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Abstract

Ecological tipping points have captured policymakers’ imaginations for framing local
and global environmental change: if an environmental driver becomes too significant,
an ecosystem may flip into an alternate state, often with catastrophic and far-reaching
consequences. The article first explores the science of ecological tipping points and
the uncertainties that limit their validity and value in providing a threshold marking
abrupt ecosystem collapse across scales. I then argue that ecological tipping points
may be more useful not as a scientific instrument to predict environmental change,
but as a gauge of anthropogenic environmental trajectories and a socio-environmental
imaginary to mobilise environmental action. Given the complexity and uncertainty
of ecological science, I suggest that the science-policy interface of ecological tipping
points will benefit from further research in threshold dynamics and ecosystems in
transition due to human activity. Furthermore, a pluralistic, deliberative approach to
policymaking that brings together different knowledge domains will facilitate adaptive
environmental governance to effectively respond to changes in the physical environment
and our understandings of it.

Science ⇒ Policy

If an environmental driver becomes too significant, an ecosystem may flip into an
alternate state, often with catastrophic consequences. However, there is a lack of
empirical data on ecosystem collapse and it is difficult to quantify the precise location of
tipping points along environmental gradients. Policymakers should adopt a pluralistic
approach to ecological knowledge across different scales and consider the level of
precaution and trade-offs involved when relying on tipping points in decision-making.

Keywords Ecological Science · Tipping Points · Ecosystems · Environmental Policy



Ecological Tipping Points: Uncertainties and Policy Approaches

Background

In response to the European Environment
Agency’s report on Europe falling short of its
2020 biodiversity goals, Stefen Leiner, head of
the European Commission Biodiversity Unit cau-
tioned against allowing ecosystem degradation
to reach a “tipping point” [1]. Along with the
concept of planetary boundaries, tipping points
have been central in the science-policy interface
of ecological science. In addition to the compre-
hensive suite of scientific tools to measure, report
and set biodiversity targets, policies often rely
on tipping points to predict nearly irreversible
ecosystem collapse beyond certain thresholds of
environmental pressures to guide decision-making
and understand trade-offs.

The actual science of ecological tipping points
has been contested on several fronts, from the
relationships between ecosystem processes to ev-
idence of ecosystem collapse [2, 3]. Recognising
the challenges of delivering policy advice with
complex socio-environmental systems and scien-
tific uncertainty, this paper examines the science
of ecological tipping points and the various knowl-
edge gaps that hinder its applications. As uncer-
tain or misinformed science can have real policy
implications, this paper then explores the role of
ecological tipping points as a socio-environmental
imaginary in policy arenas and realistic pathways
to reconcile their uncertainties.

Tipping Points

The term ‘tipping point’ refers to the inflection
point where systems shift radically and poten-
tially irreversibly into a different state, and these
points exist at different scales [4]. In bistable or
multi-stable systems, which rest at two or more
stable states, tipping points constitute the unsta-
ble maxima separating the states. Rather than a
smooth response proportional to the magnitude
of the driver, they are characterised by either
1) non-linearity amplified by runaway conditions,
i.e. the internal feedback mechanisms that es-
calate the initial perturbation, or 2) hysteresis,
a dramatic shift into an alternative state (Fig-
ure 1). Therefore ecosystem changes are often
abrupt, difficult to predict and irreversible, as it

is difficult, though not impossible, to restore the
ecosystem to its original state by simply reverting
to the initial environmental parameters [4, 5].

Historical precedents of tipping points in the bio-
sphere offer cautionary tales of regime shifts when
key drivers exceed certain thresholds. During
the Great Oxidation Event 2.7 billion years ago,
biogeochemical processes increased levels of at-
mospheric oxygen that led to ozone formation
in the troposphere and oxygenic photosynthesis,
while feedback mechanisms in nutrient cycling
and weathering precipitated a transition from
gymnosperm- to angiosperm-dominated ecosys-
tems 100 million years ago [6]. As a result of
anthropogenic environmental degradation, Stef-
fen et al. [3, 7] highlight imminent human-driven
planetary tipping points that could transform the
Earth system into a different biosphere, or a ‘hot-
house’, accelerated by systemic biogeophysical
feedbacks.

A range of ecological tipping points with potential
extra-regional or global ramifications have already
been identified. Simulations of vegetation dynam-
ics under a 3- to 4-degree Celsius warming sce-
nario predict the Amazon rainforest may exhibit
a decadal-scale regime shift to drier savannah.
This is due to persistent El Niño events, where
warmer sea surface temperatures in the Eastern
Pacific Ocean cause drier and hotter weather in
the Amazon that increases fire frequency [8]. The
complex interplay of tree physiology, permafrost
and fire can cause large-scale dieback of boreal
forests into open woodlands or grasslands [8]. Al-
tered ecosystem structures, functions and dynam-
ics are nested in broader environmental processes
and feedbacks – exceeding tipping points in the
biosphere can increase the risk of crossing them
in other systems. Links were found for 45% of
possible system interactions; ecological processes
in the biosphere are intertwined with geophysical
systems, such as changes in ice cover (e.g. Green-
land Ice Sheet and West Antarctic Ice Sheet),
monsoon patterns and thermohaline circulation
(e.g. Atlantic meridional overturning circulation)
with potentially global cascade effects [9].
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Figure 1: Graphs showing a range of responses to an environmental driver: a) linear decline, b) abrupt
but reversible shift at the tipping point, and c) hysteresis in a bistable system. Ecological tipping
points fall under b) and c). Reprinted from Latty and Dakos [5].

Uncertainties of Ecological Tip-
ping Points

This section critically examines the knowledge
gaps in the science of ecological tipping points
at various scales and its central assumption –
that subglobal tipping points are compatible with
global thresholds across space and time, where
the transgression of subglobal ones either esca-
lates to a global tipping point or cumulatively
contributes to an aggregate outcome of collapse
[7].

Although tipping points can be more easily es-
tablished at the population and community level,
there is insufficient knowledge about processes
leading to the ecosystem, regional or planetary
scale. Focusing on pollination systems, Latty
and Dakos [5] highlight an absence of evidence
to confirm tipping points except at the colony
level. A 30% loss of European honeybee colony
functions as a tipping point that accelerates the
reproduction of underperforming precocious bees,
further threatening the survival of the colony. At
the population and community level, allele ef-
fects, genetic diversity loss, environmental and
demographic stochasticity can possibly engen-
der extinction cascades [5]. The loss of essential
species with high levels of ecological interactions
with other species, such as keystone species and
ecosystem engineers, has potentially large desta-
bilising effects but it remains unclear how their
extinctions can cause regional and global collapse.
Furthermore, adaptive ecological responses, such
as ‘interaction re-wiring’, where species form new
mutualistic interactions to change their tolerance

to perturbations in the system, can help to buffer
and stabilize ecosystem shifts [10].

The lack of an eco-evolutionary perspective
on trait variations and distributions that influ-
ence feedbacks maintaining alternative ecosystem
states also restricts scientific understanding of
the occurrences, timing and abruptness of shifts
between states [11]. Phenotypic plasticity (i.e.
genotypes exhibiting different phenotypes in dif-
ferent environments) and de novo mutation pro-
duce portfolio effects from increased heterogene-
ity in ecosystem interactions [11]. Yet, while
tipping points may be buffered, such feedbacks
and adaptive dynamics can also lead to evolution-
ary suicide, an accelerated tipping point in which
population responses compromise its persistence,
such as through the directional selection of an
undesirable trait [12]. For instance, fishing pres-
sure led to the early maturation of Atlantic cod
population with lower reproductive outputs and
selected for particular genes, thereby increasing
the probability and strength of hysteresis in the
ecosystem [13].

Furthermore, the ability of local and regional tip-
ping points to escalate into a planetary tipping
point is contingent on the spatial homogeneity
and interconnectivity of ecosystem responses [4].
Each ecosystem has its unique biodiversity, bi-
otic interactions and successional dynamics that
shape ecosystem functions, such as resource cap-
ture, primary production, decomposition to nu-
trient cycling, and this creates different levels
of resilience to change. Not only do ecosystem
attributes have to respond similarly across conti-
nents and biomes for a cumulative global response,
but teleconnections also need to be sufficiently
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strong to allow localised changes to diffuse across
the terrestrial biosphere rapidly enough to cre-
ate a planetary tipping point response [4]. For
instance, the atmospheric circulation of green-
house gases and oceanic transport of heat that
contribute to ecosystem changes between conti-
nents must result in a signal that overwhelms
background levels [4].

Biospheric responses therefore appear more likely
to be gradual, rather than an abrupt tipping
point at any level of change. A recent study
that conducted 36 meta-analyses of 4,601 field
experiments on ecosystem responses to a broad
array of environmental drivers supports this line
of argument, revealing no widespread existence of
alternative states [14]. Instead, ecological changes
tend to progressively increase in magnitude and
variance as pressure increases. However, the lack
of empirical data on ecosystem collapse and the
difficulty of quantifying the precise location of tip-
ping points along environmental gradients should
not render moot the validity or value of ecosystem
tipping points as a concept. Could ecological tip-
ping points exist in certain ecosystem responses
and not others? What kinds of environmental
gradients should ecologists examine if potential
tipping points are shaped by multiple interacting
drivers? And how do spatio-temporal hetero-
geneities, including human interventions, alter
system-specific thresholds? [15] From an exis-
tential perspective, the definition, measurement
and mapping of ecological tipping points rest on
highly uncertain scientific foundations.

Policy Implications for Environ-
mental Governance

Over a decade’s worth of research on the arbi-
trariness and indeterminacies of ecological tipping
points has not faltered their widespread reference
within international platforms, from the Inter-
governmental Science-Policy Platform on Biodi-
versity and Ecosystem Services (IPBES) to the
Aichi Biodiversity Targets set by the Convention
on Biological Diversity. The concept has been
instrumentalised to support human interventions
to tip ecosystems to a more desirable state, such
as the establishment of a small marine sanctuary
in Apo Island of the Philippines that reversed a

fishery collapse by triggering positive ecological
feedbacks [6]. It is the same perspective that
grounds solutions like global reforestation of over
0.9 billion hectares for carbon drawdown [16] and
the greening of the Sahara and Sahel by increas-
ing vegetation and soil moisture to weaken the
African easterly jet that transports moisture off
the continent [6].

The field of restoration ecology provides several
encouraging examples of successful smaller-scale
interventions that have recreated, initiated or ac-
celerated the recovery of an ecosystem disturbed
by anthropogenic factors [17]. Timely restora-
tion can re-establish certain species or improve
particular ecosystem functions, such as erosion
control and nutrient cycling. For instance, non-
indigenous tortoises were introduced as a restora-
tion tool to replace extinct ecosystem engineers
on Round Island in Mauritius, which has suf-
fered significant habitat degradation [18]. On the
other hand, the South Florida Management Dis-
trict monitored freshwater inputs into the Florida
Bay ecosystem to prevent mass seagrass loss that
would shift local ecosystem conditions and cause
phytoplankton blooms and the collapse of fish
populations [19]. However, while restoration is
based on a pre-disturbance reference state, it must
be recognized that stochastic factors, uncertain-
ties and the inherent dynamism of the ecosystem
mean restoration may not lead to reversion to the
exact same ecosystem composition and functions
as the original state [17].

Tipping points provide an effective socio-
environmental imaginary to mobilise public and
political support for environmental action. By
presenting a common vision of ecological futures
beyond a certain threshold, these imaginaries fa-
cilitate collective deliberation of the necessary
transformational shifts in environmental gover-
nance and the appropriate policy responses across
different scales [20]. Due to the ecosystem com-
plexities and heterogeneities, ecological tipping
points in policies are hindered by a lack of a
concrete benchmark, like the highly visible 1.5-
and 2-degree Celsius limit in global warming [21].
However, the use of such thresholds risks com-
placency on the ‘safe’ side, and fatalism about
irrevocable effects on the other [4].

Scientists should continue to regularly revisit the
validity of tipping points and policy targets with
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new biodiversity data or proxy measures, such
as the introduction of the Biodiversity Intactness
Index to quantify functional diversity [22]. More
models should also be built to better account for
sticky challenges like time lags and habitat modi-
fication for more granular knowledge of threshold
dynamics.

As new computational methods become more ad-
vanced and available, such as the integration of
agent-based modelling into Geographical Infor-
mation Systems, it is now possible to explore
the co-evolution of ecological and socio-economic
systems, especially the direct impact of human
activity on ecosystem transitions [23]. In fact, up
to 80% of ecosystems around the world have un-
dergone some form of human-driven regime shifts
at the local or regional scale, creating a biosphere
of post-transition, hybrid or novel systems [4].

Given the complexity and uncertainty of ecologi-
cal science, the science-policy interface of ecologi-
cal tipping points will benefit from a pluralistic
approach that brings together different dimen-
sions of ecological knowledge. IPBES has taken
an admirable step towards incorporating indige-
nous knowledges and values into research and
policymaking. Considering the dearth of scien-
tific knowledge on local ecological thresholds out-
side the Western world, the engagement of local
and indigenous communities can bring new in-
sights about ecosystem management, early warn-
ing signs of ecosystem changes on-the-ground that
statistical measures overlook, and a more explicit
account of multi-scalar feedback systems [24].

Using ranges of statistical confidence and negoti-
ating consensus within the scientific community
to resolve the uncertain science behind ecological
tipping points have shown little promise. Even
as the scientific community continues to make
inroads, the intricacies of ecological systems will
likely never be fully grasped. Uncertainty is then
best managed through its joint exploration, a
deliberative multi-stakeholder approach to clar-
ify gaps in knowledge and build the capacity for
adaptive environmental governance [25]. Tipping
points are inherently value-laden and this can fa-
cilitate priority setting – for instance, how much
precaution should policymakers allow for when
using tipping points in decision-making, and what
kinds of trade-offs (e.g. social, economic, envi-
ronmental) are at stake when shifting thresholds

in policies? Such an approach promotes trust
in decision-making, and importantly, responsive
and reflexive governance structures that are in
constant dialogue with a range of experts, from
scientists to local environmental stewards [25].

Conclusion

In conclusion, ecological tipping points may never
be fully applied as a scientific instrument in the
policy arena, but they serve as an immensely
informative device to model, forecast and pre-
dict ecosystem changes with known and unknown
environmental drivers. At the same time, as a
socio-environmental imaginary, it provides a nor-
mative function of illustrating links between en-
vironmental degradation across scales and the
ecosystem services that directly affect human wel-
fare. Science-policy platforms tackling ecological
change will do well to leverage the expertise and
experience of different communities to realise the
potential behind the uncertain science of ecologi-
cal tipping points.

© 2021 The Author(s). Published by the Cambridge
University Science & Policy Exchange under the
terms of the Creative Commons Attribution License
http://creativecommons.org/licenses/by/4.0/,
which permits unrestricted use, provided the original
author and source are credited.

References

[1] K. Taylor, “Tipping point: biodiversity on a
knife edge in europe and beyond.”

[2] J. M. Montoya, I. Donohue, and S. L.
Pimm, “Planetary boundaries for biodi-
versity: Implausible science, pernicious
policies,” Trends in Ecology Evolution,
vol. 33, no. 2, pp. 71–73, 2018. [Online].
Available: https://www.sciencedirect.com/
science/article/pii/S016953471730263X

[3] W. Steffen, K. Richardson, J. Rockström,
S. E. Cornell, I. Fetzer, E. M. Bennett,
R. Biggs, S. R. Carpenter, W. de Vries,
C. A. de Wit, C. Folke, D. Gerten,
J. Heinke, G. M. Mace, L. M. Persson,
V. Ramanathan, B. Reyers, and S. Sörlin,
“Planetary boundaries: Guiding human

Cambridge Journal of Science & Policy, Vol 2 (2021), Issue 2 5

https://www.sciencedirect.com/science/article/pii/S016953471730263X
https://www.sciencedirect.com/science/article/pii/S016953471730263X


Ecological Tipping Points: Uncertainties and Policy Approaches

development on a changing planet,” Science,
vol. 347, no. 6223, p. 1259855, 2015. [On-
line]. Available: https://www.science.org/
doi/abs/10.1126/science.1259855

[4] B. W. Brook, E. C. Ellis, M. P. Perring,
A. W. Mackay, and L. Blomqvist, “Does the
terrestrial biosphere have planetary tipping
points?” Trends in Ecology and Evolution,
vol. 28, no. 7, pp. 396–401, 2013. [Online].
Available: https://www.sciencedirect.com/
science/article/pii/S0169534713000335

[5] T. Latty and V. Dakos, “The risk of thresh-
old responses, tipping points, and cascading
failures in pollination systems,” Biodiversity
and Conservation, vol. 28, no. 13, pp.
3389–3406, 2019. [Online]. Available: https:
//doi.org/10.1007/s10531-019-01844-2

[6] T. M. Lenton, “Environmental tipping
points,” Annual Review of Environment and
Resources, vol. 38, no. 1, pp. 1–29, 2013.
[Online]. Available: https://doi.org/10.1146/
annurev-environ-102511-084654

[7] W. Steffen, J. Rockström, K. Richardson,
T. M. Lenton, C. Folke, D. Liverman,
C. P. Summerhayes, A. D. Barnosky, S. E.
Cornell, M. Crucifix, J. F. Donges, I. Fetzer,
S. J. Lade, M. Scheffer, R. Winkelmann,
and H. J. Schellnhuber, “Trajectories of
the earth system in the anthropocene,”
Proceedings of the National Academy of
Sciences, vol. 115, no. 33, pp. 8252–
8259, 2018. [Online]. Available: https:
//www.pnas.org/content/115/33/8252

[8] T. M. Lenton, H. Held, E. Kriegler, J. W.
Hall, W. Lucht, S. Rahmstorf, and H. J.
Schellnhuber, “Tipping elements in the
earth’s climate system,” Proceedings of the
National Academy of Sciences, vol. 105, no. 6,
pp. 1786–1793, 2008. [Online]. Available:
https://www.pnas.org/content/105/6/1786

[9] T. M. Lenton, J. Rockström, O. Gaffney,
S. Rahmstorf, K. Richardson, W. Steffen,
and H. J. Schellnuber, “Climate tipping
points - too risky to bet against,” Nature,
vol. 575, pp. 592–595, Nov 2019.

[10] C. N. Kaiser-Bunbury, S. Muff, J. Mem-
mott, C. B. Müller, and A. Caflisch,
“The robustness of pollination networks to
the loss of species and interactions: a

quantitative approach incorporating polli-
nator behaviour,” Ecology Letters, vol. 13,
no. 4, pp. 442–452, 2010. [Online]. Avail-
able: https://onlinelibrary.wiley.com/doi/
abs/10.1111/j.1461-0248.2009.01437.x

[11] V. Dakos, B. Matthews, A. P. Hendry,
J. Levine, N. Loeuille, J. Norberg, P. Nosil,
M. Scheffer, and L. De Meester, “Ecosys-
tem tipping points in an evolving world,”
Nature Ecology & Evolution, vol. 3, no. 3,
pp. 355–362, 2019. [Online]. Available:
https://doi.org/10.1038/s41559-019-0797-2

[12] R. Ferriere and S. Legendre, “Eco-
evolutionary feedbacks, adaptive dynamics
and evolutionary rescue theory,” Philo-
sophical Transactions of the Royal Society
B: Biological Sciences, vol. 368, no.
1610, p. 20120081, 2013. [Online]. Avail-
able: https://royalsocietypublishing.org/
doi/abs/10.1098/rstb.2012.0081

[13] S. C. M. R. Walsh, S. Munch and D. O.
Conover, “Maladaptive changes in multiple
traits caused by fishing: Impediments to
population recovery,” Ecology Letters, vol. 9,
no. 2, pp. 142–148, March 2006.

[14] H. Hillebrand, I. Donohue, W. S. Harpole,
D. Hodapp, M. Kucera, A. M. Lewandowska,
J. Merder, J. M. Montoya, and J. A. Freund,
“Thresholds for ecological responses to global
change do not emerge from empirical data,”
Nature Ecology & Evolution, vol. 4, no. 11,
pp. 1502–1509, 2020. [Online]. Available:
https://doi.org/10.1038/s41559-020-1256-9

[15] J. Dudney and K. N. Suding, “The elusive
search for tipping points,” Nature Ecology
Evolution, vol. 4, pp. 1449–1450, August
2020.

[16] J.-F. Bastin, Y. Finegold, C. Garcia,
D. Mollicone, M. Rezende, D. Routh,
C. M. Zohner, and T. W. Crowther, “The
global tree restoration potential,” Science,
vol. 365, no. 6448, pp. 76–79, 2019. [On-
line]. Available: https://www.science.org/
doi/abs/10.1126/science.aax0848

[17] K. J. Vaughn, L. M. Porensky, M. L. Wilk-
erson, J. Balachowski, E. Peffer, C. Riginos,
and T. P. Young, “Restoration ecology,” Na-
ture Education Knowledge, vol. 3, no. 10,
p. 66, January 2010.

6 Cambridge Journal of Science & Policy, Vol 2 (2021), Issue 2

https://www.science.org/doi/abs/10.1126/science.1259855
https://www.science.org/doi/abs/10.1126/science.1259855
https://www.sciencedirect.com/science/article/pii/S0169534713000335
https://www.sciencedirect.com/science/article/pii/S0169534713000335
https://doi.org/10.1007/s10531-019-01844-2
https://doi.org/10.1007/s10531-019-01844-2
https://doi.org/10.1146/annurev-environ-102511-084654
https://doi.org/10.1146/annurev-environ-102511-084654
https://www.pnas.org/content/115/33/8252
https://www.pnas.org/content/115/33/8252
https://www.pnas.org/content/105/6/1786
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1461-0248.2009.01437.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1461-0248.2009.01437.x
https://doi.org/10.1038/s41559-019-0797-2
https://royalsocietypublishing.org/doi/abs/10.1098/rstb.2012.0081
https://royalsocietypublishing.org/doi/abs/10.1098/rstb.2012.0081
https://doi.org/10.1038/s41559-020-1256-9
https://www.science.org/doi/abs/10.1126/science.aax0848
https://www.science.org/doi/abs/10.1126/science.aax0848


Ecological Tipping Points: Uncertainties and Policy Approaches

[18] C. J. Griffiths, C. G. Jones, D. M. Hansen,
M. Puttoo, R. V. Tatayah, C. B. Müller, and
S. Harris, “The use of extant non-indigenous
tortoises as a restoration tool to replace
extinct ecosystem engineers,” Restoration
Ecology, vol. 18, no. 1, pp. 1–7, 2010. [Online].
Available: https://onlinelibrary.wiley.com/
doi/abs/10.1111/j.1526-100X.2009.00612.x

[19] D. T. Rudnick, P. B. Ortner, J. A.
Browder, and S. M. Davis, “A conceptual
ecological model of florida bay,” Wetlands,
vol. 25, no. 4, pp. 870–883, 2005. [Online].
Available: https://doi.org/10.1672/0277-
5212(2005)025[0870:ACEMOF]2.0.CO;2

[20] M. Milkoreit, “Imaginary politics: Cli-
mate change and making the future,”
Elementa: Science of the Anthropocene,
vol. 5, 11 2017, 62. [Online]. Available:
https://doi.org/10.1525/elementa.249

[21] P. Legagneux, N. Casajus, K. Cazelles,
C. Chevalier, M. Chevrinais, L. Guéry,
C. Jacquet, M. Jaffré, M.-J. Naud,
F. Noisette, P. Ropars, S. Vissault, P. Ar-
chambault, J. Bêty, and Berteaux, “Our
house is burning: Discrepancy in climate
change vs. biodiversity coverage in the media
as compared to scientific literature,” Fron-
tiers in Ecology Evolution, vol. 4, p. 175,
January 2018.

[22] G. M. Mace, B. Reyers, R. Alkemade,
R. Biggs, F. S. Chapin, S. E. Cornell,
S. Díaz, S. Jennings, P. Leadley, P. J. Mumby,
A. Purvis, R. J. Scholes, A. W. Seddon,
M. Solan, W. Steffen, and G. Woodward,
“Approaches to defining a planetary bound-
ary for biodiversity,” Global Environmental
Change, vol. 28, pp. 289–297, 2014. [Online].
Available: https://www.sciencedirect.com/
science/article/pii/S0959378014001368

[23] P. L. Howard, “Could scenarios and
models of biodiversity tipping points and
human well-being become a transformative
lever?” Oct 2019. [Online]. Available:
https://ipbes.net/topic/could-scenarios-
models-biodiversity-tipping-points-human-
well-being-become-transformative

[24] J. Barlow, F. França, T. A. Gardner,
C. C. Hicks, G. D. Lennox, E. Berenguer,
L. Castello, E. P. Economo, J. Fer-
reira, B. Guénard, C. Gontijo Leal,

V. Isaac, A. C. Lees, C. L. Parr, S. K.
Wilson, P. J. Young, and N. A. J. Gra-
ham, “The future of hyperdiverse tropical
ecosystems,” Nature, vol. 559, no. 7715,
pp. 517–526, 2018. [Online]. Available:
https://doi.org/10.1038/s41586-018-0301-1

[25] S. Serrao-Neumann, J. L. Davidson, C. L.
Baldwin, A. Dedekorkut-Howes, J. C. Elli-
son, N. J. Holbrook, M. Howes, C. Jacobson,
and E. A. Morgan, “Marine governance
to avoid tipping points: Can we adapt
the adaptability envelope?” Marine Pol-
icy, vol. 65, pp. 56–67, 2016. [Online].
Available: https://www.sciencedirect.com/
science/article/pii/S0308597X15003760

About the Authors

Darren Wong is
an MS in Sustain-
able Design and
Construction stu-
dent at Stanford
University, hav-
ing graduated with
a BA (Hons) in
Geography at the
University of Cam-
bridge in 2021. He
is interested in
the complexities
of human-environment interactions, from the
science of ecological conservation to the politics
of sustainable urban development, and enjoys
exploring new, effective policy approaches to
address thorny contemporary challenges. He can
be contacted at dkjw2@cantab.ac.uk.

Conflict of interest The Author declares no
conflict of interest.

Cambridge Journal of Science & Policy, Vol 2 (2021), Issue 2 7

https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1526-100X.2009.00612.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1526-100X.2009.00612.x
https://doi.org/10.1672/0277-5212(2005)025[0870:ACEMOF]2.0.CO;2
https://doi.org/10.1672/0277-5212(2005)025[0870:ACEMOF]2.0.CO;2
https://doi.org/10.1525/elementa.249
https://www.sciencedirect.com/science/article/pii/S0959378014001368
https://www.sciencedirect.com/science/article/pii/S0959378014001368
https://ipbes.net/topic/could-scenarios-models-biodiversity-tipping-points-human-well-being-become-transformative
https://ipbes.net/topic/could-scenarios-models-biodiversity-tipping-points-human-well-being-become-transformative
https://ipbes.net/topic/could-scenarios-models-biodiversity-tipping-points-human-well-being-become-transformative
https://doi.org/10.1038/s41586-018-0301-1
https://www.sciencedirect.com/science/article/pii/S0308597X15003760
https://www.sciencedirect.com/science/article/pii/S0308597X15003760

