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Global average socio-economic farm size
may triple by 2100

Jiani Wang1,2,6, Yan Li3, Sheng Liu2, Hang Xu2, Ziling Zhu2, Jia Ding4, Pu Liu5,
Yuyu Yang5, Qing Zhu1,6 & Lei Liu 1,2

Farm size is vital for food production and environmental outcomes, yet global
dynamics remain unclear. In this study, we introduce an indicator as ‘socio-
economic farm size’ defined as the agricultural land area divided by the
number of farms. Unlike purely geophysical measures, socio-economic farm
size incorporates demographic, labor, and economic factors, providing amore
holistic understanding of farm size dynamics. Our long-term dataset reveals a
15% decline in global average socio-economic farm size from 1970 to 2000, a
14% increase from 2000 to 2020, and may triple by 2100 under the Shared
Socioeconomic Pathway 2 (middle pathway) scenario.While Europe, Northern
America, and Oceania saw exponential growth in recent decades, regions like
India and Sub-Saharan Africa experienced reductions. Future trends indicate
widespread consolidation toward larger farms including in Asia and Africa,
driven by declining rural populations. Our findings underscore the need for
targeted policies to address the challenges and opportunities associated with
farm consolidation, ensuring sustainable food production in a rapidly chan-
ging world.

Farm size plays a critical role in shaping agricultural systems, influen-
cing productivity, sustainability, and socio-economic outcomes1,2.
Small-scale farms, often characterized by limited land area and labor-
intensive practices, are prevalent in low-income regions and are crucial
for food security and rural livelihoods3–6. They tend to prioritize
diverse cropping systems and subsistence production but may face
challenges in accessing markets, technology, and economies of scale7.
Medium-scale farms often serve as a bridge between small and large
operations, combining some level of mechanization with diversified
production. They are better positioned to adopt modern technologies
and accessmarkets, contributing substantially to regional food supply
chains8. Large-scale farms, typically capital-intensive and highly
mechanized, dominate in industrialized regions and are key players in
global commodity markets9. They benefit from economies of scale,

enabling high productivity and efficiency, but may face criticism for
environmental impacts, such as soil degradation and biodiversity loss,
and for contributing to land concentration and rural inequality9,10. Each
farm size category has distinct roles and challenges, and their interplay
within agricultural systems is shaped by local contexts, policies, and
market dynamics11.

Despite growing recognition of farm size dynamics as critical
determinants of agricultural sustainability and food security, existing
scholarship remains disproportionately focused on contemporary or
geophysical analyses1,2, with scant attention to the long-term socio-
economic shifts in shaping farm size trajectories. Historical recon-
structions of farm size distributions are often fragmented, regionally
siloed, or reliant on inconsistent metrics. To our knowledge, only a few
studies explored the spatial patterns of physical farm size. For instance,
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a recent study1 estimated the global distribution of GFS in 2017 devel-
oped by crowdsourcing visual interpretations of satellite images from
Google Maps and Microsoft Bing Maps using the Geo-Wiki application
as an online application1. The World Programme for the Census of
Agriculture (WPTCA) and derivative reports2,12 indicate the change of
farm size, but limited to regional case studies. Formany countries, data
on farm size are only available for limited years andmany countriesmay
have only a few data points on farm size over the past few decades,
making it difficult to analyze long-term trends2. Reconstructing har-
monized historical farm size datasets could enhance predictive models
to account for heterogeneous regional realities. Such efforts are critical
to informequitable, context-specificpolicies that reconcile productivity
goals with ecological and socio-economic resilience in the face of 21st-
century demographic and climatic uncertainties.

In this study, we introduce an indicator of “socio-economic farm
size (SFS)” defined as the agricultural land area divided by the number
of farms. The reasonwe term it socio-economic is todistinguish it from
geophysical farm size (GFS), as different approaches are used to cal-
culate them. The GFS focus on the physical attributes of land, such as
area, topography and land use patterns, often relying on satellite-
based remote sensing technologies to delineate farm boundaries13,14.
However, it’s still very challenging to gain long-term GFS due to data
limitations15, and thus this study uses the SFS to explore the long-term
changes1. The SFS incorporates demographic, labor, and economic
factors, reflecting the interplay between land availability and the
number of potential farm operators. This distinction is critical because
the two metrics cannot be directly compared. For example, two
regions with similar physical farm sizes may have vastly different SFS
values due to differences in rural population density or labor
availability16,17. By using this term, we aim to highlight the importance
of socio-economic context in shaping farm size dynamics and to pro-
vide a more holistic understanding of agricultural systems that goes
beyond purely geophysical measures.

We focus on examine how SFS has evolved globally over recent
decades (1970–2020) and how they might change in the future under
different socioeconomic scenarios. This study developed a model to
reconstruct the historical data on SFS by integrating information from
multiple sources, which enables us to estimate it for years where direct
data is unavailable and allows us to project future farm size trends and
discuss its policy implications. Understanding these changes is crucial
due to their far-reaching impacts on shaping social and environmental
outcomes and this analysis couldprovide crucial insights intopotential
long-term solutions on effective paths for the sustainable agriculture.
In this article, we first show our reconstructed historical SFS data
between 1970–2020, then indicate future SFS data between
2020–2100 using our model, and finally discussed the possible impli-
cations for policy governance of future land consolidation.

Results
Recent changes in socio-economic farm size
We employ a Bayesian hierarchical quantile additive regression model
to predict the relationship between the logarithms of the SFS, agri-
cultural area, rural population, and GDP per capita (see “Methods” and
Table S1).Ourmodel canwell capture changes in SFS both globally and
regionally (Fig. 1 and Fig. S1). Our model also performs excellently on
the back-transformed scale (Fig. S2). The term plots of the model
(Fig. S3) illustrate the relative strength of each predictor’s influence on
the dependent variable and reveal whether the effect of eachpredictor
is linear (for agricultural area and rural population) or nonlinear (for
GDP per capita). The residual distributions for both the overall model
(Fig. S4) and individual predictors (Fig. S5) appear randomized,
showing no discernible patterns, which indicates a good model fit.
These validations illustrate that we well estimated the functional form
of the predictors and the expected quantile. While the effects are
nonlinear, linearized approximations for the average effects are

+0.13%, +0.85% and −0.82% change in SFS across a country for every
percentage change in GDP per capita, agricultural area, and rural
population, respectively. The relative impacts of agricultural area and
rural population are roughly equal in magnitude and opposite in sign.

Between 1970 and 2000, global average SFS has decreased by
0.37 ha yr−1 (0.5% yr−1) and after then increased by 0.36 ha yr−1

(0.5% yr−1) (Fig. 2). The increase after 2000 can be due to decreasing
rural population and appropriate land consolidation of fragmented
farms, while global GDP per capita grew rapidly and urbanization
accelerated rapidly (Fig. S6).

In high-income regions, we found an exponential increase (Fig. 2),
with the ratio of SFS between 2020 and 1970 as 1.96, 1.77 and 1.33 in
Europe, Northern America, and Oceania. These regions started urba-
nization early with small farms highly integrated into larger farms18. In
USA, SFS expansion around 1990-2000 was the fastest (1.9% yr−1)
(Fig. 3), probably because of the rapid urbanization combinedwith the
Agricultural Adjustment Act, resulting in many small farms being
consolidated into larger ones19. European countries like Germany,
France, and the United Kingdom, had a rapid growth rate in SFS by
1.6–2.1% yr−1 (Fig. 3) due to a rapid decline in rural population since
1990 (Fig. S11). Rapid urbanization in these high-income regions has
resulted in a large amount of land being used for urban purposes,
leading to a gradual reduction in agricultural area (Fig. S7 and Fig. S10).
The gradual advancement of agricultural knowledge and technology,
which allows for the use of less labor to ensure yields (Fig. S7 and
Fig. S11), has accelerated the consolidation of small farms into large
ones18. However, larger farms often rely on monoculture practices,
which can reduce biodiversity and negatively impact ecosystem
services20. This shift may also result in a decline in rural employment
opportunities21, leading to a decrease in the agricultural population
and increased pressure on urban areas.

In Latin America, SFS increased by around 40% between 1970 and
2020 (Fig. 2), where high inputs have been invested in large-scale
agriculture22. On the contrary, the parts of Middle East and North
Africa, Asia and Sub-Saharan Africa, SFS had a downward trend (Fig. 2),
with the ratio between 2020 and 1970 as 0.88, 0.68 and 0.57, respec-
tively. Farm sizes in African countries such as Kenya, Nigeria and Mali
declined at a rate of 1.1–2.7% yr−1; India’s SFS declined by 1.8% yr−1,
where laws such as the Land Ceiling Act, which limits the amount of
land that can be owned by an individual or a family, have preserved the
smallholder economy23. As landholdings become smaller, farmersmay
struggle to maintain food production levels, reducing local food
availability and increasing dependency on food imports24,25. This could
also worsen poverty levels in rural areas, as farmers with reduced land
are less likely to accessmarkets, credit, and technology thatmight help
increase yields26. The shrinking SFSs may, therefore, increase vulner-
ability to climate-related shocks, such as droughts or floods, which
disproportionately affect smaller farms. Regional divergence in farm
size trends reflects structural and institutional conditions. In high-
income regions like Europe, consolidation is linked to early urbaniza-
tion and mechanization27. In contrast, continued fragmentation in
regions such as Sub-Saharan Africa stems from population pressure,
insecure tenure, and weak land markets11,28.

In China, SFS began to expand gradually after 2000 (0.9% yr−1)
(Fig. 3). However, China’s SFS is still relatively small due to the
Household Contract Responsibility System (HCRS, creating structural
fragmentation by dividing land into small, non-tradable plots) and the
Hukou system (tieing rural residents to their land for security, dis-
couraging permanent exits from farming or land sales)14. Despite rapid
urbanization and rural-to-urban migration, most individuals retain
secure contractual rights to rural arable land, which has resulted in a
high degree of farm fragmentation and challenges in farm consolida-
tion. The speed and scale of land consolidation are also closely tied to
the growth of productive nonfarm sectors, as exemplified by China’s
rapid rural-to-urban migration driven by manufacturing expansion, in

Article https://doi.org/10.1038/s41467-025-64319-9

Nature Communications |         (2025) 16:9225 2

www.nature.com/naturecommunications


contrast to countries like India or much of Africa26,29, where nonfarm
jobs have not grown at a comparable pace. Thus, policies aimed at
farm consolidation must be carefully calibrated against broader eco-
nomic conditions, the nature of rural labor markets, and the avail-
ability of nonfarm employment opportunities.

Future trends
We predict future SFS under the Shared Socioeconomic Pathways
(SSPs), which explore how societal choices, economic trends, and
environmental policies might shape future climate change and its
impacts30. We chose SSP2 as the primary projection because it repre-
sents the middle path, reflecting moderate economic growth and
demographic trends. Additionally, we incorporate two extreme sce-
narios, SSP1 and SSP331,32, as complementary projections. SSP1 repre-
sents a pathway characterized by high per capita GDP growth and low
population growth, reflecting a sustainable and economically pros-
perous future. In contrast, SSP3 depicts a scenario with low per capita
GDP growth and high population growth, associated with greater
socio-economic and environmental challenges. Our projections of SFS
illustrate that the global average SFS could expand (Fig. 4) under the
scenario of a shared socio-economic middle pathway (SSP2) with
urbanization and decreasing agricultural labor. The SFS could increase
by 37 ha (about 50%, 1.8% yr−1) between 2020 and 2050 from 70ha
(95% CI: 57–86ha) in 2020 to 107 ha (95% CI: 84–138 ha) in 2050.
Between 2020 and 2100, the average SFS globally could increase by
233 ha (about 300%, 4.2% yr−1) from 70ha in 2020 to 303 ha in 2100

(95%CI: 217–427 ha). Regionally, the ratio of the SFS between 2100 and
2020 is 6.4 for Latin America and theCaribbean, 5.8 forNorthAmerica,
5.4 for Europe, 4.1 forOceania andMiddle East andNorthAfrica, 2.4 for
Asia and sub-Saharan Africa (Fig. 4).

The more extreme socioeconomic pathways show different
results (Fig. 4). For instance, when GDP grows faster and population
grows slower (SSP1), the expansion of SFS could be much more rapid
(about 620%, 7.8% yr−1), whereas when GDP grows more slowly and
population grows faster (SSP3), the expansion of SFS could slow down
(about 260%, 3.3% yr−1). The projections for selected countries (Fig. S8)
have relatively consistent trends with the continent to which they
belong. African countries (Kenya,Mali and Nigeria) could expand their
SFSs with around 2060 as a turning point.

The results of our reconstructionof long-termSFSdata and future
projections illustrate the changes in SFS over time. The model we
present here fits the observed data very well and shows a stable error
structure over time. Our model can illustrate how SFS could change in
the future if current agricultural trends are maintained. The future is
full of uncertainty, and many factors, including market economic
policies, land management policies, and environmental management
policies, may affect SFS in unpredictable ways.

Discussion
Policy implications
Farm size expansion could continue with urbanization, which lead to a
shortage of labor on small farms7,33 and help to promote the gradual

Fig. 1 | Comparison of predicted farm sizes by the censuses of agriculture
observed. a Model fit results vs. observations. b Histogram of raw residuals.
c, d Equivalent plots of the same model on back-transformed scale. Each point

represents a nationally representative agricultural census. Black lines are the 1/1
lines; blue lines are the linear fits. The data used to predict SFS were derived from
FAOSTAT and World Programme for The Census of Agriculture.
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development of larger-scale agriculture13,34. The relationship between
farm consolidation and rural population decline is bidirectional. While
decreasing rural populations may drive farm consolidation, the con-
solidation of farmsmay also accelerate rural depopulation by reducing
employment opportunities and weakening local economies35,36. This
dynamic can create a feedback loop, where depopulation leads to
further consolidation, which in turn exacerbates the decline of rural
areas. While some studies suggest that farm size consolidation may
occur as rural populations age (e.g., through land transfers from
retiring farmers)37,38, recent research challenges the assumption that
aging could automatically drive sustainable farm expansion. For
instance, Ren et al.39 argue that aging rural populations in China
threaten the viability of smallholder farming systems due to labor
shortages, reduced adoption of modern agricultural practices, and
insufficient intergenerational succession. This demographic shift risks
destabilizing small-scale production rather than fostering

consolidation, raising questions about the long-term sustainability of
farm expansion trends. Farm size optimization through land con-
solidation has occurred in high-income regions (including the US,
Germany, France), yet there remains potential for further optimiza-
tion. For instance, the USA’s farm sizes have gone through a process of
expansion, restriction and re-expansion, with government involve-
ment through interventions40,41, reaching a midpoint (medium) GFS of
408 hectares in the 20101,2,13. A distinctive hallmark is the high level of
mechanization in the production process, coupled with the high pro-
ductivity brought about by large-scale landmanagement. From1982 to
2012 in theHeartland area (including Iowa, Illinois, Indiana,Minnesota,
South Dakota, Nebraska, Missouri, Kentucky, and Ohio), large farms
withmore than 400 hectares increased their share of total production
from 17% in 1982 to 59% in 201240. In general, total factor productivity
(TFP)—the “residual” output growth unexplained by labor and capital
inputs42—increases significantly with farm size (p <0.001; Fig. S12),

Fig. 2 | Socio-economic farm size across regions and the globe (1970–2020).
a, global average farm size; b–h farm size in regions including Asia, Europe, Latin
America and the Caribbean, Middle East and North Africa, Northern America,

Oceania and Sub-Saharan Africa. Brown lines represent the median of farm size.
Yellow shading indicates 95% confidence intervals.
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suggesting economies of scale, improved technology adoption, or
enhanced management efficiency in larger agricultural operations11.
However, regional disparities exist: in low-income settings with
underdeveloped land markets, small farms may still achieve competi-
tive TFP through labor-intensive practices. Policymakers must weigh
efficiency gains against the risks of consolidating smallholder liveli-
hoods, particularly in regions where agriculture underpins rural
employment.

The experiences of high-income countries in managing the frag-
mentation of agricultural land can provide invaluable guidance for
low-income nations. A recurring strategy in these nations (the US,
Germany, France, and the Netherlands) involves the prioritization of
legislative measures (see Supplementary Information) aimed at miti-
gating the challenges posed by fragmented land parcels. German
accomplishment in tackling land fragmentation challenges and pro-
moting mechanized farming can be attributed to the implementation

of the Land Consolidation Act43,44. The Act has directly facilitated the
consolidation of agricultural land, alongside the widespread use of
modernmachinery and equipment to enable large-scale operations. As
a result, each farmer, constituting only 4% of the workforce, supports
over 120 individuals. In recent years, analogous efforts have been
observed in China, where initiatives such as the facilitation of farmland
rental arrangements and the involvement of machinery service provi-
ders have driven farm size expansion9,10,45–48. In the future, low-income
countries should expedite the creation of specific legislation, provid-
ing a strong legal foundation to tackle fragmentation and ensure
effective land management. On the other hand, policies such as land
reform, agricultural subsidies, and infrastructure development can
provide crucial support for optimizing farms7,49.

Farm consolidation is not without its drawbacks. The consolida-
tion of land can lead to a decline in rural employment opportunities,
and a loss of local knowledge and biodiversity associated with

Fig. 3 | Changes in socio-economic farm size by country.Historical socio-economic farm size of selected countries (a–l) from 1970 to 2020. Brown lines represent the
median of farm size. Yellow shading indicates 95% confidence intervals.
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traditional farming practices7. In many cases, small farms are the
backbone of rural economies, providing jobs, ensuring food sover-
eignty, and supporting the resilience of food systemsduring crises.We
acknowledge that promoting farm integration may not always be
feasible or desirable, particularly in regions constrained by economic,
cultural, or institutional factors. In such contexts, rather than pushing
towards uniform consolidation, policies could instead focus on
ensuring that smallholders have the resources and support needed to
maintain viable operations. The focus should not solely be on con-
solidation, but on how to improve the productivity and sustainability
of small farms through targeted investments in technology, infra-
structure, and support services. Strategies that empower smallholder
farmers—by providing access to markets, credit, and technology—can
complement efforts to optimize farm sizes and improve resource use

efficiency. Policies that promote consolidation should be designed
with safeguards to protect smallholder farmers and ensure that the
benefits of consolidation do not come at the expense of rural devel-
opment and food security.

Limitation
We recognize that our analysis, while capturing broad economic and
demographic drivers of farm size dynamics, does not fully account for
the critical role of policy interventions in shaping these trends. Agri-
cultural policies—such as subsidies, land reform programs, and trade
regulations—have historically exerted profound, often nonlinear
influences on farm consolidation or fragmentation. For instance, U.S.
Agricultural Adjustment Act and related subsidy structures favoring
capital-intensive operations50 and China’s Household Responsibility

Fig. 4 | Future farm size acrossmajor regions and globally. a global average farm
size; b–h farm size in major regions including Asia, Europe, Latin America and the
Caribbean, Middle East and North Africa, Northern America, Oceania, and Sub-
SaharanAfrica. The solid brown line shows theprojections under the SSP2 scenario,

while the blue and pink dashed lines show the extreme scenarios SSP1 (high GDP
and low population) and SSP3 (low GDP and high population), respectively. Yellow
shading indicates 95% confidence intervals under SSP2.
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System (HRS) reforms51 represent pivotal yet unmodeled policy shocks
that directly altered farm size trajectories. In the U.S., the subsidies,
which include direct payments, crop insurance, and price supports,
encourage the adoption of advanced technologies and economies of
scale, thereby accelerating farm consolidation50. As a result, the aver-
age farm size in the U.S. has steadily increased over time, while the
number of small and mid-sized farms has declined. This policy-driven
trend has implications for rural economies, labor markets, and envir-
onmental sustainability, as larger farms tend to prioritizemonoculture
and mechanization over diversified and labor-intensive practices.
Conversely, China’s HRS reforms, implemented in the late 1970s and
early 1980s, led to the fragmentation of agricultural land by redis-
tributing collective farmland to individual households. This policy shift
aimed to increase productivity by encouraging farmers to work their
own plots, but it also resulted in smaller, more fragmented farm sizes.
Despite China’s legal framework of collective land ownership, informal
land leasing and transfer mechanisms — alongside government-
promoted cooperatives and family farms—have enabled rural house-
holds to lease plots to more efficient producers, fostering larger
operational units and scale economies through policy, institutional
innovation, and local dynamics52,53. These examples illustrate how
policy interventions can have profound, often nonlinear impacts on
farm size dynamics, shaping the trajectory of agricultural systems in
ways that are not captured by macroeconomic or demographic vari-
ables alone. Our reliance on macroeconomic variables (GDP, rural
population) and agricultural land area as primary drivers, though
globally scalable, may overlook region-specific policy legacies that
mediate these relationships. Future work integrating granular policy
datasets (e.g., subsidy allocation mechanisms, land tenure laws) could
refineprojections andbetter disentangle structural trends frompolicy-
driven anomalies.

On the other hand, SFS does not directly account for uneven land
quality, fragmentation, tenure arrangements, or variations in land use
practices within a region. For example, two farms of the same socio-
economic sizemayoperate under vastly different conditions—onemay
have access to fertile, contiguous land with secure tenure, while the
other may face challenges such as fragmented plots, poor soil quality,
or insecure land rights. These differences can affect productivity,
resource use efficiency, and resilience to environmental and economic
shocks. While it provides a useful broad-scale indicator, SFS may
oversimplify local complexities and obscure important socioeconomic
and environmental nuances of farming systems. Smallholder farms in
low-income countries often play a dual role in ensuring food security
and preserving biodiversity, yet these contributions are not fully cap-
tured by a simple size metric (SFS). Similarly, variations in land use
practices—such as the adoption of agroecological methods versus
intensive monoculture—can have profound implications for sustain-
ability, even among farms of similar size.

Methods
Socio-economic farm size
In this study, we introduce the SFS, defined as agricultural land area
dividedby the number of farms.Mechanistically, SFS ismainly affected
by agricultural area, rural population, economic levels and policies.
Agricultural area (land) is typically positively correlated with farm
size54 while rural population directly influences the supply of labor and
farm size expansion55. From an economic development perspective,
GDP per capita reflects a country’s productivity and technological
advancement. As GDP per capita increases, agricultural production
methods gradually shift to be more capital-intensive and technology-
intensive, promoting the expansion of farm sizes56. Although policy
shocks (e.g., subsidies, land reforms; Fig. 5)57–59 may further shape SFS,
their incorporation into the model for predicting SFS remains limited
due to the highuncertainty of future landpolicy trajectories.Weused a
statistical model to estimate the link between the SFS and agricultural
area, rural population and GDP per capita because these indicators
directly drive changes in SFS and are consistently measurable across
historical and future scenarios.

Unlike a simple linear regression or a standard GAM, the used
Bayesian hierarchical quantile additive regression model accom-
modates multiple complexities simultaneously: it captures nonlinear
effects through additive smoothing terms, incorporates hierarchical
structure to account for variations between countries, and focuses on
a specific quantile to better characterize distributions of SFSs rather
than relying solely on mean responses. Additionally, the Bayesian fra-
mework allows for coherent uncertainty quantification, offers greater
flexibility in incorporating prior information, and provides robust
inference across diverse contexts—capabilities that simpler approa-
ches do not uniformly provide. We consider models with smoothed
terms for each predictor and country random effects, which allow for
the modeling of error correlations for multiple years of data collected
from the same country. The realized model is:

μτ log Si
� �� �

=
X

k

bik logðAiÞ+
X

l

bil logðPiÞ+
X

m

bim logðGiÞ+ δjðiÞ + ε0

ð1Þ

where μτ is the average of the τ th quantile (τ=0:5) of the natural
logarithmof SFS S;bik ,bil andbim arethe coefficients of thin-plate spline
basis functions for the natural logarithm of agricultural area A, rural
population P and GDP per capita G, which determine the weight of the
base functions in the model; k, l, and m are their base functions, which
are used to denote the constructive blocks of the smoothing function
that represent nonlinear relationships; δjðiÞ is random coefficient for
country j to the observation i; and ε0 is the error term. This logarithm
transformation addresses skewed data distributions and mitigates the
impact of extreme values, thereby enhancing model performance.
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Fig. 5 | Drivers for SFS and related policies. a possible drivers for SFS changes; b related policies affecting SFS at selected countries.
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Weuse threedatasets in SFSprojections including theWPTCAand
the datasets2,12, the FAOSTAT data on agricultural area, GDP per capita
and rural population size, aswell as projected GDP per capita and rural
population data from the SSP2, SSP1, and SSP3 databases of the
International Institute for Applied Systems Analysis (IIASA)30, covering
182 countries between 2015 and 2100. After integrating the data by
country and year and removing some termswithmissing values, we fit
the model to a sample of historical observations using the SFS
obtained by dividing the agricultural area by the number of farms. The
model can be used to estimate the SFS for each country by year, along
with 95% confidence intervals. The 95% confidence intervals are cal-
culated based on the standard errors inherent in the model simula-
tions, as the simulated values plus or minus twice the standard errors.
The analysis was conducted at the country level covering the timespan
1970–2100.

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

Data availability
All study data are included in the article and/or the supporting infor-
mation. The data used in this article to complete the analyses is
available in https://doi.org/10.6084/m9.figshare.29499263.

Code availability
The code used in this article to complete the analyses is available in
https://doi.org/10.6084/m9.figshare.29499263.
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