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Chapter 4
Climate Catastrophes as a Sum  
of Known Risks

Francisco Estrada

Abstract An ever-increasing body of research has warned for decades about the 
impacts of climate change on agriculture, health, flooding, economy, among many 
others and provided information about when and where these impacts could be 
larger. Are societies prepared for these expected ‘white-swans’, particularly in the 
context of a high degree of interconnectedness in Nature and in society? I borrow 
from the development of the Covid-19 pandemic to illustrate this view. Influenza 
pandemics have been foreseen decades before, but the characteristics of the virus 
and the socioeconomic links have made it into the global crisis that it had become 
in 2020.

4.1  Introduction

The Covid-19 pandemic immediate message is that all countries are much more vul-
nerable to white-swan type of events and at much higher risk than previously thought. 
While initially a problem and its consequences may be foreseeable, the properties 
and interactions of complex natural and human systems can transform, amplify and 
transmit shocks in unexpected and unpredictable ways. Unpredictable events with 
major consequences, known as black swans, —or at least long, dark shadows from 
white swans— can arise as the outcome of otherwise predictable, manageable events.

This holds a lesson for the problem of climate change, which is one of the sys-
temic socioenvironmental challenges that will pose more complex, uncertain and 
highly correlated problems in this century. The literature strongly suggests not only 
predictable impacts across natural and human systems, but the existence of onto-
logical uncertainty and the possibility of surprises. The current pandemic should 
help to better gauge how confident one should be about current estimates of the 
magnitude of the impacts of global socioenvironmental issues.
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4.2  Difficulties in Grasping the Scale and Impact 
of the Problem

For much of the media, decision-makers and the general public, it is difficult to 
grapple with the climate problem. And, as argued here, there are good reasons for 
that. Climate change is a “wicked” problem that does not easily lends itself to be 
simplified in such a way that becomes easy to understand, communicate, much 
less to create policy for and to implement practical strategies to tackle it. It is a 
systemic problem and thus there is no simple way to characterize what its bound-
aries are; it is a long-memory problem for which current actions have consider-
able bearing in temporal scales we suffer from strong cognitive biases; it is riddled 
with epistemic uncertainty blurring our view not only of distant horizons, but the 
present and even the past in terms of data, knowledge about physics of climate and 
relevant aspects of the systems being affected by it, such as their sensitivity, cop-
ing and adaptation capacities. These difficulties can foster a wide range of con-
trasting beliefs and narratives that can lead to divergent perceptions of risk that 
polarize society and policymakers alike about climate policy. However, a good 
part of the basic ideas behind these opposing narratives share, without realizing it, 
similar biases.

Significant changes in global climate occur on timescales of centuries. 
However, while some physical aspects of climate change are “slow”, such as the 
accumulation of greenhouse gases in the atmosphere, sea level rise and the warm-
ing of the deep oceans, this is not true for all physical aspects of climate change, 
nor for all spatial scales or the variety of impacts occurring over natural and 
human systems. Some estimates suggest that, at the global scale, the impacts of 
climate change during the last decades of the twentieth century became compa-
rable in magnitude to those of natural climate variability (Estrada et al., 2017b). 
Damages from climate change are a function of changes in hazard, but also of a 
diversity of factors determining vulnerability, coping and adaptation capacities 
(Estrada et al., 2019; Field et al., 2012). All these are highly heterogeneous across 
and within regions and societies, and characterizing climate change as a “slow” 
problem to be worried about only in the far future may not be accurate for a sig-
nificant part of the world’s population (Adler et al., 2017; Ignjacevic et al., 2020; 
Ricke et al., 2018; Tol, 2009). Moreover, this view fails to accurately reflect the 
current understanding about trends in some extreme events (Field et  al., 2012; 
Stott, 2016), as well as the existence of evidence but lack of consensus in some 
others, such as changes in economic damages from hurricanes and tropical storms 
(Botzen et al., 2020; Estrada et al., 2015b; Grinsted et al., 2019; Nordhaus, 2010), 
and the limited information we have about probabilities and thresholds that may 
trigger climate catastrophes (Cheng et al., 2013).

The ratification of the Paris Agreement by the vast majority of countries shows 
the existence of a consensus about the seriousness of the climate change problem 
and the need to reduce the associated risks (Lawrence & Schäfer, 2019; 
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Schellnhuber et al., 2016). Large uncertainties exist about the political willing-
ness, feasibility and costs for the required stringent mitigation actions (Cox 
et  al., 2018; Millar et  al., 2017; Rogelj et  al., 2018). The lack of results from 
international climate policy during the past 30 years suggests that while in the 
political discourse climate change occupies a high priority, the urgency has not 
permeated into the realm of actions so much. The current state of global climate 
policy can justifiably foster pessimistic expectations about the future. This view 
has the realism of the catastrophic impacts climate change and political paralysis 
can bring, but could underestimate the mechanisms of the civil society to bring 
political change, rapid shifts in technological trends and economic opportunities 
for a cleaner and more sustainable development (Zhenmin & Espinosa, 2019), as 
well as the abilities of natural and human systems to deal with change and chal-
lenges. Technology and education can help coping with, and adapting to, some of 
the foreseeable consequences of climate change (Anthoff & Tol, 2012; Haer 
et al., 2018; Tol et al., 2007). However, as argued below, probably the main risk 
comes from the interactions of concurrent problems that in the context of com-
plex systems can overcome our capacities to cope and adapt and lead to potential 
catastrophes.

The opinion on the ontology of the climate change problem is not just an aca-
demic problem. The way we see the world influences how we choose to deal with it. 
In such a politically polarized world we live in nowadays, this can end up in some 
circles as a cartoonish conundrum: on the one hand, if the climate problem is slow- 
moving and non-catastrophic, societies do not need to adapt quickly and CO2- 
emissions do not have to be brought down that fast. It may even be thought that 
cleaner production and emission standards can be postponed for decades. On the 
other hand, if catastrophic events are just around the corner, we should stop doing 
what we are doing and put the reduction of greenhouse gases above all other priori-
ties that we might have. These differences are frequently debated but the other part 
of the equation defining climate change consequences is often forgotten: how well 
are societies prepared to deal with the catastrophic and non-catastrophic risks and 
impacts?

There are fundamental differences between climate change and pandemic 
risks but also striking similarities regarding its causes, consequences and the 
behavioral biases societies suffer (Botzen et  al., 2021). Pandemics are experi-
enced as discrete acute events, climate change is commonly conceived as a long-
term, chronic problem that gets worse over time and that is accompanied by 
acute, discrete events, such as extreme realizations of weather and climate (Field 
et al., 2012; Hoegh- Guldberg et al., 2018). These problems are not independent 
as they share common drivers: anthropogenic perturbation of natural systems 
seem to be imposing an accelerating trend to the emergence and reemergence of 
infectious diseases and increase their transmission (Brooks & Boeger, 2019; 
Morens & Fauci, 2020; Watts et  al., 2020). Despite their differences, we can 
learn valuable lessons from Covid-19 about our response to global challenges 
such as climate change.
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4.3  The Apparent Predictability and Manageability 
of Climate Change

The consequences of climate change on natural and human systems have been stud-
ied for more than 40 years, and although the existence of ontological uncertainty 
(unknown unknows) and the possibility of surprises are recognized, governments 
and societies treat this as problem that can be handled within the boundaries of 
standard approaches and methods, timeframes and relatively small additional 
efforts. A considerable portion of the peer-reviewed estimates suggest this phenom-
enon may have a modest impact on the world’s economy and thus stringent mitiga-
tion actions are not justified (Mendelsohn, 2010; Tol, 2009).

While accounting for the possibility of climate catastrophes, nonlinearities and 
tipping points has shown these estimates to rise, they seem not to tilt the balance 
enough for triggering significantly larger mitigation efforts (Anthoff et al., 2016; 
Colt & Knapp, 2016; Mendelsohn et al., 2016; Nordhaus, 2011; Weitzman, 2009). 
Ethical and distributional concerns between and within regions, long-run conse-
quences and modelling limitations have also been brought forward as reasons to 
support higher levels of concern and action (Estrada et al., 2015a; Stern, 2013; Tol, 
2018). However, leading economic models suggest allowing an increase of 3.5 °C 
in global temperatures at the end of this century could be the optimal climate policy 
(Nordhaus, 2018). It is worth noting that such estimate accounts for the possibility 
of occurrence of climate catastrophes. However, an increasing body of evidence 
suggests that the results of existing economic models may reveal more about the 
limitations of current research methods and oversimplified systems’ representa-
tions, than of the severity of climate change consequences (Botzen et  al., 2020; 
Estrada et al., 2015a, 2017a; Stern, 2013; Van den Bergh & Botzen, 2014; Van den 
Bergh & Botzen, 2015).

4.4  The Corona Crisis as a Harbinger of Climate Risks

Because of the high connectivity of the modern world, the current Covid-19 pan-
demic was not only foreseeable but expected (Contini et al., 2020; Scarpino & Petri, 
2019). Scientists have warned for influenza pandemics before, and earlier virus out-
breaks such as SARS and Swine flu have shown that local outbreaks of a novel virus 
can quickly spread globally. The interconnection of the modern world is made pos-
sible by airplanes and global shipping. The means of global transportation facilitate 
trade, the exchange of ideas and tourism, but also the spreading of diseases.

Because we were warned, the Covid-19 pandemic cannot be considered as a 
‘Black Swan’ type of event. These events are defined by three main conditions: (1) 
being outside the realm of regular expectation and probability theory, (2) they 
produce impacts of historic proportions and; (3) in retrospect they seem predictable 
and explainable and thus their unpredictable nature is incorrectly dismissed 
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(Aven, 2013; Taleb, 2007). Although, given the observed outcomes in terms of 
health and socioeconomic impacts, this event is of historic proportions, current sci-
entific knowledge and historic data indicates that this pandemic violates the first and 
third conditions. A vast amount of scientific literature warned about the occurrence 
of pandemic events (Cheng et al., 2007; Fan et al., 2018; Hill et al., 2017; Poland 
et al., 2007), to the extent such events have even been absorbed by pop-culture for 
decades. However, its global impact has been much larger than expected, changing 
how people live, including their social interactions and the economy. These effects 
are projected to be highly persistent and, in some cases, even permanent, leading to 
the perception that the world has to transit to a “new normality” in which some 
aspects in the post-pandemic life could be fundamentally different in commerce, 
tourism, mobility and a wide range of social interactions (De Vos, 2020).

At the time of writing this text, globally more than 65 million people have been 
confirmed as infected, more than 1.5  million people have died from Covid-19, 
health systems in most countries have faced severe challenges to manage the emer-
gency, there have been considerable shortages of medical supplies and equipment, 
and a significant share of the world’s population is under lockdown or quarantine, 
pushing the economy to an unparalleled standstill. The resulting socioeconomic 
impacts are expected to be unprecedented in recent history and their long-run effects 
are unknown.

Covid-19 illustrates that socioenvironmental problems do not present themselves 
in isolation. Its effects have been painfully amplified by underlying systemic socio-
economic and environmental issues, such as the fragile state of health systems, the 
inadequacy of governmental measures for prevention and control, poverty and 
inequality, environmental degradation, air quality among many more. This initially 
foreseeable problem for which we should have been prepared for, was transformed 
into a much less predictable, manageable and containable situation that involves 
unknow consequences and derivations in the political, social and economic realms 
at the local, regional and global scales. Learning from this experience is of outmost 
importance for facing the global socioenvironmental problems that we know will 
endure this century. One of these challenges is global warming.

4.5  Catastrophes as Cascades of Foreseeable Problems

Climate change represents a much more complicated problem since it is expected to 
affect a wide range of aspects of human and natural systems simultaneously, and 
thus creating highly correlated risks that will be very hard to manage or hedge 
against. The compound risk of climate change and of other environmental and social 
problems that occur simultaneously (e.g., health, air pollution, urban heat island, 
institutional fragility, social inequality and poverty) is hardly quantifiable and pre-
dictable. Moreover, current approaches in natural and social sciences are only start-
ing to be prepared for the study of this type of wide ranging, simultaneous and 
systemic problems.
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Governments and society are much less prepared for facing such problems, in 
part due to knowledge gaps and lack of a more comprehensive representation of 
risk. Dealing with several white and a few black swans at the same time may topple 
otherwise sufficient and adequate governmental and social capacities. Adequate 
impact and risk assessment are necessary for informing decision-making about crit-
ical issues and for developing effective risk management and risk reduction strate-
gies (Dillon et al., 2009; Grossi & Kunreuther, 2005; Pollard et al., 2008). This is 
particularly challenging when it involves the analysis and modelling of complex 
systems and their interactions, which are characterized by fragmented information, 
incomplete knowledge and sometimes by what has been described as “unknown 
unknowns” (Oreskes et  al., 1994; Spiegelhalter & Riesch, 2011; Walker et  al., 
2013). Such is the case of some of the most pressing socioenvironmental problems 
humanity is currently facing and will continue to do so for at least this century.

Catastrophic events are likely to be more frequent in a world in which socioenvi-
ronmental systems are pushed to their limits. Economic development and high lev-
els of socioeconomic connectivity can quickly transform local shocks into global 
issues (Barnosky et al., 2011; Hansen et al., 2011; Lenton et al., 2019; Rockström 
et al., 2009). This has been illustrated by several financial and economic crises over 
the past decades, by terrorism which acts exclusively at local scales but that trans-
lates to global policies, also by environmental issues such as the impact of plastics 
on the global ocean, and of course, pollution and climate change.

One of the attributes defining Black Swans is that it is unpredictable because 
nothing in the past can convincingly point to its possibility (Taleb, 2007), or more 
broadly “nothing in our knowledge can convincingly point to its possibility” (Aven, 
2013). Thus, the existence of a black swan depends on who is experiencing it and in 
their scientific and technical capacities which affect the ability to generate coordi-
nated and coherent governmental and societal response. This also holds for the 
length and darkness of a shadow a single white swan or a flock of them could cast.

Given the high levels of socioeconomic connectivity such events will not be 
contained by political boundaries. As such, global risk reduction strategies should 
include closing the gaps in development, education and technology within and 
between countries. In the case of climate change and other global socioenvironmen-
tal problems, empirical or observational examples that may serve as analogues 
which could help guiding decision-making will be much more scarce or impossible. 
Moreover, the horizon needed to consider for policymaking is much longer than for 
a pandemic such as Covid-19 and the delay between the time actions are imple-
mented and their results are seen may be quite long.

Information for supporting decision-making may also strongly depend on mod-
els with incomplete knowledge, substantial assumptions and high-levels of uncer-
tainty. These characteristics can generate divergent perceptions about the problem 
and the correct way of dealing with it among different actors, as well as ambiguity 
about what is known or knowable. Such characteristics can introduce more com-
plexity for decision-making, higher political costs and difficulties for generating 
coordinated and coherent responses and thus amplify risks and hamper effective 
action and optimal strategies. This has been repeatedly illustrated by the lack of suc-
cess in international climate negotiations.
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4.6  Conclusion

Addressing problems such as climate change and pandemics require global coop-
eration and coordination. Covid-19 provides us with an example of a predictable, 
but rare event for which we should be better prepared next time. In this chapter, I 
have argued that the lessons of the pandemic can be extended to the problem of 
climate change: catastrophic outcomes might result from predictable events and 
processes. It is the complex interaction between predictable events, the “White 
Swans”, that can lead to otherwise unpredictable compound events, the “Black 
Swan”. This pandemic should help us better assess how confident we should be 
about current estimates about the consequences of global socioenvironmental issues.

Luckily for mankind, globalization has not just made the spread of viruses easier, 
but also the means of communication. Information spreads just as well, so that news 
about virus outbreaks, preventive measures and therapies can be coordinated on the 
same global scale. After the onset of the Covid-19 pandemic, medical researchers 
worldwide as well as pharmaceutical companies join forces to come up with a vac-
cine. Whereas the traditional development of vaccines takes at least 10–15 years, 
the current prospects for a Corona vaccine are such that it might be available within 
9 months from the emergence of the virus. That is a more than ten-fold increase in 
speed, spurred on by the seriousness of a worldwide catastrophe. This is a hopeful 
lesson for climate policy.

The world is currently much better equipped with technology, knowledge and 
science than in any previous time in history. This has made and will continue to 
make societies less vulnerable and more able to respond and adapt to environmental 
problems. However, we should also learn that problems that may be predictable and 
manageable in isolation, their interaction with other issues and natural and human 
systems may end up producing unpredictable, very costly and perhaps hardly man-
ageable global issues.
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