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Corridors of Clarity: Four Principles
to Overcome Uncertainty Paralysis
in the Anthropocene
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Global environmental change challenges humanity because of its broad scale, long-lasting, and potentially irreversible consequences. Key to an
effective response is to use an appropriate scientific lens to peer through the mist of uncertainty that threatens timely and appropriate decisions
surrounding these complex issues. Identifying such corridors of clarity could help understanding critical phenomena or causal pathways
sufficiently well to justify taking policy action. To this end, we suggest four principles: Follow the strongest and most direct path between
policy decisions on outcomes, focus on finding sufficient evidence for policy purpose, prioritize no-regrets policies by avoiding options with

controversial, uncertain, or immeasurable benefits, aim for getting the big picture roughly right rather than focusing on details.
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lobal environmental change poses unprecedented

challenges to humanity because of its broad-scale, long-
lasting, and potentially irreversible consequences. Many
aspects of the Anthropocene, in which humans are the
dominant driver of earth system dynamics (Crutzen and
Stoermer 2000, Waters et al. 2016), are novel. This novelty
reduces our ability to use the past to forecast the future
(Brondizio et al. 2016). In addition, technological and social
innovations, along with feedbacks among environmental,
socioeconomic, and political spheres, lead to complex sys-
tem dynamics that confound our ability to accurately antici-
pate the future (Polasky et al. 2011, Homer-Dixon et al. 2015,
Keys et al. 2019).

Despite the potentially large consequences for current and
future human well-being, human institutions have largely
failed to develop effective responses to global environmental
change (Walker et al. 2009, Galaz 2014). Climate change,
loss of biodiversity, and pandemic responses are examples
in which the global community has not taken sufficient
action to address threats (IPCC 2014, 2018, IPBES 2019,
Osterholm and Olshaker 2020). A wide range of factors
can explain inaction in the policy sphere including the lack
of effective or charismatic leadership, the lack of engaged

stakeholders to generate political will, the lack of resources,
and disagreements over values and priorities. In the present
article, we focus on the role that uncertainty and complexity
play in impeding progress on global environmental change,
and the role that science could play in overcoming these
impediments.

Uncertainty obscures the links from actions to outcomes,
making it hard to discern whether taking an action will lead
to a desirable or undesirable outcome. Uncertainty can also
make it hard to know which alternative is likely to be a bet-
ter choice. Fear that a choice could lead to a bad outcome,
or is not as good as another choice, can result in paralyzing
uncertainty (Markus and Schwartz 2010), which we define
as uncertainty leading to a failure to act even in the face
of looming threats. Uncertainty can cause reluctance to
adopt policy changes, even when such reforms are likely
to generate positive net benefits (Fernandez and Rodrik
1991). Uncertainty may be real (it is beyond the ability of
current science to predict the outcome) or perceived (deci-
sion-makers believe there is uncertainty). Mixing together
groups with conflicting values and the potential for creating
perceived uncertainty is particularly problematic. Different
policy options may create distinct groups of winners and
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losers. Groups that feel they will probably lose with policy
reforms may adopt deliberate strategies to create doubts
about scientific findings (Oreskes and Conway 2010), or
issue calls for further research as a means of delaying or dis-
couraging action. For example, industry groups who oppose
climate regulations have invested in organizations that
question or deny the results of mainstream climate science
(Oreskes and Conway 2010, Dunlap and McCright 2011,
2015). Uncertainty and political polarization can lead groups
who favor different policies to draw different conclusions
from outcomes, which can further entrench the political
polarization (Dixit and Weibull 2007).

What can science and an associated science-policy inter-
face do to help overcome paralyzing uncertainty? Telling
decision-makers that the world is complex and that science
cannot provide all the answers, although accurate, does not
lead to a fruitful science-policy interface. In the present
article, we argue that an important component of the answer
is to use the right scientific lens to peer through the mist of
uncertainty surrounding complex issues. The complex web
of causality that typically links policy actions to outcome
in social-ecological systems may have corridors of clarity,
which we define as evidence-based scientific understanding
of critical phenomena or causal pathways that are sufficient
to justify taking policy action. The most constructive sci-
ence-policy interfaces occurs when scientific information
makes clear links between policy choices and outcome, and
this can be clearly communicated and readily understood by
decision-makers in a timely manner (sensemaking; Weick
1988). Corridors of clarity strip away aspects of complexity
and uncertainties that are largely irrelevant for decision-
making while retaining conceptual clarity and scientific
rigor. The idea of a corridor of clarity is similar to the notion
of requisite simplicity (Stirzaker et al. 2010), or Einstein’s
quote about science that “Everything should be made as
simple as possible but no simpler” Clearly communicating
results that emerge from analysis of a corridor of clarity can
counteract the potentially paralyzing effect of uncertainty in
complex environmental issues.

Finding corridors of clarity: General principles and
illustrative examples

Science can contribute to effective governance of global
environmental change by clearly articulating and quantify-
ing important causal pathways from policy decisions to
their likely outcomes. Although science thrives by gaining
ever more nuanced and detailed description of reality, such
details may not be that useful to decision-makers. In the
present article, we outline four general principles for finding
corridors of clarity.

Follow the strongest and most direct path between pol-
icy decisions and outcomes. The most important scientific
information for decision-making connects policy decisions
to likely outcomes of interest in a clear and direct manner.
By focusing on the most direct and well-established causal
pathways, corridors of clarity can provide sufficient relevant
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information, while not focusing on uncertainty of little rel-
evance for policy.

Consider the case of climate change and land-use change,
which are two fundamental and pervasive aspects of global
environmental change. Although there are many causal
pathways linking climate and land-use change to outcomes
of interest, some pathways have fewer steps in the causal
chain as well as a greater degree of certainty for each link in
the chain. For example, one relatively direct pathway from
climate and land-use change to outcomes affecting human
well-being involves the probability of flooding. Changes
in precipitation or storm intensity, influenced by climate
change, and changes in runoff, retention, or protection from
storm surge, influenced by land-use change, can affect the
probability of flooding and its consequent impacts on lives
lost and property damage (figure 1). Das and Vincent (2009)
showed that mangroves protected coastal villages from a
super cyclone that struck Orissa, India in 1999. Even though
conserving mangrove may have other societal benefits, they
found that flood mitigation benefits alone justified man-
grove conservation. Watson and colleagues (2016) estimated
that preserving wetlands in a watershed in Vermont reduced
property damage downstream by 54%-78%, with estimated
benefits from $3 million to $30 million for one downstream
town (Middlebury), making “a compelling case for the role of
green infrastructure in building resilience to climate change”
(Watson et al. 2016: 16). There is a rapidly expanding body
of work on ecosystem services that quantifies many links
between land-use change and human well-being (IPBES
2019) and highlights cases in which conservation more than
pays for itself through increased value of ecosystem services
(e.g., Balmford et al. 2002, Nelson et al. 2009, Bateman et al.
2013). The effects of climate change on ecosystem services
are also becoming clearer, although many of these links still
have considerable uncertainty (Runting et al. 2017).

Other pathways also link climate and land-cover change to
changes in human well-being, but these pathways are typically
more complex, more uncertain, or less important in terms of
the magnitude of change on human well-being. For example,
altered land-cover affects biodiversity (e.g., Newbold et al.
2015), with consequent changes in ecological processes that
modify the provision of various ecosystem services (e.g., Diaz
et al. 2006, Cardinale et al. 2012) that affect human well-being
(figure 1). However, the relationship between biodiversity,
ecological processes, and their subsequent impacts on the
provision of ecosystem services is complex with large uncer-
tainties (Loreau et al. 2002, Tilman et al. 2014).

Environmental topics such as plastic debris in the oceans
and extinction of charismatic species receive much pub-
lic attention. Research funding has followed. However,
this research often focuses on unravelling effects that are
complex as well as uncertain and possibly weak (figure 2).
Examples include the effect of plastic on organisms and eco-
system functioning (Koelmans et al. 2017, Burns and Boxall
2018, Besseling et al. 2019). A self-propelling feedback
between interest and funding promotes a continued focus

https://academic.oup.com/bioscience

1202 YoJB\ 62 UO Jasn Aleiqi- yoJessay us Ausianiun usbuiusbepy Aq 0 L9E6S/6E L L/Z1/0./31911e/a0usi0s0Ig/woo dnooiwapese//:sdiy Wwoll papeojumod



Climate Land-use

Change in
biodiversity

Change in
carbon storage

Change in
ecosystem
processes

Change in

: : ecosystem service:
nutrient cycling

Flood mitigation

Change in
other ecosystem
services

Change in
water quality

Change in human
well-being

D MORE COMPLEX AND < CORRIDORS OF CLARITY

UNCERTAIN PATHWAYS

Figure 1. The ecosystem service of flood mitigation links
climate and land-cover change to changes in human well-
being. The large arrows indicate this corridor of clarity.
Climate and land-use change affect the probability of
flooding (upper large arrows). Floods can cause injuries
and deaths along with extensive property damage (lower
large arrow). Numerous other pathways also link climate
and land-cover change to changes in well-being, including
links through changes in biodiversity, carbon cycling, and
nutrient cycling. Each of these other pathways contains
weak links (the dashed arrows), involving greater
complexity and larger uncertainty, or having small impact
on human well-being. Image by Ruby Creative.
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on complex effects. This is a problem both because of the
diversion of funding and scientific brainpower from more
important topics and because a focus on uncertain causal
links may ultimately undermine support for managing the
problem. There are good reasons to reduce plastic debris
that have nothing to do with these complex causal links. A
more direct reason to control plastic pollution is the broad
concern of the public about plastic debris and its impact on
the subjective experience of unspoiled nature (Koelmans
et al. 2017).

Finding sufficient evidence. Corridors of clarity can help focus
on what scientific information is sufficient for policy pur-
poses. In some cases, focusing on more readily measurable
links, without getting to complex or difficult to measure
links, is sufficient. For example, reducing emissions of air
pollutants may have a wide range of benefits to society, but
focusing on human health benefits alone can be sufficient
to show that the benefits of emission reductions is worth
the cost. An analysis by the US Environmental Protection
Agency of the Clean Air Act Amendments of 1990 projected
that benefits of emissions reductions in 2020 would be
nearly $2 trillion, of which over 90% were related to reduc-
tions in premature mortality, versus $65 billion in costs
($2006; USEPA 2011).

Similarly, the benefits of providing clean drinking water
provide sufficient information to justify protection of water-
shed in the Catskill Mountains near New York City. The
estimated cost of conserving the watersheds was $1billion
to $1.5 billion, but the cost of not doing so was far higher:
Building and operating a water filtration plant was esti-
mated to cost $6 billion to 8 billion (Ashendorff et al. 1997,
Chichilnisky and Heal 1998). Conserving the watersheds
also enhanced the provision of other ecosystem services,
but the choice of whether to conserve watershed could be
justified solely on the basis of protecting the water supply
(NRC 2005). The example of New York City inspired new
science and policies aiming to protect watersheds to secure
safe drinking water and generate other benefits (Goldman-

Benner et al. 2012, Brauman et al. 2019).
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No-regrets policies. Similar to focusing on
sufficient information, no-regrets poli-
cies are ones in which a policy action
is justified by taking account of clear
benefits, even without factoring in more
controversial, uncertain, or hard to
quantity benefits. For example, although
there are numerous uncertainties in the
links between greenhouse gas (GHG)
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Figure 2. Plastic debris effects on human wellbeing. a) Effects of plastic on
biodiversity and ecosystem functioning are complex and overall possibly
minor. b) The more direct pathway for which there is stronger evidence is the
negative view of the public about plastic debris and its impact on the subjective

experience of unspoiled nature.
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emissions and human well-being, many
actions that reduce GHG emissions gen-
erate sufficient additional benefits to jus-
tify taking action even without reference
to climate change. Many investments
in energy efficiency, such as improved
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Figure 3. Gray Weather, Grande Jatte, ca 1886-1888, by Georges Seurat, The Metropolitan Museum of Art. Zooming in on
details only reveals bundles of small dots of different colors. The full picture only appears when observing from a distance.
Image: Peter Barritt / Alamy Stock Photo, modified by the authors.

insulation, lighting, appliances, and building design, gen-
erate cost savings from lower energy bills and make sense
strictly from a private financial perspective independent
of climate or other environmental benefits. In the United
States, investments in energy efficiency of about $520 bil-
lion have been estimated to generate savings of $1.2 trillion
(Granade et al. 2009: vii), more than paying for themselves,
even without consideration of environmental benefits. In
addition, reducing energy use would also improve air qual-
ity, generating large public health benefits. For example,
the National Research Council estimated that air pollution
damages from coal-fired electricity production in 2005 was
$62 billion (NRC 2010). Rather than trying to resolve the
many uncertainties we face, we can instead focus on identi-
fying key policy relevant issues that could change the policy
choice.

Seeing the forest for the trees. The painter Georges Seurat
(figure 3) constructed his paintings using small dots of paint.
Standing close to his paintings one can see the dots. Only by
stepping back from the painting can one see what the paint-
ing actually represents. Scientists facing an issue as complex
as global environmental change in the Anthropocene often
feel the temptation to retreat to safe science by focusing on
smaller problems, or insisting on collecting ever more data
and building ever more sophisticated models, in an attempt
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to more accurately and rigorously capture reality (i.e., get-
ting each dot right). However, more complicated models do
not necessarily predict future outcomes better than simpler
models (Burnham and Anderson 2002), and an overload of
information can lead to cherry picking facts, greater polar-
ization, and confirmation bias (Sharot 2018).

Experiments at the scale of the policy issue are more rel-
evant to policy choice and therefore more persuasive to poli-
cymakers. Studies of whole ecosystems, which is the scale
of relevant impacts, have contributed valuable information
about the effect of acid precipitation in watersheds (Likens
1992), eutrophication of lakes (Schindler 2012), and bioma-
nipulation of lakes that can be employed to improve water
quality (Bernes et al. 2015). In each case, narrower studies
of parts of the problem did not clearly predict ecosystem
response. The effects of phosphorus, nitrogen, and inorganic
carbon on algae in small enclosures, for example, gave con-
flicting results about causes of eutrophication, but whole-
lake experiments showed clearly that phosphorus input was
the primary driver. Experiments in small enclosures com-
monly fail to predict results of experiments on whole lakes
(Schindler et al. 1987, Levine and Schindler 1992, Carpenter
and Kitchell 1993, Gonzalez and Frost 1994). Whole-lake
experiments seem realistic to the general public, managers,
and policymakers and are therefore considered in real-world
decisions (Carpenter 1998, Schindler 1998).
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Conclusions

The complexities and uncertainties of global environmen-
tal change should not be an excuse for inaction. Science
produces compelling evidence relevant for policy purposes
when we conduct research at the relevant scales (Carpenter
1998), use models and statistics that embrace uncertainty
(Biggs et al. 2009), and seek corridors of clarity. Finding
corridors of clarity that focus on direct, well-supported, and
understandable links between policy decisions and outcomes
that affect human well-being is one pragmatic approach to
better link science with policy. Pursuing corridors of clarity
can also be a useful defense against paralyzing uncertainty
and the efforts of vested interests to magnify uncertainty
in order to block progress on global environmental change
issues. Taking immediate action following a corridor of clar-
ity may also buy time to learn how to address the less well
understood or more complex causal links.

Of course, the corridors of clarity approach will not help
in all situations, either because there are no clear pathways
between policy choices and human well-being, or because
other considerations block effective action on global envi-
ronmental change. For example, even though there are rela-
tively clear links between overfishing, declines in fish stocks,
and reduced incomes for fishermen, overfishing in the
oceans continues because of a lack of effective institutions to
deal with the tragedy of the commons (e.g., Dietz et al. 2003,
Walker et al. 2009).

Promoting any particular corridor of clarity requires
careful thought about unintended consequences that might
occur through indirect pathways that turn out to be impor-
tant (Mace et al. 2012). But if every pathway is important,
then nothing is important; policymakers must choose the
path that is most likely to have desired outcomes. The
seeming simplicity of corridors of clarity should rest on a
state-of-the-art understanding of the full web of causality in
a complex social-ecological system and may therefore only
emerge after careful study of the dynamics of such systems.
This entails taking a holistic view rather than acquiring
detailed knowledge of each part of a system.

In view of the fundamental difficulties of communicating
the implications of the uncertainties associated with various
actions, highlighting corridors of clarity may be a powerful
way to visualize relevant scientific insight in complex envi-
ronmental situations and help crystallize the will to act.

Acknowledgments

We dedicate this work to our late colleagues Kenneth Arrow,
Karl-Goéran Miler, and Stephen Schneider. They took part
in a meeting in Asko, Sweden, that led to this article and
enriched it with their deep insights into management under
uncertainty.

References cited

Ashendorff A, Principe MA, Seeley A, LaDuca J, Beckhardt L, Faber W
Jr, Mantus J. 1997. Watershed protection for New York City’s supply.
Journal of American Water Works Association 89: 75-88.

https://academic.oup.com/bioscience

mm [orum

Balmford A, et al. 2002. Economic reasons for conserving wild nature.
Science 297: 950-953.

Bateman IJ, Harwood AR, Mace GM, Watson RT, Abson DJ, Andrews B,
Binner A, Crowe A, Day BH, Dugdale S. 2013. Bringing ecosystem ser-
vices into economic decision-making: Land use in the United Kingdom.
Science 341: 45-50.

Bernes C, Carpenter SR, Gardmark A, Larsson P, Persson L, Skov C. 2015.
What is the influence of a reduction of planktivorous and benthivorous
fish on water quality in temperate eutrophic lakes? A systematic review.
Environmental Evidence 4. https://doi.org/10.1186/s13750-015-0032-9.

Besseling E, Redondo-Hasselerharm PE, Foekema EM, Koelman AA. 2019.
Quantifying ecological risks of aquatic micro- and nanoplastic. Critical
Reviews in Environmental Science and Technology 49: 32-80, https://
doi.org/10.1080/10643389.2018.1531688.

Biggs R, Carpenter SR, Brock WA. 2009. Spurious certainty: How ignoring
measurement error and environmental heterogeneity may contribute to
environmental controversies. BioScience 59: 65-76.

Brauman KA, Benner R, Benitez S, Bremer L, Vigerstol K. 2019. Water
funds. Pages 118-140 in Mandle L, Ouyang Z, Salzman J, Daily GC,
eds. Green Growth that Works: Natural Capital Policy and Finance
Mechanisms from Around the World. Island Press.

Brondizio ES, et al. 2016. Re-conceptualizing the Anthropocene: A call for
collaboration. Global Environmental Change 39: 318-332.

Burnham KP, Anderson DR. 2002. Model Selection and Multimodel
Inference: A Practical Information-Theoretic Approach 2nd ed. Springer.

Burns EE, Boxall ABA. 2018. Microplastics in the aquatic environment:
Evidence for or against adverse impacts and major knowledge gaps.
Environmental Toxicology and Chemistry 37: 2776-2796.

Cardinale BJ, et al. 2012. Biodiversity loss and its impact on humanity.
Nature 486: 59-67.

Carpenter SR. 1998. The need for large-scale experiments to assess and
predict the response of ecosystems to perturbation. Pages 287-312 in
Pace ML, Groffman PM, eds. Successes, Limitations, and Frontiers in
Ecosystem Science. Springer.

Carpenter SR, Kitchell JE eds. 1993. Trophic Cascades in Lakes. Cambridge
University Press.

Chichilnisky G, Heal G. 1998. Economic returns from the biosphere. Nature
391: 629-630.

Crutzen PJ, Stoermer EE 2000. The “Anthropocene” Global Change
Newsletter 41: 17-18.

Das S, Vincent JR. 2009. Mangroves protected villages and reduced death
toll during Indian super cyclone. Proceedings of the National Academy
of Sciences 106: 7357-7360.

Diaz S, Fargione J, Chapin FS III, Tilman D. 2006. Biodiversity loss threat-
ens human well-being. PLOS Biology 4: €277.

Dietz T, Ostrom E, Stern PC. 2003. The struggle to govern the commons.
Science 302: 1907-1912.

Dixit AK, Weibull JW. 2007. Political polarization. Proceedings of the
National Academy of Sciences 104: 7351-7356.

Dunlap RE, McCright AM. 2011. Organized climate change denial. In
Dryzek ]S, Norgaard RB, Schlosberg D, eds. Oxford Handbook of
Climate Change. Oxford University Press.

Dunlap RE and McCright AM. 2015. Challenging climate change. Pages
300-332 in Dunlap RE, Brulle R], eds. Climate Change and Society:
Sociological Perspectives. Oxford University Press.

Fernandez R, Rodrik D. 1991. Resistance to reform: Status quo bias in
the presence of individual-specific uncertainty. American Economic
Review 81: 1146-1155.

Galaz V. 2014. Global Environmental Governance, Technology and Politics:
The Anthropocene Gap. Edward Elgar.

Goldman-Benner,RL, Benitez S, Boucher T, Calvache A, Daily G, Kareiva
P, Kroeger T, Ramos A. 2012. Water funds and payments for ecosystem
services: Practice learns from theory and theory can learn from practice.
Oryx 46: 55-63.

Gonzalez MJ, Frost TM. 1994. Comparisons of laboratory bioassays and a
whole-lake experiment: Rotifer responses to experimental acidification.
Ecological Applications 4: 69-80.

December 2020 / Vol. 70 No. 12 « BioScience 1143

1202 YoJB\ 62 UO Jasn Aleiqi- yoJessay us Ausianiun usbuiusbepy Aq 0 L9E6S/6E L L/Z1/0./31911e/a0usi0s0Ig/woo dnooiwapese//:sdiy Wwoll papeojumod



Forum e

Granade HC, Creyts J, Derkach A, Farese P, Nyquist S, Ostrowski K. 2009.
Unlocking Energy Efficiency in the US Economy. McKinsey. www.
greenbuildinglawblog.com/uploads/file/mckinseyUS_energy_effi-
ciency_full_report.pdf

Homer-Dixon T, et al. 2015. Synchronous failure: The emerging causal
architecture of global crisis. Ecology and Society 20: 6. http://dx.doi.
org/10.5751/ES-07681-200306.

[IPBES] Intergovernmental Science-Policy Platform on Biodiversity
and Ecosystem Services. 2019. Summary for Policymakers
of the Global Assessment Report on Biodiversity and Ecosystem
Services of the Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services. IPBES. www.ipbes.net/news/
ipbes-global-assessment-summary-policymakers-pdf.

[IPCC] Intergovernmental Panel on Climate Change. 2014. Climate Change
Synthesis Report: Contribution of Working Groups I, II and III to the
Fifth Assessment Report of the Intergovernmental Panel on Climate
Change. IPCC.

[IPCC] Intergovernmental Panel on Climate Change. 2018. Global Warming
of 1.5°C: An IPCC Special Report on the Impacts of Global Warming
of 1.5°C Above Pre-Industrial Levels and Related Global Greenhouse
Gas Emission Pathways, in the Context of Strengthening the Global
Response to the Threat of Climate Change, Sustainable Development,
and Efforts to Eradicate Poverty. World Meteorological Organization.

Keys P, Galaz V, Dyer M, Matthews N, Folke C, Nystrém M, Cornell S. 2019.
Anthropocene risk. Nature Sustainability 2: 667-673.

Koelmans AA, Besseling E, Foekema E, Kooi M, Mintenig S, Ossendorp BC,
Redondo-Hasselerharm PE, Verschoor A, van Wezel AP, Scheffer M.
2017. Risks of plastic debris: Unravelling fact, opinion, perception, and
belief. Environmental Science and Technolgy 51: 11513-11519.

Levine SN, Schindler DW. 1992. Modification of the N:P ratio in lakes by in
situ processes. Limnology and Oceanography 37: 917-935.

Likens GE. 1992. The Ecosystem Approach: Its Use and Abuse. Ecology
Institute.

Loreau M, Naeem S, Inchausti P, eds. 2002. Biodiversity and Ecosystem
Functioning: Synthesis and Perspectives. Oxford University Press.

Mace GM, Norris K, Fitter AH. 2012. Biodiversity and ecosystem services:
A multilayered relationship. Trends in Ecology and Evolution 27: 19-26.

Markus HR, Schwartz B. 2010. Does choice mean freedom and wellbeing?
Journal of Consumer Research 37: 344-355.

Nelson E, et al. 2009. Modeling multiple ecosystem services, biodiversity
conservation, commodity production, and tradeoffs at landscape scales.
Frontiers in Ecology and the Environment 7: 4-11.

Newbold T, et al. 2015. Global effects of land use on local terrestrial biodi-
versity. Nature 520: 45-50.

[NRC] National Research Council. 2005. Valuing Ecosystem Services:
Towards Better Environmental Decision-Making. National Academies
Press.

[NRC] National Research Council. 2010. The Hidden Costs of Energy:
Unpriced Consequences of Energy Production and Use. National
Academies Press.

Osterholm M, Olshaker M. 2020. Chronicle of a pandemic foretold:
Learning from the COVID-19 failure—before the next outbreak arrives.
Foreign Affairs 99: 10-25.

Oreskes N, Conway EM. 2010. Merchants of Doubt. Bloomsbury Press.

Polasky S, Carpenter SR, Folke C, Keeler B. 2011. Decision-making under
great uncertainty: Environmental management in an era of global
change. Trends in Ecology and Evolution 26: 398-404.

1144 BioScience December 2020 / Vol. 70 No. 12

Runting RK, Bryan BA, Dee LE, Maseyk FJE, Mandle L, Hamel P, Wilson
KA, Yetka K, Possingham HP, Rhodes JR. 2017. Incorporating climate
change into ecosystem service assessments and decisions: A review.
Global Change Biology 23: 28-41.

Schindler DW. 1998. Whole-ecosystem experiments: Replication versus
realism: The need for ecosystem-scale experiments. Ecosystems 1:
323-334.

Schindler DW. 2012. The dilemma of controlling cultural eutrophication of
lakes. Proceedings of the Royal Society B 279: 4322-4333.

Schindler DW, Hesslein RH, Turner MA. 1987. Exchange of nutrients
between sediments and water after 15 years of experimental eutrophi-
cation. Canadian Journal of Fisheries and Aquatic Sciences 44: 26-33.

Sharot T. 2018. Updating beliefs under perceived threat. Journal of
Neuroscience 28: 7901-7911.

Stirzaker R, Biggs H, Roux D, Cilliers P. 2010. Requisite simplicities to help
negotiate complex problems. Ambio 39: 600-607.

Tilman D, Isbell F, Cowles J. 2014. Biodiversity and ecosystem functioning.
Annual Review of Ecology, Evolution, and Systematics 45: 471-493.
[USEPA] United States Environmental Protection Agency. 2011. The
Benefits and Costs of the Clean Air Act 1990 to 2020: Summary Report.

USEPA.

Walker BH, et al. 2009. Looming global-scale failures and missing institu-
tions. Science 325: 1345-1346.

Waters CN, et al. 2016. The Anthropocene is functionally and stratigraphi-
cally distinct from the Holocene. Science 351: aad2622.

Watson K, Ricketts T, Galford G, Polasky S, O’Neil-Dunne J. 2016. Economic
valuation of flood mitigation services: The value of Otter Creek wet-
lands and floodplains to Middlebury, VT. Ecological Economics 130:
16-24.

Weick KE. 1988. Enacted sense making in crisis situations. Journal of
Management Studies 25: 306-317.

Stephen Polasky is a professor in the Departments of Applied Economics
and Ecology, Evolution, and Behavior at the University of Minnesota, in
Minneapolis. Anne-Sophie Crépin (annesophie.crepin@beijer.kva.se) is the
deputy director, Carl Folke is the director, and Max Troell is a researcher at
the Beijer Institute of Ecological Economics, in Stockholm, Sweden. Reinette
(Oonsie) Biggs is the codirector of the Centre for Complex Systems in
Transition and holds a chair in social-ecological systems and resilience at
Stellenbosch University, in Stellenbosch, South Africa. Stephen R. Carpenter
is a professor in limnology at the University of Wisconsin, in Madison. Garry
Peterson is a professor in sustainability science at Stockholm Resilience Centre,
at Stockholm University, in Stockholm, Sweden. Scott Barrett is a professor
of natural resource economics at Columbia University, in New York, New
York. Gretchen Daily and Paul Ehrlich are professors of biology at Stanford
University, in Stanford, California. Richard B. Howarth is a professor of
environmental studies at Dartmouth College, in Hanover, New Hampshire.
Terry Hughes is a professor at James Cook University, in Townsville, North
Queensland, Australia. Simon A. Levin is a professor of ecology and evolu-
tionary biology at Princeton University, in Princeton, New Jersey. Marten
Scheffer is a professor of environmental sciences from Wageningen University,
in Wageningen, Netherlands. Jason F. Shogren is a professor of economics from
the University of Wyoming, in Laramie, Wyoming. Brian Walker is a professor
of ecology at Commonwealth Scientific and Industrial Research Organisation,
in Canberra, Australia. Anastasios Xepapadeas is a professor in economics at
Athens University of Economics and Business, in Athens, Greece, and at the
University of Bologna, in Bologna, Italy.

https://academic.oup.com/bioscience

1202 YoJB\ 62 UO Jasn Aleiqi- yoJessay us Ausianiun usbuiusbepy Aq 0 L9E6S/6E L L/Z1/0./31911e/a0usi0s0Ig/woo dnooiwapese//:sdiy Wwoll papeojumod



