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A leverage points perspective on sustainability
Joern Fischer | Maraja Riechers
Cnversty,Loometurg, Germany Abstract
1. Drawing on seminal work by the late Donella Meadows, we propose a leverage
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sulated by a given system. We discuss four key advantages of a leverage points

perspective.

3. First advantage: A leverage points perspective can bridge causal and teleological
explanations of system change - that is, change is seen to arise from variables in-
fluencing one another, but also from how human intent shapes the trajectory of a
system.

4. Second advantage: A leverage points perspective explicitly recognizes influential,
‘deep’ leverage points - places at which interventions are difficult but likely to
yield truly transformative change.

5. Third advantage: A leverage points perspective enables the examination of inter-
actions between shallow and deep system changes - sometimes, relatively super-
ficial interventions may pave the way for deeper changes, while at other times,
deeper changes may be required for superficial interventions to work.

6. Fourth advantage: A leverage points perspective can function as a methodological
boundary object - that is, providing a common entry point for academics from
different disciplines and other societal stakeholders to work together.

7. Drawing on these strengths could initiate a new stream of sustainability studies,
and may yield both practical and theoretical advances.
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1 | INTRODUCTION to exponentially increase (Ripple et al., 2017). Of course, there has

been progress in some locations and for some indicators - gross do-
Despite intensifying efforts in both science and society, numer- mestic product per capita has increased substantially in many coun-
ous indicators of social and biophysical unsustainability continue tries over the last decades (World Bank, 2018); renewable energy
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sources, and especially solar energy, are rapidly expanding (IEA,
2017); and charismatic species such as the wolf (Canis lupus) have
returned to locations from which they had been extirpated (Wagner,
Holzapfel, Kluth, Reinhardt, & Ansorge, 2012). Notwithstanding the
significance of such progress, the global picture is far from encour-
aging. To list just a few examples, anthropogenic climate change is
ongoing (Pachauri et al. 2014), human population growth remains
high in many of the world's poorest countries (United Nations, 2017),
the global number of undernourished people is rising rather than de-
clining (FAO, IFAD, UNICEF, WFP, & WHO, 2017), girls in many coun-
tries still have little opportunity to obtain a good education (Global
Education Monitoring Report Team, 2018), consumption changes
towards processed foods and diets rich in animal protein are driv-
ing massive rises in demand for commodities such as palm oil and
soy (Khoury et al., 2014), and partly as a result of the above, global
species extinction rates are up to 100 times higher than background
rates (Barnosky et al., 2011; Millennium Ecosystem Assessment,
2005).

Realm of leverage Leverage points Example

Average fuel consumption of a

Amount of total standing timber

Humanity is living in overshoot, beyond the biophysical limits
of the planet (Rockstrom, 2009; Steffen et al., 2015), and yet still
below the provision of a basic socio-economic foundation for bil-
lions of people (Raworth, 2012). Despite global agreements on vari-
ous iterations of well-intended goals (most recently, the Sustainable
Development Goals), humanity has not managed to fundamentally
change the trajectory of the global coupled human-environment
system. Many indicators suggest an ever-growing rather than shrink-
ing ‘sustainability gap’ - that is, a growing discrepancy between the
actual state of the global human-environment system relative to
what would be sustainable (Fischer et al., 2007).

Finding approaches that can effect transformative change,
bringing about a biophysically sustainable and socially just world,
thus becomes the holy grail of sustainability science. Without
doubt, there is no panacea (Ostrom, Janssen, & Anderies, 2007).
However, this humbling realization should not take away from cau-
tious enthusiasm for those ideas that do have genuine potential
to make a positive difference, and bend back down the ‘hockey

TABLE 1 Fourrealms of leverage as
proposed by Abson et al. (2017), their
relationship to the 12 leverage points
originally postulated by Meadows (1999)
and examples. Increasingly influential

(deep) leverage points are listed towards
the bottom of the table

in a production forest

Run-off dynamics of nutrients
from agricultural fields into
adjacent water bodies

Time it takes for the ozone hole
to close after harmful emissions

The extent to which a lake can
absorb nutrients and thus

The extent to which poverty
leads to population growth,
which may further exacerbate

Consumer knowledge about
where certain products come

Policies governing natural
resources, including among
others taxes and regulations

Ability of farmers to organize the
sustainable use of a communal

Parameters Constants, parameters,
numbers car
Size of buffer stocks, relative to
flows
Structure of material stocks and
flows
Feedbacks Length of delays, relative to rate
of system change
seize
Strength of negative feedback
loops
remain clear
Gain around positive feedback
loops
poverty
Design Structure of information flows
from
Rules of the system (incentives,
constraints)
Power to change system
structure or self-organize
pasture
Intent Goals of the system

Paradigm underpinning the
system

Power to transcend paradigms

Organization of global institu-
tions to support free trade
versus global equity

A ‘green revolution’ paradigm
underpinning agricultural
policies

The conscious shift from a
growth-based economy growth
to a steady-state economy
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Deeper leverage points have great
potential, but are under-researched

Many current interventions have ‘shallow’
leverage for systemic change

FIGURE 1 Schematic illustration of
four realms of leverage (Abson et al.,
2017) showing a gradient from shallow
leverage points to deep leverage points
(see Table 1 for details and examples); and
the position of those realms of leverage
regarding their explanation of system
change in terms of causality or teleology.
Round arrows indicate stylized interaction
that may occur between any combination

Material
Altering rewards &

510

AN

Intent
Changing mind-sets
and paradigms

Design
Redefining goals,
information flows and

self-organization Q @

Processes
Changing feedbacks

of leverage points. (Figure is adapted with
permission from an earlier version by D.J.
Abson.)

stick’ patterns of out-of-control exponential growth, which char-
acterize The Great Acceleration (Steffen, Crutzen, & McNeill,
1989, 2007; e.g. climate change Pachauri et al., 2014; biodiversity
loss Millennium Ecosystem Assessment, 2005). In this paper, we
argue that a leverage points perspective on human-environment
systems deserves greater attention, because it holds substantial
promise to inspire new directions in sustainability science and
practice. We briefly summarize what we mean by a leverage points
perspective, and then highlight four key advantages of such a per-
spective that suggest it might be well placed to stimulate much

needed progress.

2 | ORIGIN AND RECENT REVIVAL

Leverage points are places in a system where relatively minor in-
terventions can lead to relatively major changes in certain outcomes
(Meadows, 1999). The concept is not new to systems thinking, nor
is its application to human-environment systems. Based on years of
experience, in 1999, Donella Meadows -one of the world's pioneers
in research on coupled human-environment systems (Meadows,
Meadows, Randers, & Behrens, 1972) - postulated a hierarchy of
‘places to intervene’ in complex systems (Meadows, 1999). She dis-
tinguished between leverage points at which interventions are easy
but limited in their potential to bring about transformative change
(here, termed ‘shallow’) and leverage points where interventions
are difficult but have great potential to bring about transformative
change (here, termed ‘deep’). Recently, Abson et al. (2017) simpli-
fied the 12 leverage points postulated by Meadows into four ‘realms
of leverage’. Increasingly deep (i.e. powerful) realms of leverage,
according to Abson et al. (2017), related to changes in parame-
ters, changes in feedbacks, changes in system design and changes
in the intent encapsulated by the system (Table 1, Figure 1). Abson
et al. (2017) provided a detailed discussion of the nature of differ-
ent realms of leverage, and especially focused on examples of deep
leverage points. Unlike Abson et al. (2017), here we specifically focus

on four general advantages of taking a leverage points perspective.

Causality

Teleology

Explanation of system change
Adapted from D.J. Abson

3 | KEY ADVANTAGES OF A LEVERAGE
POINTS PERSPECTIVE

3.1 | Combining causality and teleology

Traditional science is strongly rooted in finding principles of cau-
sality. Finding cause-and-effect relationships (including feedbacks)
is in fact a critical part of systems thinking. A focus on causality
has, for example, led to strong predictive models. Such models,
in turn, relate to the dominant scientific mode of forecasting -
where known causalities are extended into the future. Scientific
forecasts, either for anthropogenic climate change, demographic
change or biodiversity loss, are extremely useful tools in a deci-
sion-making context.

However, as aptly summarized by Dreborg (1996), there is a
second, far less widely used mode of engaging with the future
- namely that of backcasting. In backcasting, a desired (‘norma-
tive') endpoint is defined, and then the means to reach such an
endpoint are determined in response. Probably the most famous
example of backcasting in practice was United States President
Kennedy's decision to put a man on the moon ‘before the decade
is out’ (Kennedy, 1962; Manning, Lindenmayer, & Fischer, 2006).
The actual means by which this became reality were only system-
atically worked out after this bold (and at the time ‘unrealistic’)
decision had been made. Causal relationships of course still exist
when operating in backcasting mode, but causality is drawn on
within firmly defined bounds of teleology - that is, ‘the expla-
nation of phenomena in terms of the purpose they serve rather
than of the cause by which they arise’ (Oxford Dictionaries, 2018).
Backcasting thus allows for the creative pursuit of truly bold goals
that will routinely fall outside the bounds of what forecasts based
on current systems understanding predict.

How does this relate to leverage points? The hierarchy of lever-
age points proposed by Meadows (1999) and Abson et al. (2017) is
unique in that it spans the full range of considerations from deeply
causal to deeply teleological. Parameters, buffers and feedbacks

among parameters thus fall firmly within the scope of causality;
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whereas the goals pursued through a system, and especially the
power to transcend the paradigm underpinning a system acknowl-
edge that human agency, its normative direction and thus teleology
fundamentally shape outcomes (Table 1, Figure 1). This, in turn,
means that two frequently conflicting perspectives (causality and
teleology) are integrated within one meta-perspective (leverage
points) - providing a place where quite fundamentally different
modes of thinking can meet.

Routinely integrating causal and teleological explanations of
system change could lead to major breakthroughs in sustainability.
Countless well-intentioned targets have been articulated in politi-
cal documents - on climate change, biodiversity loss or sustainable
development more broadly - but these often do not translate into
sufficient action. Focusing solely on teleological means of bringing
about change thus appears to be insufficient - concrete steps, based
on an understanding of system causalities, need to be taken for an
intended system trajectory to actually manifest. Put bluntly, rheto-
ric and targeted action (teleology and causality) need to be linked.
A leverage points perspective provides a coherent framework that
recognizes the joint importance of both teleology and causality as

mechanisms of change.

3.2 | Digging deep

A second major benefit of a leverage points perspective is its explicit
distinction of shallow versus deep types of interventions. Abson et
al. (2017) emphasized the importance of deep leverage points, ar-
guing that interventions at shallow leverage points had been used
much more frequently for the pursuit of sustainability, but in many
cases had evidently been insufficient by themselves. Three deep lev-
erage points were specifically highlighted by Abson et al. (2017): (a)
to restructure institutions so as to create conditions that favour sus-
tainable behaviours by relevant societal actors (e.g. Ostrom, 2009);
(b) to reconnect humans with the natural environment (e.g. Folke et
al., 2011); and (c) to rethink how different types of knowledge in-
teract and need to be drawn on to foster sustainability (e.g. Cash
et al., 2003). While these three deep leverage points provide valu-
able starting points in many social-ecological systems undergoing
change, there are countless other truly deep leverage points that
are worthy of investigation. Examples include the notions of dif-
ferent worldviews (de Vries, 2013) or value orientations (Schwartz,
1992) and their influence on sustainability, the role of spirituality
(Tolle, 2005) and religion (Pope Francis, 2015), or of compassion (His
Holiness the Dalai Lama, 1999) and love (Fromm, 1956) as guiding
principles for a sustainable future. Indeed, it is questions around
worldviews and values that have recently stirred new discourses
in the ecosystem services arena (Masood, 2018). Where these dis-
courses lead remains to be seen, but a key point is that open discus-
sions about worldviews and values are needed, since these shape
and constrain interventions deemed plausible at more shallow levels
of leverage (Fischer et al., 2012). Increased recognition of the impor-
tance of deep leverage points could help to facilitate such discus-
sions in constructive ways.

3.3 | Recognizing interactions across leverage points

A leverage points perspective postulates that transformative
change is unlikely if only shallow leverage points are acted upon;
but it also recognizes that acting on deep leverage points (e.g. al-
tering worldviews) is difficult in practice, even if the benefits could
be substantial. Based on this, it may be particularly interesting to
learn how shallow and deep interventions interact in different situ-
ations (Figure 1). For example, a recent study in Ethiopia showed
that changes to rules related to the rights of women (a relatively
deep leverage point) had led to changes in parameters (a relatively
shallow leverage point) describing women's increased presence in
public life, thus paving the way for men to gradually adjust their at-
titudes about women (a deep leverage point) (Manlosa, Dorresteijn,
Schultner, & Fischer, 2018).

Interactions between leverage points such as in the example
above suggest that there are ‘chains of leverage’ that can be studied;
describing how one type of change in a system precipitates another,
across different depths of leverage. A working hypothesis is that if
such chains do extend to deep leverage points, then a given chain
of leverage has the potential to bring about transformative change.
In contrast, a chain that only involves shallow leverage points is
unlikely to effect transformation. This framing provides a new lens
for how to study change in systems, and provides new impetus to
connect different bodies of empirical and theoretical work - linking,
among others, changes in institutions, practices and values in new,

largely unexplored ways.

3.4 | Providing a methodological boundary object

There are three primary modes in which sustainability science
might generate insights - through conceptual work, qualitative
empirical work or quantitative empirical work. The integration of
these modes benefits from boundary objects - that is, perspec-
tives or concepts that facilitate inter- and transdisciplinary com-
munication and collaboration by offering a shared vocabulary and
narrative (Star & Griesemer, 1989). Prominent examples of bound-
ary objects in sustainability science include resilience (Folke, 2006)
and ecosystem services (Costanza et al., 1997; Daily, 1997), which
have been successful partly because they have functioned at mul-
tiple levels, for multiple users (Strunz, 2012). Both ecosystem ser-
vices (Ehrlich & Ehrlich, 1981) and resilience (Holling, 1973) started
out as concepts or even metaphors, but quickly opened up to in-
creasingly sophisticated qualitative and quantitative applications
(e.g. Bateman et al., 2013; Carpenter, Walker, Anderies, & Abel,
2001).

A leverage points perspective also can be engaged from multi-
ple methodological angles. This, in turn, generates the potential to
attract numerous different scholars, and importantly, creates the
potential for different types of scholars to collaborate by using
a leverage points perspective as a boundary object. For example,
conceptual work might examine how different potential changes in

a system may translate to interventions at shallow or deep leverage
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points (e.g. lves et al., 2018), thus using leverage points largely as a
metaphor. Qualitative methods may be used to elicit narratives of
system change, tracing for example, how chains of leverage may un-
fold in a given system. Various quantitative methods could also be
used, including in a process modelling context (e.g. Meadows et al.,
1972) but also in the context of statistical analyses of relationships
among different variables denoting a given system's state with re-
spect to different realms of leverage.

Finally, our personal experience in a transdisciplinary context has
shown that a leverage points perspective has considerable appeal
to non-academic audiences. This is critical because decision-mak-
ing power usually does not reside with scientists - narratives that
also speak to other stakeholders are therefore critical to generate
sustainability ‘ripple effects’, where different actors learn from and
inspire one another (Everard et al., 2016). Especially at a metaphor-
ical level, the notion that we need to look more deeply for what
needs to change speaks to the growing sense of dissatisfaction felt
by many people in increasingly modernized societies (Eckersley,
2016). Developing and using methods and communication tools, in
turn, that different audiences can relate to is a critically important
priority for sustainability science (Fazey et al., 2018). Like other suc-
cessful boundary objects such as resilience and ecosystem services,
a leverage points perspective could be valuable because it has both
heuristic and practical appeal.

4 | CONCLUSIONS

We argued that a leverage points perspective holds considerable po-
tential as a boundary object for sustainability science. We reiterate
that no single silver bullet, conceptual or otherwise, will be able to
turn around the self-destructive trends that have led to the procla-
mation of the Anthropocene. But still, history has proven that major
changes in human behaviour do occur - the end of slavery or racial
segregation, and increasing equality of women and men being exam-
ples of major changes that at some point would have seemed utterly
unthinkable to contemporary analysts. Paradigm shifts and societal
transformation are possible, arguably when the desire for change
coincides with practical means to enact concrete measures. Through
spanning the broad range of considerations from simple parameters
to shifts between paradigms, a leverage points perspective might

hold considerable promise for sustainability science.

ACKNOWLEDGEMENTS

The authors are grateful for funding by the German federal state of
Lower Saxony through its programme on research for sustainable
development, and to colleagues within Leuphana's Leverage Points
research project. We particularly appreciate comments on an earlier
draft by D.J. Abson, and his draft of an earlier version of Figure 1.
Comments by two anonymous reviewers helped to further clarify

parts of the paper.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

AUTHOR CONTRIBUTIONS

J.F. and M.R. conceived the ideas and wrote the manuscript. Both
authors contributed critically to the drafts and gave final approval

for publication.

DATA ACCESSIBILITY

This paper does not include any data.

ORCID

Maraja Riechers https://orcid.org/0000-0003-3916-8102

REFERENCES

Abson, D. J., Fischer, J., Leventon, J., Newig, J., Schomerus, T., Vilsmaier,
U.,...Lang, D.J.(2017). Leverage points for sustainability transforma-
tion. Ambio, 46, 30-39. https://doi.org/10.1007/s13280-016-0800-y

Barnosky, A. D., Matzke, N., Tomiya, S., Wogan, G. O. U., Swartz, B., Quental,
T.B.,... Ferrer, E. A. (2011). Has the Earth'’s sixth mass extinction already
arrived? Nature, 471, 51-57. https://doi.org/10.1038/nature09678

Bateman, I. J., Harwood, A. R., Mace, G. M., Watson, R. T., Abson, D. J.,
Andrews, B., ... Termansen, M. (2013). Bringing ecosystem services
into economic decision-making: Land use in the United Kingdom.
Science, 341, 45-50. https://doi.org/10.1126/science.1234379

Carpenter, S., Walker, B., Anderies, J. M., & Abel, N. (2001). From met-
aphor to measurement: Resilience of what to what? Ecosystems, 4,
765-781. https://doi.org/10.1007/s10021-001-0045-9

Cash, D. W,, Clark, W. C., Alcock, F., Dickson, N. M., Eckley, N., Guston,
D. H., ... Mitchell, R. B. (2003). Knowledge systems for sustainable
development. Proceedings of the National Academy of Sciences of the
United States of America, 100, 8086-8091. https://doi.org/10.1073/
pnas.1231332100

Costanza, R., Darge, R., Degroot, R., Farber, S., Grasso, M., Hannon, B, ...
Vandenbelt, M. (1997). The value of the world’s ecosystem services
and natural capital. Nature, 387, 253-260.

Daily, G. C. (1997). Nature’s services: Societal dependence on natural eco-
systems. Washington, DC: Island Press.

De Vries, B. J. M. (2013). Sustainability science. New York, NY: Cambridge
University Press.

Dreborg, K. H. (1996). Essence of backcasting. Futures, 28, 813-828.

Eckersley, R. M. (2016). Is the West really the best? Modernisation and
the psychosocial dynamics of human progress and development.
Oxford Development Studies, 44, 349-365. https://doi.org/10.1080/
13600818.2016.1166197

Ehrlich, P. R., & Ehrlich, A. H. (1981). Extinction - The causes and conse-
quences of the disappearance of species. New York, NY: Random House.

Everard, M., Reed, M. S., Kenter, J. O. (2016). The ripple effect:
Institutionalising pro-environmental values to shift societal norms and
behaviours. Ecosystem Services, 21, 230-240.

FAOQ, IFAD, UNICEF, WFP and WHO. (2017). The state of food security
and nutrition in the world 2017. Building resilience for peace and food
security. Rome: FAO.

Fazey, |., Schapke, N., Caniglia, G., Patterson, J., Hultman, J., van Mierlo,
B., ... Wyborn, C. (2018). Ten essentials for action-oriented and


https://orcid.org/0000-0003-3916-8102
https://orcid.org/0000-0003-3916-8102
https://doi.org/10.1007/s13280-016-0800-y
https://doi.org/10.1038/nature09678
https://doi.org/10.1126/science.1234379
https://doi.org/10.1007/s10021-001-0045-9
https://doi.org/10.1073/pnas.1231332100
https://doi.org/10.1073/pnas.1231332100
https://doi.org/10.1080/13600818.2016.1166197
https://doi.org/10.1080/13600818.2016.1166197

120 People and Nature

FISCHER AND RIECHERS

second order energy transitions, transformations and climate change
research. Energy Research & Social Science, 40, 54-70. https://doi.
org/10.1016/j.erss.2017.11.026

Fischer, J.,Dyball,R.,Fazey, l.,Gross, C.,Dovers,S., Ehrlich, P.R., ... Borden,
R. J. (2012). Human behavior and sustainability. Frontiers in Ecology
and the Environment, 10, 153-160. https://doi.org/10.1890/110079

Fischer, J., Manning, A. D., Steffen, W., Rose, D. B., Daniell, K., Felton, A.,
... Wade, A. (2007). Mind the sustainability gap. Trends in Ecology &
Evolution, 22, 621-624. https://doi.org/10.1016/j.tree.2007.08.016

Folke, C. (2006). Resilience: The emergence of a perspective for social-
ecological systems analyses. Global Environmental Change-Human
and Policy Dimensions, 16, 253-267.

Folke, C., Jansson, A., Rockstrém, J., Olsson, P., Carpenter, S. R., Chapin,
F.S., ... Westley, F. (2011). Reconnecting to the biosphere. Ambio, 40,
719-738. https://doi.org/10.1007/s13280-011-0184-y

Francis, P. (2015). Encyclical letter Laudato Si: On care for our common
home. Rome, The Vatican: Vatican Press.

Fromm, E. (1956). The art of loving. New York, NY: Harper.

Global Education Monitoring Report Team. (2018). Global education mon-
itoring report gender review. Paris, France: UNESCO.

His Holiness the Dalai Lama (1999). Ethics for the new millennium. New
York, NY: Riverhead Books.

Holling, C. S.(1973). Resilience and stability of ecological systems. Annual
Review of Ecology and Systematics, 4, 1-23. https://doi.org/10.1146/
annurev.es.04.110173.000245

IEA. (2017). Renewables 2017. OECD/IEA.

Ives, C. D., Abson, D. J., von Wehrden, H., Dorninger, C., Klaniecki, K.,
& Fischer, J. (2018). Reconnecting with nature for sustainability.
Sustainability Science, 13, 1389-1397. https://doi.org/10.1007/
s11625-018-0542-9

Kennedy, J. F. (1962). Address at Rice University, Houston, TX.
Retrieved from https://www.jfklibrary.org/asset-viewer/archives/
JFKPOF/040/JFKPOF-040-001

Khoury, C. K., Bjorkman, A. D., Dempewolf, H., Ramirez-Villegas, J.,
Guarino, L., Jarvis, A., ... Struik, P. C. (2014). Increasing homoge-
neity in global food supplies and the implications for food secu-
rity. Proceedings of the National Academy of Sciences of the United
States of America, 111, 4001-4006. https://doi.org/10.1073/
pnas.1313490111

Manlosa, A. O., Dorresteijn, I., Schultner, J., & Fischer, J. (2018).
Leverage points for improving gender equality and human well-
being. Sustainability Science, in press. https://doi.org/10.1007/
s11625-018-0636-4

Manning, A. D., Lindenmayer, D. B., & Fischer, J. (2006). Stretch goals
and backcasting: Approaches for overcoming barriers to large-scale
ecological restoration. Restoration Ecology, 14, 487-492.

Masood, E. (2018). The battle for the soul of biodiversity. Nature, 560,
423-425. https://doi.org/10.1038/d41586-018-05984-3

Meadows, D. (1999). Leverage points: Places to intervene in a system.
Hartland, WI: The Sustainability Institute.

Meadows, D. L., Meadows, D., Randers, J., & Behrens, W. W. (1972). The
limits to growth. Washington, DC: Universe Press.

Millennium Ecosystem Assessment (2005). Ecosystems and human well-
being: Synthesis. Washington, DC: Island Press.

Ostrom, E. (2009). A general framework for analyzing sustainability
of social-ecological systems. Science, 325, 419-422. https://doi.
org/10.1126/science.1172133

Ostrom, E., Janssen, M. A., & Anderies, J. M. (2007). Going beyond pan-
aceas. Proceedings of the National Academy of Sciences of the United
States of America, 104, 15176-15178. https://doi.org/10.1073/
pnas.0701886104

Oxford Dictionaries. (2018). Teleology. Retrieved from https://en.ox-
forddictionaries.com/definition/teleology

Pachauri, R. K., Allen, M. R., Barros, V. R., Broome, J., Cramer, W., Christ,
R.,...van Ypserle, J.-P. (2014). Climate Change 2014: Synthesis Report.
In Contribution of Working Groups I, Il and Il to the Fifth Assessment
Report of the Intergovernmental Panel on Climate Change. Geneva,
Switzerland: IPCC.

Raworth, K. (2012). A safe and just space for humanity. Oxfam
International Discussion Paper.

Ripple, W. J., Wolf, C., Newsome, T. M., Galetti, M., Alamgir, M., Crist, E.,
... Laurance, W. F. (2017). World scientists’ warning to humanity: A
second notice. BioScience, 67, 1026-1028. https://doi.org/10.1093/
biosci/bix125

Rockstrom, J., Steffen, W., Noone, K., Persson, A., Chapin, F. S., Lambin,
E. F, .. Foley, J. A. (2009). A safe operating space for humanity.
Nature, 461, 472-475. https://doi.org/10.1038/461472a

Schwartz, S. H. (1992). Universals in the content and structure of val-
ues: Theoretical advances and empirical tests in 20 countries. In M.
P. Zanna (Ed.), Advances in experimental social psychology volume 25
(pp. 1-65). New York, NY: Academic Press. https://doi.org/10.1016/
S0065-2601(08)60281-6

Star, S. L., & Griesemer, J. (1989). Institutional Ecology, “Translation,” and
Boundary Objects: Amateurs and Professionals in Berkeley’s Museum
of Vertebrate Zoology, 1907-1939., Social Studies of Practice, 19,
387-420.

Steffen, W., Crutzen, J., & McNeill, J. R. (2007). The Anthropocene: Are
humans now overwhelming the great forces of nature? Ambio, 36,
614-621.

Steffen, W., Richardson, K., Rockstrom, J., Cornell, S. E., Fetzer, |,
Bennett, E. M., ... Sorlin, S. (2015). Sustainability. Planetary boundar-
ies: Guiding human development on a changing planet. Science, 347,
1259855. https://doi.org/10.1126/science. 1259855

Strunz, S. (2012). Is conceptual vagueness an asset? Arguments
from philosophy of science applied to the concept of resilience.
Ecological Economics, 76, 112-118. https://doi.org/10.1016/j.
ecolecon.2012.02.012

Tolle, E. (2005). A new Earth. London UK: Penguin.

United Nations. (2017). World population prospects 2017. Retrieved
from https://esa.un.org/unpd/wpp/Graphs/Probabilistic/POP/TOT/

Wagner, C., Holzapfel, M., Kluth, G., Reinhardt, I., & Ansorge, H.
(2012). Wolf (Canis lupus) feeding habits during the first eight
years of its occurrence in Germany. Mammalian Biology - Zeitschrift
Fiir ~ Sdugetierkunde, 77, 196-203. https://doi.org/10.1016/j.
mambio.2011.12.004

World Bank (2018). World bank data. Retrieved from https://data.world-
bank.org/indicator/NY.GDP.PCAP.CD

How to cite this article: Fischer J, Riechers M. A leverage
points perspective on sustainability. People Nat. 2019;1:115-
120. https://doi.org/10.1002/pan3.13



https://doi.org/10.1016/j.erss.2017.11.026
https://doi.org/10.1016/j.erss.2017.11.026
https://doi.org/10.1890/110079
https://doi.org/10.1016/j.tree.2007.08.016
https://doi.org/10.1007/s13280-011-0184-y
https://doi.org/10.1146/annurev.es.04.110173.000245
https://doi.org/10.1146/annurev.es.04.110173.000245
https://doi.org/10.1007/s11625-018-0542-9
https://doi.org/10.1007/s11625-018-0542-9
https://doi.org/10.1073/pnas.1313490111
https://doi.org/10.1073/pnas.1313490111
https://doi.org/10.1007/s11625-018-0636-4
https://doi.org/10.1007/s11625-018-0636-4
https://doi.org/10.1038/d41586-018-05984-3
https://doi.org/10.1126/science.1172133
https://doi.org/10.1126/science.1172133
https://doi.org/10.1073/pnas.0701886104
https://doi.org/10.1073/pnas.0701886104
https://doi.org/10.1093/biosci/bix125
https://doi.org/10.1093/biosci/bix125
https://doi.org/10.1038/461472a
https://doi.org/10.1016/S0065-2601(08)60281-6
https://doi.org/10.1016/S0065-2601(08)60281-6
https://doi.org/10.1126/science.1259855
https://doi.org/10.1016/j.ecolecon.2012.02.012
https://doi.org/10.1016/j.ecolecon.2012.02.012
https://doi.org/10.1016/j.mambio.2011.12.004
https://doi.org/10.1016/j.mambio.2011.12.004
https://doi.org/10.1002/pan3.13

