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Abstract
The global agrifood system is central to many challenges humanity faces today. Despite signific-
ant growth in total production, it fails to ensure food security for all, drives biodiversity decline,
and majorly contributes to climate change. Research on agrifood-system burdens often focusses on
the national level and isolated burdens, ignoring their systemic complexity. We address this know-
ledge gap by combining global subnational datasets proxying four key dimensions of agrifood-
system burdens: environmental footprint, climate change, income poverty, and malnutrition. We
map global hotspots of co-occurring agrifood-system burdens for 2017. We overlay these with data
on ambient population counts, agricultural areas, farm size distributions, and lands inhabited by
Indigenous peoples to identify spatial correspondence between people in vulnerable contexts and
food production regions facing these burdens. We further assess countries’ relative burden against
their inequality and governance indicators. Burden hotspots occupy many regions worldwide,
especially in low-income, (sub)tropical regions. Single burdens occupy regions harbouring about
5 billion people (∼66% of the global population) and 1.8 billion ha of agricultural lands (∼40%),
while multiple burdens occupy regions with about 1.9 billion people and 470 million ha agricul-
tural lands. Environmental footprint is the strongest contributor to these burden profiles. Regions
with traditionally marginalised communities (i.e. small-scale farmers and Indigenous peoples)
disproportionally face multiple burdens. Agrifood-system burdens are more prevalent in coun-
tries with higher economic inequality and poorer governance. Burden profiles vary substantially
within and between countries, necessitating regionalised and context-specific policies for effective,
bundled, and targeted solutions. Addressing agrifood-system burdens can also synergise with tack-
ling other current global challenges, like biodiversity loss and environmental justice.
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1. Introduction

While the global agrifood system has substantially
increased production volumes over the last decades
(Godfray et al 2010, FAO 2023), it faces numerous
challenges and geographically heterogeneous bur-
dens. It exerts strong pressures on the environ-
ment through increased greenhouse gas emissions
(IPCC 2019, Crippa et al 2021), pesticide and nutri-
ent leaching (West et al 2014, Maggi et al 2019),
freshwater consumption and pollution (Hoekstra and
Mekonnen 2012), soil erosion (Borrelli et al 2017),
and habitat destruction or degradation and associ-
ated biodiversity loss (IPBES 2019, Benton et al 2021).
Agrifood systems both contribute to climate change
and are affected by it, especially through more fre-
quent extreme weather events (IPCC 2023a). These
events damage food production (IPCC 2023b), res-
ulting in substantial yield losses (Heino et al 2023)
and societal costs (Newman andNoy 2023).We hence
understand burdens as cumulative, often negative,
pressures that the global agrifood system imposes
on social–ecological systems. Burdens, as uninten-
ded consequences of agrifood-system activities, can
strain environmental resources, human well-being,
and societal structures.

Simultaneously, the global agrifood system, itself
a system of local and regional agrifood systems, fails
to meet peoples’ needs in terms of nutrition and
affordability, leaving about 800million people under-
nourished and over 3 billion unable to afford healthy
food (FAO, IFAD, UNICEF, WFP, WHO 2022), while
overweight and obesity affect about 2.6 billion people
(WOF 2023). Food insecurity often stems from the
intertwined relationship between malnutrition and
poverty, even within food producing households,
creating a vicious cycle of sustained, poverty-limited
food access (Tanumihardjo et al 2007, Siddiqui
et al 2020). Moreover, highly specialised, input-
dependent, and monoculture-dominant agrifood
systems can lack resilience, increasing food insec-
urity in affected regions (Mehrabi and Ramankutty
2019, Egli et al 2020, Clapp 2021).

Impacts of agrifood systems particularly threaten
populations with low agency, at risk of exploitation
through global commodity markets, or with low fin-
ancial capacity. This includes, for example, small-
scale farmers, fishers, pastoralists, hunter gatherers,
and Indigenous peoples (IFAD/UNEP 2013, Díaz et al
2019), increasing their susceptibility to food insecur-
ity (Harvey et al 2014). Such communities also face
risks of ecological marginalisation (Levers et al 2021),
displacement (Kennedy et al 2023), poverty traps
(Woodhill et al 2022), or climate change impacts from
agrifood systems (Morton 2007). Simultaneously,
small-scale farmers are key for global food production
(Ricciardi et al 2018) and Indigenous peoples play

crucial roles in both food production and resource
stewardship (Kuhnlein et al 2013).

Agrifood-system indicators and their impacts
on social–ecological systems are well-documented.
Global indicator maps support assessments of
agrifood-system (un)sustainability (Béné et al
2019, GAIN 2024), including monitoring progress
toward global policy goals such as the Sustainable
Development Goals or the Global Biodiversity
Framework (Schneider et al 2023). Extensive research
assesses agrifood-system burdens, including environ-
mental impacts (Poore and Nemecek 2018, Halpern
et al 2022), malnutrition (Kinyoki et al 2020, GNR
2021), and extreme weather events (Gaupp et al
2019). Other studies explore pathways to more sus-
tainable and healthier agrifood systems, aiming to
balance food and nutrition security with reduced
environmental impacts (e.g. West et al 2014, Erb et al
2016, Springmann et al 2018a, 2018b).

Global analyses of combined agrifood-system
burdens have been scarce, largely due to insuffi-
cient spatial resolution and coverage of relevant data,
a common challenge in agrifood-system research
(Kebede et al 2024). Most studies either provide
national-level data (e.g. Béné et al 2019), overlook-
ing subnational variability and masking burden hot-
spots (i.e. areas of exceptionally high burdens), or
focus on individual agrifood-system dimensions at
finer scales (e.g. Halpern et al 2022), neglecting the
complexity and interconnected nature of agrifood-
systems (Zhang et al 2024, Schneider et al 2025). This
impedes systematically identifying where and how
agrifood-system burdens overlap, estimating popu-
lations and agricultural areas facing burdens, and
developing context-specific, place-based solutions to
support at-risk communities (Fanzo et al 2024).

To address these limitations, we first identify
global hotspots of four key agrifood-system burdens
at the subnational level for 2017, using the most
up-to-date, spatially-explicit data sources on indic-
ators representing: (1) environmental pressures from
food production systems, (2) extreme weather events
affecting food production systems, (3) malnutrition
(over- and undernutrition), and (4) income poverty
(table 1). Second, we examine the spatial distribution
of hotspot combinations and estimate the popula-
tion and the agricultural area co-occurring with indi-
vidual and combined burdens. Third, we assess bur-
dens co-occurring with different farm-size categor-
ies and lands inhabited by Indigenous peoples. Lastly,
we relate burden hotspots to country-level inequality
and governance indicators. Each of these four object-
ives helps to advance beyond the current state-of-
the-art and contributes to a deeper understanding of
agrifood-system burdens.

Our aim is to highlight agrifood-system bur-
den exposure without assessing adaptive capacity or
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Table 1. Overview and description of input data used for mapping global agrifood-system burdens.

System Burden indicators Description Unit Source Year Resolution

Ecological Environmental
footprint

Cumulative index based on GHG
emissions, freshwater use, habitat
disturbance, and nutrient
pollution from terrestrial food
production.

(·) Halpern et al (2022) 2017 5 arcmin

Weather extreme events Weather extremes affecting
agricultural systems through too
dry, wet, hot, and cold
conditions.

Own calculation based on ERA5
data from Hersbach et al (2020)

2017 (2014–2020) 0.25◦

Droughts: longest period of
consecutive dry days with
precipitation sum<1 mm d−1

(CDD).

(days)

Wetness: monthly
maximum
5 d precipitation
(RX5).

(mm)

Heat: days with maximum
temperature above 35 ◦C
(TX35).

(days)

Cold spells: days with minimum
temperature below 0 ◦C (FD).

(days)

Social Malnutrition Double burden of malnutrition
based on the prevalence of
childhood overweight and
wasting in Low- and
Middle-Income Countries.

(%) Kinyoki et al (2020) 2017 5 arcmin

Income poverty Gross national income per capita
with purchasing power parities
(PPP) in 2011 US$ (v5).

(US$) Smits and Permanyer (2019) 2017 Subnational
administrative units
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implying causality or impact direction. Burdens can
either result from or affect agrifood systems, but
require place-based solutions in both cases. While we
map the diversity of burden types and profiles across
regions, we do not discern spatial links between bur-
den causes and impacts. Some burdens may origin-
ate in distal regions, while other burdens may have
spill-over effects elsewhere (Liu et al 2013). By cover-
ing both drivers and impacts, our indicators capture
active (locally caused) and passive (externally caused)
components of burdens in hotspot areas.

2. Materials andmethods

2.1. Data for mapping global agrifood-system
burdens
We collected global data to represent four key dimen-
sions of agrifood-system burdens for the target year
2017 (table 1): (1) environmental footprint of food
production and (2) weather extremes affecting food
production systems (ecological burdens), and (3)
income poverty and (4) double burden of malnutri-
tion (social burdens). These dimensions broadly align
with key themes for holistic agrifood-system monit-
oring (Schneider et al 2023).Weharmonised all indic-
ators to a 5-arc minute resolution (figure S1). Our
spatially-explicit approach captures ecological bur-
dens at their origin, not where they take effect. For
example, CO2 emissions from rice production or live-
stock originate locally but can have regional to global
impacts, whereas excess nutrients originate locally
and mainly have local impacts.

We represented poverty by using income poverty
for the year 2017, expressed as gross national income
per capita with purchasing power parities (PPP) in
2011 US$ (Smits and Permanyer 2019, Permanyer
and Smits 2020). Income poverty strongly correl-
ates with the subnational human development index
(SHDI), which includes additional poverty dimen-
sions (World Bank 2023): education and health
(figure S2). Due to established thresholds for income
poverty (WorldBank’s international poverty line) and
the lack thereof for the SHDI, we used income poverty
in our analysis. We used the original GNI values in
2011 PPP, rather than extrapolating them to our tar-
get year 2017, to avoid potential conversion bias due
to imprecise conversion factors or inconsistent infla-
tion rates. We validated the consistency of 2011 PPP
values with 2017 PPP values, demonstrating a high
correlation between the two (figure S2), which sup-
ports the use of the original 2011 PPP data as a reliable
proxy for representing 2017 economic conditions. For
malnutrition, we used the prevalence of wasting and
overweight among children under 5 years (i.e. double
burden of malnutrition) to not limit our analysis to
undernutrition, but also include overnutrition. We
usedmalnutrition data for the year 2017 (Kinyoki et al
2020), the only available spatially explicit data set cov-
ering both burdens of malnutrition.

We represented the environmental footprint of
food production by using the cumulative pressure
from disturbance (proportion of native plants and
animals displaced by agriculture [km2eq]), freshwater
use (total blue water consumption [m3 water]), excess
nutrients (nitrogen and phosphorus inputs [tonnes
NP), and greenhouse gas emissions [CO2eq] from food
production for the year 2017 (Halpern et al 2022).
Each pressure was estimated for 26 crop and 19 live-
stock types using maps on production intensity (see
Halpern et al (2022) for details). The cumulative pres-
sure index combines rescaled per-food pressure maps
and shows each grid cell’s proportional contribution
to global pressure. This allows comparisons among
regions and pressures to identify overlapping pres-
sures and hotspots geographies (Halpern et al 2022).
This data set covers environmental pressures of 99%
of the reported global food production and is the
most recent, spatially explicit, and comprehensive for
environmental agrifood-system pressures.

We represented climate impacts on agrifood sys-
tems by using indicators for weather extremes affect-
ing food production systems (Heino et al 2023)
from the ERA5 reanalysis (Hersbach et al 2020):
consecutive dry days (CDD) with precipitation sum
<1 mm d−1, monthly maximum 5 d precipitation
(RX5), days with temperatures above 35 ◦C (TX35),
and frost days (FD) below 0 ◦C. We calculated z-
scores between climatologies of the period 1980–
2009, following standard climatological practice of
using a 30 year baseline to estimate historical climate
conditions, and each year for the period 2014–2020,
resulting in seven difference maps between historic
and current conditions. We then calculated median
z-scores for each weather extreme indicator for 2014–
2020, considering all months for tropical regions and
summer months for temperate regions as generic
growing seasons.We included 3 years before and after
2017 (target year) to average-out anomalous single-
year impacts. We used standard extreme weather
indicators as they minimise distributional assump-
tions and allow consistent and comparable applic-
ations across diverse climatic regions. More com-
plex metrics like SPI, SPEI, or soil moisture anom-
alies require careful calibration to local conditions,
which can lead to uncertainties in their calculation,
for example stemming from choices regarding the
probability distribution and observational window
(Wang et al 2021, Laimighofer and Laaha 2022).

2.2. Hotspot mapping
We mapped global hotspots of agrifood-system
burdens using indicators representing both, social
and ecological systems (figure 1). We defined hot-
spots as areas where indicator values exceed a cer-
tain threshold, indicating exceptionally high levels.
Hotspot mapping is hence straightforward and intu-
itive, and allows sensitivity analyses on the selected
thresholds (Schröter et al 2017).

4



Environ. Res. Lett. 20 (2025) 124051 C Levers et al

Figure 1. Analysis workflow for mapping global agrifood-system burdens. For a conceptual framework illustrating the theoretical
relationships and feedbacks between burden dimensions, please refer to figure S3.

We used a three-stage approach to map global
burden hotspots, and interpreted their spatial pat-
terns based on geographic world regions (FAO, IFAD,
UNICEF, WFP, WHO 2022). First, we mapped bin-
ary hotspots for each burden (table 1, figure S4).
We used a thresholding approach based on standard
deviations for environmental pressures and weather
extreme events, defining hotspot regions being (more
than) two standard deviations above the global aver-
age. 95% of a normally distributed data popula-
tion fall within two standard deviations of the mean
(about 68% within one standard deviation), allow-
ing reliable hotspot detection. This approach bet-
ter accounts for potentially different indicator data
distributions than quantile-based approaches (e.g.
Kuemmerle et al 2016, Halpern et al 2022), which
would result in a fixed number of data points,
and hence hotspots, per quantile and indicator. For
weather extremes, we combined individual hotspot
maps (i.e. droughts, wetness, heat, cold spells) into
an overall extreme events hotspot map using a logical
‘or’. To identify malnutrition hotspots, we used a pre-
valence threshold of ⩾15% (de Onis et al 2019).
For poverty, we used the World Bank’s international
poverty line of ⩽5.50 US$ PPP (Ferreira et al 2015,

Jolliffe and Prydz 2016), thus covering poverty in
Low- and Middle-Income Countries (Schoch et al
2020). Second, we combined binary hotspot maps
into a single map with sixteen classes: from no hot-
spots to all four burdens. Lastly, we thematically
grouped burden hotspots based on indicator combin-
ations and the differentiation into social and ecolo-
gical systems (figure 1, table S1). Indicators are gen-
erally weakly correlated (figure S5), and we inter-
preted the spatial overlap of their hotspots as their
association.

2.3. Impact analyses
We overlaid our final hotspot map with 2017 ambi-
ent population counts (Rose et al 2018) and agri-
cultural area data covering rainfed and irrigated
cropland, cropland with herbaceous and tree-shrub
crops, mosaic cropland, mosaic herbaceous cover,
and grassland (C3S-CDS 2019), to estimate the pop-
ulation and food production area located in hot-
spot regions of agrifood-system burdens. Population
estimates reflect the spatial co-occurrence with bur-
den hotspots, not the number of people directly
affected by burdens, which is likely lower.
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Furthermore, we assessed burden exposure across
farm sizes using a global map of dominant farm size
(Mehrabi and Ricciardi 2024), categorised as very
small (0–2 ha), small (2–20 ha),medium (20–100 ha),
and large to very large farms (>100 ha). We also ana-
lysed burden distributions within and outside lands
inhabited by Indigenous peoples (Garnett et al 2018).
Areas not mapped as ‘Indigenous’ should not be
assumed to lack Indigenous populations, but rather
lack publicly available spatial data indicating their
presence (Garnett et al 2018).

Finally, we calculated the percentage of each
country’s area falling within burden hotspots and
related this to inequality and governance indicat-
ors. We estimated within-country inequality using
the Gini coefficient based on adult pre-tax national
income (Alvaredo et al 2022), and governance by the
average of all six worldwide governance indicators
(Kaufmann and Kraay 2023), both for 2017. High
pairwise correlations among indicators (Spearman
rho: 0.67–0.93) supports the robustness of our
aggregated governance index.

3. Results

3.1. Spatial patterns
Global agrifood-system burden hotspots show dis-
tinct geographical patterns (figures 2 and S6).
Hotspots of co-occurring ‘Social’ and ‘Ecological’
burdens are rare and located in Sub-Saharan Africa.
Hotspots of ‘Social’ burdens (poverty and malnu-
trition, sometimes co-occurring with hotspots of an
‘Ecological’ burden) occur in Sub-Saharan Africa,
particularly Central and Eastern Africa. Hotspots
of ‘Ecological’ burdens (environmental and cli-
mate, sometimes co-occurring with hotspots of a
‘Social’ burden) are dispersed across the world, with
regional clusters in Southern, Eastern, and Central
Asia, the central part of South America, Western
Africa, and the Mediterranean. ‘Crossover’ hot-
spots (co-occurring hotspots of one ‘Social’ and one
‘Ecological’ burden) predominate in Western and
Central Asia (poverty and climate, poverty and envir-
onment), Eastern Africa (poverty and environment,
malnutrition and climate), Southern Asia (malnu-
trition and environment), and Eastern Asia (malnu-
trition and environment, malnutrition and climate).
Single hotspots of agrifood-system burdens are evid-
ent in various world regions (figure 2, text S1). A
sensitivity analysis using less strict thresholds (one
SD above global average for both ecological burdens,
⩾10% prevalence for malnutrition,⩽21.70 US$ PPP
for poverty) yields geographically and thematically
similar results (figures S7 and S8).

3.2. Overlap with population and agricultural area
Almost 5 billion people (about two-thirds of the 2017
world population) inhabit regions characterised by
agrifood-system burden hotspots, of which about

1.9 billion people (∼25% of the world population)
inhabit regions with multiple burdens (figure 3, table
S2). Importantly, this means not all these people are
directly exposed, but that burdens occur where they
reside. About 1.8 billion people inhabit regions with
two co-occurring burdens (of which∼1.4 billionwith
co-occurring environmental pressures and malnutri-
tion), about 85 million with three (of which∼73mil-
lion with co-occurring environmental, malnutrition,
and weather extremes), and less than 1 million with
all four burdens. Of single burdens, about 2.3 bil-
lion people (∼30% of the world population) inhabit
regions with environmental pressure, 380 mil-
lion with malnutrition, 210 million with income
poverty, and 170 million with weather extreme
hotspots.

While about 60% of the global agricultural area
is not located within any burden hotspot (∼2.8 bil-
lion ha), about 10% (∼470 million ha) lies in regions
with multiple burdens (figure 3 and table S2): about
450 million ha with two co-occurring burdens (of
which ∼270 million ha with co-occurring environ-
mental pressures and malnutrition), about 16 mil-
lion ha with three co-occurring burdens (of which
∼8.5 million ha with co-occurring environmental,
malnutrition, and weather extremes), and less than
1 million ha with all four burdens. Of single bur-
dens, about 630 million ha (∼13%) are located in
regions with environmental pressure, about 290 mil-
lion ha with weather extreme, about 280 million ha
with malnutrition, and about 180 million ha with
poverty hotspots.

3.3. Relationship to farm size
Examining the geographies of agrifood-system bur-
dens by farm size, three main insights emerge:
first, hotspots of double (∼1.2 billion people and
∼265 million ha agricultural area), triple (∼65 mil-
lion people and ∼10 million ha), or quadruple (less
than 1 million people and ha, respectively) agrifood-
system burdens occupy regions characterised by very
small farms (<2 ha), mostly pertaining to ‘Ecological’
burdens (figure S9 and table S3). Moreover, about
1.9 billion people and 570 million ha of agricul-
tural area are located in hotspots of single burdens
in these regions, mostly comprising of environmental
pressures.

Second, environmental pressures and weather
extremes are more prevalent in regions characterised
by large to very large farms (>100 ha), contribut-
ing almost exclusively to the hotspots in these regions
(figure S10 and table S3). Regions characterised by
very large farms are primarily characterised by bur-
dens from environmental pressures (∼140 million
people and ∼160 million ha) and weather extremes
(∼30 million people and ∼100 million ha) individu-
ally, as well as by their co-occurrence (∼28 million
people and ∼17 million ha). The absence of hot-
spots from poverty and malnutrition in such regions
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Figure 2. Global hotspots of agrifood-system burdens. Social burdens: income poverty (‘Poverty’), double burden of malnu-
trition (‘Malnutrition’). Ecological burdens: environmental pressures (‘Environment’), weather extremes (‘Climate’). ‘Social’
and ‘Ecological’ represent combined burden hotspots of ‘Poverty’ and ‘Malnutrition’, and ‘Environment’ and ‘Climate’, respect-
ively. ‘Social+’ and ‘Ecological+’ indicate ‘Social’ or ‘Ecological’ burden hotspots, respectively co-occurring with a single burden
hotspot of the other system (i.e. ‘Environment’ or ‘Climate’ with ‘Social’ burden hotspots, or ‘Poverty’ or ‘Malnutrition’ with
‘Ecological’ burden hotspots). ‘Social+ Ecological’: combination of all four burden hotspots. ‘Crossover’: co-occurrence of single
‘Social’ and ‘Ecological’ burden hotspots. ‘Agriculture (no hotspot)’ and ‘Non-agriculture (no hotspot)’: Agricultural and other
non-agricultural areas without any occurrence of agrifood-system burden hotspots. We describe the thematic grouping of indi-
vidual hotspot types in table S1. Inlets show regions characterised by multiple co-occurring agrifood-system burdens (line types
link focus regions and inlets). Hotspots of ‘Environment’ and ‘Climate’ burdens: regions that are (more than) two standard devi-
ations above the global average. Hotspots of ‘Malnutrition’: regions above a prevalence threshold of 15%. Hotspots of ‘Poverty’:
regions below the World Bank’s International Poverty Line threshold of 5.50 US$ PPP.

is understandable, as larger farms typically develop in
regions of good economic and infrastructural condi-
tions, or are the results of this (Deininger and Byerlee
2012, Mehrabi 2023).

Third, in regions characterised by small to
very small farms, agrifood-system burdens, espe-
cially ‘Ecological’ burdens, overlap disproportion-
ally more with people than with agricultural area
for each farm size category, when normalising
the number of people by the agricultural area in
these regions (figure 4). Importantly, although
there are more small farms than large farms glob-
ally, the area occupied by large farms is much
higher than the area occupied by small farms
(Lowder et al 2021).

3.4. Indigenous peoples
Overlaying hotspots of agrifood-system burdens with
spatially explicit information on lands managed
and/or controlled by Indigenous peoples (Garnett
et al 2018) shows that their area share, compared
to regions for which an Indigenous connection can-
not be inferred based on publicly available geospatial
data, increases with increasing co-occurrence of bur-
den hotspots (figure 5). Moreover, regions with lands
managed and/or controlled by Indigenous peoples
show a stronger overlap with ‘Social’ compared to
‘Ecological’ burdens. The share of Indigenous lands
overlapping with hotspots of ‘Social’ or ‘Ecological’
burdens that co-occur with a hotspot of the other

system (i.e. ‘Crossover’ burdens) is larger than for
‘Social’ or ‘Ecological’ burdens alone.

3.5. Inequality and governance
Hotspot area shares per country exhibit strong het-
erogeneity across both economic inequality and gov-
ernance (figure 6). The country area share of burden
hotspots generally increases with increasing inequal-
ity (along with larger variability within inequal-
ity levels), particularly for regions characterised by
single and, to a lesser degree, double burden hotspots
(figure 6(A)). The area shares of triple and quadruple
burden hotspots is negligible. For single burden hot-
spot regions, we observe an increase in area shares
of poverty- and climate-related burden hotspots
with increasing inequality (figure 6(B)). Area shares
of burden hotspots related to environmental pres-
sures increase with decreasing inequality. Within-
category variability generally decreases with increas-
ing inequality, except for climate-related burden
hotspots.

Hotspot area shares per country are generally
higher in countries with poorer governance, espe-
cially for single and, to a lesser degree, double bur-
den hotspots (figure 6(C)). Across burden hot-
spots, area shares generally decrease with bet-
ter governance. Breaking down burden profiles
shows a distinct differentiation of individual bur-
dens along the governance gradient. ‘Social’ bur-
dens (i.e. poverty and malnutrition) have higher
area shares in countries with poorer governance.
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Figure 3. Agricultural area and number of people located in hotspot regions of global agrifood-system burdens. Panels (A),
(C), (E), and (G) show the geographic distribution of different burden hotspots, Panels (B), (D), (F), and (H) show the agri-
cultural area [million ha] and the number of people [million] spatially overlapping with burden hotspots. Panels A and B focus
on any given occurrence of single, double, triple, and quadruple burden hotspots. The subsequent panels ‘zoom in’, and focus on
single burden hotspots (Panels (C), (D)), ‘Crossover’ burden hotspots (Panels (E), (F)), and all combinations of ‘Social/Social+’,
‘Ecological/Ecological+’, and ‘Social+ Ecological’ burden hotspots (Panels (G), (H)).

In contrast, the area share of burdens related to
the environmental footprint of food production is
higher and increasing in countries with good gov-
ernance, being the only single burden for coun-
tries with fairly good to very good governance
(figure 6(D)).

4. Discussion

Research on agrifood-system burdens is extens-
ive; however, the regional variability in their
manifestation is often under-recognised. Our ana-
lysis of global agrifood-system burdens and their
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Figure 4. Global hotspots of agrifood-system burdens per farm size category. Panels show the number of people normalised by
agricultural area [#/ha] co-occurring with burden hotspots, for each farm size and burden hotspot category. Panel (A): occur-
rence of single, double, triple, and quadruple burden hotspots; Panel (B): single burden hotspots; Panel (C): ‘Crossover’ burden
hotspots, Panel (D): combinations of ‘Social/Social+’, ‘Ecological/Ecological+’, and ‘Social+ Ecological’ burden hotspots. Please
refer to figures S9 and S10 for visualisations of absolute and relative values, separately for the number of people and agricultural
area.

Figure 5. Spatial overlap of areas with/without evidence of Indigenous peoples with global hotspots of agrifood-system burdens.
We combined individual burden hotspots into single, double, triple, and quadruple burdens (Panel (A)) or any combination of
multiple hotspots (Panel (B)). Pie charts represent the spatial coverage for areas with (Yes) or without (No) lands managed and/or
controlled by Indigenous peoples, thereby accounting for different sample sizes per category. Numeric values within each pie
chart represent the absolute [100 km2] and relative [%] spatial coverage.

spatial relationships supports five key findings. First,
social and ecological burden hotspots co-occur
in many regions worldwide, especially in low-
income, (sub)tropical regions (table 2; see figure
S11 for frequency distributions within temperat-
ure regimes, World Bank regions, and World Bank
income regions). Second, regions facing multiple

burdens harbour disproportionally more people
than agricultural area relative to their totals co-
occurring with burden hotspots, particularly where
small farms are prevalent. Third, small-scale farmers
and Indigenous peoples disproportionately inhabit
regions facing multiple burden hotspots. Fourth,
while multiple agrifood-system burdens are more

9
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Figure 6. Share of global hotspots of agrifood-system burdens per country in relation to inequality and governance. We represent
inequality with the Gini coefficient (Panels (A), (B)), governance with the average of all six worldwide governance indicators
(Panels (C), (D)), both for occurrence of single, double, triple, and quadruple burden hotspots (Panels (A), (C)), and individual
single burden hotspots (Panels (B), (D)). Gini coefficient thresholds: very high= [0.7–1.0], high= [0.6–0.7), average= [0.5–
0.6), low= [0.4–0.5), very low= [0.0–0.4). Worldwide governance indicator thresholds: very poor= (∞,−1.5), poor= [−1.5,
−1.0), fairly poor= [−1.0,−0.5), average= [−0.5,0.5], fairly good= (0.5,1.0], good= (1.0,1.5], very good= (1.5,∞).

prevalent in countries with higher economic inequal-
ity (as might be expected given the role of poverty
as an outcome) and poorer governance (as might
be expected given the economic relationship that
exists globally with these indicators), environmental
burdens are more prevalent in locations with sup-
posedly better governance. Lastly, different regions
face different burden profiles, therefore requiring dif-
ferent solutions to address them. Our analysis offers
insights into the combined effects of climate, food
security, poverty, and environmental pressures, aid-
ing decision-makers in creating context-specific solu-
tions to address agrifood-system burdens.

4.1. Spatial patterns
The concentration of agrifood-system burden hot-
spots and associated social–ecological risks in Low-
and Middle-Income Countries confirms previous
findings. These regions increasingly face multiple
burdens where environmental and climate pres-
sures intersect with socio-economic vulnerabilities
(Dury et al 2019), which confirms studies on cli-
mate extremes, food security, and nutrition (FAO
IFAD, UNICEF, WFP, WHO 2021, Mirzabaev et al
2023), or environmental degradation and poverty
(Poverty-Environment Partnership 2008). Our study
extends beyond the country or regional level, estim-
ating the number of people and agricultural areas
located in regions where compounded burdens take
place. Addressing these challenges is complex due to
intersecting social and ecological burdens (Levin et al

2013), and requires interventions that simultaneously
meet local socio-economic needs and preserve ecolo-
gical integrity.

Our analysis focuses on agrifood-system bur-
dens from environmental pressures, climate change,
income poverty, and malnutrition, but other con-
cerns like resource depletion, biodiversity decline,
and conflicts can also add to the burden nex-
uses (FAO, IFAD, UNICEF, WFP, WHO 2021). For
instance, conflicts, food prices, and weather extremes
are interconnected in 24 African states (Raleigh et al
2015). These compound and cascading risks threaten
many of the world’s most food-insecure, particularly
in Africa and Asia (Mehrabi et al 2022). Addressing
these risks requires systemic approaches; for example,
climate policies need to address poverty (Soergel et al
2021), and ensure food production beyond baseline
(Swinnen et al 2022). By integrating social and ecolo-
gical indicators of agrifood-system burdens, our ana-
lysis is a first step in that direction.

4.2. Population and agricultural area
Our study shows that regions facing multiple
agrifood-system burdens harbour disproportion-
ately more people than agricultural areas, relative to
the total number of people and agricultural area co-
occurring with burden hotspots. This is unsurprising
as over 3 billion people in Low- and Middle-Income
Countries, where such hotspots are prevalent, live in
rural areas and strongly rely on agriculture for their
livelihoods (Woodhill et al 2022), a stark contrast to
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Table 2. Top15 ranking of countries based on their population inhabiting hotspot regions of agrifood-system burdens. We base our
ranking on the countries’ share of population (2017 data) that co-occurs with regions of multiple agrifood-system burdens (i.e. two or
more burden hotspots), and provide the respective population numbers. We calculate the total population for each country based on all
grid cells for which we could map burden hotspots. In case of data gaps in the input data, hotspot maps might not include all people
inhabiting a country, and hence our calculation might underestimate real population numbers. For 48 countries we could not calculate
population numbers and shares because of missing hotspot data, a result of data gaps in the input data.

Rank Country

Share of population
inhabiting hotspot

regions (%)

Number of people
inhabiting hotspot
regions (million)

1 Niger 91.8 17.8
2 Egypt 77.4 74.4
3 South Sudan 71.2 9.3
4 Rwanda 70.4 8.6
5 Malawi 70.0 13.3
6 Guinea-Bissau 64.7 1.1
7 Ethiopia 59.4 62.6
8 Togo 59.1 4.6
9 Chad 57.9 7.1
10 Uganda 55.9 22.0
11 Burundi 55.4 6.3
12 Haiti 54.5 4.6
13 Tunisia 53.0 5.4
14 India 50.7 643.6
15 China 50.4 686.6

High-Income Countries with intensified, large-scale
agricultural systems. Another reason is that these
hotspot regions are often characterised by small-scale
farming (Mehrabi and Ricciardi 2024), and while
small farms are more numerous globally, large farms
occupymore land (Lowder et al 2021). Due to the lack
of global, spatially explicit data on farmer population,
our estimates based on total population creates an
imbalance between densely and sparsely populated
food production regions. Addressing sustainability
challenges in these regions could leverage the concen-
tration of many people on comparably small agricul-
tural areas.We caution that we assess only the number
of people residing in hotspot regions, not the extent
to which they are affected. For instance, a 30% mal-
nutrition prevalence threshold means up to 70% of
children in those regions may not be directly affected.
If children malnutrition reflects population-level
food insecurity, the overall affected number of people
would likely be similarly lower. Moreover, individual-
level impacts depend on household-specific charac-
teristics, adaptive capacity, and access to resources
that our analysis cannot capture at this spatial res-
olution. Future research could refine our analysis by
including the agricultural workforce or specific pop-
ulation subsets.

4.3. Vulnerable communities
We find that certain communities, such as small-
scale farmers and Indigenous peoples, are dispro-
portionately located in hotspot regions of agrifood-
system burden. This confirms case study evidence of
marginalisation of these groups (IFAD/UNEP 2013,
Díaz et al 2019). These communities, historically
often exploited, often also have less financial capacity

(Morton 2007). Considering that small-scale farm-
ers both disproportionately contribute to food secur-
ity and are among the poorest people (Ricciardi
et al 2018), the number of people inhabiting hot-
spot regions of agrifood-system burdens is alarming.
Our results may reflect the spatial prevalence of small
farms in the (sub)tropics rather than the influence of
farm size alone.With the number of small-scale farm-
ers in regions like Sub-Saharan Africa expected to
increase (Mehrabi 2023), particular focus is warran-
ted on ways to reduce burdens in this region (Altieri
et al 2012, Laborde et al 2020, Ricciardi et al 2021).

We focus on small-scale farmers and Indigenous
peoples because their geographically clustered occur-
rence enables spatial analysis of exposure. In contrast,
analysing exposure of other marginalised groups,
such as women, youth, or other social groups (Fluit
et al 2024), is difficult given their integration into
societies, requiring detailed local studies. While their
sensitivity and adaptive capacity may differ (FAO
2024), for example by occupation, our analysis
focuses on exposure, which is not expected to vary
spatially for these groups. More generally, our burden
dimensions allow linking to populations’ vulnerabil-
ity and resilience (table S4).

4.4. Governance and inequality
The generally higher prevalence of burden hotspots
in countries with higher economic inequality and
poorer governance is concerning, as these factors
hinder efforts to overcome food crises (WHH 2023).
Interpretations aremultifaceted: economic inequality
often exacerbates food insecurity and malnutrition
by limiting access to nutritious food for low-income
populations (FAO & IFAD 2020). Poor governance
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worsens these issues by failing to implement effect-
ive environmental policies and food distribution sys-
tems, often in concert with conflicts and low institu-
tional capacities (Boyd and Holly Wang 2011, Candel
2014). The combined effect of high inequality and
poor governance affects rural development and agri-
cultural productivity, leading to inefficient food sys-
tems and increased agrifood-system burdens (Fanzo
and Davis 2021). It also limits access to resources,
technology, and markets for small-scale farmers who
are crucial for agrifood systems in developing nations
(FAO & IFAD 2020). Consequently, transparent and
inclusive governance is need to implement policies
supporting sustainable agriculture and food security
(Janin et al 2023).

We find that countries with good governance are
characterised by larger and increasing environmental
burdens. While better governance is associated with
higher agricultural productivity (Lio and Liu 2008),
these intensive systems often have strongly negative
ecological and social impacts (Foley et al 2005). Thus,
good governance may not always reduce agrifood-
system burden exposure. However, good governance
remains crucial for enacting effective policies and reg-
ulations (Schneider et al 2025).

4.5. Data quality and robustness of results
Despite using the most recent, high-quality data, our
analysis, like many global studies, has known limita-
tions. Different indicators or dimensions could have
been chosen, and our choices consequently influence
possible recommendations. We selected indicators
based on global scope, sub-national resolution, con-
sistency, thematic fit, and identical target year, result-
ing in a trade-off between thematic detail and spatial
coverage, similar to other global food system analyses
(Béné et al 2019). Malnutrition estimates are high for
China, especially overweight, yet estimates have high
uncertainties (Kinyoki et al 2020). As uncertainty
estimates were not available for all datasets, we could
not perform a formal uncertainty analysis. Notably,
malnutrition data covers children under 5 years and
was unavailable for many High-Income Countries,
despite their evidentmalnutrition issues (GNR2020),
which explains the deviation of our estimates from
the common statistics of 800 undernourished and 2–
3 billion malnourished people (FAO, IFAD, UNICEF,
WFP, WHO 2022). Income poverty data was only
available for subnational administrative units, result-
ing in border artefacts. Moreover, impact indicators
poverty and inequality can be thematically linked to
hotspot indicators. Since we analyse their spatial co-
occurrence rather than causality or statistical correla-
tion, collinearity between indicators should not affect
our results.

Our results rely on the quality and accuracy of
input data, which can vary across space.We use ERA5
climate data at 0.25◦ resolution, which may overes-
timate the spatial extent of extreme weather events.

While higher-resolution climate products such as
CHELSA-W5E5 can provide finer spatial detail, they
also introduce new uncertainties, particularly for
extreme indices (Karger et al 2023). A comparison
of ERA5 with 1 × 1 km2 DayMet data for North
America showed broadly consistent spatial patterns
(figure S12). Pixel-level correlations were modest
(r ≈ 0.18–0.60), with differences likely stemming
from the use of local station data and terrain cor-
rections for DayMet, thus reflecting methodological
choices rather than the superiority of one dataset.
Importantly, ERA5 has been validated against station
data and captures large-scale variability and trends in
extreme events reasonably well (Ahn et al 2024), cor-
roborating its use for our multi-index, multi-region
analysis.

The official definitions of Indigenous peoples and
the legally recognised boundaries of their territories
are often subjects of debate and contention (Garnett
et al 2018). This can lead to disagreements and incon-
sistencies about the definitions of Indigenous peoples
and potentially to the omission of areas with presence
of Indigenous communities, in addition to the relat-
ively coarse scale of the dataset and the limitations
of publicly available geospatial datasets. Moreover,
we could only use population level statistics, which
likelymiss individual effects and extreme cases of bur-
dens in subpopulations. Our analysis uses static data
providing a snapshot of current conditions, which
restricts comparisons to global thresholds. This, how-
ever, would be relevant for future analysis investigat-
ing how burdens evolve over time.

The spatial extent of burden hotspots is conser-
vative due to strict thresholds. A sensitivity analysis
with more liberal thresholds shows increased spatial
extents of burden hotspots and their co-occurrence,
and consequently more people and agricultural area
located in those hotspots, but conclusions remain
robust (see figures S8 and S13). We further note
that datasets used in our study (i.e. farm size and
Indigenous lands) are only suitable for global-level
analyses due to their relatively coarse resolution or
lack of local specificity. Attempting to apply these
datasets at the regional or even local level can lead
to inaccurate conclusions and undermine the valid-
ity of findings. While this might limit the applicabil-
ity of our results to local policymaking, they remain
valuable for informing global policy on trade, tar-
iffs, food security, or development expenditure. Our
insights are hence intended to support regional pri-
oritisation and global agenda-setting rather than dir-
ect local policy design, and can serve as a starting
point for more detailed, context-specific research and
policy development using localised data.

4.6. Implications
We provide a geographical assessment of hotspots
of key agrifood-system burdens at subnational level,
highlighting the diversity of agrifood-system burdens
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and that different world regions face different burden
profiles.Moreover, we derive estimates of populations
and agricultural areas located in regions of burden
hotspots. These insights lead to key implications for
future research in agrifood systems, as well as policy
and decision making.

Burden hotspot regions represent priority regions
for further investigation, particularly into factors
explaining their occurrence as well as quantify-
ing burden costs for social–ecological systems, for
example through case study research in regions char-
acterised by burden hotspots. Knowledge about the
geographies of agrifood-system burdens as well as
communities and regions facing the greatest burdens
can assist regionalised, context-specific studies and
research that can support decision-making, tailoring
of policies, and the alleviation of these burdens in the
future.

Regions facing burdens from poverty and/or mal-
nutrition can require social protection measures,
nutrition-specific interventions, or policies promot-
ing food security and income stability (UNICEF
2023), while regions facing burdens from environ-
mental footprint and weather extremes can require
other measures, e.g. sustainable land management,
climate-smart land-use practices, or improved
supply chains (Fanzo and Miachon 2023). Even
addressing tropical deforestation as a single con-
tributor to the environmental footprint requires
context-specific interventions (Seymour and Harris
2019). Addressing combined social–ecological bur-
dens requires integrated, cross-sectoral approaches,
for example through agroecological transitions to
improve ecosystem functioning and food secur-
ity (Ceddia et al 2024). More generally, removing
barriers regarding agency, structure, and resource
access for communities in policy is key for mak-
ing agrifood-system more sustainable and just
(Blesh et al 2023).

Solutions are urgent and required for agrifood-
system transitions to produce healthy, affordable, and
sufficient food while safeguarding vital ecosystems
(Díaz et al 2018, FAO & IFAD 2020), especially given
rising food insecurity, the cost-of-living crisis, and
the exceedance of several Earth system boundaries
(Moallemi et al 2024). Yet, silver bullet solutions will
not be able to address global agrifood-system bur-
dens. Spatially targeted and bundled solutions will
be needed to maximise their impact if they address
the intertwined nature of agrifood-system burdens
(Barrett et al 2022), creating synergies for people and
the environment. Successful examples include allevi-
ating poverty and reducing climate change impacts
(Wollburg et al 2023), reducing malnutrition and
environmental impacts (Lopez Barrera and Hertel
2023), and reducing inequality and climate change
impacts (Emmerling et al 2024).

Current agrifood-system assessments are limited
by the restricted spatio-temporal and thematic cov-
erage of data (Béné et al 2019), i.e. through incon-
sistent time series, missing recency of data, a lack
of subnational data, and spatial data gaps for key
agrifood-system indicators. Addressing these lim-
itations regarding the availability of such indicat-
ors, in addition to expanding the set of indicators,
should become a priority to further improve spa-
tial detail, allow a more comprehensive representa-
tion of key burden dimensions, and enable monitor-
ing changes in burden profiles. Our analysis presents
a straightforward approach to identify hotspots of
agrifood-systemburdens based on spatial association.
Establishing causal mechanisms of burden profiles
(Biesbroek et al 2017) or identifying archetypical bur-
den patterns (Oberlack et al 2019) can help to define
and unravel interactions and feedbacks between bur-
den dimensions, and to identify—similar to weather
and climate events—compounding or cascading bur-
den effects (Zscheischler et al 2020, Mehrabi et al
2022).
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Incorporating threat in hotspots and coldspots of
biodiversity and ecosystem services Ambio 46 756–68

Seymour F and Harris N L 2019 Reducing tropical deforestation
Science 365 756–7

Siddiqui F, Salam R A, Lassi Z S and Das J K 2020 The intertwined
relationship between malnutrition and poverty Front. Public
Health 8 453

Smits J and Permanyer I 2019 The subnational human
development database Sci. Data 6 190038

Soergel B, Kriegler E, Bodirsky B L, Bauer N, Leimbach M and
Popp A 2021 Combining ambitious climate policies with
efforts to eradicate poverty Nat. Commun. 12 2342

Springmann M et al 2018a Options for keeping the food system
within environmental limits Nature 562 519–25

Springmann M, Wiebe K, Mason-D’Croz D, Sulser T B, Rayner M
and Scarborough P 2018b Health and nutritional aspects of
sustainable diet strategies and their association with
environmental impacts: a global modelling analysis with
country-level detail Lancet Planet Health 2 e451–61

Swinnen J, Arndt C and Vos R 2022 Climate change and food
systems: transforming food systems for adaptation,
mitigation, and resilience. (International Food Policy

Research Institute (IFPRI)) (https://doi.org/10.2499/
9780896294257_01)

Tanumihardjo S A, Anderson C, Kaufer-Horwitz M, Bode L,
Emenaker N J, Haqq A M, Satia J A, Silver H J and
Stadler D D 2007 Poverty, obesity, and malnutrition: an
international perspective recognizing the paradox J. Am.
Diet. Assoc. 107 1966–72

UNICEF 2023 Leveraging nutrition and social protection
programming to address malnutrition and poverty,
including in fragile and humanitarian contexts (United
Nations Children’s Fund)

Wang W, Wang J and Romanowicz R 2021 Uncertainty in SPI
calculation and its impact on drought assessment in
different climate regions over China J. Hydrometeorol.
22 1369–83

West P C et al 2014 Leverage points for improving global food
security and the environment Science 345 325–8

WHH 2023 2023 global hunger index: the power of youth in
shaping food systems

WOF 2023 World obesity atlas 2023 (World Obesity Federation)
Wollburg P, Hallegatte S and Mahler D G 2023 Ending extreme

poverty has a negligible impact on global greenhouse gas
emissions Nature 623 982–6

Woodhill J, Kishore A, Njuki J, Jones K and Hasnain S 2022 Food
systems and rural wellbeing: challenges and opportunities
Food Secur. 14 1099–121

World Bank 2023 Multidimensional poverty measure database
(6th edition, circa 2018) (available at: www.worldbank.org/
en/topic/poverty/brief/multidimensional-poverty-measure)

Zhang J, Ma L, Bai Z and MaW 2024 Using the nexus approach to
realise sustainable food systems Curr. Opin. Environ. Sustain.
67 101427

Zscheischler J et al 2020 A typology of compound weather and
climate events Nat. Rev. Earth Environ. 1 333–47

16

https://doi.org/10.1038/s43016-023-00885-9
https://doi.org/10.1038/s43016-023-00885-9
https://doi.org/10.1038/s43016-024-01109-4
https://doi.org/10.1038/s43016-024-01109-4
https://blogs.worldbank.org/en/opendata/monitoring-poverty-us320-and-us550-lines-differences-and-similarities-extreme-poverty
https://blogs.worldbank.org/en/opendata/monitoring-poverty-us320-and-us550-lines-differences-and-similarities-extreme-poverty
https://blogs.worldbank.org/en/opendata/monitoring-poverty-us320-and-us550-lines-differences-and-similarities-extreme-poverty
https://doi.org/10.1007/s13280-017-0922-x
https://doi.org/10.1007/s13280-017-0922-x
https://doi.org/10.1126/science.aax8546
https://doi.org/10.1126/science.aax8546
https://doi.org/10.3389/fpubh.2020.00453
https://doi.org/10.3389/fpubh.2020.00453
https://doi.org/10.1038/sdata.2019.38
https://doi.org/10.1038/sdata.2019.38
https://doi.org/10.1038/s41467-021-22315-9
https://doi.org/10.1038/s41467-021-22315-9
https://doi.org/10.1038/s41586-018-0594-0
https://doi.org/10.1038/s41586-018-0594-0
https://doi.org/10.1016/S2542-5196(18)30206-7
https://doi.org/10.1016/S2542-5196(18)30206-7
https://doi.org/10.2499/9780896294257_01
https://doi.org/10.2499/9780896294257_01
https://doi.org/10.1016/j.jada.2007.08.007
https://doi.org/10.1016/j.jada.2007.08.007
https://doi.org/10.1175/JHM-D-20-0256.1
https://doi.org/10.1175/JHM-D-20-0256.1
https://doi.org/10.1126/science.1246067
https://doi.org/10.1126/science.1246067
https://doi.org/10.1038/s41586-023-06679-0
https://doi.org/10.1038/s41586-023-06679-0
https://doi.org/10.1007/s12571-021-01217-0
https://doi.org/10.1007/s12571-021-01217-0
https://www.worldbank.org/en/topic/poverty/brief/multidimensional-poverty-measure
https://www.worldbank.org/en/topic/poverty/brief/multidimensional-poverty-measure
https://doi.org/10.1016/j.cosust.2024.101427
https://doi.org/10.1016/j.cosust.2024.101427
https://doi.org/10.1038/s43017-020-0060-z
https://doi.org/10.1038/s43017-020-0060-z

	Different places, different challenges: mapping global variations in agrifood-system burdens
	1. Introduction
	2. Materials and methods
	2.1. Data for mapping global agrifood-system burdens
	2.2. Hotspot mapping
	2.3. Impact analyses

	3. Results
	3.1. Spatial patterns
	3.2. Overlap with population and agricultural area
	3.3. Relationship to farm size
	3.4. Indigenous peoples
	3.5. Inequality and governance

	4. Discussion
	4.1. Spatial patterns
	4.2. Population and agricultural area
	4.3. Vulnerable communities
	4.4. Governance and inequality
	4.5. Data quality and robustness of results
	4.6. Implications

	References


