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Switching to alternative global diets offers established benefits, but the chal-

lenges and opportunities for individual countries during and after the transi-
tion remain unassessed. In this study, we project changes in water use, dietary
quality, and food affordability under four dietary scenarios (including Medi-
terranean diet, the EAT-Lancet diet, the Healthy US-Style diet, and Vegetarian
diet), assessing the potential implications at the country level from 2020 to
2070. Here, we show that by 2070, transitioning to healthy and sustainable
diets can improve dietary quality by 30.29 - 45.43%, with all countries reducing
water use (1.21 - 14.73%) and increasing food affordability (9.29 - 63.23%).
However, in the initial phases, increased food demand escalated water use and

M Check for updates

worsened food affordability, especially in emerging and developing econo-
mies, with the maximum average deterioration being 2.62% and 13.06%,
respectively. These highlight the need for long-term planning and financial
support to ensure successful global transitions.

Dietary preferences greatly influence the sustainability of the global
food system'™. As income levels increase’, so does the demand for
high-calorie, sugar, and animal-sourced food*®, a shift with complex
repercussions*’. The primary environmental alarm centers on the
sizable resources required and the emissions from producing these
foods, particularly animal-sourced food. They not only amplify the
release of greenhouse gases (GHG) emissions® but also exert an undue
strain on water use’. Globally, the food system is the largest freshwater
consumer, accounting for - 85-90% of water use'®". The ongoing shift
towards resource-intensive food choices exacerbates the risk of water
scarcity and substantial transgression of the freshwater boundary'.
This, combined with escalating demand and the impact of climate
change, underscores the growing importance of understanding the

impact of diet on water stress'"”. Health-wise, the overconsumption of
these foods is linked to increasing instances of malnutrition, encom-
passing both undernutrition and overnutrition, cardiovascular dis-
orders, diabetes, and other chronic ailments™'. Studies have shown
that the adoption of healthier diets involving a reduction in animal-
sourced food consumption®™ can lead to a reduction in diet-related
environmental®™® and health issues"'**. However, given the existing
disparities among diet-related diseases, understanding how the
adoption of such diets would impact the dietary quality” of diverse
communities across different geographic areas becomes absolutely
crucial. More importantly, the task ahead is daunting, particularly for
resource-scarce settings and economically less privileged populations.
The pursuit of healthy and sustainable diets in emerging and
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developing economies [as defined by the International Monetary
Fund®’], especially within Africa, implies a considerable escalation in
food consumption”. Such a shift, though vital, could precipitate a
significant drop in affordability*, thereby forming significant impedi-
ments to dietary transitions in these emerging and developing
economies.

Existing studies had delved into the effects of dietary shifts on
environmental sustainability, health, and food affordability, yielding a
wealth of valuable insights. These findings demonstrated the potential
of such transitions to alleviate environmental burdens® and enhance
health outcomes”. However, research also indicated a looming chal-
lenge: over 1.6 billion people could face increased food costs as a result
of adopting these sustainable diets*****’. Some recent research has
delved deeper into the intricate interplay between dietary shifts and
supply-demand dynamics, shedding light on the multifaceted con-
sequences of these transitions for environmental sustainability, health
outcomes, and food security amidst fluctuating market conditions?**,
While previous research predominantly emphasized promising end-
point outcomes through static snapshots, leaving the dynamic chan-
ges over time unclear. This analytical perspective proved inadequate
for addressing the evolving processes involved, particularly failed to
account for the escalating environmental and economic challenges
that some countries encountered. Consequently, this limited per-
spective obscured critical insights into the ongoing complexities of
these transitions?. Moreover, such studies often concealed the long-
term benefits that emerged post-transition, thereby hindering the
development of robust incentives for transforming food systems.

In this work, we use the Model of Agricultural Production and its
Impacts on the Environment (MAEPIE) (version 4.6.3)°° to assess
dynamic changes in water use, dietary quality, and food affordability
spanning from 2020 to 2070 (see “Method”). Based on the quantifi-
cation, we explore the potential integrated benefits of adopting four
healthy and sustainable diets (including Mediterranean dietary
(MED)?, the EAT-Lancet reference diet (EAT)’, the Healthy US-Style
(HUS)*, and a vegetarian scenario (VEG) (see Method and Supple-
mentary Table 1) at the country level over time relative to a baseline
diet (BaU) scenario. These results provide further insight into the
environmental and economic challenges that different countries may
face in the dietary transition process, as well as the enduring benefits
that accrue upon the completion of this transformation. We highlight
that while dietary transition can reduce water use and improve dietary
quality and food affordability globally, emerging and developing
economies must prepare for the potential escalation in water use and
economic burden, necessitating thoughtful reflection in their decision-
making as well as international governance and support. This knowl-
edge can assist countries in actively promoting a dietary transition and
working towards achieving sustainable development of agricultural
systems.

Results

Dietary quality of different diet scenarios

We utilized the widely recognized Alternative Healthy Eating Index
(AHEI)* as a metric to assess dietary quality, specifically designed for
exploring the relationship between diet and health® (see “Method”).
Amid sustained economic growth, the anticipated surge in meat and
sugar consumption in future diets was projected to result in persistent
global declines in dietary quality.

In the BaU scenario, global dietary quality was projected to
decrease from 52.34 points in 2020 to 51.57 points in 2070 (Fig. 1a). By
2070, the projected AHEI was expected to gradually fall below the
values observed during the historical period of 2010-2020. This
declining trend was evident in 107 countries, where the rise in meat
and sugar (- 1.30 points), coupled with reduced grains intake (-1.87
points), offset the positive impacts of vegetables (+ 0.24 points), fruits
(+0.32 points), seafood (+1.01 points), and polyunsaturated fatty acids

(PUFAs) (+0.79). Consequently, the overall AHEI score for these
countries was expected to have decreased by 2.20+2.05 points
(Fig. 1b, ¢). This phenomenon was particularly noticeable in emerging
and developing economies, especially Africa (-2.64+1.95 points),
Latin America (- 3.14 £2.25 points), and Asia (-3.78 £3.27 points).
Following economic growth, a shift in these countries towards high-
sugar and animal-sourced food occurred, reducing their dietary
quality.

In contrast, all four healthy and sustainable diets demonstrated
varying degrees of improvement in dietary quality by restricting high-
calorie, sugary, and animal-sourced food. The HUS diet exhibited the
least improvement, increasing from 52.34 points in 2020 to 67.19
points in 2050 (Fig. 1a). The MED diet, with lower sugar and oil con-
sumption, yielded an additional 0.39-point improvement compared to
the HUS diet. The EAT diet further reduced the dairy products, sugars,
and meat while increasing legumes/nuts and grains, resulting in a total
score of 75.00 in 2070. In addition, the VEG scenario replaced all meat
with legumes/nuts, displaying further improvements in red meat and
slightly higher scores for trans fats. However, the lack of seafood/fish
consumption results in a lower score of 70.97 in 2070.

Although dietary transitions had the potential to enhance dietary
quality in all countries, the impact was particularly pronounced in
advanced economies [as defined by the International Monetary
Fund?], where high levels of sugar and animal-sourced food were
already being consumed (Fig. 1d). Shifting towards a more balanced
diet in advanced economies involved curtailing meat and sugar intake,
resulting to a notable increase in AHEI scores (18.04-25.98 points).
Conversely, emerging and developing economies experienced more
modest improvements in AHEI scores (15.02-22.79 points) due to
increased meat and sugar consumption along with a decreased pro-
portion of grains in their diets. Overall, countries such as Hungary
(29.51 to 37.71 points), Bolivia (31.85-39.93 points), and Argentina
(30.14-37.71 points) showed the greatest improvement in dietary
quality among the four scenarios. This improvement was largely due to
the effect of food subcategories on PUFAs and trans-fat, indicating that
reducing certain food categories and including healthier alternatives
could significantly improve the nutritional profile of diets in these
countries.

Changes in water use due to dietary transitions

To assess the environmental impact, we examined the influence of
various dietary transitions on global water use from 2020 to 2070. In
the BaU scenario, water use was projected to rise from 4448.08 km?® in
2020 to 4998.33km* by 2070 (Fig. 2a) driven by escalating food
demand (Supplementary Fig. 1). By 2070, water use exceeded 2020
levels in 118 countries (Fig. 2b), notably increasing in Brazil, Argentina,
Niger, Nigeria, and Uruguay (Supplementary Fig. 2). Argentina
experienced the most significant rise (128.88 km?), while 58 countries
were projected to use less water due to improved irrigation efficiency
(Supplementary Fig. 3) and declining populations (Supplementary
Fig. 4), with India experiencing the largest reduction (208.63 km?®).

In dietary transition scenarios, lower demand for animal-sourced
food (Supplementary Figs. 5-8) and food waste (Supplementary Fig. 9)
led to a projected reduction in water use to a range of 4262.06-
4937.68 km?® by 2070. The VEG and EAT diets emphasize plant-based
diets (Supplementary Table 1), which can reduce water-intensive
foods’ such as meat and sugar, while reducing feed and crop
requirements. making them more effective in reducing water use
(736.27 and 708.65 km?), while the MED and HUS diets (195.86 and
60.65 km3) were less effective. Some African and Asian countries,
already below recommended intake levels (Supplementary Fig. 9),
encountered heightened water challenges during the initial phases due
to rising food demand (Fig. 2c-n). For instance, in the EAT diet, water
use in 43 countries surpassed that in the BaU scenario by 2030, with
69.8% being African and Asian countries. Vietnam experienced the

Nature Communications | (2025)16:3948


www.nature.com/naturecommunications

Article

https://doi.org/10.1038/s41467-025-59275-3

a (]
75} M= 8
] o|lc &
S IR
5 2
70t e O
’ exec LTI ||
®© [T
S ilw f o B
Q L 7]
B s b
) v 5 18°
S 5 |ES
2010 ———> 2070 0 20 40 60 80 3 ¥ gi
Year AHEI score T |°8s
d OAfrica @Asia () Europe (Latin America (QNorth America @ Oceania
EAT HUS
40¢ @
€
o
c
30 3
[0}
D
£
20t g
°©
>
o - ' o
5 10t IMaX|mum g
@ Minimum s
w n=176 o
I 0} £
< =2
£ )
" MED £
S 40f 307 5
S |
5 20} 201 2
30f £
10 10h <}
c
o
20p 0 Ok ®
o
Q
o
c
10} g
©
<
o . . . . . . . |
60 80 60 70 80
AHEI score

Fig. 1| Effects of dietary changes on Alternative Healthy Eating Index (AHEI).
a The AHEI scores over time under different dietary scenarios (including Medi-
terranean dietary (MED), the EAT-Lancet reference diet (EAT), the Healthy US-Style
(HUS), vegetarian scenario (VEG) and baseline diet (BaU)) and the composition of
AHEI score under different dietary scenarios in 2020 and 2070 (Solid lines repre-
sent scenarios in an SSP2. The transparent area shows the range between SSP1 and
SSP3). b AHEI score for 2020 in different countries. ¢ Change in 2070 under BaU

scenarios of each country. d AHEI score and difference with BaU in 2070 under four
diets across 176 countries classified into six regions. Note: Food intake data and
dietary quality scores (AHEI) for different countries are obtained through the
MAgPIE model and combined with dietary composition provided by FAO. For the
specific calculation process, please refer to the data processing code in https://doi.
org/10.6084/m9.figshare.23905866. Source data are provided as a Source Data file.

most substantial increase (37.56 km®) due to elevated consumption of
grains and fruits. While water use gradually decreased with the dietary
transition over time, it consistently remained higher than the BaU
scenario.

In the HUS and MED diets, more countries (69 and 79, respec-
tively) experienced increased water use compared to the EAT scenar-
ios in 2030. The higher consumption of water-intensive foods such as
meat and sugar contributed to this trend. Consequently, approxi-
mately 39-45% of countries faced more severe water use challenges. In
contrast, the VEG scenarios substantially reduced water use by redu-
cing meat consumption and associated feed and crop requirements.
This transition to a plant-based diet greatly conserved water resources.
However, increased consumption of food like legumes/nuts" in certain

emerging and developing economies may still pose water use chal-
lenges. Notably, even under the VEG diet with the lowest water use in
the SSP2 scenario, water use remained above the 2010 historical level,
a reduction achievable only in the SSP1 scenario.

Share of food expenditure

As economies developed, the food expenditures as a share of total
income was expected to continue to decline, signaling an enhance-
ment in global food affordability and positive prospects for food
security worldwide (Fig. 3a). However, for a deeper understanding of
the dynamics associated with changes in food affordability, focusing
on food demand, prices, and incomes was crucial. In the BaU scenario,
projections indicated persistent increases in food demand
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Fig. 2 | Changes in water use due to dietary transition. a shows the water use at
the global scale from 2020 to 2070, Solid lines represent scenarios in an SSP2. The
transparent area shows the range between SSP1 and SSP3; (b) shows water use at
the country level in 2020; (c-n) show the spatial distribution of changes relative to
BaU (baseline diet) for different diets (including Mediterranean dietary (MED), the

60*

0 30

EAT-Lancet reference diet (EAT), the Healthy US-Style (HUS), vegetarian scenario
(VEG)) in 2030, 2050 and 2070. Note: water use in different countries can be
obtained directly through the MAgPIE model. For the specific calculation process,
please refer to the data processing code in https://doi.org/10.6084/m9.figshare.
23905866. Source data are provided as a Source Data file.

(Supplementary Fig. 1) and prices (Supplementary Fig. 10) by 10.67%
and 14.17%, respectively. This led to an overall 26.36% increase in food
expenditures, notably driven by a substantial rise in spending on
animal-sourced food, expected to increase by 43.75% by 2070 (Fig. 3b).
Yet, due to increased income, affordability was anticipated to improve
by 49.92%, with the share decreasing from 3.19% to 1.60% (Fig. 3a),
which was more significant than the historical period. In the HUS and
MED diets, despite a general decrease in overall demand, food
expenditures were expected to increase by 7.13% and 14.61%, respec-
tively. This upward trend was linked to an elevated demand for animal-

sourced food, sugar/oil, and fruits/vegetables (with corresponding
food price increases anticipated at 5.52% and 12.92%). In contrast, the
EAT and VEG diets displayed the opposite effect, with dietary changes
resulting in a substantial reduction in demand for animal-sourced
food. Consequently, food expenditures were expected to decrease by
-24.51% and - 53.54%, respectively, leading to a significant improve-
ment in food affordability by 70.08% and 81.58%.

Despite significant strides in global food affordability, disparities
persist among countries, spanning from 0.39% to 90.44%, driven by
variations in economic development (Fig. 3c). In 2020, Africa and Asia
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Fig. 3 | Share of food expenditure in different dietary scenarios (including
Mediterranean dietary (MED), the EAT-Lancet reference diet (EAT), the Healthy
US-Style (HUS), vegetarian scenario (VEG) from 2020-2070. a share of food
expenditure in different dietary scenarios at the global level over time (Solid lines
represent scenarios in an SSP2. The transparent area shows the range between SSP1
and SSP3 scenario); (b) expenditures by food category in different diets (Unit: USD
per capita); (c, d) share of food expenditure in different countries in 2020 and 2100

under the BaU scenario; (e) percent change relative to BaU; red number indicate the
amount by which the country’s burden increased; blue number indicates the
opposite; Note: income and food expenditure data in different countries can be
obtained directly through the MAgPIE model. For the specific calculation process,
please refer to the data processing code in https://doi.org/10.6084/m9.figshare.
23905866. Source data are provided as a Source Data file.

faced challenges in food affordability, with the 20 countries experi-
encing the poorest affordability mainly being African nations, aver-
aging a food expenditure share of 33.48%. The Central African
Republic had the highest share at 90.44%. In contrast, advanced
economies like the US and Europe had minimal affordability issues,
with food expenditure shares at 1.22% and 2.16%, respectively. With

sustained economic development, there was a substantial global
improvement in food affordability. It was projected that the share of
food expenditures among different countries worldwide would range
from 0.38% to 12.35% by 2070. Africa and Asia were expected to
experience significant improvements in food affordability, decreasing
to 4.47% in Africa and 2.16% in Asia (Fig. 3d). Notably, the Central
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African Republic, burdened heavily in 2020, also benefited from eco-
nomic growth, witnessed a decrease in its food expenditure share from
90.44% to 9.46%.

During the dietary transition, certain countries, particularly those
already facing poverty and economic challenges, encountered
increased pressure on food affordability. For example, in 2030, during
the transition to the EAT, HUS, MED, and VEG diets, 62,102,107, and 4
countries, respectively, were projected to face increased food afford-
ability pressure (Fig. 3e), mainly in Africa and Asia. However, this
pressure gradually diminished as dietary transitions completed. By
2070, in the MED diet, only 49 countries experienced a higher share of
food expenditure due to increased dietary demand, ranging from
6.32% to 48.31%, with Iraq being the highest.

Environment-health-affordability trade-offs and synergies
Finally, we explored the synergies and trade-offs associated with
diverse dietary transitions. The findings suggest significant improve-
ments in global dietary quality over time. However, these positive
changes are accompanied by trade-offs in food affordability and water
use, particularly in emerging and developing economies (Fig. 4).
Notably, the HUS and MED diets (Fig. 4b, c) faced more prominent
challenges among the diets studied. In the initial stages of the dietary
transition, both the HUS and MED diets encountered trade-offs
between water use and food affordability, placing them in quadrant
Il Despite these initial challenges, positive prospects emerged as the
transition progressed and was completed (post-2050). The advantages
became more evident, with reduced calorie requirements and evolving
trade-offs shifting towards synergies, especially in the HUS and MED
diets. Both diets gradually moved from the food affordability and
water use trade-offs quadrant to the triple win quadrant.

Synergies and trade-offs in dietary transitions varied significantly
among countries, exemplified by the EAT diet (Fig. 5). By 2030, the
adoption of the EAT diet improved dietary quality, reduced water use,
and lowered food expenditure in 80 countries, primarily in advanced
economies like Europe and North America (Fig. 5a, b).

Yet, during the initial transition stages, many countries in Africa
and Asia faced water use, affordability, or dual trade-offs, despite
dietary quality enhancements. Specifically, 35 countries faced food
affordability trade-offs, mainly in Africa (-31.72+12.78%), Asia
(-14.25 £10.32%), and Latin America (- 4.48 + 3.81%). Notably, Burundi
(- 54.28%), Ethiopia (-50.10%), and Chad (48.10%) experienced the
most significant declines. In addition, 33 countries, predominantly in
Asia (—10.49 +17.21%), faced water use trade-offs.

However, as the dietary transition progressed, the trade-offs
gradually lessened, decreasing from 96 in 2030 to 56 in 2050, and to 53
in 2070 (Fig. 5c-e). This was mainly because economic development
and population growth, without dietary transition intervention, would
drive total food demand over time, widening the gap with the diet
scenarios (Supplementary Fig. 1). Encouragingly, a significant majority
of countries in the EAT scenario are poised to transition to quadrant |
before 2050. However, 40 countries were still projected to face food
affordability trade-offs, and 13 countries, mainly in Africa and Asia,
encountered water trade-offs after the completion of the dietary
transition.

Sensitivity analysis

To assess the robustness of our conclusions across various socio-
economic development trajectories, we conducted a sensitivity ana-
lysis focusing on dietary transitions within the SSP1-3 pathways. These
pathways represent diverse futures, with SSP1* illustrating a sustain-
able development trajectory and SSP3*® depicting a scenario marked
by regional rivalry. Sensitivity analyses were performed on crucial
assumptions (Supplementary Tables 2, 3), encompassing GDP, popu-
lation dynamics, climate change impacts, water demand, transition
nodes, technological advancements, and irrigation efficiency. The

objective was to ensure the reliability of our findings by exploring a
spectrum of plausible assumptions concerning future socioeconomic
development.

Across all pathways studied, the advantages of dietary transitions
became increasingly evident over time. Emerging and developing
economies consistently experienced greater water use and food
affordability pressures during the transition compared to advanced
economies. However, subtle differences in the results were observed
along the different development pathways.

In both SSP1 and SSP3 scenarios, all dietary transitions led to a
reduction in water use, aligning with conclusions drawn from the
SSP2 scenario. In the SSP1 scenario, the reduction ranged from 4.01%
to 14.36%, while in SSP3, it varied between 0.88% and 16.06% (Sup-
plementary Table 4). Regarding food affordability, slight variations
were noted. EAT and VEG diets generally decreased food affordability,
but HUS and MED diets intensified affordability pressures in both SSP1
and SSP3 scenarios (Supplementary Table 5).

In the SSP1 scenario, marked by rapid economic development and
a commitment to sustainability, the BaU diet shifted compared to the
HUS and MED regions. It entailed reduced meat and sugar consump-
tion and an increased intake of staple food. Consequently, the dietary
transition towards a preference for meat and sugar in HUS and MED
resulted in a greater burden on affordability, ranging from - 5.25%
to —10.79%.

A similar situation occurred in the SSP3 scenario. However, in this
scenario, economic challenges in emerging and developing economies
led to a BaU diet structure favoring staple food. Despite a relative
increase in meat consumption compared to the SSP1 scenario, it
remained significantly lower than HUS and MED diets in emerging and
developing economies. This resulted in a substantial rise in meat
expenditures, ultimately causing a decrease in affordability by
-15.60% and —20.51%.

Furthermore, we provide the impact of changes in individual
indicators on the results in the supplementary information, detailing
absolute changes, relative changes, and elasticity relative to BaU for
different dietary transition scenarios in 2070. It is worth noting that the
model results exhibit relatively higher sensitivity to the assumptions
on population and irrigation efficiency, while showing less sensitivity
to those concerning GDP and climate change. Despite variations in the
effects of altering individual indicators, we emphasize that the overall
trends in the results remain consistent. For example, upon reviewing
the results of the dietary transition node set for the year 2030, we
observe that in the early stages of the dietary transition, due to the
more rapid increase in food demand, the increases in water use and the
deterioration in food affordability become more pronounced, with
maximum deteriorations of 3.54% and 24.82%, respectively. These
effects are anticipated to gradually ameliorate as the transition pro-
gresses, which aligns with the conclusions for the year 2050 (Supple-
mentary Tables 6-16).

Discussion
In this study, a global dynamic agricultural economic model was uti-
lized to evaluate the evolving changes in water use, dietary quality, and
food affordability from 2020 to 2070. Compared to prior research
assessing the impacts of alternative diets?®**’, we tracked the impacts of
dietary transition over time at the national level. Conducting a thor-
ough analysis of the long-term effects before and after dietary transi-
tions becomes crucial. This goes beyond highlighting the
repercussions of current unsustainable dietary paths to illuminate the
challenges and opportunities inherent in dietary transitions. We aim to
encourage countries to actively engage in these dietary transforma-
tions, while also highlighting potential challenges and prompting
proactive measures.

Overall, we indicated that during the transition phase of the
dietary transitions (2020-2050), advanced economies will use less
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trade-offs of the vegetarian scenario (VEG). Note: If the point is in the first quadrant,
it means that dietary transitions can provide a triple win for dietary quality, water
use and food affordability; If in quadrant II, it means dietary transitions can have
benefits for dietary quality and water use, but at the expense of food affordability

Food affordability (%)

trade-offs; If in quadrant 111, it means dietary transitions can only have benefits for
dietary quality, but at the expense of food affordability and water use trade-offs; If
in quadrant IV, it means dietary transitions can have benefits for dietary quality and
food affordability, but at the expense of water use trade-offs; the synergies and
trade-offs data at the global level are calculated by calculating the percentage
change of the four healthy diets relative to the BaU diet. For the specific calculation
process, please refer to the data processing code in https://doi.org/10.6084/m9.
figshare.23905866. Source data are provided as a Source Data file.

water due to reduced dietary requirements and animal-sourced food
consumption'®?°. However, it is important to recognize that in some
countries, especially those actively addressing widespread malnutri-
tion and hunger issues in emerging and developing economies (Sup-
plementary Fig. 11), the challenges they face are distinctly different
from other regions. The substantial nutrition gaps in these countries,
coupled with variations in the dietary structures between original and
healthy sustainable diets, present a more intricate set of environmental
challenges in meeting elevated food demands®*. This required research
and innovation in food systems beyond current levels to ensure more
environmentally sustainable agricultural systems. Possible measures
include more scientific crop rotation to increase agricultural
production®’; improving water management through precision
agriculture and water harvesting®** (Supplementary Fig. 12). More-
over, to address food scarcity in emerging and developing economies,
it was necessary to further strengthen international cooperation, gui-
ded by relevant experts and institutions. This included adopting
region-specific measures based on local agricultural conditions, such
as improving seedling quality and enhancing production techniques*.
Efforts aimed at helping emerging and developing economies mitigate
the challenges of food insecurity caused by technological limitations**.

For advanced economies and major food-producing nations (Supple-
mentary Tables 17-21), the challenges were more related to trade-
associated environmental issues. In addition to providing necessary
technical support to emerging and developing economies to boost
production, it is crucial to optimize logistics and distribution to reduce
losses and waste in the supply chain®, thereby minimizing the asso-
ciated environmental impacts.

While all countries will eventually benefit from dietary transitions
in terms of health, the cost to achieve the same benefits varies.
Advanced economies can achieve more significant improvements in
dietary quality at a relatively lower economic cost (affordability),
whereas emerging and developing economies experience the oppo-
site. It should be noted that dietary transition will lead to greater
affordability burdens for some African and Asian countries®®. Higher
food expenditures and slower economic development may hinder and
reduce the benefits of the global dietary transition. Although we
emphasize that this situation will ease as the dietary transition is
completed, policies that support income growth or food price stabi-
lization in these countries during the transition may help to alleviate
affordability pressures. To ensure the feasibility of dietary transitions,
reallocating government subsidies and leveraging new tax revenues
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Fig. 5| Changes in country quadrants over time associated with the EAT-Lancet
(EAT) diet. a Number of countries in different quadrants over time. b Synergies and
trade-offs. c-e Distribution in different country quadrants and changes in 2030,
2050, and 2070; Note: the synergies and trade-offs data at the regional level are

calculated by calculating the percentage change of the four healthy diets relative to
the BaU diet. For the specific calculation process, please refer to the data proces-
sing code in https://doi.org/10.6084/m9.figshare.23905866. Source data are pro-
vided as a Source Data file.

can support transition programs. For instance, taxing sugary drinks
reduces health risks and generates revenue that can be redistributed to
low-income groups, enabling them to benefit fully. Providing com-
pensation to the countries, as Feng et al.*® suggest, can protect vul-
nerable populations without disadvantaging others. Increasing
subsidies for healthy diets and implementing pricing policies to sta-
bilize food prices amid rising demand are critical for improving
nutrition”’. Such measures promote public health and economic
development by fostering sustainable, affordable diets. However,
these policies may reduce wages for low-skilled agricultural workers
and lead to unemployment®, Therefore, creating more job opportu-
nities within and beyond the food system is essential to stabilize
incomes and mitigate adverse effects*®.

Although we consider national dietary differences in the scenario
design, there remain many complex challenges in implementing diet-
ary transitions. Cultural and social factors may hinder the process of
promoting healthier food in certain countries*. For instance, in 2015,
the Chinese government implemented a policy to promote potatoes as
a staple food™ to improve food security and reduce environmental
impacts. However, the implementation of this policy has been slow
due to the strong influence of the traditional rice and wheat culture in
China. Furthermore, countries have diverse perspectives on what
constitutes a healthy and sustainable diet. In emerging and developing
economies, people generally believe consuming more meat is better,
while downplaying the health benefits of seafood, vegetables, and
fruits. This may lead to discrepancies between actual eating behavior
and their desire for healthy and sustainable diets. Addressing these
challenges will necessitate guidance and protection from institutions,

laws, and policies, and may require a long transition period, which
highlights the importance of examining and responding to potential
challenges in the process of dietary transitions.

Methods

Land-use modeling with MAgPIE

The MAgPIE model is a computational tool designed to simulate the
global environmental impacts of agricultural land use and
management’. MAgPIE employs a global economic model to estimate
the impact of different agricultural policies and technologies on a
range of environmental indicators, including water use. A key strength
of MAgPIE is its ability to perform a detailed analysis of the trade-offs
between multiple environmental indicators. For example, the model
can assess the impact of transitions in dietary patterns on water use,
food prices, and land use. In this way, MAgPIE can offer insights into
the complex interplay between various factors and facilitate evidence-
based policymaking that balances the benefits of agricultural pro-
duction with its environmental impacts—a property that is crucial to
meeting our research objectives. This study used MAgPIE version 4.6.3
to identify the impact of dietary transitions on the environment,
health, and affordability at the country level.

Agricultural supply is endogenously determined, considering
production costs and spatially defined agricultural productivity
levels™. Costs include input resources, transportation, converting
non-arable land, irrigation, and yield-enhancing technology®. Geo-
graphically specific information on biophysical factors, including
crop yields, is supplied by the Lund-Potsdam-Jena managed land
model (LPJmL)*. The model integrates high-resolution (0.5-degree)
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meteorological, land use, vegetation ecology, water resources man-
agement, and carbon cycle data to reflect the impact of climate
change on various crops. Its strong interaction with the MAgPIE
model aids in assessing climate change and carbon dioxide effects on
the land use sector, ensuring a nuanced evaluation of regional agri-
cultural supply systems. Interregional reallocation of agricultural
production depends on an exogenous self-sufficiency rate (Supple-
mentary Fig. 13), with detailed model information in the Supple-
mentary Information.

Transition node

A literature review of relevant studies published in top-tier journals
reveals that research on dietary transition timelines primarily focuses
on three key time points: immediate, 2030, and 2050"*°*, Among
these, the comprehensive global framework established by the EAT-
Lancet Commission proposes scientifically-grounded targets for
achieving healthy diets and sustainable food production by 2050 for
10 billion people, emphasizing the feasibility and necessity of such a
transition operating in safe planetary boundaries’. Considering the
EAT-Lancet Commission’s framework and our research objectives,
which include assessing the long-term impacts of dietary transitions,
we set 2050 as the main scenario and supplement the results for 2030
as a sensitivity analysis (Supplementary Tables 6-11).

Food demand and intake under different dietary scenarios

The MAgPIE model we employed explicitly encompasses the global
production of 22 major crops, as reported by the FAOSTAT. These
crops collectively represent over 70% of the total harvested area and
contribute to over 85% of the calorie supply from crops, according to
FAOSTAT data®. In addition, the model includes five categories of
livestock products and fish, ensuring a comprehensive representation
of the food system.

In the MAgPIE model, the food demand (food intake + food waste)
in the Business as Usual (BaU) diet is determined through cross-
national regression analyses based on different future GDP and
population growth scenarios®. The other four healthy dietary scenar-
ios, including the Mediterranean diet (MED) defined by Bach-Faig et al.
(2011)*, the EAT-Lancet reference diet (EAT)’, dietary patterns from
the 2015-2020 Dietary Guidelines for Americans (HUS)*, and a vege-
tarian scenario (VEG), have their food intake directly determined based
on previous research results”***%” (Supplementary Table 1). Notably,
given the substantial variation in current dietary preferences across
countries, and to respect national dietary cultures, the four additional
dietary scenarios were redistributed based on existing preferences
from the Food Balance Sheets (FBS) of 2011-2020%. International trade
in the model occurs after meeting regional minimum self-sufficiency
requirements, implying that some part of the food demand in every
world region is produced domestically.

Among them, the proportion of food waste in the BaU diet is
primarily established through regression analysis grounded in per
capita income. Additional comprehensive details regarding the model
can be accessed in Bodirsky et al.’® For the other four healthy dietary
scenarios, we make the assumption that the share of final household
consumption which is wasted at the household level is 20% by 2050,
which is about half of that in high-income countries (Supplementary
Table 3).

In addition, we further decomposed the dietary components
output by the MAgPIE model. Although the raw output of dietary
components includes 26 food items, some dietary components are
aggregated (e.g., fruits, vegetables, and nuts are classified as “other”).
This level of aggregation was considered too coarse for assessing
nutritional quality. Therefore, our approach involved utilizing the
averages of the FBS for 2011-2020 to separate these aggregated food
categories (Supplementary Table 22). For more details, please refer to
the Supplementary Information.

To better analyze the impact of different diets on the environ-
ment, health, and affordability, the four dietary patterns were assessed
at the 2500 kcal per day level. For detailed settings, please refer to
Supplementary Table 1.

Impact of water use

The escalating impact of global agricultural production on water
resources, coupled with the surging global population and transi-
tioning dietary patterns, underscores the urgent need to capture water
use patterns across different food categories. In this study, the water
use in the model encompasses a broad range of sectors beyond agri-
cultural irrigation, manufacturing, electricity, domestic demand, live-
stock, and ecosystems. Agricultural water use is endogenously
calculated based on irrigated cropland, irrigation efficiency (Supple-
mentary Fig. 3), and livestock production, while water use from all
other sectors is treated exogenously'®. By integrating these data, the
MAgPIE model can estimate water use for different regions, crops, and
irrigation methods at the 0.5-degree grid cell level under different
dietary patterns®. For more details, please refer to Supplementary
Information.

Impact on dietary quality

We chose the Alternate Healthy Eating Index (AHEI)*® to evaluate the
relationship between diet and health. Since the creation of AHEI, there
has been substantial evidence supporting the strong link between AHEI
and health. Such dietary indices are often designed to assess the
dietary patterns of individuals or groups to better understand their
potential impact on health®**°, By applying specific nutritional stan-
dards and guidelines, these indices can provide information on dietary
quality, revealing health-related patterns and trends. We scored nine
components of the AHEI for each stratum. These components include
fruit, non-starchy vegetables, grains, sugars, legumes/nuts, red meat,
omega-3 fats, polyunsaturated fatty acids (PUFAs), and trans fats
(sodium is not estimated in the MAgPIE model). Each component was
scored from O to 10, and the final score ranged from O to 90 (Sup-
plementary Table 23).

Impact on food affordability

As MAgPIE is an economic optimization model that operates under
constrained conditions, it can derive a food shadow price for each
country’s food demand constraint. In this study, we calculated food
expenditures in different countries based on food prices and con-
sumption. Food affordability was defined as the share of total food
expenditure in total personal consumption expenditure, which was
obtained from the model output.

Synergies and trade-offs

Finally, we analyzed the synergies and trade-offs of different
dietary transitions by calculating the relative change of three
indicators relative to the BaU scenario in the other four dietary
scenarios of 176 countries (Supplementary Table 24) from
2020-2070 using Egs. (1, 2).

Sir = — Xpay) /Xpau D

Si- =(Xgay — X)/Xpay 2

where S;+ and S;- respectively indicate the relative change of positive
(dietary quality) indicator i* and negative (water use and food afford-
ability) indicator i". X’ represents the value of each indicator for dif-
ferent scenarios, and Xg,y represents the value of each indicator for the
BaU scenario. If S>0, it means that dietary transition can have a
positive impact on indicators (synergies), and if S < 0 means that there
is a negative impact (trade-offs).
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Limitations

Although we assessed changes in dietary quality resulting from dietary
transitions based on the Alternative Healthy Eating Index (AHEI), this
method does not directly reflect health impacts related to diet. If
health risks, including air pollution from dietary changes, are taken
into account, there is a risk of underestimating the health impacts of
dietary changes. Additionally, our study concentrated on under-
standing the impact of dietary shifts on water use, diet quality, and
affordability. It is important to note that while our research provides
insights into these crucial aspects, we did not quantify GHG emissions,
health issues related to agricultural pollution, or biodiversity loss.
While these are significant environmental impacts, they have already
been extensively studied”***. Our decision to exclusively focus on
water impact stems from the understanding that this particular aspect,
especially in the context of dietary transitions, is not sufficiently
comprehended. By emphasizing the water impact, our intention is to
fill a void in existing research, contributing valuable findings to an area
that has garnered less attention compared to other environmental
impacts. While some studies have touched upon the impact of dietary
transitions on water®’, these static analyses do not fully illuminate the
potential challenges that arise during the transition.

Secondly, while we have analyzed a range of different diets, our
consideration of the full diversity of available food types is limited. We
have covered major crops, livestock, and fish, but have not included
non-essential items such as beverages and processed meat. This
omission may underestimate changes in dietary patterns. Despite this,
we maintain confidence in our model’s robustness, believing that the
broader trends and conclusions regarding the affordability of essential
dietary components persist, even with the exclusion of non-essential
items. It should be noted that our diets were split into nuts, vegetables,
and fruit is based on the average historical data from FAO. We assume
that this split will not change with GDP in the future. However, we
believe that this approach will not affect the conclusions. Future work
could address the resolution of food types to improve the accuracy of
the data.

Finally, it is important to emphasize that, despite conducting
sensitivity analyses on the development path and key assumptions to
ensure the robustness of the results, we acknowledge the importance
of broader validation methods, such as inter-model comparisons®.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

Data supporting the findings of this study are available within the
article and its Supplementary Information files or are available on
figshare (https://doi.org/10.6084/m9.figshare.23905866). Source data
are provided in this paper.

Code availability

The model code of the MAgPIE model is openly available under the
GNU Affero General Public License, version 3 (AGPLv3) and accessible
via GitHub (https://github.com/magpiemodel/magpie). The release
version (MAgPIE 4.6.3), on which this study is based, has been archived
via Zenodo (https://doi.org/10.5281/zenodo.7782037). In addition, we
provide code for model data post-processing and data analysis, which
can be obtained on figshare (https://doi.org/10.6084/m9.figshare.
23905866). Using the provided plotting code and source data, all fig-
ures presented in this study can be reproduced.
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