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The doughnut-shaped framework of social and planetary boundaries (the ‘Doughnut’)
provides a concise visual assessment of progress towards the goal of meeting the
needs of all people within the means of the living planet' . Here we present a renewed
Doughnut framework with arevised set of 35 indicators that monitor trends in social
deprivation and ecological overshoot over the 2000-2022 period. Although global

gross domestic product (GDP) has more than doubled, our median results show a
modest achievement in reducing human deprivation that would have to accelerate
fivefold to meet the needs of all people by 2030. Meanwhile, the increase in ecological
overshoot would have to stop immediately and accelerate nearly two times faster
towards planetary boundaries to safeguard Earth-system stability by 2050.
Disaggregating these global findings shows that the richest 20% of nations, with 15%
ofthe global population, contribute more than 40% of annual ecological overshoot,
whereas the poorest 40% of countries, with 42% of the global population, experience
more than 60% of the social shortfall. These trends and inequalities reaffirm the
case for overcoming the dependence of nations on perpetual GDP growth** and
reorienting towards regenerative and distributive economic activity—within and
between nations—that assigns priority to human needs and planetary integrity.

Inthe twentieth century, the predominant conception of progress came
tofocusonraising standards of living through the pursuit of economic
growth, measured as anincrease in the GDP of nations®’. An emerging
twenty-first century conception of progress is focused on far more
holistic ambitions, such as well-being?, sustainable development’,
prosperity'® and planetary health. These emergent Western-based
conceptionsreflect notions of socio-ecological balance that have long
been central to many Indigenous worldviews™. Integral to all of them
is acommitment to meeting the essential needs of all people while
protecting the stability of Earth’s life-supporting systems, on which
all life depends.

The doughnut-shaped framework of social and planetary boundaries
(commonly known as the Doughnut) provides a concise visual illus-
tration and quantification of progress towards achieving these dual
objectives'>. In this Analysis, we present a strengthened framework
of boundaries and indicators for the Doughnut at the global scale,
bringing together recent advances in planetary boundaries science”
andinthe availability of data monitoring social outcomes worldwide™.
Also, we explore inequalities that tend to be masked by such global
aggregates by comparing the performance of countries clustered by
incomelevel, usingacomparable set of social indicators coupled with
recent estimates of ‘downscaled’ planetary boundaries®.

Atits conceptual core, the Doughnut framework consists of the space
between two concentric rings: the inner ring represents a social founda-
tion, below which lies critical human deprivation, and the outer ring
represents an ecological ceiling, beyond which lies critical planetary

degradation. Between these two rings lies a doughnut-shaped area
that delimits humanity’s twenty-first century ambition to safeguard
the stability of our planetary home while ensuring that no one falls
shortof meeting their essential needs—together creating the minimal
conditions for defining an ecologically safe and socially just space for
humanity (Extended Data Fig.1).

First created in 2012 (ref. 1), this framework was updated in 2017
(refs. 2,3) toreflect evolving understanding and measurement of both
critical human deprivation and planetary degradation. These initial
analyses suggested that humanity was not living within the Doughnut
attheglobalscale. Over the same period, the Doughnut framework has
attracted considerable interest as a goal for humanity across many fac-
etsof society, suchas among educators'®”, community organizers's",
social enterprises®®** and governments at subnational®, national®>*
and international levels®.

Here we propose a third iteration of the global Doughnut, with a
revised set of 21 dimensions (Extended Data Fig. 2), measured by 35
indicators of social shortfall and ecological overshoot. We also present
our efforts to transform the Doughnut from being a static snapshotina
single year to an annual monitor of global social and ecological healthin
the twenty-first century, by incorporating time-series datafrom 2000
t0 2022 for as many indicators as possible (N =30).

Attheglobalscale, we measure social shortfall and ecological over-
shoot by comparingsocialindicators with respect to minimum social
standards in the Doughnut’s social foundation and ecological indica-
torswithrespectto planetary boundariesin the Doughnut’s ecological
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ceiling. Itis beyond our scope here to provide a critical assessment of
the framework of nine planetary boundaries, although we note that it
has been the subject of considerable scientific scrutiny? and its limi-
tations may affect our assessment (see Methods for further details).
The Doughnut’s social foundation has also been critically assessed by
some authors”?, although the literature in this area has only recently
begun to be reviewed systematically.

It is essential to note that the global population of ‘humanity’
depicted inthe Doughnut is not a single entity. Previous research has
shown that no country is meeting the needs of all its residents with a
level of resource use that could be sustainably extended to all people®*?,
butat the sametime, nations vary enormously in terms of their global
responsibility for overshooting planetary boundaries, whichis being
drivendisproportionately by extractive productionand overconsump-
tion by the affluent™****, Furthermore, nations have been shown to be
highly diverse in their capacity to achieve the social foundation for all
their residents, especially in the Global South, in which the legacy of
colonialism looms large®>353¢,

Towards making such disparities visible, we differentiate social short-
fall and ecological overshoot in 2017 for 27 comparable indicators
across three broad clusters of countries, grouped by income per capita
percentiles (the poorest 40% of countries, middle 40% of countries
and richest 20% of countries). This approach builds on methods to
downscale the global Doughnut using consumption-based ‘footprint’
indicators that account for the outsourcing of upstream environmental
burdens enabled by international trade®"*2,

Our Analysis integrates earlier work by combining aglobal perspec-
tive?? with time-series and cross-country comparative approaches™*.,
At the global scale, we provide further insights by estimating the his-
torical trends observed across each social and ecological indicator
and illustrating how these relate to the ambition needed for human-
ity to live within the Doughnut by 2050. At the country-cluster scale,
our Analysis provides a new integrated comparison of the shares of
global social shortfall held by each country cluster alongside their
respective contributions to global ecological overshoot. We also ensure
that downscaled socialindicatorstrack population sharesinshortfall
using the same dimensions and deprivation-based indicators as the
global Doughnut, and we compare country-cluster environmental
footprints with respect to four downscaled per capitaboundariesina
coherentvisual framework that is consistent with the broader planetary
boundaries framework. The data collection and analysis procedures
are described in Methods, with indicator-specific details provided
in the Supplementary Information, including an overview of all data
sources in Supplementary Table 1 (for social indicators) and Supple-
mentary Table 2 (for ecological indicators).

Current global status

Ifhuman progress this century depends on eliminating social shortfall
and ecological overshoot simultaneously?, our latest synthesis under-
scores that the world is still far from securing it. Billions of people are
falling short of meeting their most essential needs, whereas humanity’s
ecologicalimprint ontheliving planetis now overshooting at least six
of the nine planetary boundaries (Fig. 1).

The share of the global population experiencing social shortfall var-
ieswidely across the 12 dimensions of the Doughnut’s social foundation
and their respective indicators with available data (N = 21). The status
of these social indicators in 2022 ranges from 9% of people lacking
accessto electricity to 75% of people stating they perceive widespread
corruption, withamedianlevel of social shortfall comprising 35% of the
global population—equivalent to around 3 billion people. In general,
there are lower levels of shortfall for social dimensions that measure
access to physical necessities, such as energy and food, and higher
levels of shortfall for dimensions that measure the strength of social
fabric, such as social cohesion and political voice.
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Meanwhile, the variation in overshoot beyond the Doughnut’s eco-
logical ceiling is wider than that of the social foundation, across the
nine planetary boundaries and their respective indicators (N =13).
The status of these ecological indicators in 2022 ranges from around
50% below the stratospheric ozone boundary to more than ten times
beyond the safe boundaries for chemical pollution and species extinc-
tion, with amedian level of overshoot that is nearly two times beyond
the ecological ceiling (96%). The transgressions of critical Earth-system
processes revealed by planetary boundaries science are concerning,
given that these processes underpin the stability of the Holocene-like
conditions on which all life fundamentally depends.

Twenty-first century trends

Over the first two decades of the twenty-first century, there has been
aconcerning divergence between social and ecological trends at the
global scale (Fig. 2). Humanity has generally made progress towards
achieving the Doughnut’s social foundation, although this improve-
ment has been modest, given the extent of deprivation remaining.
At the same time, humanity’s collective pressure on the planet has
substantially worsened since the early 2000s and now transgresses
at least six of the nine planetary boundaries.

The number of social indicators with most of humanity in shortfall
hasbeen halved since the early2000s (from tenindicators tofiveindica-
tors) and 13 of the 21 indicators show discernible reductions in shortfall.
The five largest social improvements are for internet connectivity,
healthservices coverage, child survival, safe sanitation and cleanindoor
fuels, with 24-56% of humanity escaping shortfall in these areas over
the pasttwo decades, depending on the indicator. However, there are
five indicators that show little change over the period (undernourish-
ment, youth unemployment, lack of safe drinking water, lack of social
supportand perceptions of corruption), whereas food insecurity and
political voice have worsened.

The median share of humanity experiencing social shortfall declines
from47%in2000to35%in 2022 and theinterquartile range across the
socialindicators narrows substantially from 27-73% of the population
to 22-42% over the same period (Extended Data Fig. 3). Despite these
generally positive trends, at least 2 billion people still fall below the
Doughnut’s social foundation across most of the indicators (15 out of 21
indicators showat least 25% of the global populationinshortfallin2022).

Meanwhile, the ten ecological indicators with available time-series
datashow a considerable worsening of conditions with respect to the
Doughnut’s ecological ceiling since the early 2000s, with the notable
exception of ozone-layer depletion, which is roughly stable over the
period. Two indicators increase their extent of overshoot by 70-80%
between 2000 and 2022 (nitrogen use and green-water disruption),
whereas fourindicatorsincrease even further, more than doubling their
respective levels of overshoot over the same period (CO, concentra-
tion, radiative forcing, hazardous chemicals and phosphorus). There
are two indicators that increase their extent of overshoot by 10-25%
compared with 2000 levels (loss of forest cover and human appro-
priation of net primary productivity (HANPP)), moving further away
from safe Holocene-like conditions more slowly than the others, but
still doing so rapidly on the geological timescale of the Earth system.

The median level of overshoot beyond the ecological ceiling
increases from75%in2000to 96%in 2022 and the interquartile range
across the indicators widens substantially from 27-119% beyond the
ecological ceiling to 61-213% over the same period (Extended Data
Fig. 4). The ocean acidification indicator is still below its boundary
in 2022 but more than three-quarters of the gap below the boundary
in 2000 was closed over the 23-year period, leaving just 6% of its safe
space remaining with respect to the Holocene baseline, and closing
quickly. Despite these highly concerning trends, they may yet under-
estimate the overall increase in degradation because we could not
assess changes over time for three ecological indicators owing to a
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Fig.1|Current global status of shortfall and overshootin the Doughnut of
socialand planetary boundaries. Values shown are for 2022. Social wedges
(innerring) show the status of humanity relative to minimum social standards
and ecological wedges (outer ring) show Earth-system status relative to
planetary boundaries. Red wedges show a shortfall below the social foundation
oranovershoot beyond the ecological ceiling. The grey wedge indicates
missing data. The centre of the plot represents total human deprivation (for the
socialindicators) and the pre-industrial Holocene baseline (for the ecological
indicators). Values are proportional to the length of each wedge, which leads to

lack of data (disruption to blue-water flows, species extinction rate
and interhemispheric aerosols).

Progress far off-course

Tables 1and 2 present the Doughnut’s revised social and ecological
indicators, including historical levels and trends since the early 2000s
for eachindicator, alongside scenario trends that would be sufficient
to eliminate social shortfall by 2030 and ecological overshoot by 2050.
We estimated annual historical time trends for each indicator statisti-
cally using ordinary least squares regression. Scenario trends were
calculated linearly as the annual percentage change required between
2022 values and zero for eachindicator by 2030 (for social indicators)
and 2050 (for ecological indicators). The procedures are detailed in
Methods and indicator-specific statistical estimates are provided in
the Supplementary Data.

Onthe basis of the historical trends observed over the first two dec-
ades of the twenty-first century, we find that social shortfallimproves
by 0-1 percentage points (%pt) per year, based on the interquartile
range estimated over the 2000-2022 period for each indicator
(median: 0.5%pt per year). Meanwhile, the interquartile range across
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aquadraticscaling of wedge area that may lead some readers to perceive small
changes as more significant than they are. To address this limitation, we
provide Fig.2 with abar-chart representation that avoids this quadratic scaling
issue. Wedges with afaded edge extend beyond the chart area. A maximum of
twoindicatorsareincluded in each social or ecological dimension. Ideally,
there would be nored wedges below the social foundation or above the
ecological ceiling. See Tables1and 2 for details on all

ofthe socialand ecological indicators, including their respective boundaries.
Adapted fromref.2, CCBY 4.0.

the ecological indicators shows overshoot worsening by 1-5%pt per
year over the same period (median: 2.8%pt per year).

There are statistically significantimproving trends in reducing social
shortfall for17 social indicators (P < 0.01), ranging from less than 0.2%pt
per year (youthunemploymentand income inequality) to nearly 3%pt
per year (health service coverage and internet connectivity; Tableland
Extended DataFig.5). Although these social indicators show improving
performance, none of their historical trends are sufficiently rapid to
eliminate social shortfallby 2030, inline with the ambition of the United
Nations (UN) Sustainable Development Goals (SDGs). To achieve such
an ambition would require rates of improvement across these social
indicators to increase by a median of 4.9 times (interquartile range:
3.6-14.8 times) in comparison with 2000-2022 trends.

The three best-performingsocialindicators would need to accelerate
historical rates of improvement by 25-80% to eliminate shortfalls by
2030 (healthservice coverage, electricity access and internet connec-
tivity). Meanwhile, six laggard indicators would need to accelerate his-
toricalrates ofimprovement by at least tenfold to reach the Doughnut’s
social foundation by 2030 (societal poverty, youth unemployment,
unsafe drinking water, informal housing, income inequality and per-
ceptions of corruption). The remaining eight indicators liein between
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Fig.2|Global changeinsocial shortfall and ecological overshoot between
2000-2001and 2021-2022. Social shortfall is measured with respect to the
social foundation, for which zero indicates no shortfall. Ecological overshoot is
measured withrespect to planetary boundaries, for which zeroindicates no
overshootand*indicates the pre-industrial Holocene baseline. Values are
shown as 2-year averages at the start and end of the analysis period except for
stratospheric ozone values, which are shown as 5-year averages owing to high
annual variability. Light red bars show the reduction in shortfall or overshoot
betweenthestartand end periods. Dark red bars show theincrease inshortfall

these extremes and would need to accelerate rates of improvement
3-9 times faster than 2000-2022 trends to eliminate social shortfall
by 2030.

Notably, two social indicators show significantly worsening trends
(foodinsecurity and autocratic regimes) that would need to stop imme-
diately and rapidly acceleratein reverse to eliminate shortfalls by 2030
(at 3.3%pt per year and 8.8%pt per year, respectively). Although the
social support indicator also shows a slightly worsening trend, this
finding is not statistically significant owing to a lack of directionality
over the 2000-2022 period.

From an ecological perspective, there are highly significant wors-
ening trends in ecological overshoot across nine out of ten indica-
tors with available time-series data (P < 0.001), ranging from 0.3%pt
per year (forest conversion) to more than 80%pt per year (hazardous
chemicals; Table 2 and Extended Data Fig. 6). The median (and inter-
quartile range) rate of increasing overshoot across these indicatorsis
3.9 (2.4-5.9)%pt per year. A scenario to eliminate ecological overshoot
by 2050 across these indicators would mean immediately stopping
their rapid rates of degradation and accelerating inreverse at amedian
rate of regeneration thatis nearly two times faster, or 6.9 (3.2-8.1)%pt
per year for the next three decades (except for ocean acidification,
which could remain stopped below its boundary). We note that the
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orovershootbetweenthe startand end periods. The grey bar shows missing
data. Overshootbars with afaded edge extend beyond the chartarea.No
changeinshortfall or overshootis shown for fourindicators owing to alack of
time-series data (lack of public transport, blue-water disruption, extinction
rateand air pollution). Owing to alack of earlier data, three indicators startin
2005 (youth not inemployment, education or training (NEET), lack of social
supportand perceptions of corruption), whereas dataon food insecurity
startsin 2015. See Tables1and 2 for more details on the social and ecological
indicators, including their boundaries.

likelihood of following such a regenerative pathway seems to be very
low, on the basis of historical trends, and may not even be physically
possible by 2050 for some ecological indicators owing to lags in the
Earth-system, such as for atmospheric concentration of carbon dioxide
and for species-extinction rates”.

Inequalities in shortfall and overshoot

Weinvestigate inequalities inour global results by differentiating three
broad clusters of countries with available data—the poorest 40% of
countries, middle 40% of countries and richest 20% of countries—based
on average national income per capita across 193 countries over the
2000-2022 period (Extended Data Fig. 7). The social indicators can
be disaggregated into the three country clusters in a manner that is
directly comparable with the global results (N =21). The ecological
indicators, however, are related to Earth-system processes that cannot
be disaggregated to anational scaleina directly comparable manner®.
Scholars have developed methods that translate planetary boundaries
into global proxies, which can then be divided up among individual
countries based onasharing principle, such as equality or sovereignty?®.
We collected national consumption-based ‘environmental footprint’
data across 168 countries in the year 2017 for six indicators (carbon



Table 1| The social foundation and its indicators of shortfall

Dimension Indicator Shortfall (%) Historicaltrend To eliminate
shortfall by 2030
(% of global population, unless otherwise stated) 2000-2001 2021-2022 (%pt per year) (%pt per year)
Food Population undernourished 13 10 -0.2** -1.2
(improving)
Population with moderate to severe food insecurity (23) 29 +1.1%* -3.6
(worsening)
Health Population living in countries with under-5 mortality rate exceeding 75 42 =1.4** -5.3
25 per 1,000 live births (improving)
Population living in countries without high coverage of essential 79 28 -2.8** -35
health services (Universal Health Coverage Index score less than (improving)
60 out of 100)
Education Adult population (aged 15+ years) who are illiterate 23 16 -0.4** -2.0
(improving)
Young adult population (aged 21-23 years) with incomplete upper 61 37 -1.3** -4.6
secondary education (improving)
Income and work Population living below the societal poverty line, set at half their 85 73 -0.6** -91
country’s median household income or at least $15 a day (improving)
Population of young people (aged 15-24 years) not in employment, (25) 21 -0.1* -2.6
education or training (improving)
Water and sanitation ~ Population lacking access to safely managed drinking water 39 37 -0.1** -4.6
(improving)
Population lacking access to safely managed sanitation 66 42 -1.2** -5.2
(improving)
Energy Population lacking access to electricity 21 8 -0.6** =11
(improving)
Population lacking access to clean fuels and technologies for 50 27 —-1.2** -3.3
cooking, heating and lighting (improving)
Connectivity Urban population lacking convenient access to public transport - 53 - -6.6
(not known)
Population not accessing the internet 93 37 -2.6%* -4.6
(improving)
Housing Urban population living in slums or informal settlements 40 32 -0.4** -4.0
(improving)
Equality Population-weighted score on the Gender Inequality Index 46 35 -0.5** -4.4
(global gap between women and men in terms of reproductive (improving)
health, empowerment and employment)
Racial inequality (no global indicator tracks racial and ethnic - - - -
equality gaps in social outcomes at present) (not known)
Social cohesion Population stating that they are without someone to count oniin (21 24 +0.1 -3.0
times of trouble (no change)
Population living in countries with a Palma ratio of 2 or more 72 65 -0.2** -8.1
(the income share of the richest 10% of people relative to the (improving)
poorest 40%)
Political voice Population living in countries governed by an autocratic regime 46 7 +1.0** -8.8
(worsening)
Peace and justice Population stating that they perceive widespread corruption in (80) 75 -0.5** -9.3
government and business (improving)
Population living in countries with a homicide rate of 5 or more per 29 20 -0.5** -25
100,000 (improving)

Values in the 2000-2001" and ‘2021-2022’ columns are reported as two-year averages. Percentages in parentheses are available from a later start year for food insecurity (2015); youth not in
employment, education or training, social support and corruption (2005). Historical trends are estimated using ordinary least squares regression and two-sided hypothesis tests with statistical
significance indicated at the 99% (*) and 99.9% (**) levels. Pathways to eliminate shortfall by 2030 are calculated as percentage changes between 2021-2022 levels of shortfall and zero. See

Supplementary Discussion 1 for indicator details and Supplementary Table 1 for sources.

dioxide, nitrogen, phosphorus, blue water, species loss and HANPP)"
and calculated population-weighted averages for the three country
clusters. The per capita footprint indicators for each country clus-
ter were compared with equality-based per capita budgets collected
fromthe same source®, which are related to four planetary boundaries
(climate change, nutrient pollution, freshwater disruption and biodi-
versity breakdown; see Methods).

We find that social shortfall improves and ecological overshoot
worsens as income levels increase across the three country clusters

(Fig. 3), which is broadly consistent with previous cross-country
comparisons**??, The richest 20% country cluster has the least social
shortfall while having the greatest ecological impact across all six indi-
cators, with environmental footprints that are 1.3-12.4 times larger
than those of the poorest 40% of countries. By contrast, the poorest
40% country cluster has the least ecological overshoot while having
the greatest social shortfallacross 19 out of 21indicators, with ashare
of population in deprivation that is 1.3-94.0 times larger than that of
the richest 20% of countries.
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Table 2 | The ecological ceiling and its indicators of overshoot

Dimension Indicator (and planetary boundary) Value (and % overshoot Historical trend To eliminate overshoot
beyond boundary) by 2050
2000-2001 2021-2022 (%ptper year) (%pt per year)
Climate change Atmospheric carbon dioxide concentration, parts 370 ppm 416 ppm +3.1** (worsening) -3.4
per million (at most 350 ppm CO,) (28%) (94%)
Human-induced radiative forcing at the top of 1.8Wm™ 2.8Wm3 +5.5** (worsening) -6.5
the atmosphere, Watt per square metre (at most (78%) (183%)
TWm?)
Ocean acidification Average saturation state of aragonite at the ocean 2.99Q, 4 2.80Q, 09 +1.3** (worsening) (within boundary)
surface (at least 80% of pre-industrial saturation (-34%) (-6%)
state of 3.440Q),,5)
Chemical pollution Production of hazardous chemicals, millions of 933 Mt 1,964 Mt +81.8** (worsening) -13
tonnes per year (at most 5% of the 1,200 Mt of (1,455%) (3174%)
total chemicals produced in year 2000)
Nutrient pollution Phosphorus applied to land as fertilizer, millions ~ 14Mt 23Mt +71** (worsening) -9.7
of tonnes per year (at most 6.2 Mt per year) (123%) (273%)
Nitrogen applied to land as fertilizer, millions of 134Mt 193 Mt +4.6** (worsening) -76
tonnes per year (at most 62 Mt per year) (116%) (212%)
Air pollution Asymmetry between Earth’s hemispheres 0.08 AOD 0.08 AOD - (within boundary)
of sunlight reaching the surface, owing to (-29%) (-29%) (not known)
differences in atmospheric particle concentration
(at most 0.1 inter-hemispheric difference in
Aerosol Optical Depth)
Freshwater disruption Proportion of land area with human-induced 18.2% dev. 18.2% dev. - -2.7
disturbance of blue-water flow deviating from (78%) (78%) (not known)
Holocene variability (at most 10.2%)
Proportion of land area with root-zone soil 15.9% dev. 19.3% dev. +2.5** (worsening) -2.6
moisture deviating from Holocene variability (at (43%) (74%)
most 11.1%)
Land conversion Area of forested land as a proportion of 39Mkm? 38 Mkm? +0.3** (worsening) -2.2
forest-covered land before human alteration (at (55%) (61%)
least 75% of 64 million square kilometres)
Biodiversity breakdown Rate of species extinctions per million species 100E/MSY 100E/MSY - -32
years (at most 10E/MSY) (900%) (900%) (not known)
Human appropriation of net primary productivity, 15GtC 17GtC +2.0** (worsening) -7.3
billions of tonnes of carbon per year (at most10%  (162%) (204%)
of 55.9GtC)
Ozone-layer depletion Concentration of ozone in the stratosphere, 283.0DU 283.4DU +0.1 (no change) (within boundary)
Dobson units (at most 5% decrease with respect ~ (-50%) (-53%)

to 1964-1980 value of 290DU)

Values in the 2000-2001" and ‘2021-2022’ columns are reported as two-year averages except for stratospheric ozone concentration values, which are reported as five-year averages owing to

high annual variability (2000-2004 and 2018-2022). Historical trends are estimated using ordin
at the 99% (*) and 99.9% (**) levels. Pathways to eliminate overshoot by 2050 are calculated as t
Discussion 2 for indicator details and Supplementary Table 2 for sources.

ary least squares regression and two-sided hypothesis tests with statistical significance indicated
he percentage change between 2020-2021 levels of overshoot and zero. See Supplementary

The extent of ecological overshoot in the richest 20% of countries
exceeds the other two country clusters by a large margin, especially
for carbon dioxide and species-loss footprints (Fig. 4a). The richest
20% and the middle 40% country clusters both overshoot five of the
six per capitaboundaries, but the median extent of overshootis nearly
three times larger in the richest 20% of countries (273% and 96% over-
shoot, respectively) (Extended DataFig. 9). Meanwhile, the poorest 40%
country clusteris within all per capitaboundaries except for nitrogen
and phosphorus (median: 1% overshoot). None of the country clusters
transgress the per capitaboundary for freshwater disruption, although
we note that the proxy indicator of global blue-water consumption per
capita does not reflect regional water scarcities®.

The extent of social shortfall in the poorest 40% of countries tends
to be larger than the other clusters, especially for dimensions more
closely related to physical necessities, such as health, energy and
housing (Fig. 4b). The median share of population in shortfall in this
low-income cluster is double that of the middle 40% of countries and
nine times larger than that of the richest 20% of countries (60%, 29%
and 6.6% shortfall, respectively) (Extended DataFig. 8). The two peace
and justice indicators are exceptions to this general pattern, with
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population reporting widespread perceptions of corruption high-
est in the middle-40% of countries (82%) and the population living in
countries with a homicide rate of 5 or more (per 100,000 people) is
highestin therichest 20% of countries (32%). Notably, the latter finding
is driven by just two countries (out of 35) that exceed the homicide rate
boundaryinthis wealthy group—the Bahamas and the United States—
with the relatively large population of the United States playing a
dominantrole.

Our disaggregated analysis reveals clear inequalities across the three
country clusters in terms of their respective contributions to global
levels of ecological overshoot and social shortfallin 2017 (Extended
DataFig.10). Therichest 20% country cluster includes only 15% of the
world’s populationbutit contributes adisproportionately large 26-73%
sharetoglobal ecological overshoot on an annual basis, depending on
theindicator (median: 44%). Simultaneously, this wealthy group holds
arelatively small 0-21% share of global social shortfall (median: 2%).
By contrast, the poorest 40% country cluster contributes a negligible
0-18% share to global ecological overshoot (median: 4%), whichis far
below its 42% share of world population. However, this poorer group
holds adisproportionately large 27-97% share of global social shortfall
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areasperFig.1.Social wedges startat theinner edge of the social foundation

(median: 63%). Meanwhile, the middle 40% country cluster contributes
a27-58% share to global ecological overshoot (median: 52%) and holds
a29-53% share of global social shortfall (median: 33%), which are both
more in proportion to its 43% share of world population.

Redefining and reorienting progress

The Doughnut frameworkinforms three critical transformations that
we believe are essential to shift to a twenty-first century pattern of pro-
gress: its conception, its metrics and its directionality. Last century’s
dominant conception of progress, based in material living standards,
is being replaced with a far more holistic approach, for which the
Doughnut’s concentric circles provide a concise visual representa-
tion: meeting the essential needs of all people within the means of the
living planet®. The metrics of progress are likewise changing, beyond
a predominant focus on the monetary metric of GDP, to consider an
array of social and ecological dimensions that aim to monitor human
well-being and planetary health in their own terms®>*; the Doughnut
combines theseintoacoherent, visual dashboard of 35 indicators that
can be continually updated and improved as better metrics become
available. The directionality of progress is also shifting, away from

(whichrepresents zero human deprivation), whereas ecological wedges start at
the outer edge of the social foundation (whichrepresents zero environmental
footprint). Values are proportional to the length of each wedge, which leads to
aquadratic scaling of wedge area that may lead some readers to perceive small
changes as moressignificant thanthey are. To address this limitation, we provide
Fig.4 withabar-chart representation that avoids this quadratic scalingissue.
Amaximum of two indicators areincluded toillustrate country-cluster
performancein eachsocial or ecological dimension. See Supplementary Table 1
for details onthe socialindicators, Supplementary Table 2 for detailson the
environmental footprintindicators, including their respective downscaled per
capitaboundaries, and Supplementary Data for data for all country clusters.

perpetual growth towards a dynamic that will define success this
century: eliminating global social shortfall and ecological overshoot
simultaneously. By transforming the Doughnut into an annual monitor
of humanity’s trajectory and tracking it over the first two decades of
the twenty-first century, we make visible the current directionality of
this dynamicin relation to what is required.

Althoughglobal GDP doubled between2000 and 2022, the Dough-
nut’s trend analysis underscores a very different story: only modest
improvements were achieved in reducing social shortfalls worldwide,
whereas ecological overshoot increased rapidly, disrupting the criti-
cal planetary processes on which all life depends. Economic policy-
making that assigns priority to perpetual economic growth has been
failing to bring humanity into the Doughnut’s safe and just space. This
reaffirms calls from post-growth scholars—ranging from degrowth*’
to well-being economy®—for a deep renewal of both economic theory
and practice, including by overcoming nations’ structural depend-
ency on GDP growth, so that they caninstead reorient towards eco-
logically regenerative and socially distributive economic policies and
outcomes®”. Such reorientation must acknowledge country-specific
differences in priorities and responsibilities®**, given the dispropor-
tionate contribution to global ecological overshoot by the richest,
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and thedisproportionate share of populationin deprivationamong
the poorest, as shown by the Doughnut’s country-cluster analysis.
Our Analysis underscores aneed to continue deepening research into
post-growth economic futures, especially in high-income countries*.
The data underpinning our analysis can serve as an input into eco-
logical macroeconomic modelling that seeks to assess policy options
with the potential to decouple human well-being fromboth ecological
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middle 40% of countries (beige) and top 20% of countries (blue). Dashed
vertical lines separate indicatorsin each social or ecological dimension, if more
thanoneisincluded. See Supplementary Tables1and 2 for more details on the
socialand ecologicalindicators, including their respective boundaries, and
Supplementary Data for data for all country clusters.

overshootand economicgrowth*’. Complementary researchinto exist-
ing policymaking would also be valuable, including studying the early
experience of more than 50 city and district governments worldwide
that have, since 2019, started to embed the Doughnut framework in
their local strategies, policies and processes

We note that there are relatively few monitoring alternatives that
combine the holisticambitionto track humanity’s social and ecological
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performance with respect to explicit targets across a dashboard of
indicators, as far as we are aware. Although we have not conducted
a comparative analysis of the Doughnut’s dimensions and indicators
with alternative monitoring frameworksin the present study, the most
similar alternative at the global scale is the SDG framework, which
earlier studies have compared®***. Ingeneral, the Doughnut has aless
comprehensive suite of targets than the SDGs (35 versus 169) but a
more even balance between social and ecological dimensions and a
more holistic and intuitive visual representation.

Other complementary frameworks that make social and ecological
targets and/or minimum standards explicitly visible include decent
living standards***® and safe and just Earth-system boundaries**5,
These frameworks tend to focus on quantifying human deprivation
interms of the units of minimummaterial requirements thata person
needs (for example, per capita use of energy, materials and water)
and that can also be related directly to ecological boundaries. The
Doughnut is distinct to these in its focus on the share of population
falling below minimum social standards, which may be defined in the
units of material requirements, such as having access to sufficient
food supply and electricity infrastructure, or of non-material require-
ments, such as having sufficient social support and political voice.
Anadvantage of this approachis that the Doughnut’s social foundation
canaccommodate any aspect deemed necessary to avoid human dep-
rivation onits own terms, whether material or non-material, individual
or collective. A disadvantage is that there is no directly traceable link
between the social and ecological domainsin the Doughnut, although
frameworks are emerging that track the global material requirements
of achieving minimum standards for all of humanity*, which we
believe are highly complementary and important avenues for future
research.

Given the urgency of completing the shift to a new pattern of pro-
gress, we intend to continue refining and measuring the Doughnut
on an annual basis, so that it may serve as a continually relevant and
up-to-date monitor of social and ecological trends. That said, we are
aware that such regular updates will not, in and of themselves, trans-
formthe dominant growth-based approach. Instead, we see this infor-
mation flow as an extra tool that scholar-activists and practitioners
taking a growth-critical approach can use to push for transformative
actionintheir places and institutions. For example, a strategy that we
have been pursuing since 2019, together with colleagues at Doughnut
Economics Action Lab, isto convene and make visible aglobal commu-
nity that is collectively experimenting in diverse ways to put the con-
cepts of ‘Doughnut Economics’into practice in many different contexts
by reframing economic narratives, engaging in strategic policy influ-
ence, collaborating with like-minded innovators and, crucially, sharing
lessons foriterative learning. This is just one action-led example that
we are deeply familiar with and we emphasize that many more local,
national and international initiatives are working collectively to shift
the economic focus away from endless growth and towards ensuring
human well-being and planetary health this century.
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Methods

This section summarizes how we select and analyse social indicators
with respect to minimum social standards in the Doughnut’s social
foundation and ecological indicators with respect to planetary bounda-
riesand downscaled per capitaboundaries in the Doughnut’s ecological
ceiling. A detailed description of methods and data for each indicator
isprovided in the Supplementary Information.

Conceptual framework

There have beentwo previous iterations of the Doughnut framework:
the first version was published in 2012 (ref. 1) and the second in 2017
(refs. 2,3).Since the 2017 version of the Doughnut was published, there
havebeensubstantial advancesin the global availability of data onsocial
outcomes, especially those indicators monitored in the global indica-
tor framework of the UN SDGs®. There have likewise been substantial
advancesin planetary boundaries science, which have been synthesized
at the global scale in the 2023 iteration of the planetary boundaries
framework® and have also seen widespread uptake across scientific
disciplines and society®. In this Analysis, we draw on these social
and ecological advances in understanding to renew and strengthen
the Doughnut framework, through a revision of its dimensions and
indicators and the inclusion of available time-series data at the global
scale. Building on previous efforts to ‘downscale’ the Doughnut®"*,
we also develop anapproach thatdisaggregates the global Doughnut
ina cross-scale comparable framework to reveal inequalities in social
shortfalland ecological overshoot across country clusters. See ref. 52
for acomparison with previous iterations of the Doughnut.

Global time-series data
We collected time-series dataover the 2000-2022 period from publicly
available international databases, such as the UN’s SDG Indicators Data-
base' and scientific sources referenced in the most recent planetary
boundaries update®, among others (see Supplementary Information
for all data sources). The first year considered in our analysis is 2000,
which is the earliest year available in the SDG Indicators Database™
and coincides with our ambition to monitor humanity’s trajectory in
the twenty-first century. For comparability and continuity, we aimed
to collect time-series data using the same indicators as Raworth**in
the 2017 version of the Doughnut, unless such data were unavailable
or morerelevant alternative indicators have since become available.
We collected global estimates directly frominternational databases
for the planetary boundaryindicators and calculated population-based
estimates from large samples of national values for the social indicators,
whichwere also collected from published and publicly available inter-
national databases. For the social indicators, we have included large
samples of countries throughout, but we note that there is a varying
number of countries with data available per indicator, with a median
(and interquartile range) of 151 (124-187) countries included and a
90% (83-99%) share of the world’s population (Supplementary Table 1).
We acknowledge that indicators measured on the basis of different
methods, datasources, system boundaries and country coverage may
notbe fully comparable, but the holistic nature of the Doughnut makes
this unavoidable for the time being, given current data availability.
Furthermore, we note that our use of data published by international
datasources does not explore uncertainties within the historical esti-
mates of each social and ecological indicator nor do we fully account
for possible shifts withinindicator-specific reporting systems. We do,
however, document all data sources used in our Analysis in Supplemen-
tary Tables1and 2, providing explicit references to relevant metadata
documentation for each social and ecological indicator issued by its
respective data provider. Overall, we include amaximum of two indica-
tors for each dimension and select 22 social indicators and 13 ecological
indicatorsintotal (compared with 20 social indicators and ten ecologi-
calindicatorsin the 2017 version).

Establishing the social foundation

To establish the social foundation, we began with the list of social

dimensionsandindicatorsinthe 2017 Doughnut and investigated their

currentrelevancein light of advancesin the global indicator framework

monitoring the SDGs, following six criteria adapted from Raworth?,

which postulate that social indicators should:

- Be globally relevant and serve as effective proxies for broader con-
cernsin their respective dimensions.

» Focus on the worst-off, measuring deprivations as a percentage of
the population (as opposed to measuring averages).

« Be measured with sufficiently recent data, with extensive interna-
tional coverage and with time-series monitoring.

« Have officially recognized thresholds of minimum acceptable
standards.

» Be monitored in the global indicator framework of the UN SDGs.

« Include at most two indicators for each dimension of the social
foundation.

We considered hundreds of indicators in publicly available inter-
national datasets, reached out to relevant experts and used our own
expertise to narrow down a draft set of social dimensions and indica-
tors that most closely aligned with these ideal criteria. We conducted
aninternal review of this draft set of dimensions and indicators with
colleagues holding a range of perspectives: some with insight on the
broad constituents of human flourishing, others with afocus on specific
indicators and data sources (see ‘Acknowledgements’). We are grate-
ful for the comments and suggestions shared by colleagues during
theinternal review process but we make no claims of arepresentative
or exhaustive set of relevant insights nor do we claim that all internal
reviewers agree with all of our choices—we take full responsibility for
thefinalindicator selection, asshownin Table 1. We acknowledge that
thesocialindicators that we have selected as best-available proxies for
broader concerns in their respective dimensions are open to debate,
given that other indicators exist, although in practice we have found
thesix criterialisted above to be limiting. See Supplementary Discus-
sion1for further details on each social indicator and Supplementary
Table1for datasources.

Establishing the ecological ceiling

At the global scale, the dimensions of the Doughnut’s ecological ceil-
ing are defined by the nine critical Earth-system processes specified
in the planetary boundaries framework™****, The planetary bounda-
ries framework has seen a very large uptake across academic disci-
plines, policy circles and the general public? but it has also been the
subject of considerable scientific debate, which has surfaced many
critiques® and responses since the original formulation in 20009.
Although it is beyond the scope of our study to provide an in-depth
critical assessment of this enormous body of literature, we empha-
size that our use of the planetary boundaries to define the Dough-
nut’s ecological ceiling is not taken lightly or uncritically—it is an
intentional choice based on our understanding of the state of the
artin Earth-systems science and, crucially, our aligned commitment
to iteratively incorporate new knowledge as that science continu-
ally advances. We acknowledge that the limitations of the planetary
boundaries framework could affect our results and may require further
investigation.

Furthermore, we note that several of the terms used in the planetary
boundaries framework have been altered in the Doughnut with the
aimsto: (1) align terminology across the social and ecological domains
(that is, we generally refer to ‘dimensions’ and ‘indicators’ through-
out, rather than ‘Earth-system processes’ and ‘control variables’) and
(2) make them more accessible to a non-technical audience.

To establish the ecological ceiling, we began with the list of ecologi-
cal indicators in the 2023 planetary boundaries update and assessed
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their applicability considering our ambition to monitor time series

according to two criteria, namely, that ecological indicators should:

« Be part of the 2023 update to the planetary boundaries framework,
tracking Earth-system processes in the same units, ideally with the
same data sources.

» Be measured with sufficiently recent published data, with global
coverage and with time-series monitoring.

We considered dozens of indicators in published data sources
from international databases and the scientific literature, reached
out to relevant experts and used our own expertise to narrow down
adraft set of ecological indicators that most closely matched these
criteria for the nine ecological dimensions of the planetary bounda-
ries. We conducted an internal review of this draft set of dimensions
andindicators with colleagues holding a range of perspectives: some
with insight on planetary boundaries science, others with a focus on
specific indicators and data sources (see ‘Acknowledgements’). We
are grateful for the comments and suggestions shared by colleagues
but we do not claim that the internal reviewers cover a representa-
tive or exhaustive set of relevant expertise nor do we claim that all
reviewers would agree with all of the indicators we have chosen. We
take full responsibility for the final indicator selection, as shown in
Table 2.

Notably, the chemical pollutionindicator is an exception to the crite-
riaabove, for which we propose to focus on the production ofhazardous
chemicals. This metricis distinct from but related to the (unquantified)
indicator in the planetary boundaries framework on the ‘percentage
of synthetic chemicals released to the environment without adequate
safety testing™™. Our approach combines a focus on the total produc-
tion of chemicals, which is in line with the landmark study of Persson
etal.** onnovel entities, with calls for nature-based chemicals that are
conducive tolife, rather than hazardous to healthand environment*"*%,
See Supplementary Discussion 2 for further details on each ecological
indicator and Supplementary Table 2 for data sources.

Calculating social shortfall and ecological overshoot

Inour Analysis, social indicators are presented relative to their extent
below the social foundation and ecological indicators are presented
relative to their extent beyond the ecological ceiling. For the social
indicators, each one is already expressed in percentage terms as the
proportion of the global population falling below its respective mini-
mumstandard. These percentages cantherefore be interpreted directly
as the normalized extent of social shortfall between 0% (no shortfall)
and 100% (complete shortfall) each year.

For the ecologicalindicators, which are expressed in absolute units,
the normalization procedure scales each indicator-boundary pair
by assigning the pre-industrial Holocene baseline a value of zero,
divides eachindicator value by its respective planetary boundary and
then subtracts one from each normalized ratio (see Supplementary
Table 2 for pre-industrial Holocene baselines provided by the planetary
boundaries framework®). In percentage terms, the normalized extent
ofecological overshoot has alower bound of -100% (the pre-industrial
baseline), with 0% indicating no overshoot, and no upper bound for
values greater than zero.

Inmathematical terms, the general formula for the normalized eco-
logical overshoot in a given year is given by overshoot, = (x, — Xy.s.)/
(X* = Xpase) — 1, in which x, is the ecological indicator in year ¢, x* is the
planetary boundary and x;,,. is the pre-industrial baseline. However,
three indicator-boundary pairs are exceptions to this general formula
(aragonite saturation state, forest area and stratospheric ozone), as
they are each framed inversely, for which a decrease in the indicator
value implies worsening ecological conditions (rather than an
increase). The normalization formula to express overshootin compa-
rable terms for these inverted indicator-boundary pairs is given by
overshoot, = (1— Xt X

X base Xbase

Determining historical and scenario trends

We estimated historical trends over time for each indicator of social
shortfall and ecological overshoot using ordinary least squares
regression and two-sided hypothesis tests with a linear model, or
y=P,+Bit, inwhich tis ayearindex with base year 2000, y is the indi-
catorand 8,and 3, are theregression coefficients (intercept andslope,
respectively). See Supplementary Data for the full regression model
results for each indicator, including estimated coefficients, robust
(heteroskedasticity-consistent and autocorrelation-consistent) stand-
ard errors, P-values and coefficients of determination (adjusted-R?).

We derived simple indicator-specific scenario pathways to eliminate
social shortfallby 2030 and ecological overshoot by 2050 by calculating
the annuallinear rate of change between 2022 levels and zero for each
indicator overitsrespective period (thatis, 8 years for social indicators,
28 years for ecological indicators). We derived these simple scenario
pathways to offer arough sense of the level of ambition required to live
within the Doughnut by mid-century, in comparison with the histori-
cal trends estimated empirically. Although social shortfall trends and
ecological overshoot trends are both expressed in percentage points
per year, we note that the values are not directly comparable across
thesocialand ecological domains because they are scaled differently:
the former are expressedina0-100 scale, whereas the latter are scaled
withrespectto pre-industrial Holocene baselines that are defined dif-
ferently for different boundaries.

Theillustrative aspiration to eliminate social shortfall in the Dough-
nut by 2030 is broadly aligned with the social ambition of the SDGs,
which all UN member states have committed to achieving by 2030.
Unlike the socialindicators, we opted againsta2030 aspiration to elimi-
nate ecological overshoot in the Doughnut because there is minimal
political support to achieve the specific ecological targets defined by
the planetary boundaries framework by this date. Instead, we derived
anillustrative 2050 aspiration thatis consistent with the political ambi-
tionto achieve ‘net-zero’ greenhouse gas emissions by this date*® and is
broadly aligned with a 50% probability of keeping global heating below
1.5°C(ref. 60)—alevel thatreduces therisk of triggering tipping points
inthe Earth-system, such as major ice-sheet collapse and near-complete
coral mortality (although the possibility of crossing such thresholds
cannotbe ruled out above1 °C heating, which has already occurred)®’.

Disaggregating the global Doughnut
The global Doughnut was disaggregated into three country clusters
based onaverage levels of annual gross national income (GNI) per capita
over the2000-2022 period, using data collected from the Human Devel-
opment Report® from the United Nations Development Programme
(UNDP), available for193 countries. GNI per capitais expressed ininter-
national dollars (Int-$) at 2017 prices, which means that national values
are adjusted for inflation and for differences in living costs between
countries. We defined country clusters by income percentile thresholds
as follows: poorest 40% of countries (less than Int-$ 8,100 per capita;
N=78), middle 40% of countries (between Int-$ 8,100 and 33,200 per
capita; N=77) and richest 20% of countries (more than Int-$ 33,200 per
capita; N=38). See Extended Data Fig. 7 for country-specific details.
For the social foundation, we calculated the proportion of the popula-
tion falling below minimum social standards within each country clus-
ter using the same indicators, methods and datasources as the global
Doughnut. As such, levels of social shortfall are directly comparable
across the global and country-cluster scales. We use a consistent set of
193 countries to define each country cluster but notall countries have
data available for all indicators (as noted in more detail in the ‘Global
time-series data’ subsection). We analysed social shortfall by country
cluster in the year 2017 to enable comparison with the national envi-
ronmental footprint data collected fromref. 15, whichis only available
for this single year (except for the public transportindicator, for which
we include 2020 values owing to a lack of earlier data).



For the ecological ceiling, the planetary boundaries are related to
critical Earth-system processes, which cannot be disaggregated to
smaller scales in a directly comparable manner. However, because
the original planetary boundaries framework was proposed in 2009,
scholars have been developing methods to translate these Earth-system
indicators into finite global resource budgets informed by planetary
boundaries science, which can be allocated to individual countries
according to asharing principle. After more than a decade of applied
research, a general translation procedure has been established with
well-known limitations, acknowledgement of uncertainties and dis-
cussion of ethical implications of distinct sharing principles, among
other themes™.

Totranslate the global Doughnut’s ecological ceiling to the country-
cluster scale, we collected equality-based per capita boundaries for
the year 2017 from a recently published study®, which are related to
four of the Doughnut’s ecological dimensions (climate change, nutri-
ent pollution, freshwater disruption and biodiversity breakdown). To
compare country-cluster performance with respect to these per capita
boundaries, we collected national data for six consumption-based
environmental footprintindicators available for 168 countries in2017
from the same source® (carbon dioxide, phosphorus, nitrogen, blue
water, species loss and HANPP) and calculated a population-weighted
average of each national per capita environmental footprint within each
country cluster. The environmental footprints are calculated using
input-output analysis, which accounts for spillovers and outsourc-
ing of upstream environmental burdens across countries enabled by
international trade by allocating them to final consumers, no matter
whereintheworld suchburdens occur. Such spillovers and outsourcing
are critical toaccount forinequalities in consumption across societies
but they are not relevant in the global Doughnut, as production and
consumption are equal at the global scale.

Ecological overshoot was calculated for each per capitaindicator-
boundary pair using the same method described above for the global
Doughnut (see ‘Calculating social shortfall and ecological overshoot’
subsection). The planetary boundaries for nutrient pollution and bio-
diversity breakdown are both represented by two separate indicators
(phosphorus and nitrogen, and species loss and HANPP, respectively).
We note that this approach to measuring ecological overshoot on
the basis of country-cluster per capita consumption with respect to
downscaled planetary boundaries should be seen as complementary
to assessments of locally relevant ecological pressures and thresholds.
Althoughincreasing consumption and affluence, including agrowing
middle class, are widely held to be the primary drivers of global impacts
on Earth-system stability®?, local ecological concerns may be more
strongly affected by other factors, such as overexploitation, urban
and agricultural encroachment, pollution and population growth®.
Further details onthe individual per capitaindicator-boundary pairs
are provided in Supplementary Discussion 2 and Supplementary
Table 2.

Calculating proportions of global totals

In our Analysis, we present the share of global population in social
shortfall held by each country cluster in 2017 alongside the contri-
bution of each country cluster to global ecological overshoot in the
same year (see Extended Data Fig. 10). In both cases, the results are
expressed as proportions of total shortfall and total overshoot in2017
in percentage terms.

For each social indicator, we calculated the number of people in
deprivation in each country cluster by multiplying its proportion of
populationin deprivation by its total population. These country-cluster
populationsin deprivation were summed to give total global population
inshortfalland the share of global social shortfall held by each country
cluster was defined asits respective proportion of this total population,
or in mathematical terms for each country cluster n: share of global
shortfall, = (share deprived, x population,)/population deprived,,,.

For each ecological indicator, we calculated the absolute level of
environmental footprint beyond equality-based population shares
ineach country cluster by subtracting the global per capitaboundary
fromits per capitaenvironmental footprint and then multiplying this
excess environmental footprint per capitaby the country cluster’s total
population. These excess environmental footprints per country cluster
were summed to give total environmental footprint overshoot and the
contribution of each country cluster n was defined as its respective
proportion of this total overshoot, orin mathematical terms: share of
global excess EF,, = ((EF per cap, — boundary per cap,) x population,)/
excess EF ., in which EF is the environmental footprint indicator.

We note that this single-year approach does not account for the his-
torical contributions of wealthy countries to global ecological over-
shoot, whichis notideal but compiling comparable national time-series
data on environmental footprints and per capita boundaries from
disparate sourcesis anon-trivial exercise that was beyond the scope of
the present study. Building on previous research showing that wealthy
countries contribute approximately 90% of excess cumulative CO,
emissions beyond population-based fair shares of safe global carbon
budgets (compared with 50% using our single-year approach)®*%, a
cumulative assessment of trends in ecological overshoot over time
for several footprintindicatorsacross country clustersis animportant
avenue for future research, in our view.

Limitations

Our Analysis is necessarily limited by the quality and availability of
global time-series data (detailed descriptions of each social and eco-
logicalindicator are provided in Supplementary Information). Further-
more, although the Doughnut monitoring framework tracks each social
andecologicalindicator separately, we acknowledge the interdepend-
ence of many indicators. Although we do not analyse such complex
interdependencies formally here, the representation of indicators in
the Doughnut diagram conveys a visual sense of holistic interconnec-
tion that could frame and support future research in this area, which
is beginning to emerge®*%*’, That being said, we note that the radial
representation of indicators, such as the Doughnut plotsin Figs.1and 3
(and the planetary boundaries framework), hasbeen criticized, notably
because quantitative values scaled in terms of wedge radius leads to
a quadratic increase in wedge area®. To mitigate the risk that some
readers may perceive small changes as more significant than they are,
we also represent comparable results using bar charts (Figs. 2 and 4).

We acknowledge that our focus on the global and country-cluster
scales masks wide inequalities in levels of social shortfall and eco-
logical overshoot between countries and within them. We recognize
the importance of accounting for such inequalities, particularly to
envision equitable trajectories towards the Doughnut, that we see
as complementary to our approach monitoring high-level social and
ecological trends onachanging planet, which also need to be takeninto
account for considering Earth-system trajectories. We note that the
environmental footprint data fromref. 15is also available by expendi-
ture decile within each country, but we analysed national averages to
enable comparison with the social indicators, which are not gener-
ally available with such within-country disaggregation. A useful step
for future research could therefore be to account for within-country
social deprivations by income groups and/or other characteristicsina
cross-country comparable framework (seeref. 67 for a single-country
applicationin Norway).

Finally, the Doughnut of social and planetary boundaries will con-
tinue to evolve. Its social foundation—including the dimensions, indica-
tors, boundaries and data—will continue to be revised asinternationally
agreed social norms and standards continue to evolve and asimproved
international data become available. We acknowledge that some of
the indicator thresholds that we have selected in this iteration lack
officially recognized thresholds of minimum acceptable standards at
present, such asahomicide rate of 50r more per100,000, whereas other
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indicatorslack dataaltogether, such asracial equality and several disag-
gregated ecological boundaries. However, inthese relatively early days
of devising metrics fit for monitoring progress with respect to social
and ecological goals, our view is that such data gaps are to be expected
and one of the best ways to improve them is by making them visible.
Future iterations of the social foundation could, for example, include
dimensions concerning cultural rights and community resilience. Like-
wise, the ecological ceiling’s dimensions, indicators, boundaries and
data will continue to be revised and refined as scientific research and
understanding of Earth-system processes proceeds and gets translated
forapplication at smaller scales. Future iterations could, for example,
include more specific forms of chemical pollution, such as plastics, and
improved metrics for air pollution and biosphere breakdown.

Data availability

Datasources for eachsocialindicator are described in‘Supplementary
Discussion1- The social foundation: dimensions and indicators’ and
summarizedin Supplementary Table 1. Data sources for each ecological
indicatoraredescribedin‘Supplementary Discussion 2 - The ecological
ceiling: dimensions and indicators’and summarized in Supplementary
Table2.Thedataproducedin thisstudy areincludedinthe Supplemen-
tary Dataspreadsheet accompanying this article and are also archived
onZenodo (v1.0.1) at https://doi.org/10.5281/zenodo.15688961 (ref. 68).
The dataarealso available to explore through aninteractive webpage
(https://doughnuteconomics.org/doughnut/) that allows users to
query the dataset and visualize doughnut plots similar to Figs. 1
and 3 showing social shortfall and ecological overshoot over time.

Code availability

The data analysis was conducted using R (v4.4.1). Beyond this base
Rversion, our analysis is dependent on several R packages. We used
the tidyverse suite of packages (v2.0.0) for organizing, manipulat-
ing and visualizing the data. We also used the zoo package (v1.8-12)
for time-series analysis functionality, the Imtest package (v0.9.40)
and the sandwich package (v3.1.1) for statistical analysis, the jsonlite
package (v1.8.9) to convert vector data to nested json format and the
ggpubr package (v0.6.0) for further data visualization functionality.
The doughnut plots were rendered on the Observable platform using
the D3 (v7.0.0) javascript library. The source data and custom R code
used to generate the analysis are archived on Zenodo (v1.0.1) at https://
doi.org/10.5281/zenodo.15688961 (ref. 68).
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Extended DataFig.1| The core doughnut-shaped conceptual framework. Adapted fromref. 2.
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Extended DataFig. 3 |Range of social shortfall across globalindicators by
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socialindicator tracks the share of the world’s population falling below its
respective minimum social standard (greenline) in percentage terms, ranging
fromzero (nobody inshortfall) to 100 (entire population in shortfall). For
eachboxplot, the horizontalline and the box represent the median and the
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interquartile range (IQR), respectively, and the ‘whiskers’ extend to the closest
observations greater than/lessthan1.5 x IQR. To ensure a consistent set of
indicators over time, we exclude two indicators with insufficient time-series
data (food insecurity, which startsin 2015, and lack of public transport, which
startsin2020) and we fill observations for three indicators missing values
between 2000 and 2004 by carrying their respective 2005 observations
backward (youth NEET, lack of social supportand perceptions of corruption).
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box plot, the horizontal line and the box represent the median and the
interquartile range (IQR) respectively, and the ‘whiskers’ extend to the closest
observations greater than/less than1.5 x IQR. Outliers for extinction rate and
hazardous chemicals extend beyond the chartarea (900% and 1,410-3,210%
dependingontheyear, respectively).
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Extended DataFig. 5|Historical observations and trends across the global
Doughnut’s social dimensions and indicators of shortfall. Each social
indicator tracks the share of the world’s population falling below its respective
minimum social standard (greenline) in percentage terms, ranging fromzero

(nobody inshortfall) to 100 (entire populationin shortfall). See Table 1 for

further details onthe indicators and Supplementary Data for numerical results,
including full statistical details estimated using ordinary least squares
regression with two-sided hypothesis tests (that is, estimated coefficients,
robuststandard errors, adjusted-R*and P-values).
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Extended DataFig. 6 | Historical observations and trends across the global
Doughnut’s ecological dimensions and indicators of overshoot. Each
ecologicalindicator tracks the Earth-system status of its respective planetary
boundary (greenline) in percentage terms, for which zeroindicates no
overshoot, and ranging fromits pre-industrial Holocene baseline (*) to an
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unbounded upper extent of overshoot. See Table 2 for further details on the
indicators and Supplementary Data for numerical results, including full
statistical details estimated using ordinary least squares regression with
two-sided hypothesis tests (that is, estimates, robust standard errors,
adjusted-R?and P-values).
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Extended DataFig.7|Country-specificincome per capitainthe three country clusters analysed in this study. Countries are ranked by GNI per capita
adjusted for inflation and for differences inliving costs (Int-$ at 2017 prices), averaged over the 2000-2022 period (N=193).
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Extended DataFig. 8| Range of social shortfall across disaggregated
indicators by country cluster (NV=21). Data points are individual observations
for the 20 social indicators with available datain 2017 (plus the public transport
indicator, which shows 2020 values owing to alack of earlier data), withjitter to
avoid overlaps. Each social indicator tracks the share of the population falling

belowits respective minimum social standard (greenline) in percentage terms,
ranging from zero (no shortfall) to 100 (entire populationin shortfall). Foreach
country-cluster box plot, the horizontal line and the box represent the median
andtheinterquartilerange (IQR) respectively, and the ‘whiskers’ extend to the
closest observations greater than/lessthan1.5 xIQR.
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Extended DataFig. 9 |Range of ecological overshoot across disaggregated in percentage terms, for which zero indicates no overshoot, and ranging from
indicators by country cluster (N=6). Data points areindividual observations no environmental footprint (*) toan unbounded upper extent of overshoot.
fortheecologicalindicators with available datain 2017 (withjitter to avoid For each country-cluster box plot, the horizontal line and the box represent
overlaps). Eachecologicalindicator tracks aconsumption-based environmental themedianand theinterquartile range (IQR) respectively, and the ‘whiskers’
‘footprint’relativetoitsrespective downscaled per capitaboundary (greenline)  extendtothe closestobservations greater than/lessthan1.5 x IQR.



Analysis

a carbon

footprint

phosphorus
footprint

nitrogen
footprint

blue water
footprint

species-loss
footprint

hanpp
footprint

0% 25% 50% 75% 100%
Contribution to global ecological overshoot

under—
nourished

food
insecurity

under-5
mortality

lack of
health services

illiteracy
rate

incomplete

Country cluster
secondary school

. poorest 40%
. middle 40%
. richest 20%

societal
poverty

youth
NEET

unsafe
drinking water

unsafe
sanitation
lack of
electricity

lack of clean
fuels indoors

lack of
public transport

lack of
internet

slums or
informal housing

gender
inequality

lack of

social support
income
inequality
autocratic
regimes
perceptions of
corruption

homicide
rate

0% 25% 50% 75% 100%
Share of global social shortfall

Extended DataFig.10|Shares of global social shortfall and global populationshare of per capitaboundaries. b, Relative shares of global social
ecological overshoot by country cluster. a, Relative contributions of country  shortfallacross country clusters, measured as the proportion of total population
clusterstoglobal ecological overshoot, measured as the proportion of total falling short of minimum social standards held by each country cluster.

excess environmental footprint held by each country cluster beyond its



	Doughnut of social and planetary boundaries monitors a world out of balance

	Current global status

	Twenty-first century trends

	Progress far off-course

	Inequalities in shortfall and overshoot

	Redefining and reorienting progress

	Online content

	﻿Fig. 1 Current global status of shortfall and overshoot in the Doughnut of social and planetary boundaries.
	Fig. 2 Global change in social shortfall and ecological overshoot between 2000–2001 and 2021–2022.
	Fig. 3 Status of shortfall and overshoot in a disaggregated Doughnut framework for three country clusters.
	Fig. 4 Levels of social shortfall and ecological overshoot by country cluster.
	Extended Data Fig. 1 The core doughnut-shaped conceptual framework.
	Extended Data Fig. 2 The third iteration of the Doughnut of social and planetary boundaries.
	Extended Data Fig. 3 Range of social shortfall across global indicators by year (N = 19).
	Extended Data Fig. 4 Range of ecological overshoot across global indicators by year (N = 13).
	Extended Data Fig. 5 Historical observations and trends across the global Doughnut’s social dimensions and indicators of shortfall.
	Extended Data Fig. 6 Historical observations and trends across the global Doughnut’s ecological dimensions and indicators of overshoot.
	Extended Data Fig. 7 Country-specific income per capita in the three country clusters analysed in this study.
	Extended Data Fig. 8 Range of social shortfall across disaggregated indicators by country cluster (N = 21).
	Extended Data Fig. 9 Range of ecological overshoot across disaggregated indicators by country cluster (N = 6).
	Extended Data Fig. 10 Shares of global social shortfall and global ecological overshoot by country cluster.
	Table 1 The social foundation and its indicators of shortfall.
	Table 2 The ecological ceiling and its indicators of overshoot.




