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EXECUTIVE SUMMARY 
This Discussion Paper sets out a visual framework for sustainable development – shaped 
like a doughnut – by combining the concept of planetary boundaries with the 
complementary concept of social boundaries. 

Achieving sustainable development means ensuring that all people have the resources 
needed – such as food, water, health care, and energy – to fulfil their human rights. And it 
means ensuring that humanity’s use of natural resources does not stress critical Earth-
system processes – by causing climate change or biodiversity loss, for example – to the 
point that Earth is pushed out of the stable state, known as the Holocene, which has been 
so beneficial to humankind over the past 10,000 years.  

In the lead-up to the UN Conference on Sustainable Development in June 2012 (known 
as Rio+20), and the High-Level Summit on the Millennium Development Goals in 2013, 
there is a growing debate on how to draw up renewed and expanded global development 
goals which bring together the twin objectives of poverty eradication and environmental 
sustainability.  

Figure I below brings them into a single framework. The social foundation forms an inner 
boundary, below which are many dimensions of human deprivation. The environmental 
ceiling forms an outer boundary, beyond which are many dimensions of environmental 
degradation. Between the two boundaries lies an area – shaped like a doughnut – which 
represents an environmentally safe and socially just space for humanity to thrive in. It is 
also the space in which inclusive and sustainable economic development takes place. 

Figure 1. A safe and just space for humanity to thrive in: a first illustration 

 

Source: Oxfam. The 11 dimensions of the social foundation are illustrative and are based on 
governments’ priorities for Rio+20. The nine dimensions of the environmental ceiling are based on 
the planetary boundaries set out by Rockström et al (2009b) 

Raworth,	2012,	2017	



Expecting the unexpected
The magnitudes of both local-scale direct forcing and emergent global-
scale forcing are much greater than those that characterized the last global-
scale state shift, and are not expected to decline any time soon. Therefore,
the plausibility of a future planetary state shift seems high, even though
considerable uncertainty remains about whether it is inevitable and, if so,
how far in the future it may be. The clear potential for a planetary-scale
state shift greatly complicates biotic forecasting efforts, because by their
nature state shifts contain surprises. Nevertheless, some general expecta-
tions can be gleaned from the natural experiments provided by past
global-scale state shifts. On the timescale most relevant to biological
forecasting today, biotic effects observed in the shift from the last glacial
to the present interglacial (Box 1) included many extinctions30,49–51; drastic
changes in species distributions, abundances and diversity; and the emer-
gence of novel communities49,50,52–54. New patterns of gene flow triggered
new evolutionary trajectories55–58, but the time since then has not been
long enough for evolution to compensate for extinctions.

At a minimum, these kinds of effects would be expected from a global-
scale state shift forced by present drivers, not only in human-dominated
regions but also in remote regions not now heavily occupied by humans
(Fig. 1); indeed, such changes are already under way (see above5,25,39,41–44).
Given that it takes hundreds of thousands to millions of years for evolution
to build diversity back up to pre-crash levels after major extinction epi-
sodes25, increased rates of extinction are of particular concern, especially
because global and regional diversity today is generally lower than it was
20,000 yr ago as a result of the last planetary state shift37,50,51,54,59. This large-
scale loss of diversity is not overridden by historical increases in plant species
richness in many locales, owing to human-transported species homo-
genizing the world’s biota42. Possible too are substantial losses of ecosystem
services required to sustain the human population60. Still unknown is the
extent to which human-caused increases in certain ecosystem services—
such as growing food—balances the loss of ‘natural’ ecosystem services,

many of which already are trending in dangerous directions as a result of
overuse, pollutants and climate change3,16. Examples include the collapse of
cod and other fisheries45,61,62; loss of millions of square kilometres of conifer
forests due to climate-induced bark-beetle outbreaks;63 loss of carbon
sequestration by forest clearing60; and regional losses of agricultural pro-
ductivity from desertification or detrimental land-use practices1,35.
Although the ultimate effects of changing biodiversity and species composi-
tions are still unknown, if critical thresholds of diminishing returns in
ecosystem services were reached over large areas and at the same time global
demands increased (as will happen if the population increases by
2,000,000,000 within about three decades), widespread social unrest, eco-
nomic instability and loss of human life could result64.

Towards improved biological forecasting and monitoring
In view of potential impacts on humanity, a key need in biological
forecasting is the development of ways to anticipate a global critical
transition, ideally in time to do something about it65. It is possible to
imagine qualitative aspects of a planetary state shift given present
human impacts (Fig. 1), but criteria that would indicate exactly how
close we might be to a planetary-scale critical transition remain elusive.
Three approaches should prove helpful in defining useful benchmarks
and tracking progression towards them.

Tracking global-scale changes
The first approach acknowledges the fact that local-scale state changes—
whether they result from sledgehammer or threshold effects—trigger
critical transitions over regions larger than the directly affected area, as
has been shown both empirically and theoretically66–70. On the landscape
scale, tipping points in undisturbed patches are empirically evident when
50–90% of the surrounding patches are disturbed. Simulations indicate
that critical transitions become much more likely when the probability of
connection of any two nodes in a network (ecological or otherwise) drops
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Figure 2 | Quantifying land use as one method of anticipating a planetary
state shift. The trajectory of the green line represents a fold bifurcation with
hysteresis12. At each time point, light green represents the fraction of Earth’s land
that probably has dynamics within the limits characteristic of the past 11,000 yr.
Dark green indicates the fraction of terrestrial ecosystems that have unarguably
undergone drastic state changes; these are minimum values because they count
only agricultural and urban lands. The percentages of such transformed lands in
2011 come from refs 1, 34, 35, and when divided by 7,000,000,000 (the present
global human population) yield a value of approximately 2.27 acres (0.92 ha) of
transformed land for each person. That value was used to estimate the amount of
transformed land that probably existed in the years 1800, 1900 and 1950, and

which would exist in 2025 and 2045 assuming conservative population growth
and that resource use does not become any more efficient. Population estimates
are from refs 31–33. An estimate of 0.68 transformed acres (0.28 ha) per capita
(approximately that for India today) was used for the year 1700, assuming a
lesser effect on the global landscape before the industrial revolution. Question
marks emphasize that at present we still do not know how much land would have
to be directly transformed by humans before a planetary state shift was
imminent, but landscape-scale studies and theory suggest that the critical
threshold may lie between 50 and 90% (although it could be even lower owing to
synergies between emergent global forcings). See the main text for further
explanation. Billion, 109.
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Earth	biomes	that	regulate	planetary	
resilience	

Photos:	World	Wildlife	Fund,	
breakingenergy.com,	saguidedtours.com,		

Sierra	Club	Pennsylvania,	Projectaware.com,	
Duncan	Greene/Wired	UK.		

The	polar	regions	regulate	
global	temperature,	regional	
climate	systems	and	ocean	
circulaAon.	MelAng	faster	
than	anAcipated.		

The	World’s	rainforests	act	
as	carbon	sinks,	provide	
moisture	feedback,	are	
banks	for	geneAc	diversity	
and	generate	oxygen.	In	
rapid	decline	but	the	rate	
has	slowed	somewhat.	

The	ocean’s	marine	systems	
act	as	a	heat	conveyer,	
carbon	sink,	a	bank	for	
geneAc	diversity	and	
generates	oxygen.	In	rapid	
decline	

The	world’s	temperate	organic	
systems	(such	as	permafrost)	
act	as	carbon	&	methane	sinks	
and	generate	oxygen.	Faster	
than	anAcipated	thawing	of	
permafrost	&	methane	release	

Temperate	forests	act	as	
carbon	sinks,	regulate	rainfall	
paaerns	&	generate	oxygen.	
RelaAvely	stable	but	concern	
over	rate	of	deforestaAon	in	
Russia	and	severe	warming	
impacts	on	disease.		

Tropical	savannah	systems	play	
a	role	in	moisture	feedback	,	
regional	rainfall	paaerns	and	
act	as	carbon	sinks.	They	
remain	relaAvely	stable.	
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A RESILIENCE PERSPECTIVE ON COMPLEXITY IN DEVELOPMENT A RESILIENCE PERSPECTIVE ON COMPLEXITY IN DEVELOPMENT 

3 Holling, C. S. (1996). Surprise for science, resilience for ecosystems, and incentives for people. Ecological Applications, 6(3), 733 – 735.

Resilience as an approach to complex problems 
By adopting a complexity lens on the world, resilience,  
with its roots deep in complexity science and the science of 
surprise3, helps to dig below the surface of events, shock and 
surprises that dominate these reactive approaches. It forces 

our attention to what lies below the surface – the multi-
sectoral and multi-scalar patterns, processes, structures  
and paradigms and their interactions that are the root  
causes of the events that first claim our attention.

This note summarises discussions from a Global Resilience Partnership  
Learning Workshop held at the Stockholm Resilience Centre, February 2017.1

1 Participants included the GRP Secretariat, the Swedish International Development Agency (Sida), USAID,  
Rockefeller Foundation, Stockholm Resilience Centre, TCC Group, ITAD.

2 Galaz, V., Moberg, F., Olsson, E.-K., Paglia, E., & Parker, C. (2011). Institutional and Political Leadership Dimensions  
of Cascading Ecological Crises. Public Administration, 89(2), 361–380. http://doi.org/10.1111/j.1467-9299.2010.01883.x

CONVENTIONAL APPROACHES TO DEVELOPMENT and 
humanitarian challenges have often treated problems as 
though they were only technical challenges. Consequently, 
favoured responses have included “simple” interventions, 
such as building schools or toilets, or perhaps more 
complicated ones, requiring multiple well known inter-
ventions such as improving the efficiency of agriculture 
through water harvesting, and fertiliser interventions. 

Outputs for these projects are simple to define and measure 
(e.g. how many schools were built). However, as numerous 
projects show, the impacts and effects are not simple, 
especially when these projects have not considered the range 
of cross-scale and cross-sectoral drivers, such as; markets, 
climate change, migration, cultural practices, or emerging 
diseases that shape the original challenges and the “simple” 
solution. Trying to manage problems and systems as separate 
parts, and ignoring the interdependencies of people, place 
and the environment, is inadequate and problematic. 

Often, the word ‘complex’ is used as a shorthand 
description for why a project has failed. But acknowledging 
that systems are complex requires recognizing that systems 
are made up of many parts, interacting with one another 
from local to global scales. Changes to one part of the 

system cascade through regions, connecting across scales 
often landing in unexpected places. 

As just one example, a review of multiple studies has 
shown that African coastal fish stock declines, the 
consequence of a myriad of social-ecological-economic 
factors, have caused a shift in local diets. Individuals  
started to rely on the consumption and trade of ‘bushmeat’, 
involving species such as chimpanzees and bats. Several of  
the mammals used for bushmeat are also well known 
sources of zoonotic diseases, including Ebola. In this way, 
the ecological crisis of fisheries collapse, propagates into 
societal crises of disease outbreaks, which can rapidly  
spread and move across scales through travel and trade.2 
This specific cascade is far from unique and a number of 
crises associated with health and food security appear as a 
result of social-ecological interactions cascading across time 
and space. By digging deeper into the root causes of these 
cascades, solutions emerge which are better able to make 
sense of and respond to this complexity. From this deeper 
understanding, infectious disease management is no longer 
only about health infrastructure but also about fisheries 
management, food access and diversity, cultural practices 
and many other issues. In turn, fisheries management is no 
longer only about catch limits and conservation. Responses 
must emerge jointly to navigate these cascading crises. 

Complexity also requires recognizing that each part of 
the system is dynamic and always changing. Changes in 
complex systems are not linear and may result in surprises  
– situations in which the behaviour in a system, or across 
systems, differs qualitatively from expectations or previous 
experiences. These dynamics and changes can be linked to 
rapid shifts, such as weather patterns that lead to coastal 

The complex nature  
of development  

Often, the word ‘complex’ is used as 

a proxy for describing why a project 

has failed. But acknowledging that 

systems are complex requires much more. 

storms or geopolitical events that lead to political 
turbulence. These changes can also be gradual such as  
the accumulation of pollutants or behavioural changes. 
These gradual changes are often less obvious and tend to  
go unnoticed, but they can be critical if they accumulate  
and go past a certain tipping point leading to rapid, 
surprising and often irreversible change. 

Complexity recognises context. There may be contexts 
where a specific tipping point or surprise is much more  
likely than in others, or where certain factors are more 
important than others. For instance, the strength of informal 
and formal institutions determines how a system responds  

to a shock (e.g. whether a drought may lead to conflicts). 
Development and humanitarian efforts are increasingly 
burdened by the crises that these tipping points create. 
Awareness is growing that attention needs to broaden from 
narrowly focusing and reacting to the results of these tipping 
points and surprises. Consideration must also be given to: 
the persistent and protracted underlying causes and 
dynamics of surprise, the social, cultural, and biophysical 
structures and processes that comprise the context in which 
the events and development efforts occur, and their influence 
on the likelihood and outcomes of other events. 

The complexity iceberg. A complexity lens helps us to see below the surface and move beyond consideration and immediate reactions to surface level shocks and 
stresses to understand: 1) Functions, patterns, processes 2) Systemic structures and root causes 3) Mental models and paradigms.

Reyers	et	al.		2017	
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