per day at the global level by 8% while
the Sustainable Pathway projects a decrease by
3% (Figure 19). In the Current Trends Pathway, the
global average of sugar and red meat consumption
exceeds the maximum recommended levels and
poultry meat reaches the maximum. The average
consumption of vegetable oil and oilseeds and
dairy products also exceed the recommended
average levels (Figure 19). Increases in the
production and consumption of protective or
healthy foods were not as large. Notably, the
production and consumption of beans and pulses,
and nuts, important sources of plant-based
proteins and fiber, remained close to the minimum
recommended.

Comparison of the computed daily average kilocalorie intake per capita per food category
across the Current Trends and Sustainable Pathways in 2050 with the EAT-Lancet

= Max. Recommended * = Min. Recommended

Cereals @ Poultry
Eggs @ Pulses
Fruits and Veg @ Red Meat
Milk ® Roots

@® Nuts @ Sugar

Veg. Oils and Oilseeds

Notes. These figures are computed using the relative distances to the minimum and maximum recommended levels (i.e. the rings), therefore, different
kilocalorie consumption levels correspond to each circle depending on the food group. The EAT-Lancet Commission does not provide minimum and
maximum recommended values for cereals: when the kcal intake is lower than the average recommendation it is displayed on the minimum ring and if it
is higher, it is displayed on the maximum ring. The discontinuous lines that appear at the outer edge indicate that the average kilocalorie consumption of
these food categories is significantly higher than the maximum recommended.

Source. FAOSTAT(2020) for 2015; Willett et al. (2019) for EAT Lancet minimum, average and maximum recommendations and FABLE pathways for the
2050 projections.
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There are significant differences in food
composition between the Current Trends and
Sustainable Pathways. Except for roots and
tubers, the average consumption of all food
groups falls within the recommended boundaries
in the Sustainable Pathway. There is a particularly
strong reduction in the consumption of red meat
and sugar in the Sustainable Pathway (Figure 19).
However, while below the maximum recommended
level, average consumption remains significantly
higher than the recommended average. Under

the Sustainable Pathway the production of foods
that are harmful when overconsumed decreases,
reaching the upper range of recommended levels.
Conversely, the production of protective or healthy
food increases, reaching the lower range of
recommended consumption levels. Notably, roots
(especially potatoes) remain overproduced and
overconsumed in all pathways.

3.4.3 Comparison with the global target

All FABLE pathways project the food security
target to be met. They all achieve a per capita
average intake per day that exceeds applicable
average Minimum Daily Energy Requirement
(MDER) in both pathways (Figure 20). The
computed MDER varies between 1,844 and 2,280
kcal per capita per day in 2030 among all FABLE
countries, depending on their demographics (age
distribution and gender).

Between 2000 and 2050, in the Current Trends
Pathways, the largest relative increases in energy
intake occur in China, Ethiopia, and Rwanda, while
the largest reductions in energy intake occur in
Norway, Mexico, and Germany. Results are similar

in the Sustainable Pathways. Ethiopia and India still
indicate feasible kilocalorie levels that are only slightly
greater than the MDER, which may lead to risks to

Kilocalories per capita per day for all countries and regions in 2030
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Note. FABLE country teams - ARC: Argentina; AUS: Australia; BRA: Brazil; CAN: Canada; CHN: China; COL: Colombia; DEU: Germany; ETH: Ethiopia; FIN:
Finland; IDN: Indonesia; IND: India; MEX: Mexico; MYS: Malaysia; NOR: Norway; RUS: Russia; RWA: Rwanda; SWE: Sweden; UK: United Kingdom; USA:
United States of America; ZAF: South Africa. Rest of the world regions- ASP: Rest of Asia and Pacific; CSA: Rest of Central and South America; NEU: Rest
of Europe (non EU27); NMC: Rest of North Africa, Middle East and Central Asia; ROEU: Rest of European Union; SSA: Rest of Sub-Saharan Africa.

Sources. Authors’ calculations.
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food security. In the Sustainable Pathway, several
densely populated countries retained kilocalorie
levels that approach 3,000 kcal per capita per day.
These values present some options for continued
reductions in further analyses so long as they do not
compromise the resilience of food systems.

A higher average intake of calories per capita
compared to the average MDER is positive but
unlikely to eradicate hunger. The higher the
incidence of poverty in a country, the higher

the difference between the average intake of
calories per capita and the average MDER must
be. Although all FABLE countries meet the food
security target, some (Ethiopia, India, Rwanda,
and, to a lesser degree, Indonesia) are at a higher
risk when it comes to eliminating hunger by 2030.
This is due to higher levels of poverty and food
insecurity in these countries.

3.5 Freshwater

3.5.1 Current state

Freshwater available for human use is only a small
share of the Earth's total water. 1% is in liquid
form, of which only 0.4% is renewable and only a
portion can be exploited under current economic
and environmental conditions. Nine countries
(Brazil, Canada, China, Colombia, India, Indonesia,
Peru, Russia, and the US) are home to nearly 60%
of the world's renewable water resources.

Over the past century, population growth and
changing consumption patterns have led to a
sixfold increase in global water use (FAO, 2020).
Each year, two thirds of water withdrawals are
used for agriculture (Figure 21) (FAQ, 2020). India
is far and away the main freshwater consumer
(freshwater withdrawals), followed by China and
the US (FAQ, 2020). Though enough freshwater
is available to meet global demand on an annual
basis, spatial and temporal variations mean
that around 70% of the global population face
moderate to severe water scarcity at least one
month each year (Mekonnen & Hoekstra, 2016).
In 2019, 17 countries faced extreme water stress

(Luo et al., 2015), with climate change projected to
exacerbate this trend.

For the FABLE pathways, we use the consumptive
blue (irrigation) water use as our water-use
indicator. This indicator excludes water from
precipitation and the share water withdrawals
forirrigation that returns to the environment,
including due to irrigation inefficiencies. At the
global level, consumptive water use for crop
production was estimated in the range of 600-
1500 km? per year around 2000 (Mekonnen &
Hoekstra, 2011). In addition, consumptive water use
for grazing is estimated to be less than 50 km? per
year (Mekonnen & Hoekstra, 2010). At the national
level, between 1996-2005, more than 50% of the
global blue water consumptive use came from
three countries (India, China and the US) and three
crops (wheat, rice, and corn).

World freshwater withdrawals
in 2016

Agriculture
water
withdrawal

2, 769km°>/yr

Industrial
water
withdrawal

Municipal

I:l water

withdrawal

768km°/yr

464km3/yr

Source. FAQ (2016)
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3.5.2 Pathways and results

The Current Trends Pathway projects an increase
in consumptive blue water use by 230 km? per
year from 2010 to 2050. Consumptive blue water
use is expected to decrease in India (by 185 km?
per year) and increase in all other countries. The
highest water footprint is achieved in 2045, with

a total of 1,403 km? per year globally (Figure 22).

In 2050, our results show that India will remain

a major consumer of water for crop irrigation,
followed by China and the US. We project that the
Northern Africa, Middle East, and Central Asia and
Sub-Saharan Africa regions will represent more
than half the consumptive blue water use for
crops by 2050 at the global level. However, as the
FABLE Calculator does not take into account water
availability for irrigation, further analysis is needed
to verify the feasibility of these results.

The largest relative increases in water use between
2000 and 2050 for the Current Trends Pathway
are computed for Ethiopia, Brazil, and Indonesia.
According to the climate scenario, climate model,
and crop model that we used (section 2), the
strongest impacts of climate change on the
average irrigation water use per unit produced by
2050 are on wheat in South Africa (+70%), rice and
carn in Indonesia (+40%), and rice in Argentina,
Mexico (+30%), and Brazil (+20%). In India, the US,
and China, the three main consumers of irrigated
water globally, climate change is projected to
reduce the demand for irrigated water for rice,
wheat, and soybean by between 10% and 20% on
average at the national level. In cantrast, in China,
corn and rice is projected to lead to a 10% increase
in demand for irrigated water.

The Sustainable Pathway follows a similar trend,
with a reduced water footprint of 1,302 km? per
year by 2050 (Figure 22). China and India, as well
as the Rest of North Africa, the Middle East,

and Central Asia region, remain the dominant
consumers of blue water. Water consumption is
projected to fall compared to the Current Trends
Pathway due to lower climate change impacts
and the reduction in the production of the three
leading irrigated crops (corn, rice, and wheat) due

to dietary changes. In addition, in India, water
withdrawals are restricted in the MAgPIE model
by incorporating environmental flow requirements
to reserve a certain fraction of water for
environmental purposes.

3.5.3 Comparison with the global target

We aim to achieve one target on freshwater use,
consumptive blue water use that is less than

2,453 km? per year by 2050. FABLE pathways
project that this target will be met under both

the Current Trends and Sustainable Pathways.

By 2050, the blue water footprint is projected at
1,386 km? per year in the Current Trends Pathway
and 1,302 km? per year in the Sustainable Pathway
(Figure 22). However, one should note that

having a global target on freshwater use does not
correctly represent the challenges of future water
management at, for instance, the river basin level.
Our global target also corresponds to the middle
point of estimates from the literature i.e. the lower
boundary of these estimates would not be met
under both the Current Trends and the Sustainable
Pathways.

India accounts for 57% and the Rest of North
Africa and Middle East and Central Asia region
for 17% of the reduction in cumulative blue water
use between the two pathways between 2025
and 2050 (Figure 23). These changes are driven
by a reduction in the production of rice and crops
combined with lower climate change impacts in
the Rest of North Africa, Middle East, and Central
Asiaregion, and a significant reduction in rice
production and restrictions on water withdrawals
in India.
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Source. Authors’ calculations.
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4. Policy implications and
recommendations

The 2020 FABLE pathways have been technically
improved and cover more FABLE targets compared
with last year’s versions. To our knowledge these
are among the only national mid-century pathways
towards sustainable land-use and food systems
that are broadly consistent with the objectives

of the Paris Agreement, the proposed post-2020
Biodiversity Framework, and other SDGs. The
pathways underscore the complexity of land-use
and food systems, which differ massively across
countries. Yet, they also show how these systems
can become more sustainable in every country
and point towards lessons and priority issues

that governments and other stakeholders should
address.

4.1 Large potential to sustainably transform
land-use and food systems

A first lesson is that the differences between
Current Trends and Sustainable Pathways are
large. The lack of political ambition towards
greater sustainability puts the achievement of
the objectives of the Paris Agreement and SDG

15 on the protection, restoration, and sustainable
use of terrestrial ecosystems at major risk. These
bottom-up findings from national FABLE country
teams are consistent with findings from global
models, as reported by the climate change (Arneth
et al., 2019; Masson-Delmotte et al., 2018) and the
biodiversity communities (Leclére et al., 2020).
They show that decisive public sector action over
the coming years can put countries on a different
long-term trajectory. Since systems take time to
change, action must be taken urgently to ensure
that the 2021 “super year” for nature and climate
is the beginning of concrete and tangible action to
sustainably transform land-use and food systems
over the long term.

4.2 Need for a systems approach

Countries need integrated long-term strategies
that cover the three pillars of sustainable land-
use and food systems - efficient and resilient
agriculture systems that ensure farmers'’
livelihoods, conservation and restoration of
biodiversity, and food security and healthy diets -
that are embedded in integrated land-use design
and international trade and supply chains (Figure
3). Our results show, for example, that shifts
towards healthier diets or efforts to limit food
loss and waste are among the most consequential
measures to protect biodiversity and contribute
significantly towards curbing greenhouse gas
emissions. Yet, today's climate and biodiversity
strategies under the UNFCCC and the CBD generally
do not refer to diets or food loss and waste. The
FABLE pathways provide a framing for designing
and implementing integrated strategies.

Our countries increasingly recognize the need
forintegrated approaches and the pressure

for reform is rising, but current strategies do

not integrate policies across land-use and food
systems. One fledgling exception is the European
Union's proposed Farm to Fork Strategy, which

if implemented would tackle all the major
dimensions considered in our FABLE pathways.
As part of the Food and Land Use Coalition, we
will work with interested governments to support
integrated strategies that address short-term
pressures on land-use and food systems and are
consistent with meeting long-term goals.

One area where integrated strategies are
particularly important is the need to manage
competition for land and other scarce resources.
Such competition is strong and will become
straonger, especially in countries with high
population and economic growth. Countries
need participatory planning mechanisms that
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ensure coherence across all food and land-use-
system sectors. Research groups, such as those
participating in the FABLE consortium, can
contribute to these processes through participatory
modeling with stakeholders and decision-makers.

These systems approaches might help successfully
mitigate tradeoffs. For example, tree planting

can help countries reverse biodiversity decline

and increase carbon sequestration, but this will
require the planting of native species, avoidance
of tree planting on natural grasslands, wetlands,
savannas, and peatlands and adding grassland

and wetland restoration to the repertoire of
greenhouse gas emission removal options.

4.3 Major levers for domestic action

Our report identifies major levers for domestic
action to make land-use and food systems
sustainable that align well with the Ten Critical
Transitions in the Growing Better Report (FOLU,
2019) and global climate and biodiversity
objectives. While every land-use and food system
is different, these levers could play a major role
across the FABLE countries depending on their
specific contexts.

- Dietary shifts: Most middle- and high-income
FABLE countries assumed significantly
reduced per capita consumption, lower
production of foods that are harmful when
overconsumed, and an increase in the
consumption of protective or healthy food in
their Sustainable Pathways (Table 2). These
dietary shifts play a large role in reducing
cropland and grazing lands and lowering
greenhouse gas emissions in the Sustainable
Pathway. Our results also show that such
shifts will lead to significant changes in the
composition of agricultural land globally -
fewer cereals and more nuts and pulses. They
can also provide opportunities for diversifying
production and trade. These shifts will require
food and land-use system actors to prepare
now to ensure availability and affordability
of these healthier diets. In contrast, the

low-income FABLE countries assumed higher
calorie intake and higher consumption of
animal-based foods to reach nutritious diets
in their Sustainable Pathways. In this context,
the challenge is to accompany this transition
by minimizing the impacts of the higher food
demand on ecosystems.

Dietary shifts might be difficult to adopt,

in particular at the pace required to reach
mid-century targets. Countries could rapidly
implement measures to better inform
consumers through nutrition-focused
education campaigns, include nutrition
advice into primary healthcare, and integrate
sustainability principles into National Dietary
Guidelines. Countries could also incentivize
shifts towards healthier diets. This could
include policies and programs for sustainable
food labeling, aligning value added tax

levels with the impacts of food products on
health, providing guidelines for the sale or
distribution of food and beverages in schoals
and workplaces, and aligning public food
assistance programs with recommended
diets. The associated costs and benefits of
these different policy instruments would,
however, need to be assessed. Moreover, as
one of the principal drivers of sustainable
land-use and food systems, dietary shifts
should be reflected in climate, biodiversity,
and related strategies.

Sustainable and productive agriculture:
Complementary to lowering demand for
agricultural commodities through diet shifts
are sustainable increases in agricultural
productivity, including through regenerative
agriculture. All FABLE country teams assume
higher crop and livestock productivity as a key
component of greater sustainability of their
food and land use systems. Several countries
assume productivity increases in their
Sustainable Pathways that are at the higher
bound of what has been technically achievable
in the past.
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We acknowledge that the high environmental
and human health dangers from some
high-productivity practices of industrialized
farming, such as the excessive use of
agrochemicals, fertilizers (including manure),
and animal pharmaceuticals warrant caution
about how such high productivity scenarios
are achieved. Many FABLE country teams
identify opportunities for sustainable
increases in agricultural yields through
investments in precision farming, rotational
grasslands, advanced manure management,
natural pest control, and research and
development for the improvement of the
genetic base. Broader consultation with
national crop and livestock and CGIAR research
centers should help with identifying the
realistic range of productivity increases related
to the adoption of these technologies. The
deployment and adoption of new technologies
should take into account the large uncertainty
related to future climate change impacts.

Besides aiming to achieve highly productive
agricultural systems capable of sparing

land for nature conservation, we also
recognize the importance of “land sharing” or
integrated nature conservation approaches
on agricultural land. While opportunities for
land sharing have not yet been quantified in
our pathways, agroecology and agroforestry
should be considered when evaluating options
to reach greater sustainability of food and
land-use systems.

Improved land-use planning, particularly
for protecting and restoring nature: In

most FABLE pathways, constraints on
land-use change, including the expansion of
agricultural lands, are critical for meeting the
FABLE targets. Countries use different policy
tools, such as forest codes, moratoria on

the expansion of specific crops (e.g. the soy
moratorium in parts of Brazil or the palm oil
maratorium in Indonesia), zero-deforestation
labels, or protected areas. As demonstrated
by the drastic reduction of deforestation

in Brazil between 2004-2012 and recent
policy innovations in China (Box 3), improved
policies for land-use design can have a large
impact. Success will require effective, whole-
of-government land-use plans and policies
involving national and - where applicable -
regional and local governments. Of particular
importance are financial transfer payments to
compensate local populations for maintaining
public environmental goods, such as upstream
watersheds. As the example of China

further illustrates, such land-use planning
mechanisms need to include agriculture and
ecosystem services, but also processes for
managing the use of land for human habitats,
industry, mining, and infrastructure. We
recognize fully that such land-use planning
might well represent one of the toughest
policy challenges, but it is one that countries
need to grapple with in order to promote
sustainable land-use and food systems.

- Rapid reductions of food loss and waste:
Many FABLE country teams see substantial
potential for reducing food loss and waste,
which will greatly improve the efficiency of
the food system. Food loss and waste has
traditionally not been a focus of government
policies and corporate action, so the potential
for rapid progress is substantial.

4.4 Greater integration of climate and
biodiversity under International Conventions
Creater international cooperation and shared
learning are needed to make land-use and

food systems sustainable. Our countries need

to learn from one another what works in

shifting diets, reducing food loss and waste,
increasing agricultural productivity without
destroying biodiversity in production landscapes,
strengthening participatory land-use design,
greening supply chains, and so forth. Dedicated
communities of scientists and practitioners work
on each of these questions, but they need greater
policy support.
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International conventions, including the UNFCCC
and the CBD, are critical mechanisms for promoting
integrated, ambitious national strategies as well

as learning across counties. Yet, today's climate
strategies (including NDCs and LT-LEDS) and
National Biodiversity Strategy Action Plans are

not fit for purpose. About one-quarter of the

2030 mitigation pledged by countries in their

initial NDCs is expected to come from land-based
mitigation options (IPCC, 2019) but they lack the
information necessary to understand what land-
based mitigation is anticipated (Fyson & Jeffery,
2019), and they lack the spatial data needed for
integrated strategies (Khan & Schmidt-Traub, 2020;
Schmidt-Traub et al., 2020). These shortcomings
are particularly grave for biodiversity, since only
integrated strategies can tackle the many powerful
drivers of biodiversity loss and bend the curve (Diaz
et al., 2019; Leclére et al., 2020).

In the run-up to the climate and biodiversity COPs
countries should integrate biodiversity conservation
and restoration as well as food systems into

their climate strategies. This integration can be
supported by maps of desired land-use, including
for food production, biodiversity conservation and
restoration, ecosystem services management, and
disaster risk reduction. If it is not possible to update
an NDC or a long-term climate strategy ahead of the
COPs, countries can announce their commitment
towards this integration and complete the technical
and policy work until the 2023 stock-take under

the UNFCCC. The same strategies and maps could
then also serve as national strategies under the
Convention on Biological Diversity.

4.5 Greening international supply chains
Trade in agricultural and forest commodities (“soft
commodities”) must align with the SDGs and the
objectives of the Paris Agreement. Countries cannot
simply “export” the environmental and social costs
of food production to other countries. At the same
time, sustainable policies in exporting countries

will affect trade flows. Contrary to what might be
expected, we find that sustainable policies can
improve supply and long-term food security for

food importers through lower demand and greater
productivity in exporting countries. Anticipated
reductions in the long-term climate forcing owing
to sustainable policies will further strengthen food
security in countries that are dependent on trade for
meeting their needs in food and animal feed.

All of this implies that measures to green
international supply chains will make critical
contributions towards sustainable land-use and
food systems, but they need to be embedded

in a broader transformation strategy. Perhaps
the largest levers to reduce the international
environmental footprint of countries that import
food and animal feed is domestic demand
reduction through dietary shifts, reductions in food
loss and waste, and sustainable intensification of
domestic agriculture. Clearly, supply-side action is
needed, too, by promoting sustainable land-use
and food system policies in producer countries.
Together, these supply- and demand-side levers
will reduce the need for imports.

Moreover, large agricultural importers, such as
the EU and China, have an incentive to promote
sustainable policies in exporting countries since the
pursuit of FABLE pathways in producer countries
enhances long-term food security and secures the
supply of agricultural commodities for everyone.
This provides an added motivation for the hosts
of next year's UNFCCC and CBD COPs to pursue
ambitious outcomes, including greater financial
support for the transformation of land-use and
food systems in exporting countries.

4.6 Next steps for the FABLE Consortium

In a short period of time, our global consortium

of FABLE country teams has developed major
analytical capacities on land-use and food systems,
pioneered new tools, and built the capacity for
bottom-up national analyses of land-use and
food systems, including agricultural production,
greenhouse gas emissions, biodiversity and
ecosystem services, diets, and international trade.
Building on these initial successes, we plan to
focus upcoming work on the following priorities:
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1.

As part of the Food and Land Use Coalition,
we will work with interested governments

to support integrated strategies, including
climate and biodiversity strategies under

the Conventions, that address short-term
pressures on land-use and food systems and
are consistent with meeting long-term goals.

tools to develop pathways and model palicy
options for land-use and food systems. This
will include better integration of economic,
biophysical and geospatial analyses.

The FABLE Consortium members want
to train the next generation of analysts
and policymakers in developing long-term

2. Through the new Food, Environment, Land, pathways towards sustainable land-use and
and Development (FELD) Action Tracker (Box food systems, so that FABLE tools can be
6), we will advance a deeper understanding applied by any research group or government
of how countries can design, implement, and that would like to do so.
monitor better policies to transform their
land-use and food systems. And finally, we will strengthen and expand

the FABLE Consortium, including by
3. Partnering with the Food Systems welcoming new country teams.

Economics Commission and the Nature Map
Initiative, we want to improve modeling

Food, Environment, Land, and Development (FELD) Action Tracker

A lot of knowledge exists on how to make land-use and food systems sustainable, but this knowledge is not widely
available, and there are major gaps. We are inspired by the Climate Action Tracker (CAT), which over the past 10 years

has been tracking and evaluating country policies, budgets, and other actions to meet the energy-related objectives

of the Paris Agreement. CAT issues biannual reports that transparently assess the level of ambition of national strategies
in relation to the 1.5°C objective. The reports also inventory “policy actions” in a publicly available database (www.
climatepolicydatabase.org) and ascertain their scope and level of ambition in relation to the policy objectives (UNEP, 2019).

CAT has had a significant impact on global discussions around energy decarbonization through three key drivers:

1. Clarity on countries’ level of ambition: The transparent inventory and assessment of countries’ targets in relation
to the energy transformation helps to show whether these countries and the world are on track towards meeting the
Paris objectives. Similar assessments of policy action do not yet exist for land-use and food systems.

2. Learning how to transform energy systems: CAT's climate policy database and reports provide comparative
information on policy actions related to energy transformation in some 36+ countries. This has become a critical
resource for inspiring other countries to aim higher, providing a practical foundation for them to better understand
what works and what does not work. CAT uses a simplified tool along the lines of the FABLE Calculator that
quantitatively assesses the impact of policy changes on decarbonization outcomes. Together, the systematic policy
analysis and the modeling work by CAT have become an important mechanism to promote learning about how to
decarbonize energy systems by systematically chipping away at policy implementation challenges.

3. Greater visibility and rewards for pioneering countries: Over the past few years, the CAT has developed the capacity
to pick up, review and showcase major policy reforms undertaken by individual countries within a short period of
time. The CAT-enabled shift from tracking ‘backward-looking’ outcomes (e.g. GHG emissions) to tracking ‘forward-
looking’ policies (e.g. moratoria on deforestation) is critical for building momentum, advancing policy learning, and
rewarding pioneers. By flagging regress elsewhere, it strengthens accountability.

Working closely with the FABLE Consortium, the CAT team and partners at FOLU (Box 2), the FELD Action Tracker will adapt
the CAT model to land-use and food systems, thereby filling an important knowledge gap on existing policies. Initial results
will be available in mid-2021in the context of the Just Rural Transition (JRT) initiative.
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Argentina
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'INTA EEA Anguil “Ing. Agr. Guillermo Covas”, La Pampa, Argentina; 2Facultad de Ciencias Exactas y Naturales,
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Cientificas y Técnicas, Argentina; 8Fundacién Bariloche, Rio Negro, Argentina.

*Corresponding authors: frank.federico@inta.gob.ar; amonjeau@gmail.com

This chapter of the 2020 Report of the FABLE Consortium Pathways to Sustainable Land-Use and Food Systems
outlines how sustainable food and land-use systems can contribute to raising climate ambition, aligning climate
mitigation and biodiversity protection policies, and achieving other sustainable development priorities in Argentina.
It presents two pathways for food and land-use systems for the period 2020-2050: Current Trends and Sustainable.
These pathways examine the trade-offs between achieving the FABLE Targets under limited land availability

and constraints to balance supply and demand at national and global levels. We developed these pathways in
consultation with national stakeholders from Instituto Nacional de Tecnologia Agropecuaria (INTA), Fundacion
Bariloche, Consejo Nacional de Investigaciones Cientificas y Técnicas (CONICET), Ministerio de Ambiente y Desarrollo
Sustentable (MAyDS), FUNDAPAZ, Fundacién “Nuestros Bosques”, AAPRESID, Fundacién Vida Silvestre Argentina,
and others, and modeled them with the FABLE Calculator (Mosnier, Penescu, Thomson, and Perez-Guzman, 2019).
See Annex 1 for more details on the adaptation of the model to the national context.
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Argentina

Climate and Biodiversity Strategies and Current Commitments

Countries are expected to renew and revise their climate and biodiversity commitments ahead of the 26th session of
the Conference of the Parties (COP) to the United Nations Framework Convention on Climate Change (UNFCCC) and the
15th COP to the United Nations Convention on Biological Diversity (CBD). Agriculture, land-use, and other dimensions
of the FABLE analysis are key drivers of both greenhouse gas (GHG) emissions and biodiversity loss and offer critical
adaptation opportunities. Similarly, nature-based solutions, such as reforestation and carbon sequestration, can

meet up to a third of the emission reduction needs for the Paris Agreement (Roe et al., 2019). Countries’ biodiversity
and climate strategies under the two Conventions should therefore develop integrated and coherent policies that cut
acrass these domains, in particular through land-use planning which accounts for spatial heterogeneity.

Table 1 summarizes how Argentina’s Nationally Determined Contribution (NDC), long-term low greenhouse gas emissions
development strategy (LT-LEDS), and Forest Reference Emission Level (FREL) treat the FABLE domains. According to its
NDC, Argentina has committed to reducing its GHG emissions by 18% (unconditional) or 37% (conditional upon receiving
international funding) by 2030 compared to a business-as-usual (BAU) scenario (MAyDS, 2017). Moreover, according to the
latest advances in the ongoing LT-LEDS preparations (INTA, 2020), Argentina is working to develop four targets on GHG
emissions reductions for the agriculture, forestry, and other land use (AFOLU) sector, including “carbon neutral agriculture”.
This process, which should be merged with the ongoing Energy 2050 Long Term Strategy (Climate Transparency, 2019),
includes emission reduction efforts from the AFOLU sector, including affarestation, rehabilitation of deteriorated forests and
other ecosystems, intensification of production, and land sparing. Under its current commitments to the UNFCCC, Argentina
does not mention biodiversity conservation, at least not explicitly (MAyDS, 2017).

Table 1| Summary of the mitigation target, sectoral coverage, and references to biodiversity and spatially-explicit
planning in current NDC, LT-LEDS, and FREL
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conditional
reduction from
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LT-LEDS 2016 136 2050 Four levels for agriculture, land- Y N Y Forests
(2020) (submission AFOLU sector: 73,  use change and Water
in preparation) 59,15and 0 fOrEStry Food
FREL Average 2002- 101 2030 Reduction of 27 Mt  land-use change Y N N Forests
(2019) 2013 (submission from this sector and forestry
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Note. The NDC “Total GHG Mitigation” and “Mitigation Measures Related to AFOLU" columns are adapted from IGES NDC Database (Hattori, 2019).
Source: Argentina (2016)

1 We follow the United Nations Development Programme definition, “maps that provide information that allowed planners to take action” (Cadena et al., 2019).

Pathways to Sustainable Land-Use and Food Systems. 2020 FABLE Report < 64



Argentina

Table 2 provides an overview of the targets listed in the National Biodiversity Strategies and Action Plan (NBSAP) from
2016, as listed on the CBD website (CBD, 2020), which are related to at least one of the FABLE Targets. In comparison with
the FABLE Targets, the NBSAP targets are less ambitious, but cover a broader range of issues (e.g. education, indigenous
knowledge, marine ecosystems, etc.).

Argentina’s new Biodiversity Strategy and Action Plan (2016-2020) represents a cross-cutting component of the public
agenda and an essential tool for achieving inclusive sustainable development, calling for the involvement of all ministries,
levels of government, institutions, academics and scientists, indigenous peoples, the private sector and civil society
organizations in implementation. It is made up of 9 strategic objectives and 21 priority national targets. The National
Biodiversity Commission (CONADIBIO) will be responsible for coordinating activities and monitoring implementation, and
the actions will be implemented by competent State entities. Environmental protection efforts are increasingly being
assumed by national and provincial entities. In 2012, national spending on biodiversity conservation represented 0.48% of
the GDP, while a growth rate of 350% in such spending was determined for the 2006-2012 period (MAyDS, 2015).

Table 2 | Overview of the latest NBSAP Targets in relation to FABLE Targets

FABLE Target

NBSAP Target

(M

The adequate proportions (of protected areas) will be maintained to fulfil
the viability of long-term conservation, buffering, and connectivity among
protected areas, according to each region’s characteristics and conservation
objectives.

()

Reaching a minimum protected area of 13% of the national land, setting
priorities in relation to the existing percentage of protected areas and their
connectivity, endemism, and threatened species and ecosystems, and a
minimum of 4% in each ecoregion. While the minimum goal is 13% coverage,

the NBSAP refers to 17% coverage (as per CBD Aichi Biodiversity Target 11) as
desirable.

()
Augmenting by 20% the current protected wetland areas and integrating them
into the public planning system at the local, regional, and national levels.

@)

Fostering sustainable production in regional economies, together with family
farming and indigenous populations (...). Incorporation of agroecological
production, integrated livestock production and others, compatible with
sustainable use and conservation of biodiversity and its ecosystem services.

BIODIVERSITY: No net loss by 2030 and an
increase of at least 20% by 2050 in the area of
land where natural processes predominate.

At least 30% of global terrestrial area protected
by 2030.

BIODIVERSITY: No net loss by 2030 and an
increase of at least 20% by 2050 in the area of
land where natural processes predominate.

At least 30% of global terrestrial area protected
by 2030.

BIODIVERSITY: No net loss by 2030 and an
increase of at least 20% by 2050 in the area of
land where natural processes predominate.

At least 30% of global terrestrial area protected
by 2030.

BIODIVERSITY: No net loss by 2030 and an
increase of at least 20% by 2050 in the area of
land where natural processes predominate
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Brief Description of National Pathways

Among possible futures, we present two alternative pathways for reaching sustainable objectives, in line with the
FABLE Targets, for food and land-use systems in Argentina.

Our Current Trends Pathway corresponds to the lower boundary of feasible action, even though it is not a continuation
of angoing trends (e.g. 2000-2020). It represents a strong decision to improve Argentina’s sustainability without
losing competitiveness or total production or income. It is characterized by high population growth (from 45 million
inhabitants in 2020 to 65 million in 2050), limited constraints on agricultural expansion, a low afforestation target,
high productivity increases in the agricultural sector, no change in diets, and a significant increase in the balance

of trade (both an increase in exports and a decline in imports) (see Annex 2). This corresponds to a future based on
current policy and historical trends that would also see considerable progress with regards to stopping deforestation
(MJyDH, 2007) and reducing post-harvest losses. Moreover, as with all FABLE country teams, we embed this Current
Trends Pathway in a global GHG concentration trajectory that would lead to a radiative forcing level of 6 W/m? (RCP
6.0), or a global mean warming increase likely between 2°C and 3°C above pre-industrial temperatures, by 2100. Our
model includes the corresponding climate change impacts on yields by 2050 for corn, rice, soybean, wheat, sugarcane,
sunflower, and other minor crops (see Annex 2).

Our Sustainable Pathway represents a future in which further significant efforts are made to adopt sustainable
policies and practices and corresponds to a high boundary of feasible action. Compared to the Current Trends Pathway,
we assume that this future would lead to comparatively lower exports and higher imports of commaodities, together
with a significant reduction in food waste, releasing pressure on the environment (see Annex 2). This corresponds to a
future based on no expansion of agricultural areas, increased afforestation (INTA, 2020), and increased irrigation water
efficiency (banning gravitational irrigation, as many provinces have begun to do). With the other FABLE country teams,
we embed this Sustainable Pathway in a global GHG concentration trajectory that would lead to a lower radiative
forcing level of 2.6 W/m? by 2100 (RCP 2.6), in line with limiting warming to 2°C.
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Land and Biodiversity

Current State

In 2016, Argentina was covered by around 15% cropland, 40% grassland and pastures, 12% forest, less than 1%
urban area, and 32% other natural land. Most agricultural area is located in the center-east, while forest can

be mostly found in the north (504-Southern Andean Yunga, 569-Dry Chaco, 586-Southern Cone Mesopotamian
Savanna, 439-Alto Parana Atlantic Forest, and 574-Uruguayan Savanna) and in the southwest (440-Araucaria
Moist Forests, 561-Magellanic Subpolar Forests, and 563-Valdivian Temperate Forests). Other natural lands, such as
grasslands and shrublands (including semi-arid ones) occupy Argentina’s entire western latitude (Map 1). Following
the IUCN's threats classification scheme, the most important threats to biodiversity are due to changes in land use
for agriculture and livestock (threats 2.11, 2.32, 5.1.2, 71.1., 8.1) and fires (9.3.3), where an important displacement
fauna of has occurred. However, the main threat to biodiversity-rich areas, such as protected areas, is the high-level
of tourist activity (threat 1.3).

Map 1| Land cover in 2010 by aggregated land cover types (a) and ecoregions (b)
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Notes. See ecoregion names in Annex 4. Correspondence between original ESACCI land cover classes and aggregated land cover classes displayed on the map
can be found in Annex 3.
Sources. countries - GADM v3.6; ecoregions - Dinerstein et al. (2017); land cover - ESA CCl land cover 2015 (ESA, 2017)
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We estimate that land where natural
processes predominate? accounted for 37.3%
of Argentina’s terrestrial land area in 2010
(Map 2). The 578-Patagonian steppe (semi-
arid grassland) holds the greatest share of
land where natural processes predominate,
followed by 569-Dry Chaco (temperate forest)
and 577-Low Monte, a semi-arid shrubland
(Annex 4). Across the country, while nearly

23 Mha of land are under formal protection,
falling short of the 30% zero-draft CBD post-
2020 target, only 17.5% of land where natural
processes predominate is formally protected.
This indicates that the area under legal
protection must be expanded to achieve these
goals. The ecoregion areas 439-Alto Parana
Atlantic Forest, 504-Southern Andean Yungas,
569/571-Chaco forest, 578-Patagonian Steppe,
563-Valdivian, and 561-Magellan Subpolar
forests contain the highest biodiversity and
ecosystem service values. Given that at least
50% of currently protected areas lack effective
protection (MAyDS, 2015), it is critical to
strengthen conservation management, which
should be treated with the same level of
importance as protected area expansion.

Approximately 35% of Argentina’s cropland
was in landscapes with at least 10%

natural vegetation in 2010 (Annex 4). These
relatively biodiversity-friendly croplands are
most widespread in 576-Humid Pampas,
followed by 575-Espinal, 569-Dry Chaco,

and 571-Humid Chaco. However, most of the
area in 576-Humid Pampas is either cropland
or pastures, while in 575-Espinal, 569-Dry
Chaco, and 571-Humid Chaco it is a matrix of
natural vegetation that has been colonized by
cultivation. In the Monte, Patagonian Steppe,
and the Andean regions, the percentage of
cultivation is low due to unfavorable climate
and soil conditions.

Map 2 | Land where natural processes predominated in 2010,
protected areas and ecoregions
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Source. countries - GADM v3.6; ecoregions - Dinerstein et al. (2017); protected

areas - UNEP-WCMC and IUCN (2020); natural processes predominate comprises key
biodiversity areas - BirdLife International (2019), intact forest landscapes in 2016 -
Potapov et al. (2016), and low impact areas - Jacobson et al. (2019)

2 We follow Jacobson, Riggio, Tait, and Baillie (2019) definition: “Landscapes that currently have low human density and impacts and are not primarily
managed for human needs. These are areas where natural processes predominate, but are not necessarily places with intact natural vegetation, ecosystem

processes or faunal assemblages”.
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Pathways and Results

Projected land use in the Current
Trends Pathway is based on several
assumptions, including the prevention
of deforestation by 2030, 2 Mha of
afforestation by 2050, and maintaining
protected areas at 23 Mha, representing
8.4% of total land cover (see Annex 2).

By 2030, we estimate that the main
changes in land cover in the Current
Trends Pathway will result from an
increase in pasture and cropland area
and a decrease in the area of other land,
a trend that stabilizes by 2050 (Figure
1). The expansion of the planted area for
soybean, corn, and groundnut explain
almost 80% of total cropland expansion
between 2010 and 2030. Soybean
expansion is explained by an increase

in exports (international demand for
feed) and high revenues, while corn and
groundnut expansion are due mainly to
an increase of internal feed consumption
and exports and an increase of internal
demand for nonfood consumption,
respectively. Pasture expansion is
mainly driven by the increase in internal
demand for beef and milk consumption,
while livestock productivity per head
also increases and ruminant density per
hectare of pasture remains constant
over the period 2020-2030. Between
2030-2050, the stabilization of land

use classes is explained by limiting
deforestation and meeting Argentina’s
export targets (without further
intensification). This is a promising result
for this less ambitious pathway, even if
these changes initially result in a decline
in the area where natural processes
predominate, falling to approximately
34% of total land by 2030, and only
increase in later years, reaching a little
over 37% by 2050 (Figure 2).

Argentina

Figure 1| Evolution of area by land cover type and protected

areas under each pathway
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In the Sustainable Pathway, Figure 2 | Evolution of the area where natural processes predominate
assumptions on agricultural land

expansion and reforestation have

been changed to reflect ongoing

discussions and projections made 110-
by stakeholders during the Strategic

Partnerships for the Implementation

of the Paris Agreement (SPIPA) 105-
Project (INTA, 2020). The main
assumptions include constraints on
the expansion of agricultural land
beyond its current extent, and 4 Mha
of reforestation or afforestation by
2030 (see Annex 2).
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productivity, a decrease in food loss,

and more balanced international trade

for foodstuffs (all of which relieve

pressure on land). This leads to a 10%

increase in the area where natural

processes predominate between 2020

and 2050.
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GHG emissions from AFOLU

Current State

Direct GHC emissions from
Agriculture, Forestry, and Other
Land Use (AFOLU) accounted for
48.9% of total emissions in 2012
(Figure 3). The principle source of
AFOLU emissions is agricultural
sails, followed by land conversion,
and enteric fermentation. This can
be explained both by the historical
importance of agriculture and
animal husbandry in Argentina’s
economy and deforestation, with
over 600 kha deforested in 2012
(Goémez Lende, 2018). Currently,
deforestation for agricultural
purposes is prohibited, although
illegal deforestation remains an
issue.

Pathways and Results

Under the Current Trends Pathway,
annual GHG emissions from AFOLU
decrease to 96 Mt COze/yr in 2030,
before reaching 19 Mt CO2e/yr in
2050 (Figure 4). In 2050, livestock
is the largest source of emissions
(57 Mt COze/yr) while land-use
change (afforestation) acts as a sink
(-64 Mt COze/yr). Over the period
2020-2050, the strongest relative
increases in GHG emissions are for
crops (70%), while emissions from
livestock increased around 7%.
There is a strong relative increase in
GHCG sequestration, which reduces
Argentina’s total emissions by
around 33%.

Figure 3 | Historical share of GHG emissions from Agriculture, Forestry, and
Other Land Use (AFOLU) to total AFOLU emissions and removals by source
in 2012
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Figure 4 | Projected AFOLU emissions and removals between 2010 and
2050 by main sources and sinks for the Current Trends Pathway
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In comparison, the Sustainable Pathway leads to a
reduction of AFOLU GHG emissions by 70% by 2050
compared to the Current Trends Pathway (Figure 4). The
potential emissions reductions under the Sustainable
Pathway are achieved by a reduction in GHG emissions
from crops (due to the comparative reduction in

total crop area) and a noticeable increase in carbon
sequestration due to land use changes (no deforestation
and increased afforestation), while there are less
significant changes regarding emissions from livestock
(Figure 5).

Compared to Argentina’s commitments under the
UNFCCC (Table 1), our results show that AFOLU could
contribute to as much as 33% of its total conditional
objective for GHG emissions reduction by 2030. Such
reductions could be achieved through the following
policy measures: halting all deforestation, promoting
afforestation, and enhancing productivity in order

to spare natural lands. These measures could be
particularly important when considering options for
long-term strategies for reducing GHG emissions.
Regarding the ongoing LT-LEDS preparation process,
the Sustainable Pathway results point to how Argentina
could fulfill its less ambitious goal of “less than 2°C",
although they would still fall short a “carbon neutral
agriculture” goal.

Figure 5 | Cumulated GHG emissions reduction
computed over 2020-2050 by AFOLU GHG
emissions and sequestration source compared to
the Current Trends Pathway
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Food Security

Argentina

Current State

The “Triple Burden” of Malnutrition

Undernutrition

Micronutrient
Deficiency

18.6% of women of reproductive age suffered
from anemia in 2016, which can lead to

maternal death (FAO, 2017).

14.3% of children are deficient in vitamin A,
which can notably lead to blindness and child
mortality, and most children and pregnant
women from northern provinces are deficient
in iodine, which can lead to developmental

abnormalities (Disalvo et al., 2019).

Overweight/
Obesity

22.5% of adults and 9.9% of
children were obese in 2005. The
share of adult obesity has since
increased linearly and reached
28.5% in 2016 (FAD, 2017).

Disease Burden due to Dietary Risks

Each year, 203 deaths per 100,000 population are attributable to dietary risks (Afshin et al., 2019).
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Table 3 | Daily average fats, proteins and kilocalories intake under the Current Trends and Sustainable pathways in
2030 and 2050

2010 2030 2050
Historical Diet (FAO) Current Trends Sustainable Current Trends Sustainable
Kilocalories
(MDER) (2,051) (2,070) (2,070) (2,070) (2,070)

Fats (g)

(recommended range (65-97) (65-97) (64-96) (65-97) (64-97)
Proteins (g)
(recommended range (73-256) (73-254) (72-252) (73-254) (72-252)

Notes. Minimum Dietary Energy Requirement (MDER) is computed as a weighted average of energy requirement by sex, age class, and activity level (U.S.
Department of Health and Human Services and U.S. Department of Agriculture, 2015) and the population projections by sex and age class (UN DESA, 2017) following
the FAO methodology (Wanner et al., 2014). For fats, the dietary reference intake is 20% to 30% of kilocalories consumption. For proteins, the dietary reference intake
is 10% to 35% of kilocalorie consumption. The recommended range in grams has been computed using 9 kcal/g of fats and 4kcal/g of proteins.

Pathways and Results

Under the Current Trends Pathway, compared to the average Minimum Dietary Energy Requirement (MDER) at the
national level, our computed average calorie intake is 40% higher in 2030 and 2050 (Table 3). The current average
intake is mostly satisfied by cereals, sugar, red meat, and milk, while animal products represent 31% of the total calorie
intake. We assume that the consumption of animal products and in particular red meat will remain constant between
2020 and 2050. The same assumption stands for eggs, poultry, cereals, sugar, and oils consumption. Compared to

the average EAT-Lancet recommendations (Willett et al., 2019), red meat, sugar, eggs, poultry and cereals are over-
consumed (Figure 6).

Under the Sustainable Pathway, we assume that diets will remain similar to those under the Current Trends Pathway,
as we have primarily prioritized discussing environmental concerns with stakeholders. Although this assumption may
not be internally consistent with the rest of the Sustainable Pathway storyline, we will be reaching out to national
stakeholders and experts regarding these issues in the future stages of our analyses.
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Figure 6 | Comparison of the computed daily average kilocalories intake per capita per food category across pathways

in 2050 with the EAT-Lancet recommendations

Current Trends 2050 Sustainable 2050

FAO 2015

Cereals
Eggs
Fruits and Veg
Milk
® Nuts

Veg. QOils and Oilseeds

= Max. Recommended - = Min. Recommended

@ Poultry
@ Fulses
® Red Meat
® Roots

@ Sugar

The

@ Food and Land Use
Coalition
FABLE Consortium

Notes. These figures are computed using the relative distances to the minimum and maximum recommended levels (i.e. the rings), therefore, different
kilocalorie consumption levels correspond to each circle depending on the food group. The EAT-Lancet Commission does not provide minimum and maximum
recommended values for cereals: when the kcal intake is lower than the average recommendation it is displayed on the minimum ring and if it is higher it is
displayed on the maximum ring. The discontinuous lines that appear at the outer edge of sugar and red meat indicate that the average kilocalorie consumption of

these food categories is significantly higher than the maximum recommended.
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Current State

Due to its size, its predominantly latitudinal extension (3,780
km, from 21° 46’ 52" S t0 55° 03’ 21" S) and an altitude
variation of almost 8,000 meters, Argentina contains a
wide range of climate types. Summers are the warmest

and wettest season in most of the country except in most
of Patagonia, where it is the driest. Winters are normally
mild in the north, cool in the center and cold in the south,
which experiences frequent frost and snow. In general,

the north is characterized by hot, humid, rainy summers

and mild winters with periodic droughts. Mesopotamia, in
the northeast, is characterized by high temperatures and
abundant precipitation throughout the year, with droughts
being uncommon. West of this lies the Chaco region, where
precipitation decreases, resulting in the vegetation changing
from forests in the east to shrubs in the west. Northwest
Argentina is predominantly dry and hot although the

rugged topography makes it climatically diverse, ranging
from the cold, dry Puna to thick jungles. The center of the
country, which includes the Pampas to the east and the drier
Cuyo region to the west has hot summers with frequent
tornadoes and thunderstorms, and cool, dry winters.
Patagonia, in the south, has a dry climate with warm
summers and cold winters, strong winds throughout the
year and one of the strongest precipitation gradients in the
world. In terms of water withdrawals, agriculture is the main
source, accounting for 74% in 2011 (FAQ, 2020), with most
of it occuring in the central part of the country. Moreover,
from the 40 Mha suitable for crop and cattle production, only
2.4 Mha are irrigated, most of them through gravitational
irrigation (MAGyP, 2020) .

Pathways and Results

Figure 7 | Water withdrawals by sector in 2011
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Source. Adapted from AQUSTAT Database (FAO, 2017).

Figure 8 | Evolution of blue water footprint in the
Current Trends and Sustainable Pathways
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Under the Current Trends Pathway, annual blue water use increases between 2000-2015 (3,793 Mm?/yr and 4,819
Mm?/yr), before reaching 6,027 Mm3/yr and 7,248 Mm?*/yr in 2030 and 2050, respectively (Figure 8), with sugarcane,
rice, and grape representing respectively 14.6%, 13.8% and 12.3% of computed blue water use for agriculture by
20503 In contrast, under the Sustainable Pathway, blue water footprint in agriculture reaches 5,366 Mm?3/yr in 2030
and 5,832 Mm3/yr in 2050, respectively. This improvement is explained by changes in the crop compaosition of the
harvested area (i.e. each crop has a different water consumption coefficient) and climate change impacts.

3 We compute the blue water footprint as the average blue fraction per tonne of product times the total production of this product. The blue water fraction
per tonne comes from Mekonnen and Hoekstra (2010a, 2010b, 2011). In this study, it can only change over time because of climate change. Constraints on

water availability are not taken into account.
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Resilience of the Food and Land-Use System

The COVID-19 crisis has exposed the fragility of food and land-use systems by bringing to the fore vulnerabilities in
international supply chains and national production systems. Here we examine two indicators to gauge Argentina
resilience to agricultural-trade and supply disruptions across pathways: the rate of self-sufficiency and diversity of
production and trade. Together they highlight the gaps between national production and demand and the degree to
which we rely on a narrow range of goods for our crop production system and trade.

Self-Sufficiency

Argentina has long been self-sufficient in food production, with an estimated 40% of total of food produced exported
annually. For example, the exported value of food products of 2010 was around 80 billion USD (MINAGRG, 2016).

Under the Current Trends Pathway, we project that Argentina would be self-sufficient in virtually all product groups
in 2050, with self-sufficiency by product group slightly increasing for the majority of products from 2010 - 2050
(Figure 9). The product groups where the country depends the most on im