nature sustainability

Article

https://doi.org/10.1038/s41893-025-01595-9

Conservationoutcomes of dietary
transitions across different values of nature

Received: 31 January 2024

Accepted: 11 June 2025

Published online: 3 October 2025

% Check for updates

Patrick von Jeetze ®'?
Pasquale Borrelli®*®, Panos Panagos ® ¢, Tobias Meyer’,

Florian Humpendder®', Pascal Sauer ®', Jan Philipp Dietrich®',
Hermann Lotze-Campen ® "2 & Alexander Popp ® '8

, Isabelle Weindl®", Justin Andrew Johnson®?3,

Conservation benefits from dietary change are commonly assessed

without accounting for different conservation objectives. By representing
fine-scale habitat and landscape change within a dynamic land-system
model, we assess how a partial or full transition to healthier diets

would affectindicators across the ‘Nature for Nature’and ‘Nature for
Society’ conservation value perspectives. We find that most diet-related
conservation benefits are already achieved by a partial shift to healthier
diets. This is because, particularly in many countries in tropical Africa

and Asia, adopting healthier diets would mainly involve substituting

staple foods with more varied plant-based foods rather than replacing
resource-intensive livestock products. Conservation actioninline with the
Global Biodiversity Framework, by contrast, most consistently improves
outcomes across both value perspectives, even under current demand
trends, showing that spatial planning is central for decoupling conservation
outcomes from food demand. However, any progress towards healthier
diets not only lowers greenhouse gas emissions but also reduces barriers to
effective conservation, such as higher food prices and imports.

Over the past century, unprecedented changes in both the character
and scale of the land used for food production have made agriculture
by far the most prominent driver of biodiversity loss". Today, the
food sector is also the primary driver of nitrogen pollution, fresh-
water consumption and soil degradation®*, while about one-third of
all greenhouse gas (GHG) emissions are linked to the food system”’.
Population growth and the ongoing ‘nutrition transition’ with rising
average incomes towards higher intakes of resource-intensive foods,
particularly from livestock, could further escalate the environmental
pressures of food production®.

Recent assessments have shown that a reduction in the intake
of resource-intensive livestock-based foods in favour of a variety of

plant-based foods would not only provide substantial health ben-
efits and a reduction in food-related mortality but also largely lower
the massive environmental burden of food production”®. In terms of
biodiversity conservation, several studies have also suggested sub-
stantial benefits of a shift towards healthier diets, in particular owing
to the enormous ‘land-saving effect’ as a result of changing agricul-
tural demand®'°. However, conservation benefits from dietary change
depend not only on the quantity of land that is protected from conver-
sion but more importantly on the quality and location of conserved
habitats' . Moreover, dietary changes may address specific conser-
vation aspects, such as reducing the conversion of pristine habitats
for feed production™. Yet, other aspects, such as the simplification
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of landscapes with along history of land use®™ and associated losses in
nature’s contributions to people (NCP)? are more closely connected
to broader structural trends in food production, such as specializa-
tion, intensification and the concentration of agricultural land™*".
Hence, conservation benefits from dietary change may not only vary
across space but may also differ across conservation perspectives,
depending on whether the focus is on the intrinsic values of nature,
such as preserving intact habitats, or its instrumental values, such as
the supply of important NCP in managed landscapes. Consequently,
some of the principles that apply to other environmental outcomes of
food production, such as an approximately linear scaling of CH, and
N,O emissions with livestock production levels', may not necessarily
extend to conservation outcomesin relation to shiftsin food demand.

The aim of this study was to disentangle the impacts of dietary
change across different conservation value perspectives, asillustrated
in the Intergovernmental Science-Policy Platform on Biodiversity and
Ecosystem Services (IPBES) Nature Futures Framework', in particular
the ‘Nature for Nature’ (intrinsic) and ‘Nature for Society’ (instrumental)
perspectives. We therefore applied a quantitative and spatially explicit
modelling framework to assess how a shift towards healthier diets could
affectindicatorsacross these conservation perspectives ataspatial scale
and detail of habitat representation that goes well beyond previous
efforts?>* (Extended Data Table 1 and Extended Data Fig. 1). Because
ashift towards healthier diets on a globally relevant scale is a complex
and multifaceted challenge that is subject to various social, political
and cultural barriers®, we also assessed different levels of convergence
towards healthier diets and compared the results with conservation
actionsinline with the targets of the Kunming-Montreal Global Biodiver-
sity Framework (GBF)?. Our analysis differs from earlier studies that did
notdistinguish between different conservation value perspectives'***,
only used simple aggregated biodiversity indicators®***%, assessed the
substitution of livestock food without considering further adjustments
infood consumption®*? or lacked the integration of other environmen-
tal and socio-economic outcomes?, and thus represents an important
addition to the debate on diet-related benefits for nature.

The Model of Agricultural Production and its Impact on the Envi-
ronment (MAgPIE, v4.8.2), a forward-looking open-source land and
food-systemmodel, formed the core of our modelling framework. MAg-
PIEis continually validated against observed data”” and has frequently
been used to study questions related to the sustainability of the food
system'®**, It uses awide range of socio-economic and spatially explicit
biophysicalinformation to simulate global land-system dynamics over
the twenty-first century (see Methods). To map projected land-cover
changes atascale relevant for assessing fine-scale landscape and habi-
tat change, we coupled MAgPIE with the Spatial Economic Alloca-
tion Landscape Simulator (SEALS). SEALS uses empirically calibrated
adjacencyrelationships, physical suitability and conversion eligibility
information toallocate projected land-cover changes at a spatial resolu-
tion of 10 arcsec (300 m x 300 m at the equator)*%,

Future scenarios of dietary change and
conservation action

Inour scenario set, we compared the effects of a partial and complete
shift towards healthier diets with a bundle of conservation actions
across the ‘Nature for Nature’ and ‘Nature for Society’ perspectives.
Our reference scenario (SSP2-REF) follows the ‘middle-of-the-road’
shared socio-economic pathway (SSP2) for the land-use sector® with
moderate population and income growth. In our reference scenario,
we also assumed full compliance with currently implemented land
policies, such as protected areas (PAs). In our alternative scenarios, we
added a50% (DIET50) and 100% (DIET100) convergence to a healthy
reference diet by 2050 as outlined by the EAT-Lancet Commission®, a
setof targeted conservation measures to supportbiosphere integrity
(BIOS) and lastly acombination of a partial diet shift and targeted con-
servation action (DIET50-BIOS) to the reference case.

The healthy reference diet is based on minimum daily per capita
intakes of legumes, fruits, vegetables and nuts and maximum intakes of
sugar, oils, poultry, eggs, red meatand dairy products, complemented by a
convergencetoahealthybody massindex (thatis,20-25)’ (Fig. 1a). Within
these limits, country-specific dietary patterns canstill exhibit consider-
ablediversity. Globally, the assumed partial (DIET50) and full (DIET100)
convergence towards the healthy reference diet is associated with a
reductioninaverage per capita calorie intake fromlivestock products of
33% and 66%, respectively, by 2050 (Fig. 1a). The reduction in livestock-
based food intake is compensated by an increase in plant-based food
intake, in particular from legumes (+173 and +346% kcal person day™)
and fruits, vegetables and nuts (+57 and +114% kcal person™ day™).

In the BIOS scenario, we assessed land conservation measures in
line with the GBF targets. These measures expand PAs to 30% of the
globalland surface and address key drivers of biodiversity loss outside
of PAs. The assumed expansion of PAsincludes unprotected land within
Key Biodiversity Areas (KBAs)®!, intact habitat in Biodiversity Hotspots
(BHs) and ecoregions with a high B-diversity (EBDs)*, and critical con-
nectivity areas (CCAs) as defined by Brennan et al.”. Conservation
measures outside PAs include maintaining at least 20% of semi-
natural habitats in agricultural landscapes®** by 2030 and a no-net-
biodiversity-loss scheme after 2030 whereby any decrease in biodiver-
sity intactness® must be compensated at the biome level” (Methods).

More effective habitat conservation through
targeted action

We estimated changes in the area of habitat (AOH) of vertebrate spe-
ciesbased onafine-scale allocation of land-cover projections and the
corresponding changes in the suitable habitat within the range of each
assessed species (Extended Data Table 1). AOH projections provide valu-
able information on potential habitat change and species extinction
risk. They can also guide conservation efforts and have been proposed
asanadditionalindicator for the International Union for Conservation
of Nature (IUCN) Red List***. Although the number of species assessed
(27,726) represents only around 2.2% of recorded species and 0.3% of
all predicted species®, the use of a large set of surrogate species across
different taxa with varying traits and habitat preferences has shown
to be effective in reproducing the spatial variation in biodiversity at
national, regional or global scales™. In terms of conservation values,
the AOH indicator is mostly associated with the ‘Nature for Nature’
value perspective.

In our reference scenario (SSP2-REF), we found that 17,359 (63%)
of the assessed species could experience a combined global habitat
loss of 22.5 Gha (Fig. 2). Of these species, 1,392 and 607 species could
lose more than20% and 40%, respectively, of their habitat by 2050, of
which 60% are currently listed only as ‘least concern’ or ‘near threat-
ened’accordingtothe [IUCN Red List (Fig. 3). Much of this habitat loss is
driven by the expansion of agricultural land in tropical Africa, Asiaand
Latin America (Supplementary Fig.16) asaresult of population growth
and increasing per capita food supply, in particular of meat and dairy
products owing to rising incomes (Extended Data Figs. 2-4). While in
Latin America (LAM) and Asian countries excluding China, India and
Japan (OAS) more than 80% of the habitat losses in SSP2-REF are due to
further cropland expansion, nearly 40% of habitat losses in sub-Saharan
Africa (SSA) are driven by pasture expansion (Fig.2).In OAS, forest loss
resulting from cropland and pasture expansion is particularly high,
which especially affects forest-dwelling birds (Extended Data Figs. 5
and 6).InLAM and SSA, the loss of open ecosystems also significantly
drives habitat loss in SSP2-REF, partly due to the relatively high base-
line protection of forest compared with open ecosystems such as the
CerradoinBrazil (Supplementary Fig.2). We also found thatin Europe
(EUR and NEU), China (CHA), as well as in Canada, Australia and New
Zealand (CAZ), forest establishmentin open ecosystems, for example
duetoland abandonment and rising timber demand, is a critical driver
of habitat loss, further increasing the pressure on species adapted
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Fig.1| Global food consumption and agricultural demand in our dietary
change scenarios. a, Per capita calorie intake per day across different food
groups and for different levels of convergence towards recommended intake
levels. In the reference scenario, calorie intake is derived from projected
population growth, demographic changes and per capitaincome, while
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food groups are based on Springmann et al.” (Methods). b, Overall changes in
agricultural demand expressed in gigatonnes of dry matter (GtDM) per year

for different levels of convergence towards the healthy reference diet across
different demand categories. Food crops mediated by biotic pollinationinclude
oil crops such as sunflower or rapeseed, legumes, and fruits, vegetables and nuts.

to open habitats that have already experienced strong population
declines over recent decades*.

In our alternative scenarios, we found that compared with the
SSP2-REF scenario, combined habitat loss is roughly halved inboth the
SSP2-DIET50 (—46%) and SSP2-DIET100 (-52%) cases (Fig.2). This sug-
gestsonly marginal benefitsin terms of habitat loss are gained from full
compared with partial convergence to the healthy reference diet, even
though thereductioninglobal agricultural demand is almost twice as
highinthe SSP2-DIET100 scenario compared withinthe SSP2-DIET50
scenario (Fig.1). Similarly, the global number of species with a habitat
loss >20%is also reduced by 60% across both diet change scenarios with
almost no additional benefits from a complete transition to healthier
diets (Fig. 3). In addition, and contrary to the global trend, we found
that in SSA, the number of species with a habitat loss >20% and >40%
actually increases in the SSP2-DIET100 scenario compared with in
SSP2-REF (Extended DataFig. 6) because land savings due to lower feed
demand are offset by ashift from staple foods to other plant foods with
abroader nutrient spectrumbut alower productivity per hectare, such
as legumes or fruits, vegetables and nuts (Extended Data Fig. 4). By
contrast,in LAM and OAS, the relative reductionsin habitatloss (-84%
and -78%, respectively) from even a partial dietary change compared
with SSP2-REF are much higher than those observed at the global scale,
suggesting disproportionate regional benefits in terms of habitat
conservation resulting from a shift to more plant-based diets (Fig. 2).

However, our results also indicate that dietary changeis not per se
a prerequisite for habitat conservation as land conservation in line
with the GBF exceeds the benefits of dietary change and drastically
reduces habitat loss from food production. In particular, we found

that the combined habitat loss in the SSP2-BIOS scenario is 77% and
51% lower compared with the SSP2-REF and SSP2-DIET100 scenarios,
respectively (Fig. 2), even though agricultural demand is the same as
in SSP2-REF. This also pertains to the number of species with >20%
habitat loss, whichis also 76% and 35% lower than in the SSP2-REF and
SSP2-DIET100 scenarios, respectively. InSSA, we found that the conser-
vationactions in our SSP2-BIOS scenario would reduce the number of
species with >20% habitat loss by 70% and 71% compared with SSP2-REF
and SSP2-DIET100, respectively (Extended DataFig. 6). Thisindicates
that habitat losses can be mitigated by stringent spatial planning that
prevents land expansion in ecologically sensitive areas, even as agri-
cultural demand increases. Despite a larger cropland area, especially
for non-staple crops, we found no significant increase in the number
of species with high habitat losses in the SSP2-DIET50-BIOS scenario
compared with SSP2-BIOS (Extended Data Figs. 4 and 6), indicating
that targeted conservation action better distributes impacts across
space (Extended Data Fig. 7). Overall, these findings also hold against
varying assumptions regarding socio-economic trends along the SSP1
(Sustainability) and SSP3 (Regional Rivalry) trajectories®®, although
we found that, especially in SSA, cropland expansion in response to
biosphere protection in the SSP1-BIOS scenario is larger because of
greater trade liberalization (Supplementary Figs. 5-15).

Mixed outcomes of dietary shifts on NCP supply

Our analysis also includes indicators for the supply of key regula-
ting NCP in cultured landscapes and climate regulation, which
address the ‘Nature for Society’ conservation value perspective
(Extended Data Table1). Theseinclude changesinlandscape pollination
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Fig.2| AOH losses at global and regional levels between 2020 and 2050. a,b,
Total sum of AOH losses at the global (a) and regional (b) levels between 2020
and 2050 caused by the expansion of aggregated land-use/land-cover (LULC)
types across all assessed species.The sum of AOH losses is much higher than
overall projected global and regional land-use changes. This is because one unit
of expansion of each LULC type can cause loss of AOH for several species. Hence,
the measure also indicates the relative importance of LULC expansions for AOH

losses by putting a higher weight on areas that affect more species. The legend in
aalsoappliestob. GLO, global; CAZ, Canada, Australiaand New Zealand; CHA,
China; EUR, European Union; IND, India; JPN, Japan; LAM, Latin America; MEA,
Middle East and Northern Africa; NEU, non-EU European countries; OAS, other
Asia; REF, reforming economies of the former Soviet Union; SSA, sub-Saharan
Africa Note the different x-axis ranges across the regional plots.

sufficiency scores, which are an indicator for wild pollination supply,
and configurational landscape heterogeneity. Configurational land-
scape heterogeneity has also shown to be positively associated with
arange of other key regulating NCP, such as pest control, and is an
important driver of biodiversity in managed landscapes***. We also
used the Global Soil Erosion Modelling (GloSEM) platform to estimate
changes in soil loss by water erosion, which is a dominant driver of

degradation of soil-related NCP at the global scale***. Finally, we also
report net CO, uptake and losses from land-use change for climate
regulation and show how these affect total GHG emissions in the land
sector (Extended Data Table1).

Our data indicate that in 2020, the majority of cropland
(970.6 Mha) was situated in landscapes with low configurational
heterogeneity and pollination sufficiency scores. By 2050, declining
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landscape heterogeneity in SSP2-REF further increases the total crop-
land area with insufficient levels of wild pollination (Fig. 4b), particu-
larly in SSA (+44.8 Mha), LAM (+11.4 Mha) and OAS (+34.6 Mha). This
isnotable because in SSP2-REF, the demand for pollinator-dependent
food crops with a high nutritional value, such as fruits, vegetables,
nuts, legumes and oil crops, also increases strongly in SSA (+167%),

the Middle East and North Africa (MEA; +68%), OAS (+52%) and India
(IND; +43%; Supplementary Fig.17). In our diet change scenarios, the
demand for pollinator-dependent food crops increases even further
to 343% (DIET50) and 508% (DIET100) in SSA and 158% (DIET50) and
255% (DIET100) in OAS compared with today. Yet, despite some global
improvements (Fig. 4b), we still found substantial increasesin cropland
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area with insufficient levels of wild pollination, particularly in SSA
(DIET50: +41.1 Mha; DIET100: +43.5 Mha) and to some extent in OAS
(DIET50: +9.8 Mha; DIET100: +12.7 Mha; Extended Data Fig. 8). Main-
taining at least 20% of semi-natural habitats at the landscape scale in
SSP2-BIOS and SSP2-DIET50-BIOS, however, canaddress the structural
trends that lead to cropland concentration, landscape simplification
and reduced NCP supply (Fig. 4b and Extended Data Fig. 8).

Interms of soil loss by water erosion, we found that dietary change
can effectively mitigate the high losses observed in SSP2-REF, mainly
due to the smaller agricultural area in OAS and LAM, but also due to
a higher share of perennial crops (Fig. 4d and Extended Data Fig. 9).
However, again, we found only limited additional benefits of a com-
plete dietary shift compared with a partial shift. By contrast, in SSA, we
found no co-benefits of dietary change for soil loss by water erosion.
However, asaresult of production shifts to areas less prone to erosion,
land conservation measures in the SSP2-BIOS and SSP2-DIET50-BIOS
scenarios show significant co-benefits for soil loss in SSA, with soil loss
lower by 1.1 Pg (BIOS) and 0.7 Pg (DIET50-BIOS) in 2050 compared with
2020, despite alarger cropland area.

Inline with previous work™, we also found significant co-benefits
fromdietary changebothintermsof CO,emissions fromland-use change
and total GHG emissions from agriculture, forestry and other land use

(AFOLU). Our results show that by 2050, a partial dietary shift (DIET50)
canachieve morethanthree-quarters and almost two-thirds of the reduc-
tionsin cumulative CO,and GHG emissions, respectively, of afull dietary
shift (DIET100) compared with SSP2-REF (Fig. 5a,b). Furthermore, land
conservation in our SSP2-BIOS scenario significantly increases carbon
uptake onland (Fig. 5a and Supplementary Fig. 23). Reductionsin total
cumulative GHG emissions fromland conservation are therefore similar
tothoseachievedin SSP2-DIET50. The combination of GBF-aligned con-
servationwithapartial dietary shift (DIET50-BIOS) evenresultsinslightly
lower cumulative GHG emissions than the SSP2-DIET100 scenario.
Furthermore, adecomposition of the contributions of the conser-
vation measuresin the SSP2-BIOS scenario shows that a simultaneous
implementation of measures that address different conservation objec-
tivesis crucial to mitigate potential trade-offs betweeninterventions.
The no-net-loss scheme, however, caused notable benefits across all
conservation value perspectives (Supplementary Figs. 31-35).

Partial dietary shift can lower barriers to
conservation

We further complemented our analysis with additional indicators that
provide an integrated perspective on changes in land productivity
and food accessibility across our scenarios (Extended Data Table 1).
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Fig. 5| Global projections of GHG emissions from AFOLU, land productivity
and food accessibility. a-e, Outcomes projected by MAgPIE for cumulative
CO, emissions from land-use (LU) change (a), overall cumulative GHG emissions
from AFOLU (b), expenditure on agricultural products for food use (c), average

annual cropyield changes (d) and agriculturalimports (e). Regional outcomes
and sources of validation data (circles) are shown in Supplementary Figs. 21-30.
GtCO,, gigatonnes CO,; GtCO,e, gigatonnes CO,-equivalent.

Our results show that targeted land conservation measures
most consistently improve outcomes across both the ‘Nature for
Nature’ and ‘Nature for Society’ conservation perspectives. How-
ever, we also found that compared with SSP2-REF, land conservation
measures would incur notable additional socio-economic costs in
terms of higher food expenditures (+13%), additional requirements
for yield increases (+22.5% on average) and higher total agricultural
imports (+3.5% globally between 2020 and 2050) if the demand trajec-
tory remains unchanged (Fig. 5c-e). These higher costs would pose
significant barriers to conservation action, particularly in LAM and
many countries in OAS and SSA (Supplementary Figs. 26, 27 and 30).
Yet, we crucially found that a partial convergence to healthier diets
(SSP2-DIET50-BIOS) could largely offset these added barriers to con-
servation and would eventually result in lower food prices, required
averageyield increases and total imports compared with SSP2-REF.

Discussion

Our study provides several key learnings. First, our findings indicate
that, across both the ‘Nature for Nature’ and ‘Nature for Society’ value
perspectives, the added conservation benefits of a full dietary transi-
tion are modest compared with only a partial shift. This is because in
regions of high global importance for conservation, such as Africa
or Asia, converging towards healthier diets would mainly involve
reducing the calorie supply of staple foods in favour of more diverse
plant-based foods with a lower per hectare productivity rather than
replacing resource-intensive livestock products asin most developed
regions, and thus the marginal benefits of a complete dietary transi-
tionare limited. Secondly, GBF-aligned conservation action shows the
most consistent conservation benefits, underlining the critical role
of targeted land-use policies in decoupling conservation outcomes
from food demand. Lastly, our results show that every step towards
more plant-based diets would not only create strong co-benefits
for GHG emissions but would also significantly reduce important
socio-economic barriers to more effective conservation, such as higher
food expenditure, agricultural intensification or increased imports.

In summary, we have shown that conservation across different value
perspectives critically depends on proactive conservation action
regardless of dietary patterns, but that the costs of conservation are
significantly lower under a shift towards healthier diets.

Our analysis is an important addition to previous studies and
provides further nuance to the debate on diet-related benefits across
different conservation perspectives. In particular, the non-linear
dynamics in our model results are not captured by static life cycle
assessment approaches', trade analyses with input-output tables’
or the use of biodiversity metrics that assign stylized biodiversity
values to land-cover types>?°. Moreover, the high spatial granularity
and dynamic representation of underlying socio-economic drivers,
such as population and income growth or agricultural trade, were
critical for understanding the consequences of dietary change across
different regional contexts. In addition, our projections have shown
to be robust to variations in key socio-economic assumptions, such
as population and income growth, under the SSP1and SSP3 scenarios
(Supplementary Figs. 5-15).

While our study provides insights into the impacts of various
land-system interventions on conservation outcomes, evaluating
policy instruments to achieve the GBF targets or that supportatransi-
tion to healthier diets was beyond the scope of the analysis. Achiev-
ing the GBF targets requires embedding nature conservation into
cross-sector sustainable development programmes*® to ensure relia-
ble funding forimplementationand monitoring*, aswell asaddressing
thedistributional consequences of conservation actions*. The strong
co-benefits of land conservation for both climate change mitigation
and adaptation specifically imply anintegration of policy approaches,
such as redirecting carbon pricing revenues to ecosystem manage-
ment programmes that prioritize the avoidance of habitat loss over
offsets**°, Although conservation action produces considerable
benefits for society at large”, local communities often face high costs
that necessitate adequate compensation for foregone opportunities®.
Furthermore, this study shows that some of the added costs of conser-
vation canbe avoided by a shift to healthier diets. Notable examples of
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strategiestoalter dietary patternsinclude price-based interventions,
information-based approaches and food environment policies™. Policy
approaches that emphasize both human health and environmental
benefits are likely to be the most effective®. This alsoincludes improv-
ing economic access to food by addressing inequality*®, as 2.8 billion
people, particularly in Africa and Asia, are currently unable to afford
ahealthy diet*.

A critical componentin our model framework s the link between
modelled land-cover changes and the associations of species with
habitat and elevation®. The MAgPIE model is systematically validated
against historical data at the regional and global scale using aregularly
updated validation database for most model outputs®. The SEALS
downscaling model, in turn, is trained by using a loss function that
evaluates modelled outputs against historic land-use patterns at high
resolution®®”, The habitat-land-cover model® used here systematically
reduces commission (false presence) errors and has shownto achieve
high accuracies in AOH projections®. In reality, however, habitats are
notonly defined by biophysical land cover but by acomplexinterplay
of various factors. Changes in habitat quality, for example through
management”, extraction®® or pollution by nutrients or pesticides®,
could not be considered here. Higher input use efficiencies and
improved management practices mustaccompany any yield increases
to halt habitat degradation by pollution’. Climate change could also
cause changes in the quality and distribution of suitable habitats® and
may therefore interact with other drivers of habitat change®'. Drastic
reductions in GHG emissions and land-based carbon uptake through
ecosystemrestoration® are therefore critical to prevent climate-driven
disruption of biodiversity®?, while adaptive conservation approaches
need to consider habitat connectivity and the dispersal of species along
environmental gradients™**.

Our study represents habitat and landscape change at a high spa-
tial resolution within a dynamic framework. Yet, some socio-economic
outcomes, such as price and endogenous yield changes, could only
be derived at the scale of our model regions. Spatial variations in
sub-regional food prices that would provide more detailed informa-
tion on the distributional consequences of conservation due to the
loss of opportunity or heterogeneity in marketintegration and access
toinfrastructure® were therefore not considered.

Our findings underline the globalimportance of coordinated and
targeted action for nature conservation. This alsoinvolves reconciling
diverse conservation value perspectives—including the ‘Nature for
Culture’ perspective, which was not covered in our analysis—through
active, informed deliberation amongscientists, policymakers and the
general public at local-to-global scales®>*°.

Methods

Model descriptions

MAgJPIE. MAgPIE is a global, multi-regional land-system model for
assessing global land-use dynamics and their implications for sustain-
able developmentin the twenty-first century*®®. It spatially allocates
agricultural commodity production to meet global demand for food,
feed, bioenergy and biomass under biophysical and socio-economic
constraints based onarecursive dynamic cost-optimization approach.
The model considers various cost components, such as factor require-
ments (capital, labour and fertilizer), land conversion, transport,
investment in agricultural productivity and irrigation costs. The
model also accounts for depreciation and new investments in capital
stocks for crop production in each time step, favouring historically
cultivated locations while limiting the unrestricted relocation of
production to areas with favourable climatic conditions but with
alack of required infrastructure. Trade flows are split between his-
torical import and export patterns and comparative advantages in
production, including trade costs®®. Spatially explicit biophysical
information is derived from the dynamic global vegetation, crop
and hydrology model LPJmL ata 0.5-degree spatial resolution based

on historical climate data® (no climate change effects). Vegetation,
litter and soil carbon stocks as well as water availability are taken
from LPJmL4 (refs. 70,71), while crop irrigation water requirements
and yield patterns (cropland and grassland) are derived from simu-
lations with LPJmL5 with unlimited nitrogen supply’®. To address
computational constraints, allmodelinputs at 0.5-degree resolution
are aggregated to spatial clusters for optimization using a k-means
clustering algorithm”. Socio-economic constraints, such as trade
patterns andinterest rates, are defined at the scale of 12 model regions
(Supplementary Fig.1and Supplementary Table 1), with larger econo-
mies resolved individually and smaller ones grouped together. All
major crop and livestock species, non-food agricultural commodi-
ties and supply chain losses are included in MAgPIE. Land competi-
tionis modelled in terms of the cost-effectiveness between crop and
livestock production, and considering the land conservation targets
formulated in each scenario.

Following previous studies, several of the outcome indicators
used here are directly derived from MAgPIE (Extended Data Table 1).
Net CO, emissions from land-use change are calculated on the basis
of carbon losses and uptake due to the conversion of forested and
non-forest ecosystems and regrowth on abandoned agricultural land,
respectively, between time steps'®. CH, emissions include emissions
from enteric fermentation, animal waste management, rice produc-
tion and the burning of agricultural residues and are estimated from
the level of ruminant livestock production, manure and area of rice
production. N,O emissions are estimated according to a nitrogen
budget approach” thataccounts for differences between organic and
inorganic nitrogen inputs and removals through harvesting or grazing
on agricultural land and also for differences between excreted and
recycled manure in animal waste management. On non-agricultural
land, we assume a stable state where nitrogen fixation equals sur-
plus. Average annual crop yield changes are calculated from yield
differences between time steps. Yield changes are driven by cropland
relocation to areas with higher yields and the cost-effectiveness of
investmentsintoirrigation as well asresearchand development invest-
ments into yield-increasing technological change” compared with
other cost components, such as land conversion or transport. Food
prices are derived from the shadow price (Lagrange multiplier) of
producing one additional unit of food and multiplied by the per capita
supply of agricultural food products (including waste) to obtain the
expenditure onagricultural products’. MAgPIE is intensely validated
using the R library mrvalidation tool”, which draws on a validation
database that contains historical datafor most outputindicators (see
also Supplementary Figs. 21-30).

SEALS. SEALS isused to map simulated land-cover changes in MAgPIE
atascalerelevant for assessing landscape and biodiversity change®*
(seeref. 28 for adiscussion of the MAgPIE-SEALS framework). SEALS
spatially allocates projected land-cover changes from MAgPIE to areso-
lution of 10 arcsec (field scale) using adjacency relationships, physical
suitability and conversion eligibility information. The initial state of
the model landscape is defined by a high-resolution LULC map from
the European Space Agency’s Climate Change Initiative (ESA-CCI) for
theyear2020. The 37 ESA-CCl land-cover classes are aggregated into 7
functional types, namely, cropland, grassland, forest, non-forest veg-
etation (for example, shrubland or herbaceous cover), urban, barren
land and water. Subsequently, the spatial adjacency strength for each
functional type on neighbouring land-cover pixels is quantified, con-
sideringbothdistance and pixel agglomeration. The physical suitability
forland-cover allocationis determined by high-resolution data on soil
type and quality, topographicinformation, climate and travel time to
the nearest market. In addition, allocation constraints are applied to
prevent further cropland or pasture expansioninareas suchasurban
land, current PAs or water bodies. In the BIOS scenario, the expansion of
crop, pasture and urbanland s also prohibited in conservation priority
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areas to meet the 30 x 30 target of the GBF (see below). The overall
suitability map is formed by combining adjacency relations, physical
suitability and conversion eligibility, where pixels are ranked accord-
ing to their suitability. In an iterative process, land-cover changes
are then allocated to the highest-ranked grid cells until all projected
changes from MAgPIE between 2020 and 2050 are assigned to gen-
erate high-resolution land-cover maps for each modelled scenario.
Specific coefficients for different adjacency relationships and physical
suitability are empirically determined by iteratively applying the allo-
cation algorithm on a time series (2000-2010) of LULC maps from
ESA-CCI. The coefficients most predictive on withheld historical data
(2011-2015) are selected during this process*?*’.

Biodiversity and NCP indicators

Landscape pollination sufficiency. Changes in configurational
landscape heterogeneity and pollination sufficiency were derived
on the basis of fine-scale projections (300 m x 300 m at the equator)
of land-cover changes using MAgPIE-SEALS coupling. Pollination
sufficiency is defined by the presence of semi-natural habitat (native
forest and non-forest vegetation, including native grassland) near
cropland®®”’. To derive pollination sufficiency scores, we ranked all
cropland pixels from O to 1 based on the proportion of semi-natural
habitat within a 2-km foraging radius typically found in wild pollina-
tor communities. We assigned a value of 1 where the proportion of
semi-natural habitat within the foraging range around cropland is
>30%, while values between 0 and 1 indicate a proportion of 0-30%
(refs. 28,78). Although this metric does not account for other impor-
tant factors that affect wild pollinator abundance, such as pesticide
applications, the presence of meta populations, or the quality of nest-
ing habitats or floral resources, multiple global and local studies have
shown that the amount of semi-natural habitat around cropland can
function both as areliable proxy for wild pollination supply and as an
important driver of biodiversity and other regulating NCP in various
landscape contexts*”’.

Soil loss by water erosion. Soil loss by water erosion was estimated
using the GloSEM platform. GloSEM uses a global geographical infor-
mation system (GIS) implementation of the Revised Universal Soil
Loss Equation (RUSLE) model, which was developed and validated by
Borellietal.***.In contrast to process-based soil erosion models, which
have limited global applicability, GIoSEM uses a parsimonious yet
physically plausible approach to quantify soil erosion resulting from
sheetanddrill erosion processes at field scale. The accuracy of soil loss
estimates from RUSLE-type models such as GIoSEM has demonstrated
to be suitable for most practical and policy applications*. Similar to
other RUSLE-type models, soil loss in GIoSEM is determined by adriv-
ing force (rainfall erosivity), a resistance term (erodibility of the soil)
as well as topographical and land-cover information. Global rainfall
erosivity maps were derived from the Global Rainfall Erosivity Database
using Gaussian process regression and covariates from the WorldClim
database®, while soil erodibility was estimated using soil data from the
International Soil Reference and Information Centre (ISRIC) SoilGrids
database®. Topographical information was obtained by processing
digital elevation model (DEM) data using a two-dimensional GIS-based
approach®. The land-cover and management factor was calculated
using separate approaches for cropland and non-cropland areas. For
cropland, spatial cropping patterns from MAgPIE at the 0.5-degree
level were used and individual land-cover factors were assigned to 20
crop functional types based on literature values*'. Subsequently, an
area-weighted mean between all crop groups in each 0.5-degree grid
cellwas calculated and matched to projected fine-scale cropland maps
from MAgPIE-SEALS. In non-cropland areas, land-cover factors were
estimated by combiningliterature values for forested and non-forested
areas with potential annual vegetation and forest-cover mapsbased on
FCOVER data® and tree-cover data®*, as detailed in von Jeetze et al.?®.

Area of habitat. The AOH refers to the habitat available to a species
withinits geographic range®. Here, we produced vertebrate AOH maps
for 6,374 amphibian, 9,124 bird, 5,351 mammal and 6,877 reptile spe-
cies for the year 2020 and used land-cover projections based on the
MAgPIE-SEALS framework to assess AOH changes under different
land-use scenarios. Range polygons for each species were obtained
from the IUCN Red List® and BirdLife International®. Inline with previ-
ouswork, weretained separate range polygons for resident, breeding,
non-breeding and uncertain seasonality during processing™>®, but
aggregated the final results across all seasonal ranges of each species
to simplify the presentation of our results. We further excluded all
species ranges with unknown presence and species with no habitat
information. Habitat preferences for each species were derived from
the IUCN Red List® and are reported for 12 different habitat classes
based onthe [IUCN Habitats Classification Scheme®. To relate the IUCN
habitats to spatial land-cover information we used the habitat-land
cover model of Lumbierres et al.”. The model associates 12 main habi-
tat classes of the IUCN Habitats Classification Scheme with ESA-CCI
land-cover classes and provides atranslation table based on 3 different
thresholds of positive association. We selected the threshold with the
strongest habitat-land-cover association, whichin similar applications
has shownto considerably reduce commission errors without compro-
mising validation performance of the AOH estimates®*°*. For artificial
degraded forestand plantation habitats, we chose the second strongest
associationthreshold because none of the association values surpassed
the threshold with the strongest association. Artificial degraded forest
and plantation habitats were therefore associated with ESA-CCl classes
12 (cropland, rainfed, tree or shrub cover), 20 (cropland, irrigated or
post-flooding) and 190 (urban areas™; see Supplementary Table 2).
Habitats classified as marginal or of no majorimportance in the [IUCN
Red List were omitted from the data. For abandoned agricultural land
we followed the approach of Humpenéder et al.* with updated param-
eters for the Chapman-Richards growth function from Braakhekke
etal.®’, which assumes the same carbon density and the same species
pool as during natural succession. Thus, in the early stages of natural
succession, when the carbon density is <20 tC ha™, thelandis classified
as non-forest vegetation (native grassland or shrubland) in the ‘other
land’ pool. After reaching a carbon density of >20 tC ha™, the land is
classified as forest vegetation. We maintained this approach in the
MAgPIE-SEALS coupling and classified abandoned agricultural land
in the early successional stage as open habitat (native grassland or
shrubland) and land in the later successional stages as forest habitat.

Changes in AOH were estimated following a two-step approach
involving a pre-processing step and a scenario processing step
(SupplementaryFig.3). The pre-processing step involved subtracting
unsuitable elevation areas from the range® and translating IUCN habi-
tatsto ESA-CClland-cover classes for each species. Species elevational
range datawere also obtained from the [IUCN Red List and areas outside
the elevational limits were subtracted on the basis of WorldClim 1-km
elevation data’. Some range polygons had no remaining areas within
their species elevational limits and were therefore omitted from the
dataset. During the scenario processing step, unsuitable areas were
subtracted from the pre-processed range polygons based on habitat
preferences and land-cover projections from MAgPIE-SEALS to pro-
duce the final AOH estimates. AOH estimates for the year 2020 were
derived directly fromthe ESA-CClland-cover map. All calculations were
performed usingR (ref. 91) and the terra package®. Owing to the high
computational load, computations were run on a high-performance
cluster and parallelized using the packages foreach” and doParallel”.

Modelled scenarios

We used the ‘middle-of-the-road’ socio-economic pathway (SSP2)
for the land-use sector’ as our reference scenario. The SSP2 path-
way assumes continued trends of moderate population and income
growth and includes currently implemented land-use regulations.
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Ensuing food demand projections are based on anthropometric and
econometric approaches that incorporate country-specific informa-
tion on income, body-height, age-cohort, sex and body-mass-index
distributions with elasticity parameters derived from historical data®.
Information on PAs in the historical period (1995-2020) was taken
from the World Database on Protected Areas (WDPA)**. We selected all
legally protected areas that meet the [IUCN and Convention on Biologi-
cal Diversity definitions of PAs. Land use within PAs was determined
on the basis of ESA-CCI land-cover data and aggregated to MAgPIE
land pools. In the reference scenario, land use within PAs after 2020
was held constant (that is, no cropland, pasture or urban expansion),
assuming full compliance and considering mixed land use, such as in
IUCN PA categories Vand VI.

Our alternative scenarios differ from the reference scenario in
terms of per capita food demand multiplied by the projected total
population, aswe assume a50% (DIET50) and 100% (DIET100) conver-
gence towards healthier diets, and the implementation of biodiversity
conservation measures (BIOS) at the global scale.

» DIET50 and DIET100: the healthy reference diet is based on
minimum and maximum recommended daily intakes for
different food groups, while allowing for considerable diversity
in country-specific dietary patterns within the ranges of the
recommended intake levels’. Minimum per capita intakes are
formulated for legumes, fruits, vegetables and nuts. In countries
where per capita intakes of these food groups do not meet the
recommended levels, intakes are increased to these minimum
levels. Maximum intakes are set for sugar, oils, poultry, eggs,
red meat and dairy products. Where per capita intakes exceed
the recommended amounts, intakes of these food groups are
reduced to meet the recommendations. In addition, a conver-
gence towards a healthy body mass index of 20 to 25 is assumed.
The food-specific maximum and minimum intakes for the
healthy reference diet were derived from Springmann et al.’,
who have already considered country-specific dietary patterns.
In the DIET100 scenario, we assume a full linear convergence
towards the recommended dietary intakes by 2050. In the
DIETS50 scenario, we assume only a 50% convergence towards
the per capita intake targets of the healthy reference diet. These
are then linearly combined with the reference food intake fol-
lowing the SSP2 trajectory (Fig. 1). In terms of total daily calorie
intake, we also assume a 50% convergence from the reference
total calorie intake level to the total calorie target level, which is
informed by the healthy body mass index target (20-25). How-
ever, to maintain minimum and maximum targets for the differ-
ent food items of the healthy reference diet, we only adjusted
the intake of staple calories to meet the total calorie targets.

« BIOS: the BIOS scenario includes a bundle of conservation
measures to support biosphere integrity. Compared with the
reference scenario, the area of protected land is increased by
2,055 Mha to meet the GBF target of conserving at least 30% of
the global land surface by 2030. The enlargement of protected
areas is focused on areas of global importance for biodiversity
conservation (Supplementary Fig. 2), including KBAs®, unpro-
tected habitat in BHs and EBDs*, as well as the CCAs identified
by Brennan et al.”’. Our choice to expand protected areas in
KBAs, BHs, EBDs and CCAs is informed by the current literature
on conservation priority areas and seeks to balance different
conservation objectives, taking into account areas of global
importance as well as species migration'>*, Yet it remains just
one plausible implementation of the GBF 30 x 30 target aimed
atillustrating how land protection could contribute to global
conservation. We assume that within these conservation prior-
ity areas, restoration targets for different land-cover types are
based on pre-industrial (1750) levels derived from the LUH2 (v2)

dataset™. In addition, the BIOS scenario also includes a set of
measures that address key drivers of biodiversity loss outside
of PAs. These include maintaining at least 20% of semi-natural
vegetation (SNV) in managed landscapes by 2030 and a
no-net-biodiversity-loss scheme after 2030 at the biome level™.
The constraint to maintain at least 20% of SNV (native forest
and non-forest vegetation) in managed landscapes is directly
applied in the MAgPIE model and is formulated such that 20%
of the potentially available cropland must be reserved for SNV.
Because evidence suggests that the 20% target should be ful-
filled at the 1km x 1 km scale to achieve maximum benefits****,
we also used high-resolution satellite imagery from the Coper-
nicus Global Land Service® to estimate how much current
cropland would need to be relocated to other areas to fulfil this
target. This information is then used as additional input in the
model optimization. Furthermore, the constraint to maintain
20% SNV at the 1 km x 1 km level is also applied during the land
allocation at high resolution with SEALS. Because SEALS uses
alatitude/longitude World Geodetic System 1984 coordinate
reference system (CRS), where the area covered by a single pixel
varies with latitude, we used an Eckert IV equal-area CRS to
identify which pixels should be conserved to maintain 20% SNV
at the 1km x 1km scale and reprojected them to the latitude/
longitude CRS. The no-net-biodiversity-loss scheme prohibits
any reduction in the Biodiversity Intactness Index** (BII) of each
biome® within a MAgPIE region and biogeographic realm. Any
decrease in the area-weighted average Bll at the biome level (for
example, due to cropland or urban expansion) must therefore
be offset by an increase in land uses with higher Bll values
within the same biome. The no-net-loss scheme thus acts as

an additional guardrail for areas outside conservation priority
areas and disincentivizes avoidable land conversions to
agricultural land use. MAgPIE-specific Bll coefficients for
different land-use classes are based on Leclére et al.** and are
presented in Supplementary Table 3.

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

Data availability
The model results presented in this Article are available via Zenodo at
https://doi.org/10.5281/zenod0.10599895 (ref. 97).

Code availability

The model code of the MAgPIE model is openly available under GNU
Affero General Public License, version 3 (AGPLv3), and is accessible
via GitHub at https://github.com/magpiemodel/magpie. The release
version (MAgPIE 4.8.2) on which this work is based is available via
Zenodo at https://doi.org/10.5281/zenodo0.13833444 (ref. 98).
MAgPIE 4.8.2 is accompanied by technical model documentation
(https://rse.pik-potsdam.de/doc/magpie/4.8.2/), which was compiled
using the GAMS code documentation toolkit goxygen®’. The SEALS
codeisalso accessible via GitHub at https://github.com/jandrewjohn-
son/seals_dev/releases/tag/v1.0.0 and the accompanying documention
isavailable at https://justinandrewjohnson.com/earth_economy_devs-
tack/seals_overview.html.
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Extended Data Fig. 5| Total sum of area of habitat losses between 2020 and
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Extended Data Table 1| Overview of main outcome indicators assessed in this study and their associated primary
conservation value

Indicator and unit Definition Primary conservation Reference
value perspective
MAgPIE-SEALS
Area of habitat (AOH) The area of habitat (AOH) refers to the habitat available to a species within ~ Nature for Nature Brooks et al.¥’,
change (ha) its geographic range. AOH changes are derived for 6,374 amphibian, 9,124 Lumbierres et

bird, 5,351 mammal and 6,877 reptile species and are based on a fine-scale
allocation of land-cover projections and corresponding changes in the
suitable habitat. Range shifts due to climatic changes could not be
considered here.

31,3655

Configurational
landscape
heterogeneity &
pollination sufficiency
(unitless)

Cropland pixels (300m x 300m) are ranked by values between 0 and 1.1
indicates >30% semi-natural habitat within 2 km around cropland. Values
between 0 to 1 indicate a proportion from 0 to 30%. The presence of semi-
natural habitat has shown to be positively associated with a range of
important NCP such as pollination supply’®™ and an important driver of
biodiversity*!.

Nature for Society

von Jeetze etal %,
Chaplin-Kramer et
al.”?

Soil loss by water
erosion (Pg year?)

Soil loss by water erosion is estimated based on the Global Soil Erosion
Modelling (GloSEM) platform. GloSEM is a large-scale Geographical
Information System (GIS) version of the empirical, detachment-limited
Revised Universal Soil Loss Equation (RUSLE) model. Soil loss by water
erosion is a major driver of degradation of the supply of critical soil-related
material and regulating NCP*.

Nature for Society

von Jeetze etal %8,
Borrelli et al.*

MAgPIE
CO2 emissions from CO2 emissions from land-use change include carbon losses to the Nature for Society Humpendder et
land-use change atmosphere in terms of CO2 from the conversion of pasture, forest and non- al®
(Gt CO2 year?) forest ecosystems, as well as carbon uptake due to vegetation growth and
regrowth on abandoned or conserved land.
GHG emissions from Agriculture, Forestry and Other Land Use (AFOLU) GHG emiissions include Humpendder et
AFOLU CO2 emissions from land-use change, N.O emissions from agricultural soils al®

(Gt CO2-eq year?)

and animal waste management, and CHa emissions from enteric
fermentation, animal waste management and rice production. The CO>
equivalents of N20 and CH4 emissions were calculated using IPCC AR6
GWP100 factors of 273 and 27 respectively.

Average annual yield
changes (% year?)

The temporal development of agricultural yields is modelled endogenously
based on cropland relocation and through the cost-effectiveness of
investments into irrigation and research & development (R&D) investments
into yield-increasing technological change relative to other cost
components (e.g. land conversion or transport costs).

Dietrich et al.”™

Expenditure on
agricultural products
(USD persontyear?)

Per capita expenditures in USD05 MER for agricultural commodities for
food use, excluding the value-added in the supply chain. Food expenditure
is derived from the country-level per-capita food use multiplied with the
shadow price (Lagrange multiplier) of providing one additional unit of food
in a world region.

Stevanovié et al.”®

Agricultural imports
(Mt DM year™)

Aregion imports agricultural commodities, if demand is not met by
domestic production.

Schmitzet al.*®
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Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  We linked the global land system modelling framework MAgPIE v4.8.2 (Model of Agricultural Production and its Impact on the Environment;
written in GAMS and R) with the SEALS (Spatial Economic Allocation Landscape Simulator; written in Python) model. Globally gridded yield,
carbon, and water input data was derived from the dynamic global vegetation, crop and hydrology model LPJmL (Lund-Potsdam-Jena
managed Land; written in C++ and R). Our soil erosion estimates are based on the Global Soil Erosion Modelling (GloSEM) platform
(implemented in R for this study). All models are referenced and described in more detail in the main manuscript. 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 4.8.2.), on which this study is based, has been archived via Zenodo (https://
doi.org/10.5281/zenodo.13833444). MAgPIE 4.8.2. is accompanied by a technical model documentation (https://rse.pik-potsdam.de/doc/
magpie/4.8.2/), which has been compiled with the GAMS code documentation toolkit goxygen.

Data analysis Data analysis during post-processing was done in R by using the libraries 'luscale' v3.0.1, 'magpie4' v2.13.0 (both part of the MAgPIE modelling
framework and accessible via https://github.com/pik-piam), 'terra' v1.7-81, 'exactextractr' v0.10.0, 'foreach' v1.5.2, 'doParallel' v1.0.17
(references provided in the manuscript).

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.
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Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

All model outputs used in this paper have also been archived via Zenodo and can be accessed under https://doi.org/10.5281/zenodo.10599895. All input data used
in this study, such as the input data for the GIoSEM platform, is fully referenced in the paper.

Human research participants

Policy information about studies involving human research participants and Sex and Gender in Research.

Reporting on sex and gender No human research participants were involved in this study.

Population characteristics n/a
Recruitment n/a
Ethics oversight n/a

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.
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For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Ecological, evolutionary & environmental sciences study design

All studies must disclose on these points even when the disclosure is negative.

Study description This study applies a spatially-explicit and empirically calibrated quantitative modelling approach to assess how a partial or full
convergence to healthier diets at the global scale would affect indicators across different conservation perspectives and compares
the outcomes to a set of alternative conservation measures.

Research sample Our scenario set uses the 'middle of the road' shared socio-economic pathway (SSP2) assuming full compliance with currently
implemented land policies, such as legally protected areas, as a reference case (SSP2-REF) and compares it to alternative scenarios
assuming 50% (SSP2-DIET50) and 100% (SSP2-DIET100) convergence towards a healthy diet based on recommended intakes for
legumes, sugars, fruits, vegetables, nuts and livestock products. Recommended intakes are expressed as maximum and minimum
targets for each food group. Actual average dietary intakes may therefore still show considerable heterogeneity at country level.
Additional scenarios include a proactive conservation scenario (SSP2-BIOS), which assumes both an expansion of protected areas in
line with the targets specified in the Kunming-Montreal Global Biodiversity Framework (GBF) and a set of conservation measures
outside protected areas, such as maintaining at least 20% semi-natural vegetation in agricultural landscapes, and lastly a combination
of partial dietary change and targeted conservation measures (SSP2-BIOS-DIET5S0).

Sampling strategy No new data was collected for this study.

Data collection All relevant input data used and processed in this modelling study is fully documented in the manuscript or in openly available online
documentations, referenced in the text.

Timing and spatial scale = We mainly provide a global analysis, but also indicate regional- or country-level outcomes. We also map and present spatially-explicit
outcomes at an intermediate and a fine-scale spatial resolution of 0.5 degree (55x55 km at the equator) and 10 arc seconds ('field-
scale’; 300x300 m at the equator).

Data exclusions No data was excluded.

Reproducibility The model code (https://doi.org/10.5281/zenodo.13833444) and the model outputs (https://doi.org/10.5281/zenodo.10599895) are
available online.
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Randomization Not applicable as no new data was collected.

Blinding Not applicable as no new data was collected.

Did the study involve field work? |:| Yes |Z| No
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