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Food
production uses
more than one
third of the
world'’s ice and

desert-free land.

We compute
three alternative
mid-century
pathways of the
food and land
systems for 20
countries and 6
rest-of-the world

regions.

1.Diets at the center of the food and land-

use systems

Diets are a major determinant for
human and planetary health. In the last
60 years, world population has more
than doubled. Meeting the food
demand for this growing population
has been a tremendous achievement in
many countries but this came at a high
environmental cost. The agricultural
system covers almost 43% of the
world’s ice- and desert-free land’, out
of which around 87% is for food?.
Between a quarter and a third of the
global anthropogenic GHG emissions
are generated by the food system?3.

The global burden of diet related non-
communicable diseases has been
continuously growing over the last
decades. In 2017, 22% of deaths
among adults were attributable to
dietary risk factors globally, with
cardiovascular diseases, cancers, and
diabetes as the leading cause. A high
intake of sodium, and low consumption
of whole grains and fruits accounted
for over half of diet-related deaths;
while a high consumption of red meat,
processed meat, sugar-sweetened
beverages, and trans fatty acids were
attributable to the other half*.

A transition towards healthier diets
could deeply transform our food
systems and help achieve the Paris
Climate Agreement>®. This transition,
however, needs to be well prepared as
diet shifts can have major effects for
land use, food value chains, trade

patterns, and livelihoods of rural and
farming communities. Integrated
pathways of the food and land-use
systems can highlight some of these
system-wide implications.

This brief presents results from the
Food, Agriculture, Biodiversity, Land-
Use, and Energy (FABLE) Consortium.
Pathways by 2050 have been
computed for 20 countries and six rest-
of-the-world regions’. To assess the
role of dietary shifts, we compare our
results across three pathways:

- Current Trends (CT) depicts the lower
boundary of feasible action towards
environmental sustainability with a
future based on current policy and
historical trends.

- Sustainable corresponds to a high
boundary of feasible action towards
environmental sustainability. It includes
the adoption of Healthier Diets in 15
countries® and in 6 rest of the world
regions, increases in crop and livestock
productivity, decreases in food loss
and waste, changes in land regulations,
among other measures.

- Healthy Diets only applies the shift
towards healthier diets that is assumed
in the Sustainable pathway to the
Current Trends pathway to isolate the
impact of healthier diets from the
influence of the other levers.

? Australia, Brazil, Canada, China, Colombia, Germany, Finland, the UK, India, Mexico, Norway,
Rwanda, Sweden, the USA, and South Africa have applied shifts towards healthier diets in the
Sustainable pathway. Argentina, Ethiopia, Indonesia, Russia, and Malaysia did not apply shifts

towards healthier diets in their Sustainable pathways.



Compared to
nutritional
recommendations,
most of the current
diets fall short in
fruits and
vegetables, nuts,
and pulses

consumption.

2.Current diets, healthy diets, future diets

Current diets

We can distinguish three broad groups
of countries and regions based on
similar shares of calorie intake from
cereals and animal-sourced foods® in
2015 (Figure 1, Annex 2):

Group 1: The average national calorie
intake is above 3,000 kcal/cap/day, and
the average diet is characterized by a
low share of cereals (about one quarter
of total calories), high share of animal-
sourced foods (almost a third), and high
sugar and fat consumption. On
average, fruits and vegetables barely
make up for 6% of daily calorie intake.
This group includes Argentina,
Australia, Brazil, Canada, Germany,
Finland, Norway, Sweden, the UK,
United States, and the Rest of European
Union region (EU27).

Group 2: The average national calorie
intake is slightly below 3,000
kcal/cap/day. Almost half comes from
cereals and about 20% from animal-
sourced foods. Similar to Group 1, fruits
and vegetables barely represent 6% of
the daily calorie intake. This group
includes China, Colombia, Malaysia,
Mexico, Russia, South Africa, and the
regions Rest of Europe (non EU27), and
Rest of Central and South America.
Colombia has a much higher
consumption of sugar and a lower
consumption of cereals compared to
the rest of the group. China also
consumes less fats and sugar compared
to the group average.

Group 3: The average calorie intake is
below 2,500 kcal/cap/day with more
than half coming from cereals. Animal-
sourced foods only represent about

10% of the total calorie intake. This
group has the highest share of calorie
intake from roots and tubers, and
pulses (15%). It includes Ethiopia,
Rwanda, India, Indonesia, and the
regions Rest of Asia and Pacific, Rest of
North Africa, Middle East and Central
Asia, and Rest of Sub-Saharan Africa.
The share of cereals tends to be higher
in drier regions, and the share of roots
and tubers is significantly higher in
tropical humid zones in Africa and Asia.
In Rwanda, for instance, roots and
tubers account for almost a third of the
total calorie intake.

Healthy Diets

In 2016, 83 countries had published
national dietary guidelines®. Among
them, 20 recommend reducing or
limiting meat intake, and four
considered environmental sustainability
as a criterion.

Based on the World Health
Organization (WHO) recommendations,
almost all countries should increase
their consumption of fruits and
vegetables, nuts, and pulses, and most
countries from Groups 1 and 2 should
reduce their consumption of sugar and
fats (Figure 1, Annex 2).

The EAT-Lancet Commission has
recommended a diet which is healthy
and environmentally sustainable”. This
results in a maximum of 14% of total
calories intake sourced from animals.
Based on this threshold, most countries
from Groups 1 and 2 overconsume
animal-sourced foods while countries
from Group 3 under consume them.

b n this brief, we use the term "animal-sourced foods” for pork, beef, mutton, goat, poultry meat, milk, and
eggs. Fish is not included, unless it is explicitly mentioned.



The current share
of cereals in the
daily calorie
consumption per
capita varies from
about a quarter to
more than a half

across countries.

Figure 1. Average diet by group of countries and regions with similar contribution

of cereals and animal-sourced foods in the total calorie intake in 2015
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Modelled dietary changes

Each FABLE country team has
designed the healthy diet scenario
according to the sustainability targets
and their national context. National
dietary recommendations have been
used by the US team (USDA Healthy US
style eating pattern') and the UK team
(the Eatwell diet'?). The Norway,
Sweden, and Finland teams have
based their scenarios from reports
from the Norwegian Institute of
Bioeconomy Research, the Nordic
Council of Ministers'3, and the Finland
Government Research Publication

Series'* respectively. The Germany,
Mexico, China, India, and Rwanda
teams have used a combination of
estimates from experts, and national
and international recommendations.
Australia, Brazil, and Canada have
assumed the most drastic changes with
the full adoption of the EAT-Lancet diet
by 2050. The average EAT-Lancet diet
has been also implemented in
Colombia, South Africa, and in the rest-
of-the-world regions, only partially, i.e.,
the 2050 diet is a mix of current diet
and the EAT-Lancet diet.



Figure 2. Modelled changes in the average daily per capita consumption by food

group by 2050 for the Current Trends and Healthy Diets pathways, compared to

2015
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assumptions.

For Group 1, we assume a quite stable
diet compared to the historical diet
under Current Trends. For the Healthy
Diet scenario, we assume large
reductions in the intake of meat, dairy,
eggs, sugar, and oil and fat, and a
large increase in the consumption of
fish, nuts, and pulses (Figure 2).

For Group 2, the main difference
between the two pathways is that we
assume a shift from higher

consumption of meat and dairy in
Current Trends (+30%) to a lower
consumption in the Healthy diet
pathway (-12%). However, if we
considered fish¢, overall animal calorie
consumption would not be reduced in
the Healthy Diet pathway (Annex 2).

For Group 3, we assume an increase in
the average calorie consumption per
capita in the two pathways. We
estimate an increase of meat and dairy

¢In this analysis, we do not compute fisheries production.



Shifts towards
healthier diets
could reduce GHG
emissions from
AFOLU by half
compared to
Current Trends by
2050.

per capita calorie consumption by
120% in 2050 compared to 2015 in
Current Trends, and a 75% increase in
the Healthy Diet pathway (Figure 2;
Annex 2).

When summed up to the global level,
these contrasted assumptions per
country and regions resultin an
increase of the average calorie
consumption per capita by 6% in the
Current Trends pathway and a

reduction by 3% in the Healthy Diet
pathway in 2050 compared to 2015
level. For animal-sourced foods
(excluding fish), the global average per
capita consumption would increase by
46% in the Current Trends pathway®
and reduce by 3% in the Healthy Diet
pathway compared to 2015.

3.Contribution of dietary changes to global

environmental sustainability

Global GHG emissions from agriculture and land use

change

Integrated Assessment Models have
estimated ranges of global GHG
emissions from Agriculture, Forestry
and Other Land Use (AFOLU)
compatible with keeping the rise in
average global temperatures to below
1.5°C . Based on these estimates and
similar to Searchinger et al. (2018), we
use a maximum threshold of 4 GtCOze
per year from AFOLU by 2050: 4
GtCO2e from agriculture (including on
farm energy use), and zero or net
negative emissions for Land Use
Change (LUC)=.

Under the Healthy Diets pathway,
AFOLU GHG emissions would reach
the global target by 2050, representing
a cut by half compared to Current
Trends (Figure 3). In this pathway, GHG
emissions from livestock would be
reduced by half, and GHG emissions
from crops would decrease by 25%,
compared to Current Trends. This is
consistent with other studies which

have shown that shifts towards
healthier diets could have a large
contribution on reducing emissions
from agriculture and land use
change'.

Under the Healthy Diets pathway, two
thirds of the computed reduction of
AFOLU GHG emissions by 2050 are
attributed to Brazil, US, India, and the
Sub-Saharan Africa region (Figure 3).
With a transition to healthier diets,
Brazil would shift from net positive
emissions in Current Trends by 2050 to
net negative emissions from AFOLU,
due to the high reduction in methane
emissions from ruminants and an
increase in land carbon sequestration
after agricultural abandonment. The
US, India, and the Sub-Saharan Africa
region also play a major role to reduce
global GHG emissions from livestock in
our results.

Additional measures implemented in
the Sustainable Pathway would further

4For comparison, our Current Trends consumption projections for meat and dairy at the global
level are comparable with the OECD-FAO projections for 2030 varying between -12% and +6%

depending on the animal-sourced products.

¢ This analysis also includes CO2 emissions from on farm energy use while this is not included in

IPCC's AFOLU category.



reduce GHG emissions from
agriculture and land use by more than
half in 2050 compared to the Healthy
Diets pathway (Figure 3). Half of this
reduction is attributable to Indonesia,
Brazil, China, US, and India, due to the

implementation of policies
strengthening deforestation bans,
higher afforestation and reforestation
plans, and improvements in livestock
productivity in the design of the
Sustainable pathway.

Figure 3. GHG emissions from agriculture and land use change under each

pathway
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Dietary shifts
reduce
deforestation by
20% over 2030-
2050, but other
measures are
needed to reach

net zero forest loss
by 2030.

Deforestation

The FABLE Consortium uses a zero net
forest-cover-loss target by 2030,
drawing on the WWF's Living Forest
Report 2°f, the Sustainable
Development Goal (SDG) Target 15.3,
and the New York Declaration on
Forests?'.

The Healthy Diets pathway would lead
to a reduction in cumulated forest loss
of 20% over the period 2030-2050,
compared to Current Trends (Figure 4).
Global cropland area would begin to
decline after 2045 and the pasture area
would be in constant decline until
2050. By 2050, pasture area would be
18% lower in the Healthy Diets
pathway, compared to Current Trends.

Country focus: Brazil and Canada
would be the biggest contributors to
the global decrease in deforestation
under the Healthy Diets pathway. The
large drop in forest loss in Brazil in
2050 would be mostly driven by the
decrease in pasture areas used for
livestock production with the reduction
by half of Brazilian beef exports over
the period 2020-2050 compared to
Current Trends and the fall of Brazil's
domestic beef demand.

With additional measures in place, the
Sustainable Pathway would avoid the
destruction of 35Mha of forests mostly
in Indonesia and Sub-Saharan Africa.

fThe WWF's Living Forest Report (WWF, 2015) provided additional forest conditions for the
definition of forests to ensure the ecological integrity of the target, for example, ruling out fast
growing plantations, that are not taken into account in this study.



Large exporters of
livestock, poultry
and animal feed
will likely reduce
their trade surplus
with transition to
healthier diets. But
new trading
opportunities will

also arise.

Figure 4. Evolution of net forest change per year under each pathway
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4.lmplications for countries

Agricultural trade balance

Dietary changes lead to an increase in
the consumption of certain products
and a reduction in others, resulting in
changes in global demand. Our
approach ensures global trade
consistency, so that country pathways
also reflect changes from the rest of the
world. Using fixed prices?, we
computed the impact of dietary
changes on the trade balance of
agricultural products.

Under the Healthy Diets pathway, there
would be a large reduction in global
trade value of animal-sourced foods (-
50%), cereals (-20%), and soybeans (-
15%), and an increase in global trade
of nuts (+235%), and fruits and
vegetables (+30%), compared to
Current Trends.

Country focus: US agricultural trade
surplus computed in Current Trends
would turn into a trade deficit in the
Healthy Diets pathway (Figure 5)". Its
poultry exports would be reduced by
more than half in 2050 and the fall in
the global consumption of animal-
sourced foods would drive a large
reduction in the exports of crops for
animal feed. This explains the drop by
30% in US corn exports in 2050. US
whole soybean exports would be less
impacted (-6%) due to the projected
sustained global demand for soybean
oil. However, the US is also a major
nuts exporter. Higher nut exports
would then offset part of the reduction
in exports.

On the other hand, shifts towards
healthier diets could generate new

9 FAO 2014 producer prices are used to compute exports and imports value. For processed
products, other sources have been used. Three alternative imputation methods were tested top fill
price data gaps (see Annex 1 for more information).

" Most of the products are expressed in primary equivalent in our models. That could explain
differences between the computed value of the agricultural trade balance and the official one.



trade opportunities for certain
countries, even in those where dietary
shifts were not projected. The FABLE
Ethiopia team did not project a
domestic dietary shift by 2050.
However, in the Healthy Diets pathway,
Ethiopia would increase its trade
surplus compared to Current Trends in
2050. Even though its imports are not
impacted' in this scenario, its exports
are. Pulses and sesame oil exports from
Ethiopia would increase in the Healthy
Diets pathway, driven in part by a
higher demand from Europe.

The FABLE Indonesian team did not
assume a domestic dietary shift either.
Under the Healthy Diets pathway, there
would not be any changes in
Indonesia’s imports. Nevertheless,
palm oil exports from Indonesia would
slightly increase, due to increased
demand from countries with a dietary
shift that requires higher vegetable oil
consumption, particularly India.
Indonesia would also benefit from
increased nut exports, due to higher
global demand.

Figure 5. Impact of domestic and global dietary shifts on the US agricultural trade

balance in 2050
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Source: Authors’ calculations.

Strategic planning
will be required to
ensure that the
large increase in
fruits and
vegetables and
nuts production
will not exacerbate

water stress.

Cropland composition

We assume that production will follow
demand. However, the adjustments
required for the agricultural sector
following these kinds of dietary shifts
might be large and need to be
anticipated to ensure agronomic
feasibility. These adjustments include
new crop rotations due to significant
changes in the repartition of crops on
cropland, new irrigation infrastructure,

as well as reorganization of the food
value chains.

Country focus: For instance, domestic
dietary change would deeply reshape
cropland in Mexico. In the Healthy
Diets pathway, the share of cereals
would drop from 40% to 20% while the
share of fruits and vegetables would
increase from 24% to almost 40% of
total cropland in 2050, compared to

"In reality, imports might be affected by dietary shifts in the rest of the world due to price changes,

but prices are not included in the FABLE Calculator®.
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Current Trends. Higher production of
citrus fruits in Mexico is driven by

higher exports, but to a lesser extent. In

China, the share of cropland area
dedicated to fruits and vegetables
would also rise from 14% to 20% in
2050. This shift in production has large
impacts on water demand: +50% in
Mexico and +30% in China in 2050
compared to the Current Trends
pathway.

In the Healthy Diets pathway, average
per capita consumption of nuts would
reach 4% of the average total calorie
consumption globally. We estimate
that this would require an increase of

planted area for nuts from about 14
million ha currently (FAOSTAT) to 100
million ha in 2050. This would lead to
very large increase in planted area for
nuts especially in Brazil and Sub-
Saharan Africa region to satisfy their
own growing demand as well as the
increasing global demand.

In Rwanda, cereals would account for
31% of cultivated areas in 2050 under
Current Trends. In the Healthy Diets
pathway, the share of cereals would
grow and account for 56% in 2050 at
the expense of pulses and root crops
planted area.

Figure 6. Impact of domestic and global dietary shifts on the Mexican cropland

composition in 2050

10

5- -

Cropland Area (Mha)

Current Trends

Cereals
@ Pulses
Oilseeds & Qils
@ Nuts
@ Sugar
P Beverages, Spice
& Tobacco
@ Roots & Tubers
Fruits & Veg.

Healthy Diets

Source: Authors’ calculations.

Land abandonment

In most countries, abandoned
agricultural land tends to have a
negative societal connotation, and is
perceived as a neglection of rural
livelihoods. Abandoned land may also
be vulnerable to invasive species and
fires?3. Still, it can also bring
environmental benefits such as carbon
sequestration and the return of
biodiversity caused by the regrowth of

natural vegetation’. Abandoned
agricultural land can be targeted for
afforestation and land restoration
programs as part of climate and
biodiversity strategies.

In countries where a reduction in
agricultural land is expected,
governments could explore alternative
uses for the land. Other uses include

J1n our modelling framework, we assume growing carbon stock from abandoned agricultural land.

9



Shifts towards
healthier diets will
reduce the
agricultural land
area needed
compared to
Current Trends.

In some countries,
this can be an
opportunity for
natural vegetation
regrowth and/or
more extensive
agricultural

practices.

diversification of agricultural
production, or extensive activities that
would use more land per unit
produced but have more benefits to
the environment, ?* e.g., grass-based
livestock with low densities per
hectare.

Country focus: With the exception of
Norway, all countries and regions from
Group 1 would have reduced
agricultural land in the Healthy Diets
pathway, compared to Current Trends.
In Australia, one of the top five
exporters of mutton, beef, and milk,
domestic meat consumption is among
the highest in the world, significantly
above the OECD average. As a result
of the uptake of a healthier diet,
animal-sourced foods represent less
than 20% of total Australian calorie
intake instead of more than one
quarter in Current Trends. Mutton
exports are also cut by half in 2050.
This leads to the most dramatic
computed reduction of agricultural
land in the Healthy Diets pathway
compared to the Current Trends
pathway for Australiak.

5.Conclusion

Our results support previous findings
that show the large positive impacts of
healthier diets on forest ecosystems
and climate change mitigation. But as
the Sustainable pathway shows,
additional levers are necessary to
realize the required transformation of
the food and land systems, such as

Similarly, the UK experiences a
reduction of its agricultural land by
20% over 2020-2050 in the Healthy
Diets pathway: 10% reduction in
cropland area and about 30%
reduction in pasture area. The UK is a
net importer of milk, beef, and mutton,
so the pasture reduction is driven by
domestic dietary shifts following
national dietary guidelines. Cropland
abandonment is driven by a reduction
in rapeseed and sugar beet area due
to lower oil and sugar food
consumption.

Overall, the abandonment of cropland
area due to healthier diets is more
limited than pasture abandonment.
The most significant increase in
cropland abandonment takes place in
Argentina: cropland area drops by
almost 30% between 2020 and 2050
because of lower soybean exports.

Our results show lower agricultural
land abandonment for countries and
regions from Group 2 and 3. The
agricultural land would even slightly
increase in some countries with
healthier diets, e.g., Colombia,
Rwanda, Malaysia.

regulation of forest conversion,
productivity gains, and active
afforestation and reforestation plans.
With large co-benefits across sectors,
the adoption of healthier diets should
nevertheless be considered as a critical
lever to achieve this transformation. As
such, diets should be reflected in

“In fact, the impact of the adoption of healthier diets on Australian exports might be less
pronounced. In this study, we apply a proportional reduction of exports following the drop in global
imports while in reality countries that are less competitive than Australia might be the first to lose
export markets. Australian meat exports are also concentrates in a few countries in the Asian region
where the adoption of healthier diets might lead to less variation in meat consumption.

10



climate and biodiversity strategies and
commitments towards the UN Food
Systems Summit, United Nations
Framework Convention on Climate
Change, and the Convention on
Biological Diversity.

The dietary shifts modelled in this
study require a high number of levers
to come into effect on the consumption
side that are out of the scope of this
study. This analysis focused on the
agricultural production and trade
impacts. If not anticipated, these
changes might be delayed, and it
could compromise the affordability
and accessibility of healthier diets for
all socio-economic groups.

Farmers and agri-food industries would
need to reorganize, e.g., start new
agricultural products while reducing or
phasing out others and implement new
crop rotations. That might also be an
opportunity to diversify cropping
systems and integrate nature
conservation approaches into
agricultural production through land
sharing. For instance, agroforestry
practices could increase the share of
fruits and nuts on current cropland.

Both our Current Trends and Healthy
Diets pathways recognize that in most
low-income countries, the challenge is
to increase the calorie intake by 2050,
including from animal proteins. More
work would be needed to better define
healthy diets in these contexts,

depending on cultural preferences and
availability. For instance, reducing the
intake of roots and tubers to the
recommended level of the EAT-Lancet
Commission might not be optimal for
humid tropical countries where roots
and tubers grow easily and are very
diverse.

We project that the transition towards
healthier diets would reduce the extent
of agricultural land in countries where
the consumption of animal-sourced
foods is currently very high or where a
large share of the cropland is used for
animal feed production. The impacts of
animal production on the environment
depends on the ecoregion and the
practices. In some ecosystems, grazing
animals contribute positively to
biodiversity and landscape. In other
areas, the transition can offer
opportunities to restore natural
ecosystems or invest in other income-
generation activities such as renewable
energy production. This would require
in each country a mapping of areas
where land abandonment is the more
likely and/or where better alternative
land uses are possible.

This study highlights that if countries
promote a transition towards healthier
diets, farmers and rural communities
need support to use their land in new
ways which would be both
economically and environmentally
sustainable.

11



Acknowledgements

This policy brief was developed with support from the Norwegian Climate and Forest
Initiative (NICFI) and World Resources Institute (WRI).

Recommended citation

FABLE (2021). Environmental and agricultural impacts of dietary shifts at global and
national scales. FABLE Policy Brief July 2021. Paris: Sustainable Development
Solutions Network (SDSN).

This brief was prepared by Aline Mosnier, Maria Diaz, and Clara Douzal based on the
FABLE consortium results from the Scenathon 2020.

Contributors include Valeria Javalera-Rincon, Sarah Jones, Michael Obersteiner,
Guido Schmidt-Traub, Jordan Poncet, Katya Pérez-Guzman, Fabrice DeClerck, Rudolf
Neubauer, Fernando Orduna-Cabrera, Federico Frank, Ximena Sirimarco, Maria
Paula Barral, Pablo Garcia Martinez, Sebastian Villarino, Adrian Monjeau, Raymundo
Marcos-Martinez, Javier Navarro Garcia, Michalis Hadjikakou, Brett Bryan, Romy
Zyngier, Eli Court, Wanderson Costa, Marluce Scarabello, Aline Cristina Soterroni,
Fernando Ramos, René Reyes, Hisham Zerriffi, Avery Maloney, Xinpeng Jin, Zhaohai
Bai, Hao Zhao, Xiaoxi Wang, Jinfeng Chang, Fangyuan Hua, Lin Ma, John Chavarro,
Andrés Pefia, Armando Sarmiento, Juan Benavides, Efrain Dominguez, Kiflu Gedefe
Molla, Firew Bekele Woldeyes, Jan Steinhauser, Uwe Schneider, Heikki Lehtonen,
Janne Ramo, Chandan Kumar Jha, Vartika Singh, Satyam Saxena, Ranjan Kumar
Ghosh, Miodrag Stevanovic, Jan Philipp Dietrich, Isabelle Weindl, Benjamin Leon
Bodirsky, Hermann Lotze-Campen, Alexander Popp, Habiburrachman A H Fuad,
Nurul L. Winarni, Sonny Mumbunan, Jatna Supriatna, Nurlaely Khasanah, Rizaldi Boer,
Gito Immanuel, Lukytawati Anggraeni, Annuri Rosita, Wai Sern Low, Andrew Chiah
Howe Fan, Jeremy Jiang Shen Lim, Danesh Prakash Chacko, Jit Ern Chen, Chun
Sheng Goh, Charlotte E. Gonzalez-Abraham, Gordon McCord, Marcela Olguin, Sonia
Rodriguez Ramirez, Juan Manuel Torres Rojo, Arturo Flores, Camilo Alcantara
Concepcion, Irene Pisanty, Gerardo Bocco, Anne Sophie Daloz, Robbie Andrew, Bob
van Oort, Anton Strokov, Vladimir Potashnikov, Oleg Lugovoy, Dative Imanirareba,
Fidele Niyitanga, Francgois Xavier Naramabuye, Odirilwe Selomane, Belinda Reyers,
Shyam Basnet, Ingo Fetzer, Torbjérn Jansson, Line Gordon, Elin R63s, Serina
Ahlgren, Amanda Wood, Anna Woodhouse, Alison Smith, Nicholas Leach, Paula
Harrison, Saher Hasnain, Charles Godfray, Jim Hall, Grace Wu, Justin Baker, Chris
Wade.

12



References

1.

10.

11.

12.

IPCC. Climate Change and Land: An IPCC Special Report on Climate Change,
Desertification, Land Degradation, Sustainable Land Management, Food
Security, and Greenhouse Gas Fluxes in Terrestrial Ecosystems. Vol In press.
[P.R. Shukla, J. Skea, E. Calvo Buendia, V. Masson-Delmotte, H.-O. Pértner, D. C.
Roberts, P. Zhai, R. Slade, S. Connors, R. van Diemen, M. Ferrat, E. Haughey, S.
Luz, S. Neogi, M. Pathak, J. Petzold, J. Portugal Pereira, P. Vyas, E. Huntley, K.
Kissick, M. Belkacemi, J. Malley, (eds.)].; 2019.

Poore J, Nemecek T. Reducing food’s environmental impacts through
producers and consumers. Science. 2018;360:987-992.

Tubiello FN, Rosenzweig C, Conchedda G, et al. Greenhouse gas emissions
from food systems: building the evidence base. Environ Res Lett.
2021;16(6):065007. doi:10.1088/1748-9326/ac018e

Afshin A, Sur PJ, Fay KA, et al. Health effects of dietary risks in 195 countries,
1990-2017: a systematic analysis for the Global Burden of Disease Study 2017.
The Lancet. 2019;393(10184):1958-1972. doi:10.1016/50140-6736(19)30041-8

FOLU. Growing Better: Ten Critical Transitions to Transform Food and Land Use.
The Global Consultation Report of the Food and Land Use Coalition. The Food
and Land-Use Coalition; 2019. https://www.foodandlandusecoalition.org/wp-
content/uploads/2019/09/FOLU-GrowingBetter-GlobalReport.pdf

Springmann M, Godfray HCJ, Rayner M, Scarborough P. Analysis and valuation
of the health and climate change cobenefits of dietary change. Proceedings of
the National Academy of Sciences. 2016;113(15):4146-4151.
doi:10.1073/pnas.1523119113

FABLE. Pathways to Sustainable Land-Use and Food Systems. 2020 Report of
the FABLE Consortium. Laxenburg and Paris: International Institute for Applied
Systems Analysis (IIASA) and Sustainable Development Solutions Network
(SDSN).; 2020. doi:10.22022/ESM/12-2020.16896

Fischer CG, Garnett T, University of Oxford, Food Climate Research Network,
Food and Agriculture Organization of the United Nations. Plates, Pyramids, and
Planets: Developments in National Healthy and Sustainable Dietary Guidelines:
A State of Play Assessment.; 2016. Accessed June 10, 2021.
http://www.fao.org/3/a-i5640e.pdf

Willett W, Rockstrom J, Loken B, et al. Food in the Anthropocene: the EAT-

Lancet Commission on healthy diets from sustainable food systems. The Lancet.
2019;393(10170):447-492. doi:10.1016/50140-6736(18)31788-4

FAO. FAOSTAT. The Food and Agricultural Organization. Published online
2020. http://www.fao.org/faostat/en/#data/TP/visualize

U.S. Department of Health and Human Services, U.S. Department of Agriculture.
2015-2020 Dietary Guidelines for Americans, 8th Edition. U.S. Department of
Health and Human Services; 2015:144.
http://health.gov/dietaryguidelines/2015/guidelines/.

Scarborough P, Kaur A, Cobiac L, et al. Eatwell Guide: modelling the dietary and
cost implications of incorporating new sugar and fibre guidelines. BMJ Open.
2016;6(12):e013182. doi:10.1136/bmjopen-2016-013182

13



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Karlsson JO, Carlsson G, Lindberg M, Sjunnestrand T, R66s E. Designing a
future food vision for the Nordics through a participatory modeling approach.
Agron Sustain Dev. 2018;38(6):59. doi:10.1007/s13593-018-0528-0

Saarinen M, Knuuttila M, Lehtonen H, et al. Hallittu ruokavaliomuutos voisi tuoda
ilmastohyotyja, parantaa ravitsemusta ja sailyttda maatalouden Suomessa. Policy
Brief. Valtioneuvoston selvitys- ja tutkimustoiminnan artikkelisarja.
2019;2019(12).

FAOSTAT. FAOSTAT database. Published online 2020.
http://www.fao.org/faostat/en/

OECD, Nations F and AO of the U. OECD-FAQO Agricultural Outlook 2021-2030.
Published online 2021. https://www.oecd-
ilibrary.org/content/publication/19428846-en

Rogelj J, Popp A, Calvin KV, et al. Scenarios towards limiting global mean
temperature increase below 1.5 °C. Nature Clim Change. 2018;8(4):325-332.
doi:10.1038/s41558-018-0091-3

Searchinger TD, Waite R, Hanson C, Ranganathan J, Dumas P, Matthews E.
Creating a Sustainable Food Future. A Menu of Solutions to Feed Nearly 10
Billion People by 2050. World Resources Institute; 2018.

Roe S, Streck C, Obersteiner M, et al. Contribution of the land sectorto a 1.5 °C
world. Nat Clim Chang. 2019;9(11):817-828. doi:10.1038/s41558-019-0591-9

WWEF. Living Forests Report. WWF; 2015. Accessed February 3, 2020.
https://wwf.panda.org/our_work/forests/forest_publications_news_and_reports
/living_forests_report/

NYDF Assessment Partners. Protecting and Restoring Forests: A Story of Large
Commitments yet Limited Progress. New York Declaration on Forests Five-Year
Assessment Report. Climate Focus (coordinator and editor); 2019.
forestdeclaration.org

Mosnier A, Penescu L, Perez-Guzman K, et al. FABLE Calculator Documentation-
2020 Update. IIASA (Laxenburg) and SDSN (Paris); 2020.

Munroe DK, van Berkel DB, Verburg PH, Olson JL. Alternative trajectories of
land abandonment: causes, consequences and research challenges. Current
Opinion in Environmental Sustainability. 2013;5(5):471-476.
doi:10.1016/j.cosust.2013.06.010

Poux X, Aubert P-M. An Agroecological Europe in 2050: Multifunctional
Agriculture for Healthy Eating. Iddri-AScA; 2018:74p. Accessed June 28, 2021.
https://www.iddri.org/en/publications-and-events/study/agroecological-
europe-2050-multifunctional-agriculture-healthy-eating

Le Mouél C, Dumas P, Manceron S, Forslund A, Marajo-Petitzon E. The
GlobAgri-Agrimonde-Terra database and model. Land use and food security in
2050: a narrow road. Published 2018. Accessed July 22, 2021.
https://agritrop.cirad.fr/588822/

Dietrich JP, Leon B Benjamin, Florian H, et al. MAgPIE 4 - a modular open-

source framework for modeling global land systems. Geoscientific Model
Development. 2019;(December):1299-1317. doi:10.5194/gmd-12-1299-2019

14



Annex 1: Methods
Overview of the FABLE methodology

We 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 7):

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.

Figure 7: Step-by-step FABLE methodology

Aggregation of country results at

the global level and iterations to

solve trade balance and increase
the level of ambition towards

4. Stakeholder engagement

Shared understanding of the system
and collective review of the
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achievement of the global targets

Q>
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1. Global targets NN
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the stability of the Earth system
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Trade adjustment, I I Review, critique,

Gaps with global provide input
targets
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Collect and harmonize socio-economic and biophysical data, compute the
evolution of key variables of the land-use and food system by mid-century
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Integrated Model Verification tool

S d

Database on land use and food
systems

Source: FABLE 2020

Models

For the Scenathon 2020, two models have been used: the FABLE Calculator for 19
countries and the rest of the world regions, and MAgPIE for India.

e The FABLE Calculator is an Excel accounting tool' used to study the potential
evolution of food and land-use systems over the period 2000-2050 for each five-
year time step. It includes 76 raw and processed agricultural products from the
crop and livestock sectors and relies extensively on the FAOSTAT (2020)

' The FABLE Calculator has a very similar structure as the GLOBAGRI?® and TYFA models?.
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database for input data. All details are provided in the model documentation?2
and the FABLE Calculator can be downloaded here. It focuses on agriculture as
the main driver of land-use change and tests the impact of different policies and
changes in the drivers of these systems through the combination of a large
number of scenarios %.

e MAGgPIE is a recursive dynamic cost-minimization model of global land systems
developed at PIK. The model simulates crop production, land-use patterns, water
use for irrigation, and carbon stock changes at a spatial resolution of 0.5° x 0.5°%.
Associated with the REMIND energy-economy model, itis used in global
integrated assessments to support the IPCC.

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: affecting demand (GDP, diets, biofuel use), trade, food loss and
waste, productivity, land use restrictions, afforestation, and climate change. In the MAgPIE
model, carbon tax is an additional scenario.

Result Indicators

GHG emissions from agriculture and land-use: GHG emissions from Agriculture
include emissions from enteric fermentation, manure management, rice cultivation,
agricultural soils, and other sources. For all countries, GHG emissions from LULUCF
include carbon stocks changes due to the conversion of forest and other natural land to
cropland, grassland and urban area, changes in biomass after grassland and cropland
abandonment. GHG emissions from the cultivation of organic soils are included for
Finland and Indonesia.

Net forest cover change: Net Forest cover change is the sum of forest loss and forest
gain by 5 year-time steps. Forest loss is the deforestation associated with agriculture and
urban expansion. Forest gain is the land which is taken out of pasture, cropland and/or
other natural land to be afforested.

Agricultural trade balance: Each country’s agricultural trade balance is computed as
the sum of projected export and import quantities for all products multiplied by FAO
2014 producer prices. Producer prices are missing for 29 commodities out of the 76
agricultural products covered by the Calculator. The missing producer prices for
coconut oil, palm kernel oil and cake, soybean cake and sugar raw were replaced by the
2014 average monthly price from IndexMundi. The producer price for tomato was used
for other missing vegetable products. Another gap in the data is that some products’
producer prices are available for only some countries. We used three imputation
methods to fill these gaps: 1) the producer price of the main exporter for each product is
used, 2) the average price of all the importers is used if there is no price available for the
exporting countries, 3) the simple average of producer prices from all the countries that
have available data is used.

Cropland composition: A country’s cropland composition is computed as the share of
projected planted area by crop in the projected total cropland area.

Abandonment of agricultural land: Area that was planted or grazed during the
previous period that is not used for agricultural production in the following period. We
assume passive natural vegetation regrowth (i.e., without human action) with associated
carbon sequestration.
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Annex 2. Assumptions on diets under each pathway

Healthy Diet and Sustainable

Current (2015) Current Trends (2050) -
T e N S e R S
Cereals 911 [740-1096] | 745 (553-1107] | 725 [584-900]
Fruits & Veg. 171 [102-205] 153 [112-204] 201 [112-393]
Nuts 28 [3-52] 24 [2-58] 116 [3-243]
Pulses 34 [6-134] 36 [4-168] 114 [4-237]
Roots & Tubers 109 [89-164] 101 [67-168] 83 [32-206]
Oilseeds & Oils 619 [254-955] 531 [293-808] 427 [130-650]
E- Sugar 396 [296-608] 314 [193-495] 190 [59-403]
3 Eggs 43 [28-56] 48 [34-56] 28 [15-57]
Milk 330 [188-494] 341 [273-437] 216 [108-366]
Poultry 127 [61-215] 126 [46-200] 55 [19-142]
Beef, Goat & Lamb | 124 [35-351] 113 [41-332] 64 [12-332]
Pork 183 [77-361] 178 [57-366] 96 [12-218]
Fish 44 [13-106] 36 [9-72] 90 [18-198]
Livestock 851 [402-1583] 842 [460-1463] 549 [184-1313]
Cereals 1243 [875-1527] 1010 [720-1636] 1014 [557-1537]
Fruits & Veg. 162 [78-351] 181 [107-238] 213 [94-474]
Nuts 15 [2-46] 13 [0-28] 64 [0-119]
Pulses 56 [12-100] 62 [16-150] 114 [16-245]
Roots & Tubers 129 (32-207] 124 [21-247] 104 [21-189]
Oilseeds & Oils 316 [140-489] 436 [332-618] 366 [264-497]
E- Sugar 348 [74-577] 345 [128-657] 276 [48-531]
3 Eggs 50 [31-89] 55 [37-86] 41 [21-74]
Milk 166 [50-280] 230 [71-360] 155 [71-291]
Poultry 98 [58-163] 127 [64-200] 78 [52-139]
Beef, Goat & Lamb | 60 [26-134] 80 [26-115] 59 [26-107]
Pork 104 [44-374] 132 [21-390] 86 [25-357]
Fish 44 [12-103] 42 [15-107] 110 [40-213]
Livestock 522 [221-1143] | 666 [234-1258] | 529 [235-1181]
Cereals 1315 [409-1830] 1083 [667-1400] 1063 [809-1400]
Fruits & Veg. 118 [24-455] 157 [66-205] 161 [66-241]
Nuts 8 [0-12] 21 [0-80] 72 [0-117]
Pulses 111 [10-338] 109 (51-284] 133 [39-198]
Roots & Tubers 242 [55-735] 156 [51-304] 118 [24-301]
Oilseeds & Oils 170 [98-338] 356 [211-420] 329 [222-644]
E- Sugar 127 [65-219] 184 [90-280] 148 [90-297]
3 Eggs 14 [1-28] 31 [14-50] 24 [10-54]
Milk 87 [18-203] 169 [60-256] 119 [60-197]
Poultry 23 [0-45] 84 [52-106] 58 [25-200]
Beef, Goat & Lamb | 20 [5-33] 56 [13-83] 36 [22-50]
Pork 31 [0-120] 58 [0-130] 45 [0-151]
Fish 25 [1-74] 37 [8-63] 68 [16-126]
Livestock 200 [25-503] 435 [147-688] 350 [133-778]

The average kilocalories intake is computed as a simple average of the average consumption at
the FABLE countries and rest-of-the-world regions level to avoid that densely populated countries
drive too much the group average.
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