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How the 215 century has begun
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A paradigm shift in economics
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A compass for 21st century thriving
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Humanity is living far out of balance
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Every nation must transform

cO2 Emissions

Eco\ogical Ceiling

Malawi China Austria Canada
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National downscaling planetary boundaries
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Resource use and responsibility for
ecological breakdown
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Abstract: Many countries have started to develop policy programs for the sustainable use
of natural resources. Indicators and fargets can cover both a territorial and a life-cycle-wide
global perspective. This article focuses on how a safe operating space for global material
sesouce use can be outlined based on existing economy-wide material flow indicators. It
seflects on issues such as scale and systems perspective, as the choice of indicators
determines the target “valves” of the socio-industrial metabolism. It considers environmental
pressures and social aspects of safe and fair resource use. Existing proposals for resource
consumption targets are reviewed, partially revisited. and taken as a basis to outline potential
target values for a safe operating space for the extraction and use of minerals and biomass
by final consumption. A potential sustainability corridor is derived with the Total Material
Consumption of abiotic resources ranging from 6 to 12 tiperson. the Total Material
Consumption of biotic resources not exceeding 2 tperson. and the Raw Material
Consumption of used biotic and abiotic materials ranging from 3 to 6 /person uatil 2050
For policy, a “10-2-5 target triplet” can provide orientation, when the three indicators are
assigned values of 10, 2, and 5 Yperson, respectively.

Keywords: material footprint: safe operating space: fesource efficiency: resource
consumption: indicators: resource policy
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Humanity’s unsustainable
environmental footprint
Aren Y. Hockote” ad Thamas O, Wiedmana™>

Within the context of Earth’s limited natural resources and assimilation capacity.
the current environmental footprint of humankind is not sustainable. Assessing land.
water, energy. material, and other footprints along supply chains is paramount in
understanding the sustainability. efficiency, and equity of resource use from th
perspective of producers, consumers, and government. We review current footprints.
and relate those to maximum sustainable levels, highlighting the need for future

in the global economy are necessary to reduce humanity's environmental footprint
to sustainable levels.
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Resource use and responsibility for
ecological breakdown
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A good life for all within planetary boundaries

Daniel W. O'Neill @', Andrew L. Fanning ', William F. Lamb ©2 and Julia K. Steinberger®'

Humanity faces the challenge of how to achieve a high quality of life for over 7 billion people without destal
dicators designed to measure a ‘safe and just’ development space, we quantify the resource use

planetary processes. Using

ng critical

associated with meeting basic human needs, and compare this to downscaled planctary boundaries for over 150 nations. We

find that no country meets basic needs for its citizens at a globally sustainable level of re:

resource use. Physical needs such as

nutrition, sanitation, access to electricity and the elimination of extreme poverty could likely be met for all people without
However, £0: ple, |
httmn) would Mqulne alevel of that is 2-6 times the i level, based Strategies
d social provisi with a focus and equity, have the potential to move nations
Imirds i i

what level of biophysical resource use s associated with meet-

ing people’s basic needs, and can this level of resource use be
extended to all people without exceeding critical planetary bound-
aries? To answer this we analyse the between

—[—h.s Article addresses a key question in sustainability science:

Within our analysis we apply a top-down approach that distrib-
utes shares of each planctary boundary among nations based on
current population (a per capita biophysical boundary approach)
While the environmental justice literature emphasizes the need for

7 indicators of national environmental pressure (relative to biophys-
ical boundaries) and 11 indicators of social outcomes (relative to
sufficiency thresholds) for over 150 countries. Our study measures
national performance using a ‘safe and just space framework' for a
large number of countries, and provides important findings on the
relationships between resource use and human well-being.

A safe and just space

There have been two recent, complementary advances in defining
biophysical processes, pressures and boundaries at the planetary
scale. The first is the planetary boundaries framework, which iden-
tifies nine boundaries related to critical Earth-system processes’.
The boundaries jointly define a ‘safe operating space, within which
it is argued the relatively stable conditions of the Holacene may be
‘maintained‘. Of the seven measured planetary boundaries, four are
currently transgressed (biosphere integrity, climate change, biogeo-
chemical flows and land-system change).

The second advance is the estimation of environmental *foot-
print’ indicators for multiple types of biophysical resource flows.
Footprint indicators associate specific environmental pressures (for
example, CO, emissions, material extraction, freshwater appropria-
tion) with the consumption of goods and services’. This approach
assigns responsibility for embodied resaurce use ta final consumers,
and includes the effects of international trade.

We combine these two approaches to measure sustainability at
the national scale, by comparing national consumption-based envi-
ronmental footprints to ‘downscaled’ planetary boundaries’. The
nascent lterature proposes 2 number ui different ways that plan-

in practice', a per capita approach
allows us to explore what quality of life could be universally achieved
if resources were distributed equally. It is an important question
to address given that it is often claimed that all peaple could live
well if only the rich consumed less, so that the poor could consume
‘more™S. We acknowledge that an annual per capita boundary may
not be an appropriate way to manage resources that are geographi-
cally and temparally bounded (for example, freshwater use, where
river-basin geography and a monthly timescale may be more appro-
priate in practice*). Moreover, a deeper understanding of equity
may require some notion of shared responsibility between produc-
ers and consumers'”

Here, we adopt a human needs-based approach to defining and
‘measuring sacial outcomes, drawing on the work of Max-Neef* and
Doyal and Gough'. Human needs theory argues that there are a
finite number of basic human needs that are universal, satiable and
nonqubsulul.able ‘Need satisfiers’ can vary hetheen mdxwduals

, but arguably b that
may be measured empirically™.

The theory ofhuman
pins the safe and just space (S]S) framework proposed by xmmh
and described in her book Doughsut Economics’. The framework
combines the concept of planetary boundaries with the complemen-
tary concept of social boundaries. It visualizes sustainability in terms
of a doughnut-shaped space where resource use is high enough to
‘meet people’ basic needs (the inner boundary), but not o high as to
transgress planetary boundaries (the outer boundary),

The $JS framework includes 11 social objectives, which were
selected by Raworth based on a comprehensive text analysis of

ctary boundarics could th led to national
equivalents’, taking into account facmn such as geography, interna-
tional trade and equity’. Some studies apply a top-down approach
that distributes shares of each planetary boundary to countries
based on an allocation formula’", while others apply a bottom-up
approach that associates local or regional limits with
cach planetary boundary "

to the Rio+20 conference. The objectives
reflect the main social goals mentioned in the majority of submis-
sions, and thus align well with contemporary policy, including the
social objectives in the United Nations Sustainable Development
Goals (SDGs)?". The SJS framework also has important precedents
in the ecological economics literature, namely the objectives of sus-
tainable scale, fair distribution and efficient allocation.
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The social shortfall and ecological overshoot
of nations

ARTICLES

hittps:/doi.org/101038/541893-021-00799-2

Andrew L. Fanning ©'*™, Daniel W. O'Neill @1, Jason Hicke** and Nicolas Roux ©°

Previous research has shown that no country currently meets the basic needs of its residents at a level of resource use that
could be sustainably extended to all people globally. Using the doughnut-shaped ‘safe and just space’ framework, we analyse
the historical dynamics of 11 social indicators and 6 biophysical indicators across more than 140 countries from 1992 to 2015.
We find that countries tend to transgress biophysical boundaries faster than they achieve social thresholds. The number of
countries overshooting biophysical boundaries increased over the period from 32-55% to 50-66%, depending on the indica-
tor. At the same time, the number of countries achieving social thresholds increased for five social indicators in particular life

*Sustainability Research Institute, School of Earth and Environment, University of Leeds, Leeds, UK. *Mercator Research Institute on Global Commons and
Climate Change (MCC), Berlin, Germany. *e-maik d oneilla leeds ac uk

88 HATURE SUSTAINABILITY | VOL 1 | FEBRUARY 2018 | B8-95 wurwnature com/natsustai
2018 Macrillan Publishers Limited, part of Springes Nature. Al rghts reserved.
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expectancy and educ;
for the remaining four indicators. We also calculate

nal enrolment), decreased for two indicators (social suppnrt :nd aquﬂlity) and showed litte change

tions are needed to safeguard human and planetary health. Current trends will only dsepen the ecalogical “rils while failing to

eliminate social shortfalls.

called the ‘doughnut of social and planetary boundaries’) has

received widespread attention as a holistic tool for envision-
ing human development on a stable and resilient planet'”. However,
despite the urgent necd to define, and move towards, a safe and just
future’, litle is known about the pathways of countries over time
with respect to the multi-dimensional social and ecological goals of
the doughnut. This article advances integrated global sustainability
tescarch by assessing whether any countries have lived within the
doughnut in recent decades, or are on track to do so in the future,
on the basis of current trends.

The doughnut combines two core concepts: (1) an ecological
ceiling that avoids critical planetary degradation, which is informed.
by the planetary boundaries framework for Earth-system stability’s
and (2) a sufficient social foundation that avaids critical human
deprivation, which is closely aligned with the 12 social priorities of
the Sustainable Development Goals’. The doughnut visualizes the
goal of meeting the needs of all peaple within the means of the liv~
ing planet*

Empirical rescarch that combines social and biophysical indica~
tors in the doughnut framework is maturing, and the framework
has heen applled to evaluate the performance of cities™, regions™”,
countries' - and the world as a whole %, In general, places that do
el n ecs. of socis schievement use Fesonrees at unustainable
Levels, while places that use resources sustainably do not reach a suf-
ficient social foundation”

A large body of empirical research finds diminishing returns in
social performance as resource use increases, and this finding holds
across different social indicators or baskets of indicators, such as life
satisfaction, life expectancy or composite indices, together with CO,
emissions*, energy use™", ecological footprint= and others*_
Madellers have described the impact on planetary boundaries of
achieving the Sustainable Development Goals®, the socioeconomic
effects of CO, mitigation pathways™* and the energy requirements

The doughnut-shaped ‘safe and just space’ framework (also

of mecting a set of basic needs™*. However, these studies cither
do not disaggregate from the global to the national scale or do not
include multiple planetary boundaries and social indicators. Ta
date, O"Neill et al* provide the only global cross-national analysis of
the level of resource use associated with achieving minimum social
thresholds using the safe and just space framewark, but their study
i limited to a single year.

There is an emerging view that achieving social thresholds with-
out overshooting biophysical boundaries requires a dual focus on

ing critical human deprivation among the least well of =, A better
understanding of country trajectories with respect to the doughnut
could provide insights into the type of action needed to transform
unsustainable systems of social and technical provisioning®.

and social thi
‘We gathered historical data from 1992 to 2015 and analysed national
petformance on & consumption-based environmental indicators
(relative to downscaled biophysical boundaries) and 11 social indi-
cators (relative to social thresholds) for over 140 countries (Table 1)
We also used these data to estimate dynamic statistical forecasting
maodels within each country, which act as empirical constraints on
a simple business-as-usual’ projection of current trends for cach
social and biophysical indicator, outto the year 2050

‘The 11 social indicators include 2 measures of human well-being
(self-reported life satisfaction and life expectancy) and 9 need satis-
fiers (nutrition, sanitation, income poverty, access to energy, educa-
tion, social support, democratic quality, equality and employment)
To assess social performance over time, we compared these indica-
tors with the minimum threshold values identified by O'Neill etal,
with some adjustments and caveats (Table 1 and Methods). Since
the social support indicator series does nat begin until 2005, only
ten indicators were considered in total for cross-national compari-
sons over the 1992-2015 analysis period.

*Sustainability Research Institute, School of Earth and Enviranment, University of Leeds, Leeds, UK. Doughnut Econamics Action Lab, Oxfard, UK.
sInstitute of Environmentsl Science and Technology, Autanomous University af Barcelons, Barcelona, Spain. “International Inequalities Institute, Londan

resq

. mdpi.com

[Use of Globa

Jsel, Wilhelmshoher

' 11 February 201.

ograms for the sust
eritorial and a life-
ting space for glob
ide material flow in
| as the choice of]|
sm. It considers env
xisting proposals fi
b as a basis to outlin}
d use of minerals az
erived with the Tot
tiperson. the Tota
on. and the Rav|
om 3 to 6 t/person
| when the three ind]

esource efficiency.

School of Economics, London, UK. Institute of Social Ecology, Department of Economics and Sacial Sciences, University of Natural Resources and Life

Sciences, Vienna, Austria. Resmail: | fanningleeds ac uk

2

NATURE SUSTAINABILITY | VOL 5 | JANUARY 2022 |26-36 | v nalure coen/natsustsi

Articles

National responsibility for ecological breakdown:
a fair-shares assessment of resource use, 1970-2017

Jason Hickel, Baniel W O'Neill, Andrew. i Huzai k

Summary

Human impacts on

several p ing a crisis

of ecological breakdown, Thiscrisis 1 being caused n large part by global sesobce extracton, which has increased

dramatically over the past half century. We propose a novel method for
ecological breakdown by assessing nations cumulative material use in ex

Lancet Plomet Hesith 2023;
Gegarmay

m\mnal for

Methods For this analysis, we derived national fair shares of a sustainable resource corridor. These fair shares were
then subtracted from countries’ actual resource use to determine the extent to which cach country has overshot its fair
share over the period 1970-2017. Through this approach, each country’s share of responsibility for global excess

resource use was calculated.

Findings Highincome nations are responsible for 745 of global excess material use, driven primarily by the

USA (275%) and the EU-28 high-income countries (25%). Chin:

and the rest of the Global South (ie, the I

responsible for 15% of global excess malerial use,

 Latin America and the Caribbean,

Affica, the Middle East, and Asia) is lsponslb]e for only 8%. Overshoot in higherincome nations is driven

disproportionately by the use of abiotic materials, whereas in L

the use of biomass.

(o Hicke 40
partment of Anthropalogy
(Pro Hickel). Autanamous
Universiy of barcelons,
Barcedons, Spsie Internatioaal
ncqualites Institut, London

Hesearch institute, School of
Eartl

nations it is driven

Interpretation These results show that high-income nations are the primary drivers of global ccological breakdown
and they need to urgnnll) reduce their resource use to fair and sustainable levels. Achieving suficient reductions will

likely require hi nations to adopt

Funding None.

P h and degrowth approaches.

Copyright @ 2022 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND

4.0 license.

Introduction

Human impacts on earth-system processes are over-
shooting several planetary boundaries, not only in terms
of CO, emissions and dimate change, but also land-use
change, biodiversity loss, chemical pollution, and
biogeochemical flows.~ The current rate of biodiversity
loss is particularly concerning; in a comprehensive
review of extant evidence, the UN Intergovernmental
Science Policy Platform on Biodiversity and Ecosystem
Services found that, on our present trajectory, around
one million species are now at risk of extinction, many
within decades.* This trend is indicative of widespread
habitat fragmentation, ccosystem  disruption, and
ecological breakdown.

‘These problems are being driven in large part by global
resource use, through processes of material extraction,
production, consumption, and waste. Resource use has a
range of impacls on temestrial and marine ecosystems,
including on forests, soils, wetlands, lakes, rivers, and
oceans, and resource use is understood to be a robust
proxy for environmental pressure* Steinmann and
colleagues” showed that resource use accounts for more
than 90% of the variation in environmental damage
indicators. The UN International Resource Panel found

e helancetcomiplanstaryhesth Vol 6 April2022

that resource use is responsible for 90% of total global
biodiversity loss and water stress.® Moreover, as van der
Voet and colleagues showed® although impacts vary by
material and as technologies change, there is a link
between aggregate mass flows and ecological impact, with
a correlation coefficient of 0-73.3 Although differences
between individual materials are important, aggregate
material use is a key indicator for environmental policy*

Global material use has increased markedly over the
past half century, to the point where, as of 2017, the world
economy is consuming over 90 billion tonnes of
materials per year—well in excess of what industrial
ecologists consider to be the sustainable limit. This
increasing trend holds across all categorics of materials,
including biomass, metals, non-metallic minerals, and
fossil fuels® However, not all nations are equally

ble for this trend: use
more resources per capita than others.*

Although previous rescarch has explored the question of
national responsibility for CO, emissions and dimate
change™* such analysis has not been applied to other
forms of environmental pressure. In this study, we
quantify national responsibility for ecological damages
related to excess material use, using a method rooted in

1 Zooemkawata B5)
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EXCcess resource use

25 . . . .
National Resource Use with Respect to Fair Shares (Fair share = 1)
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The power of peer-to-peer inspiration

DOUGHNUT
ECONOMICS
ACTION

LAB

Learn about

1
| -ll Add lived experience
| h each lens

2 ]
- \.' : \‘ m b LR P i 1o your portrait
S E RD m . N\ , : Creating. City DougPnut Urolked - = | DovamutUnoled
?A T A\ L i o - Naviy, Portraits fourienses ' B -t |ieielis _ Pormraltof Place
CITY DOUG%}T‘ e, , L g & | s | &
A TOOL FOR manslonn‘ﬁﬁ{ D < S Pl 2 ' su ; 5

| o3 | =

Doughnut Unrolled m
Dimensions of . Data Portrait
- 2 ; the four lenses of Place
1 ! — U 2 « =4 ¥ £ fﬁ ' A Doughnut Unrolled g
' | 3 ! L 3 {0 & Learn about Exploring Add targets & indicators
' 1. B A e T 3 : . 5 each dimension Explore a part of your ' a topie to your portrait
b & 3 - 1 portrait through its own
B gorcte | 230 w ' :
@ gecmv PTE2 IlOMI'.MCﬂV] s

four lens analysis '

}
A methodological guide.from
The Thriving Cities Initiative

B coraE KR

How can this place be as generous as How can this place respect the health
the wildiand next door? of the whole planet?

T [ | -_-,=--_-,-:;
L - | ===} bDo02080006G0 i -
]~ S, [ o
] coco0oeoeo0o00 E‘*Z! E ccccc
E@EE [

[}

DOWNSCALING
THE DOUGHN
TO THE CI

- - ": 1 -
5 T -
] : . : 8 ;
i [—t——— |
ECONGMIST, AUTHOR DOUGLY ECONOMICS o 1
| ceosco00s000000 = ——
DOUGHNUT. S Ty )
ECONOMICS > C CIRCLE ¢ )
ACTION ECONOMY X

LAB

How can il the paaple of this place ===

How can this place respect the.
thrive? =
; - =n

wellbeing of all people?

ceososcoosan
BIOMIMICRY 3.8 - AN N T

April 2020 July 2020

April 2022



09

© Government-led initiatives 9.

Q@ Community-led initiatives

o N
ICS \
'—\2\\%&\2

o = 3
2l ¥

i1

£ 51 ¢

i 3 5 & 3
GLOBAL-SOCIAL

B | EAVE NO ONE IN THE HOLE

Doughnut (Economics) for all



Amsterdam- City Portrait and Circular Strategy Social housing projects

am, a thrj,.
@s'@‘d Ying

O,
%,
s
A ¢
y/usf and eco\og‘

a thriving, inclusive,
regenerative city for all
residents while respecting
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Data Portrait: informing sectoral strategies, circular strategy and monitor

https://onderzoek.amsterdam.nl/interactief/monitor -circulaire-economie




