Assessing Environmental and Socioeconomic Consequences of

) cornell oo
a Food System Transformation.

An Overview of Economic Modelling Supporting the Second

EAT-Lancet Commission E?_SEE.‘_’ %T{Ennﬂ%%

June 2026




5 Themes

52

Pn)

/e
e

&
@
)

)

&

Healthy Diets
Reviewing the evidence on diet and health, including all forms of malnutrition, and
recognizing the diversity of local dietary cultures

Food System Boundaries
Identifying the impact and share of sustainable food systems within all nine planetary boundaries

Justice in Food Systems
Identifying the social foundations for just food systems, proposing justice boundaries

Food System Modelling Ensemble
Testing scenarios for healthy, sustainable, and just food systems, based on an unprecedented
collaborative effort between 10 of the world's leading modelling institutions

Food Systems Transformation
Exploring solutions, barriers, and actions for just transformative actions towards healthy, sustainable,
and just food systems

2025 EAT-Lancet Commission
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Presenter Notes
Presentation Notes
Our objective with the new EAT–Lancet Commission 2.0 is to review the evidence on how to define and quantify a reference healthy diet and assess whether and how diets across the world contribute to meeting health targets while making healthy food accessible to all, produced, processed, distributed and consumed fairly within planetary boundaries.
Review scientific evidence on healthy diets
Update the global food system's contribution to all 9 planetary boundaries
Novel focus on equity and justice, establishing social guardrails
Novel focus on sustainable food production systems
Explore the diversity of culturally important diets in relation to the PHD
Multi-model analyses to more robustly quantify the environmental impacts of foods, and of how such foods are produced
Carry out the first food model intercomparison project, to invite modelling groups to explore transformation pathways to reach the planetary health reference diet for humanity, at scale, sustainably, and in an equitable way for all people



Defining the healthy diet?

* Regional variation based on current consumption preferences All possible diets
(i.e., what staples, fruits, vegetables etc. that are consumed
varies by region)

. Nutgtional and energy requirements differentiated by age and Current diets
gender

« Minimizes dietary risk factors
* High sodium consumption
* Low whole grain consumption
* Low fruit, vegetable, and legume consumption Nutritionally
* Low nuts and seeds CEEGUEIE CEE
* Low aquatic food consumption
* Red and processed meats
» High consumption of added sugars and fats
» High consumption of highly processed foods

Energy adequate diets

Healthy diets

* Note environmental impacts are not part of defining the
healthy diet
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Presenter Notes
Presentation Notes
Global burden of disease studies suggest dietary risk factors among the main sources of premature death globally. High sodium, low whole grain, fruit, vegetable, and legume consumption biggest risk factors.


Food System Boundaries

All 9 planetary boundaries
assessed

Current food system pressure

Propose food system
boundaries

Assess how sustainable and
ecological

intensification can reduce the
food system impacts

* Food Systems dominate five of six
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Presenter Notes
Presentation Notes
We review the evidence on agriculture and food systems impacts on the Earth system and assess the current state of food systems across all nine planetary boundaries
For the first time, we propose specific food system boundaries, as a food system share of planetary boundaries, for use in target setting
We provide a novel assessment of how sustainable and ecological intensification practices can support a transformation of food production systems within safe food system planetary boundaries

We find that across all nine boundaries, food is the primary source of degradation: food systems are the majority share of boundary transgression for 5 of nine planetary boundaries. 



Modelling an EAT-Lancet aligned future

A multi-model ensemble with a number of complementary modelling approaches

Assessing the consequences of
« Dietary change,
« Improved agricultural productivity,
 Reduced food loss and waste,
« Potential complementarities with climate action (i.e. 1.5C)

 Results include impacts on:
« Environmental parameters
* Food production quantities
« Labour force in food production sectors
« Agricultural producer prices and food expenditure
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Presenter Notes
Presentation Notes
Substantial improvements in modelling capacity and data analysis allow for the use of a multi-model ensemble to project the potential outcomes of a transition to healthy and sustainable food systems. 
Modelling components: dietary shift to PHD, improved ag productivity, halving in food loss and waste (+ mitigation policies consistent with a 1.5* world)

The modelling reveals substantial potential for reducing environmental impacts following the suggested interventions (modelling components listed above).
We also find that SEI practices could achieve net-zero emissions. reduce land and water use, and improve circularity of nutrients (N and P).
We find that following the desired dietary shift, production quantities of different food groups will shift - with regional variations related to current consumption and production quantities. Globally, production of veg, gruits, nuts, and legumes will increase, while meat production will decline. Consequently, agricultural labour will ned to follow the same transition.
We find moderate reduction in producer prices - meaning increased average purchasing power, but also risk of lower income for ag workers
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Building blocks to project food systems to 2050

-

BAU: Conventional Diets

Based on recent dietary trends
associated with increasing income

Increasing consumption of food,
particularly of animal sourced foods

EL: Healthy Diet

Defined to reduce dietary risk
factors

Mostly plant-based with moderate
consumption on animal-sourced
foods, and limited processed foods

Increased productivity

Continued agricultural productivity
based on historic trends

Includes estimated biophysical
impacts of climate change on crop,
livestock, and labor productivity

Increased productivity

Builds on BAU productivity
projections

Assumes additional productivity
growth aligned with more optimistic
and sustainable SSP1 pathway

Population and GDP

Based on the middle of the road
shared socioeconomic pathway
(SSP2)

Population increases to 9.6 bn by
2050,

Reduced Food Loss
and Waste

Halving of consumer food waste in
line with SDG targets
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Policy environment

Based on implemented climate and
trade policy in 2024

FOOD SYSTEMS &
GLOBAL CHANGE

E o Ag¥MIP
AT d



Iterative Process comparing, revising...rinse repeat

Process test

Round 0 Round1 Round2 Round3

S5P2v3 BAU climate Reference diet Productivity

Round 4

FLW sensitivity
Round 5
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Presenter Notes
Presentation Notes
The process of a multi-model assessment is iterative. In this process we started in Dec 2023 with a first test to get reporting protocols in place

Scenario specification were then reviewed and revised iteratively over the course of several years.
Round 1: SSP2 version 3
Round 2: Review of baseline climate policy assumptions
Round 3: Review and updating of healthy diets
Round 4: Review of productivity assumptions for the EL/ PROD scenarios
Round 5: The addition of FLW sensitivity scenarios in response to peer reviewers

This figure highlights the iterative nature of the process, as well as highlighting which drivers (i.e. Diets, FLW) were the most challenging to represent consistently across the scenarios with the most submissions  


Sectors

A food system transformation would restructure global food systems

Global production by sector

BAU vs 2020 % Change between 2020 and 2050
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« Faster growth in more resource intensive agricultural products

b.

Regions
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BAU vs 2020

Agricultural production by region
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* By 2050, continuing business as usual would have us increase agricultural production for
almost all regions and sectors
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Sectors

A food system transformation would restructure global food systems

Global production by sector

Agricultural production by reaion

EL vs 2020 % Change between 2020 and 2050 EL vs 2020
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« By 2050, we still see aggregate growth globally, but at a slower rate
« Some sectors shrink, but others would need to expand to supply a healthy diet for all
» Regional differences. Low-income regions still grow, but high-income regions may shrink
 Agricultural labour declines in all scenarios, but food system transformation has a bigger
impact on where agricultural labour would be needed than in total employment
® o i
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Potential price consequences

 Relatively modest change in average ag
prices across all scenarios compared to
2020

* Meat prices prices would decline, but
vegetable, fruit, nut and legume prices
would increase

« An EL transformed food system would be
less resource intensive than a BAU one,
suggesting producing a healthy diet for all
could be cheaper than BAU diet globally.

* Food projected to become more affordable
over time, but the consequences of a food
system transformation on affordability varies
by region

FOOD SYSTEMS &
GLOBAL CHANGE
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Presenter Notes
Presentation Notes
Prices on average projected to remain near 2020 levels under BAU scenario (6%)
Compared to an 80% increase in per capita GDP from by 2050 (GDP doubles as pop increases by 23% to 9.6bn)
Affordability is improving compared to 2020 across all scenarios
The projected price for agriculture under EL2 (-7%)
Not all components are contributing to price declines. Productivity (-10%) and reduced FLW (-4%). Diet shift contributes to modestly higher prices (7%)
Models suggest it is possible to produce a healthy diet while reducing environmental pressures and not substantially impact food affordability.



Summary of Global Environmental Results

b. Projected environmental impacts of different scenarios in 2050

Land for Agriculture GHG emissions Bluewater Use Nitrogen Use Phosphorus Use
7.1 GtCO2 1.5 Mkm? 233TgN 20TgP
projected gap ! ‘ 1 |‘ ‘ ‘ j i f
to target 1 1 1 -1 | | |
BAU o 339 ° 13% . 3

Current levels
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Presenter Notes
Presentation Notes
Current food systems are already putting substantial pressure on the environment and under BAU scenario across the board environmental pressures from the Agri-food system is projected to increase (high agreement across the ensemble).


Summary of Global Environmental Results

b. Projected environmental impacts of different scenarios in 2050

Land for Agriculture GHG emissions Bluewater Use Nitrogen Use Phosphorus Use
7.1 GtCO2 1.5 Mkm? 233 TgN 20TgP
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Presenter Notes
Presentation Notes
Current food systems are already putting substantial pressure on the environment and under BAU scenario across the board environmental pressures from the Agri-food system is projected to increase (high agreement across the ensemble).


Summary of Global Environmental Results

b. Projected environmental impacts of different scenarios in 2050

Land for Agriculture GHG emissions Bluewater Use Nitrogen Use Phosphorus Use
7.1 GtCO2 1.5 Mkm? 233 Tg N 20TgP
projected gap } ' T L L |
to target T T 1 | 1
BAU o 33% boo 13% ofs 414 o] 41%
EL o OI 4% o 15% o 5%

» Substantial progress in reducing environmental pressure across all dimensions
» Approaching safe zones for land, emissions, and bluewater boundaries

« Achieving nitrogen and phosphorus boundaries could be more challenging requiring more
targeted interventions
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Presenter Notes
Presentation Notes
Combination of scenario components in EL2 shows substantial synergies across the 3 components. Reduces emissions and land-use further, and for most of the ensemble leads to a substantial decline in water use. Fertilizer inputs fall compared to BAU 2050. Consistent with EL1 where N and P levels never got to safe zone either. 

EL2 projections would be a historic break with land-use patterns. It would be the first time that land-use declines even as population increases.


Summary of Global Environmental Results

b. Projected environmental impacts of different scenarios in 2050
Land for Agriculture GHG emissions Bluewater Use Nitrogen Use Phosphorus Use

7.1 GtCO2 1.5 Mkm? 233TgN 20TgP

1 1 | | I I 1 1 1

projected gap
to target T = 1 1 1= -1 1 T 1

BAU o (o] o o

EL o () 4% o o
increased o X : n : o
productivity

reduced e : o 7% o o
FLW o

diet shift o ° o o

« Diet contributes substantially to reducing emissions, land-use and water, less so on
nitrogen and phosphorous

* Productivity increase and FLW reduction have modest environmental impacts on their
own, but when combined with diets have important complementarities
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Presenter Notes
Presentation Notes
Increased productivity increases the efficiency of food systems. However, increased productivity lowers producer costs and the cost of food, which spurs increased demand (i.e., we produce more with similar level of inputs). Increased production particularly of livestock contributes to higher emissions in 2050 compared to BAU.

Reduced FLW also increases efficiency of the food system. Similar to increased productivity, this leads to a decline in commodity prices. However, unlike in the productivity scenario we see a decline in agricultural production, as less production is needed to satisfy demand. Nevertheless, declines on environmental impact are moderate.

Transition to healthy diet substantially reduces agricultural emissions and land use change by 2050 compared to the BAU. Across the ensemble we see emission levels close to 2020 levels (high agreement), although not all models agree if we see an absolute reduction compared to 2020.

Similarly, we see substantial decline in agricultural land (driven by reductions in grasslands). The ensembles again suggest reductions compared to BAU 2050, as well as compared to 2020 levels. Still need to fully check if they get us into safer PB zones for land use.

Low agreement across the models with respect to water use, some suggest a decline whereas others suggest limited changes. Median result suggests moderate reduction (similar to EL1). However, models suggest diet could increase fertilizer use compared to BAU 2050 (increased cropland, and VFN production likely culprit). This is 





Where does the ensemble agree, and where does it disagree?

4 N N\
1 Scenario agreement 2 Driver agreement 3 FLW representation
BAU shows tighter agreement than EL PROD > FLW > DIET FLW agrees on outcomes, not on
mechanism
BAU I crrower ranges Models implement food
PROD DIET loss and waste in
EL — wid ; ;
wider ranges| highest mid widest substantially different
ways — worth deeper
Model ranges widen in EL relative to BAU, driven DIET produces the widest model ranges; its complexity Outcomes Underlying  investigation for future
primarily by DIET and by driver interactions. carries through into the combined EL scenario. converge mechanisms  intercomparisons.
differ
G AN /L
4 Scale of aggregation
Greater agreement at aggregate levels; spread widens as we disaggregate
Region x Sector x Driver Region x Sector Region x All ag Global x All ag
Tightest Tight Widest

Disaggregating from world x all-agriculture to region x sector x driver widens the ensemble range. Strong global signals can mask substantial regional and sectoral
heterogeneity.

Outcomes of Interest
Greater agreement across environmental outcomes reflecting clear causal pathway of production changes to environmental
outcomes. Wider ranges across socioeconomic outcomes in particular prices, and labor
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Final Remarks

1. Work remains to assess the consequences of a food system transformation
on global trade networks.

2. Future food system transformations should focus more on developing
plausible transition pathways to facilitate assessments of the process of
change.

3. More attention is needed to understand and better represent food loss and
waste across multiple classes of models

4. Regional transformations differ greatly. More work is needed to look at more
disaggregated levels to understand what differences across the ensemble
tell us about transforming food systems.



Thank you

Mario Herrero and Daniel Mason-D'Croz

@ www.cals.cornell.edu/food-systems-global-change
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