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This paper strengthens the case that biological resource secu-
rity is a far more influential factor contributing to lasting 
development success than most economic development theo-

ries and practices would suggest and shows how unevenly it affects 
distinct human populations.

A fundamental ecological concept posits that net primary produc-
tivity of ecosystems is the basis of all life. Therefore, we investigate 
how biological resource scarcity can limit economic development as 
those resources are under increasing threat1–3. We define ‘biological 
resource security’ as the ability of a population to secure access to 
their current level of biological resource demand, or a higher one if 
the current level does not allow them to meet their material needs.

Not only people, but all life, depend on a material metabolism. 
To secure their metabolism, people compete with other living things 
for the biological productivity of ecosystems. The metabolism 
encompasses basic life-support functions, including food, clean 
water, waste absorption and shelter. While this has always been the 
case, the Anthropocene epoch has marked a new era characterized 
by Homo sapiens’ global dominance. Within this new context, con-
servative estimates indicate that in 2020, the demand of biological 
resources of all people combined exceeded the amount Earth’s eco-
systems produce by at least 56%4. Given this massive overuse, also 
called ecological overshoot, biological resource security is no longer 
guaranteed, making biological productivity, our planet’s capacity to 
regenerate biomass, a material bottleneck for the human economy1,2.

Overuse is by definition a time-limited condition—it cannot go 
on forever3,5–7. Thus, global ecological overshoot erodes biologi-
cal resource sustainability and, therefore, security. Paradoxically, 
because of accumulated resource stocks, it has still been possible for 
humanity, even during the past decades of global ecological over-
shoot, to continuously increase total demand8,9. Increased overshoot 
has accelerated the depletion of the biosphere’s ecological assets, 
resulting in increased biodiversity loss10–12, climate change13, forest 
destruction14 and freshwater scarcity15. Delayed impact and weak 
feedback amplify future resource security challenges by further 
depleting natural capital.

Some may perceive that economic impacts of such depletion 
occur far in the future. Indeed, it is unknown how long people can 
overuse natural capital before economic performance is measurably 
affected. Therefore, the time span for which ecological overuse can 
persist is a critical parameter, as it defines the maximum transition 
time to a regenerative future, when (a possibly diminished) biologi-
cal regeneration will constrict humanity’s material metabolism.

There may not be a precise answer for how long overuse can per-
sist as time constants for each biological asset vary. For example, a 
forest that matured over 50 years, whose trees are harvested at the 
rate of 2% per year, would be left with no mature tree within 25 years. 
Groundwater and freshwater lakes can be radically diminished 
within decades, as has happened in many places, from Lake Chad 
to Lake Aral, the Ogallala Aquifer and the California Central Valley. 
Overfishing has led to fisheries collapse16, and carbon emissions 
from fossil fuel combustion have contributed to an accumulation of 
atmospheric greenhouse gases. Concentrations have increased from 
280 ppm CO2-equivalent (CO2e) before the industrial revolution in 
1750 to over 500 ppm CO2e as of 201917. The current concentra-
tion is higher than the 450 ppm CO2e needed to have a moderate 
chance of limiting global average warming less than 2 °C above 
pre-industrial levels, according to the Intergovernmental Panel on 
Climate Change18. This means that the atmospheric carbon sink 
limits associated with a stable climate have already been breached, 
even though the effects have not yet fully played out. Avoiding the 
threat of an unstable climate would require rapidly eliminating 
the use of fossil fuels, which now provide 80% of humanity’s com-
mercial energy use19. It would also necessitate additional carbon 
sequestration.

Accordingly, the impacts of biological overuse are not only 
already present, but also have, in some domains, exceeded the tol-
erable margins. Other domains may be breached within decades, 
not centuries1. In addition, since demand for and availability of bio-
logical resources are unevenly distributed around the planet, not 
everyone will be affected equally. Certainly, damaging effects on 
the integrity of ecosystems, especially because of the extinction of 
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species, are already under way at an unsustainable rate, with largely 
unpredictable but certainly highly damaging effects on human 
futures20.

Economic activities require material inputs, including energy. 
Given overshoot, these inputs will unavoidably have to be reduced, a 
process called ‘dematerialization’. Such dematerialization, however, 
will challenge, to different degrees, the continuity of these economic 
activities. Some activities can be partially dematerialized, but this is 
less of an option for economic activities in conjunction with pov-
erty eradication. Those activities, which include long-term security 
in food, energy, water and sanitation infrastructure, and shelter, 
require more material input to achieve better socioeconomic out-
comes because ‘poverty eradication’ means eliminating poverty for-
ever, or at least for several generations, as defined by the Sustainable 
Development Goal 1.

We examine the implications for poverty eradication when over-
shoot (living off the depletion of biological capital) is no longer 
an option. In that era, humanity’s physical metabolism must stem 
entirely from Earth’s biological regeneration.

Conventional development strategies, promoted by key interna-
tional institutions or leading development economics textbooks21–25, 
are silent on this question. In fact, they tend to largely ignore biolog-
ical resource constraints despite the vast academic literature from 
natural sciences about resource-related subjects3,5,18. Despite econo-
mies’ growing resource dependence8,9,26, effective resource security 
strategies are also absent in mainstream economic debates. This 
is exemplified by the World Economic Forum’s prominent annual 
Global Competitiveness Report, which rates countries’ competitive-
ness using 103 indicators, none of which reflects any aspect of bio-
logical resource security27.

Overlooking resource conditions in efforts to reduce, and eventu-
ally eradicate, poverty may have been acceptable or even reasonable 
in the past when resource constraints where not a limiting factor, but 
this assumption no longer holds. The research presented here exam-
ines how different populations are exposed to biological resource 
risks, arguing that ignoring the importance of enhancing resource 
security of a population undermines their development prospects.

Countries’ resource strategies
For two reasons, this analysis focuses on the country scale. One is 
data availability: country-level data are the most consistently avail-
able for comparisons across the world. Using UN data also removes 
the potential risk of biased data selection. The second reason is 
practical: countries, being sovereign, represent the highest level of 
decision making. Countries operate many powerful levers to steer 
their trajectories, including managing their currencies, governing 
taxation, setting regulations, choosing policies and implementing 
their decisions, for which they have at their disposal not just admin-
istrators but also police and military force.

Governments can use policy tools to enhance their countries’ 
resource security by managing both resource demand and resource 
availability. Largely, however, they do not. For example, global 
carbon emission time series show increasing trends, with tempo-
rary reductions imposed by disasters (first and second oil crisis, 
2008 financial crisis, 2020 COVID-19 lockdown), not by design 
(1992 Climate Framework28, 1997 Kyoto Agreement29, 2015 Paris 
Agreement30, 2016 Paris Agreement ratification31). There are note-
worthy exceptions, such as Germany, with a slow but steady energy 
transformation, and Scotland. Both reduced their territorial carbon 
emissions from 1990 to 2017/2018, by 30% for the former32 and 47% 
for the latter33.

In the era of global overshoot, a key question is which countries, 
including their economies, will be able to maintain their resource 
security. Most countries have underperformed in their efforts to 
meaningfully increase their resource security. Further, the fail-
ure to improve resource security in the short term will compound 

future resource challenges. Even under the best scenarios, national 
and global sustainability transitions face extensive time delays for 
improving resource security because the lock-in effect of existing 
infrastructure determines large portions of future production and 
consumption patterns.

Apart from deliberate resource efficiency strategies, which 
take years if not decades to achieve, there are two mechanisms for 
populations to secure sufficient flows of resources within those 
time frames while avoiding using less (since it would conflict with 
poverty eradication among lowest-income populations): either a 
country has sufficient regeneration within its boundaries or it can 
obtain those regenerated resources, including waste-absorptive ser-
vices, from somewhere else. ‘Having them’ means that the biological 
assets within the country (minus those permanently leased to actors 
abroad) can continuously provide the demanded biological flows. 
Obtaining resources from elsewhere is possible through the follow-
ing means:

•	 Domestic overuse: take them from the future by overusing a 
country’s own biological assets (here, getting resources from 
elsewhere does not refer to ‘from other spaces’ but to ‘from other 
times’—the future)

•	 International trade: purchase the resource flows from elsewhere 
(sufficient purchasing power is required)

•	 Donation: receive resource flows from elsewhere through for-
eign aid or a charitable gift

•	 Use of force: appropriate resource flows from elsewhere by force

This study focuses exclusively on international trade. In this anal-
ysis, we exclude the other three options for the following reasons.

Domestic overuse is merely a short-term option. It lasts as long as 
depletion of one’s own assets is possible and overuse of global assets 
(including carbon emissions or fishing in international waters) is 
permissible. Since the purpose of this assessment is to analyse how 
countries are impacted by the end of overshoot, and since living off 
depletion is increasingly less available and exacerbates the resource 
security of one’s own country even more dramatically in the years fol-
lowing overuse, our analysis is not focusing on those transition years.

Donation assumes large-scale redistribution of resources. It 
could indeed be a powerful mechanism. We exclude it here because 
there is not much historical evidence to feed expectations for such 
redistribution. Over the past decades, international redistribution 
between countries has been small. Exceptions include intra-EU 
transfers and some favourable fossil fuel exports as in the case  
of Venezuela supporting Cuba. Otherwise, international redistri-
bution is limited mostly to international development efforts.  

LR
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income

Biocapacity
deficit

Biocapacity
reserve

High 
income

Fig. 1 | Countries are mapped on four quadrants. the dividing line between 
low and high income is world-average income per person. Clockwise from 
the top left: L and R; H and R; H and D; and L and D.
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Only about 5% of international development efforts (which them-
selves are about 0.2% of global gross domestic product (GDP)34) 
have supported biological resource transfers, mainly of food. A big 
portion of this transfer is handled by the World Food Programme 
and is linked to extreme emergencies. In the context of increasing 
global overshoot, all countries will face growing pressure to reduce 
their material metabolism, making it politically even more challeng-
ing to meaningfully increase country-to-country resource trans-
fers. In addition, such redistribution schemes have not come about 
quickly in the past, apart from sporadic short-term aid during disas-
ter emergencies. Hence, donations are highly unreliable and minute  
in scale.

Use of force is an unrealistic resource acquisition strategy cur-
rently since the cost and risk of warfare, including long-term repu-
tational risks, far exceed the resource benefits secured through use 
of force. However, formal colonialism has been a powerful mecha-
nism for resource acquisition through the use of force in the past 
centuries, when a few nations pillaged the vast natural resources of 
other cultures on a continental scale, with consequences that are 
still lasting today. Since World War II, there have been few economi-
cally successful efforts by countries to permanently access extrater-
ritorial resources by force.

Given these two primary resource access options of owning or 
purchasing, our research examines countries’ exposure to biologi-
cal resource insecurity by focusing on this central dual challenge: 
(1) not having sufficient resources within their territory and (2) not 
having the financial advantage to compensate this resource deficit 
through their purchasing power. We identify which countries are 
most exposed. Data in Supplementary Data 1 show also how their 
situations have changed over time.

The Methods section summarizes how we measure these two 
conditions: tracking a population’s biological resource situation and 
assessing that population’s financial possibilities. A more-detailed 

methodological description of the resource assessment is available 
in the Supplementary Information.

The two axes of resource security and purchasing strength. On 
the basis of domestic resource security and international purchasing 
strength, all countries can be plotted onto a two-dimensional space. 
One axis reflects their average annual income (in nominal US$ per 
person). The dividing line of this axis is global average GDP per 
person for 2017 of US$201010,38035 per annum (Fig. 1). The other 
axis shows their biocapacity deficit or reserve (in global hectares 
per person).

Countries’ resource security and income
To analyse countries’ resource security, countries are positioned on 
the graph according to net domestic biocapacity availability (the dif-
ference between a country’s biocapacity and its ecological footprint 
of consumption, measured in global hectares (gha) per person) on 
the vertical axis, and its per-person GDP (US$2010) on the horizontal 
axis (Fig. 2, as outlined in Fig. 1).

Figure 2 includes all countries for which 2017 data exist, repre-
senting over 99% of the world population. In the low income (L) 
and biocapacity reserve (R) quadrant (LR), the high income (H) 
and (R) quadrant (HR), and the (H) and biocapacity deficit (D) 
quadrant (HD), no patterns between GDP and net biocapacity 
seem to emerge. The LD quadrant (bottom left), however, shows 
a distinct relationship: the triangular concentration of countries in 
the upper right corner of this quadrant seems to indicate that the 
lower a country’s income, the lower its ability to run a biocapacity 
deficit. One possible interpretation is low incomes within the LD 
quadrant already act as a constraint, limiting the ability of the coun-
try to purchase and consume biocapacity from elsewhere. This may 
be the main cause limiting their ability to run a larger biocapacity 
deficit. Higher average incomes, by contrast, seem to enable larger 
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Fig. 2 | Distribution of countries in 2017 across the four quadrants. Note the pattern of biocapacity deficits (per person) of lower-income countries.  
Lower incomes seem to limit ever more the size of countries’ per-person biocapacity deficits. For identifying all countries, consult Supplementary Data 1  
(tab: Fig 2 Quadrants).
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biocapacity deficits, and for high-income countries, these deficits 
seem less determined by income levels as apparent in the right por-
tion of the figure. For example, there are relatively large differences 
in biocapacity deficits among France, Germany, the Netherlands 
and Japan, which all have similarly high incomes. These countries 
have all the financial ability to access biocapacity from outside their 
national boundaries by net-importing biological resources and by 
emitting more carbon than their own ecosystems absorb, enabled 
by their ability to use fossil fuels.

In 2017, 2% of the world population lived in countries in the HR 
quadrant, 12% in the LR quadrant, 14% in the HD quadrant and 
72% in the LD quadrant (Fig. 3 and Table 1). The number of people 
living in countries with both a biocapacity deficit and below-average 
income has been increasing steadily from 2.5 billion in 1980 (includ-
ing estimates for the populations that are unaccounted for due to 
lack of data) to 5.4 billion in 2017, displaying a rate of population 
growth far above the world average.

In 1980, the LD quadrant represented 57% of the world popula-
tion (including estimates of unaccounted populations), when global 
overshoot was 19% above the planet’s biocapacity. The growth of 
this quadrant, representing 72% of the world population in 2017, 
has been accompanied by an increase in global overshoot to 73% 
of what the planet’s ecosystems can renew; that is, humanity used 
173% of the world’s biocapacity.

Figure 4 shows how humanity’s ecological footprint, its demand 
for biocapacity, is distributed among the four quadrants, and how 
this has changed over time. Earth’s total biocapacity is shown as 
a dashed line. The increase in the planet’s estimated biocapacity 
over the past decades is a reflection of growing yields in agricul-
ture, as reported by the Food and Agriculture Organization36, while 
omitting soil loss, diminishing groundwater tables and changing 
forest productivity since these data are not published with global 
consistency.

In Fig. 4, the weight of the LD quadrant on the global ecologi-
cal footprint becomes even more apparent. Collectively, LD coun-
tries’ demand alone corresponds to 96% of the planet’s biocapacity. 
By contrast, the HD quadrant, accommodating 14% of the world  

population, used 52% of the planet’s biocapacity. Table 1 summa-
rizes the results for all four quadrants.

Table 1 shows that those living in quadrant HD consume 
resources at 367% of global biocapacity on a per-capita basis. 
Another way of saying this is that if all humanity consumed at that 
level, it would take 3.67 planet Earths to meet our demand. It fur-
ther reveals that, on average, residents of HR countries use 2.6 (or 
352%/134%) times more than residents of LD countries. It also 
documents that 72% of the world population lives in LD countries, 
which contain only 34% of the world’s biocapacity. Still on average, 
people in LD countries have an ecological footprint that exceeds 
global biocapacity per capita by 34%.

Country trends are available in Supplementary Data 1 (tab: 
Suppl-Fig 2 Country Trends).

implications for human development
This analysis reveals a fundamental shift in the determinants of 
countries’ future development successes and their ability to eradi-
cate poverty and famine.

Famines and resources constraints have occurred in recent 
human history. It has been argued that they were caused mostly by 
unequal access rather than absolute, physical scarcities37. However, 
the emergence of the Anthropocene may have shifted this dynamic. 
The Anthropocene is marked by unprecedented global change lead-
ing to declining global ecosystem health and rising pollution, con-
sistent with global ecological overshoot1. Biocapacity constraints, 
while previously local and distributional in nature, are now emerg-
ing on a global scale as documented here. Therefore, succeeding 
with poverty eradication will be impossible without a focus on bio-
logical resource security.

To clarify, this study does not suggest that economic access has 
been unimportant, that distributional issues are negligible or that 
biocapacity constraints have caused poverty. Rather, it shows that 
biological resource security is becoming a more influential factor, 
distinct from the past.

As long as biological capital depletion is still an available option 
for powering our economies, economic impacts of overshoot will 
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be masked, even though ecological debt will accumulate further. 
Beyond that, a decrease of human well-being is ever more likely 
and will increasingly be driven by the compound risk of biocapacity 
deficits and below-average income. The countries most exposed are 
those already in the LD quadrant.

The resource reduction pressures may arrive faster than the 
speed at which countries can adapt, given the time lags for adjust-
ing both physical infrastructure and the size of human populations. 
Currently, countries’ fossil fuel dependence is incompatible with the 
Paris Agreement’s warming target (Article 2 of ref. 30). Therefore, 
global decarbonization is necessary for climate stability. The ear-
lier it is accomplished, the less the climate will change, and the 
more of our planet’s biocapacity will remain. But even decarbon-
ized, people will still need energy. Some non-fossil energy sources 
will require additional biocapacity, potentially aggravating resource 
security. In addition, more carbon sequestration capacity will be 
required, potentially competing with other biocapacity demands. 
The resource security imperative also presents a catch-22: delayed 
action accentuates the climate and resource crisis, while an immedi-
ate and necessary transition deviates current income streams away 
from consumption and may not be affordable for lower-income seg-
ments of society.

Countries with biocapacity deficits and very high incomes (HD 
quadrant) such as Switzerland may be able to maintain higher lev-
els of consumption as long as their high income shields them from 
resource insecurity. By contrast, populations of countries with both 
biocapacity deficits and insufficient income (LD quadrant) such as 
Niger or Kenya are fragile, as even slight economic downturns or 
unfavourable weather conditions that temporarily reduce biocapacity 
could erode food and energy security38. Both biocapacity deficits and 
insufficient income reduce the likelihood of increased resource flows 
to those populations currently stuck in poverty, however defined.

A growing human population and increasing demand for ever 
higher consumption levels will make it progressively more difficult 
for economic actors within individual countries to afford sufficient 
resources for their economic activities. It may also push those actors 
into financial debt due to their need to buy resources from else-
where. This threatens all countries with biocapacity deficits, but 
especially those with low incomes.

Many countries’ economic plans strive to imitate urban finance 
centres such as Dubai, Switzerland, Hong Kong or Singapore. Rather 
than focusing on resource security, they rely on strategies reflect-
ing conventional economic growth trajectories that ignore resource 
constraints. They see the financial successes of these existing cen-
tres and take them as evidence in support of their own develop-
ment plans. However, they miss out on one fundamental question: 
whether this development strategy is globally replicable.

Pursuing development pathways characterized by a resource 
demand that is not globally replicable, apart from raising ethical con-
siderations, is risky since not everybody can be above the average.  

For example, the economic successes of Dubai, Switzerland, Hong 
Kong and Singapore are driven largely by their financial service 
industries. While those industries’ direct and domestic natural 
resource requirements are small, their functioning depends on 
financing physical operations that have massive resource require-
ments. Financial services cannot exist in themselves; rather they 
need to be of service to real, physical value chains. Those chains 
have invariably large production footprints.

Lack of replicability also emerges on the consumption side. For 
example, high-income professionals from financial sectors in urban 
finance centres will use their income to lead materially comfortable 
lives. Countries in the highest per-person income bracket also are 
among the countries with the highest per-person resource require-
ments, often far beyond what can be replicated worldwide. If all 
people on Earth adopted the average material demand of residents 
in Dubai, Switzerland, Hong Kong or Singapore, it would take the 
biocapacity of 5.6, 2.8, 2.939 or 3.7 planet Earths, respectively40. In a 
sustainable world, the reasonable goal from an ecological stability 
perspective might be using no more than half the planet’s capacity, 
as mentioned previously8.

If the development patterns of these cities or territories are not 
replicable, there is only one way for such entities to avoid their own 
demise: they must be certain that they can financially outcom-
pete everybody else on this planet forever to secure their resource 
metabolism. Requiring such a strategy to succeed is precarious for 
regions at any income level.

Life-threatening risks may be higher for lower-income regions. 
For example, the 2008 euro crisis resulted in Spain’s involuntary eco-
logical footprint contraction of about one-third40. However, given 
that Spain’s pre-crisis level of consumption was high—among the 
top 30 per-person footprints in the world—this footprint shrinkage 
did not lead to famine. Longevity, for example, increased in Spain 
since 200841, even though the footprint remained at two-thirds of 
the peak. By contrast, such massive, rapid shrinkage would probably 
be catastrophic for low-income countries where a large portion of 
the footprint is related to demand for food.

Outlook. Viable options exist to reshape existing infrastructure (cit-
ies, power systems, transport networks) as well as to modify popu-
lation size. These infrastructure stocks shape how people can live 
and consequently their resource demand. These stocks also change 
slowly, highlighting the importance of foresight and long-term 
planning to reach each entity’s necessary resource security.

Development strategies that enhance resource security and 
well-being are not only possible but essential38. Plenty of options 
exist42. We group solutions into five overlapping outcome categories38, 
the first on the supply side and the other four on the demand side:

•	 Planet—enhancing lasting biocapacity through focus on conser-
vation, restoration and regenerative use. Given the rapid erosion  

Table 1 | Population and resource situation for each quadrant in 2017

Quadrant  
(in 2017)

Population  
(in thousands)

% of population % of planet’s biocapacity 
they control

% of Earth’s biocapacity 
they use

Footprint per person compared 
with global biocapacity per person 
(%)

HR 142,001 2 12 7 352

LR 900,607 12 37 18 153

LD 5,367,984 72 34 96 134

HD 1,069,380 14 17 52 367

Total 7,479,972 100 100 173 173

the letter codes identify L and H on one axis, and D and R on the other. Note that 73 million people among the over 7.5 billion people on the planet in 2017 are unaccounted for in this assessment for lack of 
data. Most of them would be in the LD quadrant.
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of biodiversity and ecosystem health, protecting the health of 
the biosphere’s ecosystems is vital.

•	 Cities—designing and managing for compact and integrated cit-
ies with efficient buildings, which also reduces transport needs.

•	 Energy—phasing out fossil fuels means replacing them with 
renewables and boosting efficiency. The land required to absorb 
the greenhouse gas emissions from fossil energy currently makes 
up the biggest share of humanity’s overall ecological footprint.

•	 Food—improving production, distribution, and processing. 
Shifting consumption habits, deemphasizing animal-based 
products and avoiding food waste offers opportunities. Food 
demand alone currently occupies roughly 50% of Earth’s 
biocapacity.

•	 Population—encouraging smaller families. The number of 
people sharing the planet determines how much biocapac-
ity is available per person. Enhancing people’s lives often also 
reduces family size, particularly through securing equal rights 
and opportunities for women and by making safe and affordable 
family planning available to all.

The persistence of overshoot in the absence of rapid demate-
rialization makes development strategies that embrace resource 
security become even more crucial, among both high-income and 
low-income populations. The finding that 72% of humanity is cur-
rently living in countries challenged by the double curse of a bioca-
pacity deficit and low relative income becomes even more dramatic 
when recognizing that ecological overshoot is larger than ever. 
Overshoot’s accumulated ecological debt has left the Earth’s atmo-
sphere with a carbon concentration in excess of the level needed 
for a 2 °C global warming ceiling. This indicates that living off the 
depletion of natural capital means populations are running out of 
options and increases the likelihood of ecological poverty traps. 
Therefore, advancing resource security is turning into an indispens-
able strategy for eradicating poverty as well as securing develop-
ment success.

Methods
This section summarizes how we track a population’s biological resource demand 
and domestic availability. We also explain which income metrics we chose.  

A more complete discussion of the resource metric method is included in the 
Supplementary Methods.

Measuring the biological resource balance. The sustainable development 
literature has consistently recognized the importance of biological resource 
security. For example, the foundational Brundtland report expressed it as the need 
to live “within the planet’s ecological means” or “in harmony with the changing 
productive potential of the ecosystem”43.

These principles call for comparing biological resource regeneration 
with a population’s demand on nature. Since people’s demands compete for 
nature’s products and services, one way of measuring this relationship between 
regeneration and human demand is by tracking how much mutually exclusive, 
biologically productive area is necessary to provide the resource flows that people 
demand. Humans demand biologically productive areas in several quantifiable 
ways: production of food, fibre and timber; physical infrastructure such as roads 
and buildings; and absorption of waste, particularly the carbon dioxide from fossil 
fuel combustion. The total demand for biologically productive surfaces can be 
compared with the productive areas available that provide regeneration. Since the 
productivity of areas varies, they need to be measured not in terms of their physical 
extension, but in terms of biological regeneration they represent. For example, 
one can use a biologically productive hectare with world-average productivity as 
the common measurement unit that then allows expression of both demand and 
availability of productive areas in units that become comparable across space  
and time.

Ecological footprint accounting is a well-documented concept to measure 
the total supply and demand of biological regeneration. In ecological footprint 
accounting, the ecosystem capacity to regenerate biomass is called biocapacity. It 
is measured in standardized ‘global hectares’, which represent the productivity of a 
world-average biologically productive hectare. The human demand for biocapacity 
is called the population’s ‘ecological footprint’, and it is the sum of all the mutually 
exclusive demands on these bioproductive areas. Ecological footprints are also 
expressed in global hectares.

The principles of ecological footprint accounting, and the derived methods 
for national and sub-national assessments, are documented extensively within 
scientific literature6–9,38,44–46. The national accounting methodology has also been 
reviewed and documented by numerous national government agencies47.

The essence of the approach is that regeneration is used as the lens to analyse 
both availability and demand because biological assets are materially the most 
limiting factor of the human economy1,2. In addition, biocapacity and ecological 
footprint can be tracked and compared with each other on the basis of two 
principles:

 1. By scaling every area proportionally to its biological productivity, each bio-
logically productive area becomes commensurable with any other one. This is 
the essence of the global hectare.

 2. By including only areas that exclude other uses, that is, by making sure that 
every area is counted only once, the areas can meaningfully be added up, 
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both for all the competing demands on productive surfaces (the ecological 
footprint) and for the surfaces that contain the planet’s regenerative capacity 
(the biocapacity).

The country-level accounts, called the National Footprint and Biocapacity 
Accounts, show that humanity’s demand exceeds Earth’s biocapacity, and the 
gap has been increasing since the 1970s8,38,40. This is consistent with research on 
planetary boundaries or ecosystem health1,2,10,11.

Countries’ resource demand can be analysed from a consumption or a 
production perspective. The consumption perspective, which is the one used in 
this study, adjusts for trade and indicates the total resource consumption demand 
of a population. The production perspective identifies how much demand activities 
within a country directly put on ecosystems. This could be interpreted as the 
demand associated with generating the country’s GDP.

Countries that demand more than their domestic ecosystems regenerate run 
a biocapacity deficit. It is made possible by three mechanisms: (1) overuse of 
domestic ecosystems, or local overshoot; (2) net import of biocapacity; and (3) 
use of the global commons, as in the case of emitting CO2 from fossil fuel into the 
atmosphere or fishing international waters38.

Global results indicate that as of 2017, Earth had about 12.1 billion biologically 
productive hectares, according to Food and Agriculture Organization land-use 
statistics48. This includes productive ocean areas. By definition, this equals 12.1 
billion global hectares, as each global hectare represents the productive average 
of all these 12.1 billion hectares. By contrast, human demand in 2017 added 
up to 20.9 billion global hectares, 73% higher than the regeneration of all the 
planet’s ecosystems combined (in per-person numbers, an average footprint of 
2.8 global hectares contrasted to 1.6 global hectares of biocapacity available per 
person worldwide). This 73% overshoot may have dropped to 56% in 2020 due 
to lockdowns during COVID-194. In 2017, ecological footprint country averages 
varied from 0.5 global hectares per person (Eritrea) to 14.7 global hectares per 
person (Qatar). Biocapacity averages among countries stretch from 0.1 global 
hectares per person (Singapore) to 84 global hectares per person (Suriname)40.

The accounts include only human demands (including domesticated animals) 
and not those of the millions of other living species, which together make possible 
the continuous functioning of the global ecosystem. To maintain biodiversity, 
which is critical for the integrity of the global ecosystem, humanity’s footprint 
would need to be less than the planet’s total biocapacity. E.O. Wilson, for example, 
proposed to only use half the planet’s capacity to secure 85% of its current 
biodiversity49. Using this objective as reference would imply that humanity’s 
current biological metabolism would be three times too large. It also makes clear 
that zero biocapacity deficits are a necessary but not sufficient condition for 
planetary resource stability. Still, for simplicity, we use the zero biocapacity deficit 
line as the demarcation line.

Currently, the single-largest competing demand on the biosphere is the 
need for carbon sequestration capacity to neutralize emissions from fossil fuel 
burning. In 2020, this demand made up 57% of humanity’s ecological footprint. 
To comply with the Paris Agreement’s stated goal (Article 2 of ref. 30), this portion 
of the footprint would need to fall rapidly to zero. This reduction may come at 
the cost of increasing other parts of the ecological footprint. For example, more 
forest or agricultural products may be used to substitute for fossil fuels. If the 
Paris Agreement is fully implemented, there will be legal pressure to eliminate 
the carbon-related part of the deficit. If it is not implemented, the reduction 
pressures will emerge more slowly, which will increase the likelihood that the 
biocapacity will become increasingly damaged by climate change. Taking either 
path forces a country to eliminate its carbon footprint one way or the other. Fossil 
fuel dependence is therefore turning into an ever-growing risk. The pressure of 
increased land use has historically been the leading factor in the extinction of 
biodiversity, but unless nations can effectively control climate change, it will soon 
predominate as the major factor responsible for the massive extinction event that 
we humans have already started as a result of our unsustainable consumption—the 
sixth such event in the history of our planet.

Measuring ability to purchase resources from abroad. Annual value production 
of an economy is measured by its GDP. It can be calculated as the value add of all 
its produced goods and services, as the sum of all the incomes or as the sum of all 
expenditures. Therefore, GDP can be used as a measure for a country’s income50,51.

The analysis here focuses on the relative purchasing power of countries’ 
economic actors on global markets. Therefore, we use nominal US$ (or for time 
series, constant US$) instead of purchasing-power-adjusted US$, which reflect 
purchasing power on local markets. As economic actors compete for global 
resources in the same global market, each dollar has approximately the same 
weight, independent of the dollar’s purchasing power in the actor’s domestic 
market (called purchasing power parity). While this simplifies the fact that many 
commodities do not have a single homogeneous global market, the price range  
for resources in international markets is much narrower than that between 
domestic markets.

For the sake of this analysis, we use average country income. Although 
incomes within countries vary vastly, we assume that nominal per-capita GDP is a 
reasonable approximation for national purchasing power in international markets. 
As a medium of exchange, money gives its owner the option to trade it in for 

physical assets, including biological resources; hence, more money means access to 
more resources.

Not all international resource transfers are traded on global markets. Purchases 
could be under the protection of government-to-government arrangements 
or long-term contracts. The more of the international resource exchanges that 
occur in global markets, the tighter the competition on the global market for the 
remaining resources. Such increased competition makes the implications of the 
analysis presented here even more dramatic.

In the context of global ecological overshoot, biocapacity scarcity will increase; 
therefore, the competition for purchasing additional resources will become even 
fiercer. In this case, using world-average income as an approximation for the 
dividing line between those who can net-purchase from abroad and those who 
cannot is too lenient. This demarcation indicates only that statistically those above 
the line can net-purchase from abroad. It does not indicate, however, whether they 
can purchase enough from abroad to cover their biocapacity deficit. This means 
that even more national economies than those identified by the 72% in this paper 
are excluded from being able to purchase sufficient resources from abroad.

Data availability
All the data used in the figures are included in Supplementary Data 1. It contains 
ecological footprint and biocapacity results of most countries, as produced by the 
National Footprint and Biocapacity Accounts 2021 edition40. The income data are 
also included and stem from the International Monetary Fund52.
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