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ABSTRACT

Although there is no explicit confirmation that climate change is driving the spread of
COVID-19, we know that it affects how humans interact with other species on the
planet, which has implications on our health and infection risk. Therefore, one thing is
certain — the risk of a pandemic is elevated by some of the core causes of climate
change. This study aims to shed light on the links between climate change and
pandemics. People are especially vulnerable to diseases and other post-catastrophic
impacts. Therefore, the link between climate change and pandemics is significant.
Before going deeper into the nexus between climate change and pandemics, we
overview different Swan events, particularly Black and Climate Black (Green) Swan
events. Then, we look into different interactions between the pandemics and
environmental degradation, air pollution, climate/metrological factors, and
temperature. Even though we still lack quantifiable information on the climate
influence on pandemics, this issue requires interdisciplinary efforts because the
probability of extreme and unusual events cannot be ignored, and understanding the
deeper linkages between climate change and the pandemic is vital.
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1. INTRODUCTION

The outbreak of coronavirus disease (COVID-19) in 2020 has shut down the major
economies (Parameswar et al., 2021), causing the deepest recession since World War
IT (World Bank, 2020) with varying degrees of stock market volatility (Uddin et al.,
2021) and 114 million jobs lost worldwide (ILO, 2021). This event, or the so-called
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unprecedented global phenomenon (Congressional Research Service, 2021), was
labeled a Black Swan (Deloitte, 2020) because it had devastating consequences in
such a short time (Stavrova et al., 2020; Antipova, 2021).

Nassim Nicholas Taleb defined the term Black Swan, which “illustrates a severe
limitation to our learning from observations or experience and the fragility of our
knowledge” (2007, p.20). Events that include rarity, extreme impact, and
retrospective predictability are considered Black Swans. Nonetheless, very soon
after the global shock, in a news, article published by Avishai (2020) in the
NewYorker, Taleb himself clarified that COVID-19 was not a Black Swan since,
according to him, all the signs of a new dangerous pandemic were visible years
before. In general, global pandemics have existed since 3000 B.C. (Halim, 2021),
and it was only a matter of time before Disease X appeared (Huremovié, 2019).

However, in this study, we do not take sides whether the COVID-19 is a Black Swan
or not. Climate change raises the likelihood of pandemics, so this study examines the
links between climate change and pandemics. The current COVID-19 crisis occurs
when the world's population is 7.7 billion people, technology is advanced, and
annual temperature records are on record highs, causing significant environmental
damage (Hani¢ et al., 2021; VishnuRadhan et al., 2021). In this current consumer
society and linear economic model based on the take-make-dispose concept
(Ljumovi¢ et al., 2021), natural resources are overused, creating pressure on the
environment and leading to pollution (especially GHG emissions) and deforestation.
As a result of this excessive abuse of nature, we have climate change that causes
global temperature extremes, heatwaves, floods, and earthquakes. Therefore, while
discussing the present challenges facing our planet, climate change and global
warming will almost certainly come up in almost every scientific discipline (Miti¢
et al., 2020).

The nexus between climate change and pandemics is significant since humans are
highly vulnerable to diseases and other post-catastrophic effects (Khan et al., 2019)
that VishnuRadhan et al. (2021) define as “envirodemics.” But how can we
understand and observe this nexus?

Taleb (2007) observes climate change as a Grey Swan event — an event that is not
entirely impossible because the probability of its occurrence is known in advance.
Mazarr (2016, p. 90) understands Grey Swans as “an unlikely but fully conceivable
risk that lies well within the bounds of experience and has been openly discussed,
but becomes discounted and fails to generate mitigating actions.” In other words,
“a high-impact event that we might expect on the grounds of natural variability but
outside the observational record” (Horsburgh et al., 2021, p.716).
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Aside from this depiction, we can find other metaphors in the literature that describe
the issue of climate change. For instance, author Wucker (2016) uses a Grey Rhino
to explain significant, prominent, and probable risks charging straight at us. Grey
Rhino implies that we are aware of these events and the warning signs, but we
disregard them until they become a surprise with significant effects. The author
coined this metaphor in 2012 in the aftermath of the Greek Financial Crisis.

According to Wucker (2016), there is a five-stage framework for analyzing Grey
Rhino events, and it includes:

— Denial (in COVID-19 case: “It's just the flu”);

— Muddling — we recognize that there is a problem, but there is still no need to
react (in COVID-19 case: “It's far away in China”);

— Diagnosis (in COVID-19 case: “Test, test, and test on COVID-19”);
— Panic (in COVID-19 case: “The virus is there but it's not dangerous”) and

— Action (in COVID-19 case: “Testing, accurate information, transparency,
treating”).

This framework can be used to examine any crisis or incident that we are aware of,
particularly climate change and its impact on the financial system. In that aspect,
Bolton et al. (2020) emphasize the role of central banks, regulators, and supervisors
and the importance of climate-related risk analysis by those institutions. Bolton et
al. (2020) observe the effect of climate on financial stability as Green swans, or
"climate black swans," explaining potentially extremely financially disruptive events
behind the next systemic financial crisis. In this context, this study aims to present
the nexus between climate change and pandemics, considering the effect of Green
Swans since the possibility of extreme values cannot be neglected. We focus on the
theoretical background of this issue because the literature in this field is limited
(Parameswar et al., 2021).

The remainder of this study is structured as follows. The deeper look into swan
events refers to an analysis of Black Swans and other types of metaphors used to
describe the issue of climate change. Then, in the third part, we analyze climate black
swans or green swans, while in the fourth part, we focus on the nexus between
climate change and pandemics. Finally, this study ends with a conclusion.

2. DEEPER LOOK INTO SWAN EVENTS

For an event to be a Black Swan, it needs to meet three criteria (Taleb, 2007, p.20):

— It is an outlier as it lies outside the realm of regular expectations;
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— It carries extreme impact;

— Human nature makes us concoct explanations for its occurrence, after the
fact, making it seem explainable and predictable.

Green (2011) observes Black Swan as “unknown unknowns” or unexpected and
unknowable events. That ultimate uncertainty is an essential feature of Black Swans
since other rare events are often compared to a Black Swan, like the “perfect storm.”
According to Pate-Cornell (2012), these metaphors explain rare events with different
backgrounds and different types of uncertainties since “perfect storm” means a
combination of rare but well-known events, unlike the Black Swan. The
unexpectedness that characterizes a Black Swan includes national and international
emergencies (Castles, 2010).

Some authors like Lindaas & Pettersen (2014) include wunknown knowns into
unknown unknowns, meaning that besides the sphere of knowledge, we involve the
sphere of imagination in analyzing a Black Swan. This statement is consistent with
Aven & Krohn (2014, p.9) since they classify the Black Swan into three types:

— unknown unknowns (completely unknown events);

— events that were not on the list of known events from the perspective of those
who carried out a risk analysis; and

— events on the list of known events in the risk analysis but found to represent
a negligible risk.

Before classifying an event as a Black Swan, it is essential to note that it has to be a
“game-changer” event for those impacted by it (Hajikazemi et al., 2016). One of the
examples often cited in the literature is the Fukushima nuclear disaster that happened
in 2011. A devastating earthquake followed by a tsunami struck northeastern Japan,
causing the meltdown of three reactors at the plant, resulting in one of the biggest
nuclear disasters in history. The highest tsunami wave was 40 m high, while back in
2006, Japanese authorities estimated that in the event of a tsunami, the maximum
wave height would be 6 m (Pate-Cornell, 2012). This event was classified as a Black
Swan because we rarely experience nuclear-core meltdowns (Shrader-Frechette,
2011). In the case of Fukushima, there were no severe injuries reported due to
radioactivity, while 19,500 people lost their lives by the tsunami (Safety of Nuclear
Reactors - World Nuclear Association, 2021). More Black Swan events happened in
the past, of which Table 1 highlights a handful.
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Table 1. Some of Black Swan events in the past

Event Year | Result / Consequence

Black Monday 1987 | -28.5% drop of S&P

Gulf war 1991 | -5,7% drop of S&P

Asian financial crisis 1997 | International stocks tumbled 60%

Dot.com crash 2000 | NASDAQ composite lost 78% of its value

9/11 2001 | -11,6 % drop of S&P and -14% of Dow Jones
Global financial crisis 2008 | Trillion USD wiped out in the global equity markets
Fukushima nuclear 2011 | Radiation levels in food, water, and the ocean have all
disaster increased.

Brexit 2016 | -5,6% drop of S&P

Source: Ross, J. (2020, April 8). Black Swan Events: Short-term Crisis, Long-term
Opportunity. Advisor Channel. https://advisor.visualcapitalist.com/black-swan-events/

Overall, there are three types of Swans: White, Grey, and Black. Besides the
fundamental elements that classify a Black Swan, Ale et al. (2020) emphasize the
importance of knowledge about a particular event because White, Gray, and Black
Swans vary in the context of their influence. Therefore, identifying a particular type
of swan depends on its interpretation (Hani¢, 2021). For instance, a White Swan has
little effect and is specific to an individual or group. However, it can escalate to Grey
(Manning et al., 2020), implying an event that people are aware of but do not take
seriously enough, although its consequences can be devastating. Lin & Emmanuel
(2016, p.1) state that Grey Swan events are “high-consequence events that are
unobserved and unanticipated [that] may nevertheless be predictable (although
perhaps with large uncertainty).” Therefore, Grey Swan occurrences require special
attention because they are obvious risks that are often overlooked and can serve as
warning indications for future Black Swan events. For example, in the
abovementioned case of Fukushima, the climate-induced sea-level rise worsened
tsunami impacts.

The specificity of climate change is that it is unavoidable. The strategy mentioned
by Taleb (2007), the so-called Barbell Strategy, implies to “play safe,” in terms of
investing 85-90% in something safe while the remaining 10-15% in something very
speculative. Barbell Strategy can not be applied in this case because there is no safe
play when dealing with climate change. We can prepare better by analyzing the five
stages regarding how the threat (grey rhino) moves, with what sources we welcome
it, and its potential impact. We should not deny it and muddle it because climate
experience is usually local. Understanding climate change as a single collective
threat is complex and requires coordinated action among governments, financial
institutions, corporate sectors, and individuals.
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3. CLIMATE BLACK SWANS

Sir Nicolas Stern described climate change as the greatest market failure the world
has ever seen. In that aspect, the potentially disruptive impacts on the financial
system are becoming more apparent. As presented in Picture 1, it is evident that the
world witnessed massive financial losses due to climate change, while predictions
suggest that the global economy could lose 10% of its total economic value by 2050
(Swiss Re, 2021).

Picture 1. Estimated global economic loss from natural catastrophic events
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Source: Climate-related risks. (2021b). Financial Stability Board. https://www.fsb.org/work-
of-the-fsb/financial-innovation-and-structural-change/climate-related-risks/

The Economist Intelligence Unit (2019) developed the Climate Change Resilience
Index that forecasts the overall GDP loss of countries due to climate change out to
2050. The Index consists of eight indicators:

1) Loss of land/physical capital due to extreme climate/weather events.
2) Impact on public services, basic needs, and government expenditure.
3) Impact on the agricultural sector (Loss of Crop yields).

4) Loss of Labour productivity.

5) Tourism Loss.

6) Trade Loss.

7) Adaptation Costs.

8) Mitigation Costs.

According to this Index, the impact of climate change will not be equal because the
developing economies will be affected more than the developed ones. Climate
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change will least affect North America and Western Europe, as these regions have
the financial and institutional quality to minimize the impact of climate change, as
presented in Figure 1.

Figure 1. Economic impacts of climate change
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Source: Climate impacts “to cost world $7.9 trillion” by 2050. (2019, November 20).
Physis.Org. https://phys.org/news/2019-11-climate-impacts-world-trillion.html

Two types of climate-related risks affect financial stability:

1. Physical risks — economic costs and financial losses happen due to climate-
related weather changes. According to Woetzel et al. (2021), this type of
risk is rising where the socio-economic impact of climate change will
increase in a nonlinear way between 2 and 20 times by 2050 compared to
today’s level. There are two types of these risks: a) acute - related to extreme
weather events or b) chronic risks with gradual shifts in climate. According
to Campiglio et al. (2019), physical risks decrease the payoffs of equities
and increase the proportion of non-performing loans (NPLs).

2. Transition risks — societal changes that arise due to a transition to a low-
carbon economy and include policy changes, shifts in market preferences
and social norms, and the use of green and digital technologies. Transition
risks make some fossil-fuel-intensive technologies unprofitable. In that
aspect, these types of costs can affect payoffs such as research and
development regarding new and alternative (green) technology.

The physical and transition risks can impact business costs, revenues, and supply

chains. At the same time, they can affect the financial risk (credit, market, liquidity,
insurance, and operational) in five main ways, as presented in the picture below.
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Picture 2: The effect of physical and transition risks on financial risks
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Considering the effects of climate change on financial stability, Bolton et al. (2020)
use the term Green Swan or Climate Black Swan to explain potentially extremely
financially disruptive events behind the next systemic financial crisis. Climate Black
Swans have a basis in climate-related risks where physical and transition risks have
similar characteristics as any other Black Swan event. However, at the same time, a
Green Swan is different from a Black one for several reasons:

— climate change is a certainty, not a rare event since it is already happening,
meaning that physical and transition risks will interact in the future;

— the effect of climate change is more devastating than systemic financial
crises since Green Swan entails a chain reaction of numerous events and
crises (there are estimations that global financial crisis led to a global loss of
more than $2 trillion while global natural disasters, between 1980 and 2018,
resulted in losses of around $5.2 trillion, according to Munich Re, 2020);

— the complexity related to climate change is higher than for Black Swan
events.

Besides this concept based on the effect of climate change on financial stability, in
the book called “Green Swans: The Coming Boom in Regenerative Capitalism,”
Elkington (2020) also uses the term Green Swan, but it considers a system change in
terms of serving people, planet, and prosperity; or applying business practices to
restore and build rather than exploit and destroy. In practice, it is about embracing
innovations to move towards green capitalism. Elkington (2020) defines a Green
Swan as “a profound market shift, generally catalyzed by some combination of Black
or Gray Swan challenges and changing paradigms, values, mindsets, politics,
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policies, technologies, business models and other key factors. A Green Swan delivers
exponential progress in the form of economic, social and environmental wealth
creation”. But Green Swans are extraordinary in terms of progress based on the
positive solutions. In other words, “like a phoenix that has risen out of the ashes left
by Black Swans” (van der Molen, 2020).

4. NEXUS BETWEEN CLIMATE CHANGE AND PANDEMICS

Pandemics occur when viruses find a way to spread swiftly among humans. Either
existing viruses mutate and become more infectious, or humans come in close
contact with a wild animal as a transmitter. The contact occurs due to animal
migration because humans disrupted the natural cycle between animals and their
natural habitat since 32% of the world's forest has been destroyed thus far (Global
Assessment Report on Biodiversity and Ecosystem Services, 2019). The current
global COVID-19 pandemic is possibly a consequence of the anthropogenic
biodiversity crisis (Lorentzen et al., 2020).

At the same time, higher emissions of GHG weaken humans’ immune systems
making them less resistant to the emergence of new viruses and bacteria. To better
understand the nexus between climate change and pandemics, we will analyze it
through 4 clusters identified in the literature review done by Shakil et al. (2020),
which includes:

1) pandemics and environmental degradation,

2) pandemics and air pollution,

3) pandemics and climate/metrological factors and
4) pandemics and temperature.

4.1. Pandemics and environmental degradation

Decomposition, or a severe reduction or deterioration of environmental quality,
occurs due to consumption, use, and contamination of air, water, and land.
Degradation of the environment also refers to damaging the natural environment and
the extinction of plant and animal species.

An increasing population, constant increases in monetary wealth and the use of
technology that depletes and pollutes nature are all elements that might contribute to
a reduction in environmental quality. When a country's natural resources deplete and
the environment suffers due to threats to biodiversity, air, water, and soil pollution,
environmental pollution occurs (Fisher, Hill, & Feinman, 2009).
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Furthermore, environmental degradation is primarily, but not exclusively, caused by
anthropogenic activities that deplete natural resources by using them faster than they
can be replenished. Natural occurrences such as landslides and earthquakes can
disrupt the natural balance and cause environmental degradation. Biodiversity,
natural resources, and habitats can all be harmed by continued environmental
degradation (Miti¢, 2020).

As a result, environmental degradation is a broad term encompassing many issues,
including deforestation, biodiversity loss, desertification, and global warming. In
other words, the long-term harmful effect of environmental degradation is evident,
which may produce destructive effects on human welfare and the economy, thus
leading to increases in social welfare and healthcare expenses (Petrovi¢-Randelovi¢
et al., 2020). So, we can assert that environmental degradation influenced the
acceleration of climate change and its social and economic consequences. In the
literature, this phenomenon is called the Great Acceleration, which implies an
increase in the intensity of human activities with a highly destructive impact on the
environment.

Such an influence led to Earth entering a new geological epoch, which geologists
defined as the Anthropocene or “The Age of Men”. In this new epoch, which began
in the 1950s with the intensive development of industry, man dominates the
environment negatively, resulting in pandemics' increasing occurrence (Hani¢ &
Miti¢, 2020; Chin et al., 2020a). Table 2 lists some of the past outbreaks of infectious
diseases.

Besides health, pandemics shape human civilization's economic, political, and social
aspects (Huremovi¢, 2019). In the case of COVID-19, the first months of global
lockdown caused a change of behavior, emphasizing the importance of considering
the current social, moral, and environmental patterns and their order (Hani¢ and
Miti¢, 2020; Videnovi¢ et al., 2021). At the same time, there was a reduction in
environmental noise and GHG emissions across the globe, leading to a short-term
cooling of our planet (Forster et al., 2020). As a result, global CO, emissions in 2020
were reduced by 5.4% (Emissions Gap Report, 2021), as presented in Picture 3,
while in countries like China, Italy, France, Spain, and the USA, there was a 20-30%
reduction in NO; emission (Bhat et al., 2020).
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Table 2 The outbreaks of infectious diseases throughout the history

Year Name Deaths Comments
430 BCE | “Plague of Athens” ~100,000 First identified trans-
regional pandemic
541 Justinian plague 30-50 million | Pandemic; killed half of
(Yersinia pestis) world population
The 1340s | “Black Death” ~50 million Pandemic; killed at least a
(Yersinia pestis) quarter of world population
1494 Syphilis >50,000 Pandemic brought to
(Treponema pallidum) Europe from the Americas
c. 1500 Tuberculosis High millions | Ancient disease; became
pandemic in Middle Ages
1793- “The American plague” | ~25,000 Yellow fever in colonial
1798 America
1918 “Spanish” influenza ~50 million Led to additional
pandemics in 1957, 1968,
2009
1976- Ebola 15,258 First recognized in 1976; 29
2020 regional epidemics to 2020
1981 Acute hemorrhagic rare deaths First recognized in 1969;
conjunctivitis pandemic in 1981
1981 HIV/AIDS ~37 million First recognized 1981;
ongoing pandemic
2002 SARS 813 Near-pandemic
2009 HINI1 “swine flu” 284,000 5th influenza pandemic of
the century
2015 Zika ~1,0007= Pandemic, mosquito-borne

Source: Morens and Fauci (2020).

Apart from the positive effect on the environment, due to the reduction of COs,
measured by the Social Cost of Carbon (SCC), the global economy benefitted 648
billion USD for the first half of 2020 (Syed and Ullah, 2021). In general, SCC is
used to estimate in USD the economic damage resulting from emitting one ton of
carbon dioxide into the atmosphere.
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Picture 3: Global fossil CO; emissions
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Nevertheless, as the economy is returning to business as usual, the destruction of the
environment will probably return to the pre-pandemic state. According to Adler
(2021), in 2021, emissions were just 0.8% below the record of 36.7 billion mt in
2019, and nearly a 5% rise from 2020's level. Moreover, projections say the most
robust growth will be in the case of the biggest polluters (Picture 4). At the same
time, the COVID 19 pandemic resulted in a considerable amount of medical waste
(masks, glows, plastic visors), causing the degradation to continue.

Picture 4: Pandemic rebound in emissions
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4.2. Pandemics and air pollution

Air pollution is a significant environmental problem humans face. Many air
pollutants have common characteristics, and in that interaction, they affect
ecosystems. One such example is the forest, where this interaction changes the soil
processes, tree growth, composition, and distribution (Bytnerowicz et al., 2007). As
a result, erosion occurs because of deforestation, landslides, and organic matter
reduction.

Air pollution happens when dangerous or excessive volumes of gases, particles, and
biological molecules are released into the atmosphere. Air pollution can result in
various illnesses, allergies, and even death. Industry, energy, transportation, and
agricultural activities are the primary sources of air pollution. Furthermore, some
domestic activities, such as heating, can result in significant air pollution.
However, this is primarily a concern in impoverished and undeveloped nations
(Koji¢ et al., 2021).

One of the primary air pollutants is CO,, which generates the greenhouse effect and
makes the Earth warmer, leading to global warming and climate change. All living
things emit CO, during respiration; however, it is considered life-threatening if it is
emitted in large amounts. Other gases contribute significantly to air pollution, such
as chlorofluorocarbons, methane, sulfur oxides, nitrogen oxides, and particulate
matter.

Particulate matter are fine solid or liquid particles suspended in a gas. Particles that
can reach the tiniest alveoli in the lungs are especially significant. The diameter of
these particles is less than 10 pm. The EPA divides these particles into two
categories: PMjo and PM,s (EPA, 2018). Volcanic eruptions, dust storms, and
wildfires can naturally produce these particles. Nevertheless, particulate matter is
predominantly produced by human activities such as the combustion of fossil fuels
in vehicles, power plants, and numerous industrial processes (Miti¢, 2020).

Increased PM levels have been linked to health problems such as heart disease,
deteriorated lung function, and lung cancer. The particles are linked to respiratory
illnesses, and they can be especially dangerous for people who already have asthma
or other chronic respiratory problems.

According to Malo (2018), air pollution affects global life expectancy by an average
of 1.8 years per person, making it the world's leading cause of death. PM from
polluted air shortens life more than smoking, drinking and drug usage, wars, and
HIV/AIDS.
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One of the major problems is the air pollution in urban areas, especially in big and
capital cities. In the literature, it is called urban air contamination. In general, 54%
of the world's population lives in urban areas, and by 2050 that number will probably
increase to 66% (World urbanization prospects: the 2014 revision, 2015). Air quality
in cities results from a complex interaction between natural and anthropogenic
environmental conditions (Mayer, 1999). According to the WHO (2016), ambient
air pollution caused 4,2 million deaths worldwide. The link between pandemics and
air pollution was not apparent at first, but research shows that air pollution intensifies
the mortality rate (Karan et al., 2020). Exposure to polluted air may weaken
immunity and worsen the health consequences, which increases the risk of death.
For instance, Travaglio et al. (2021) explored potential links between major fossil
fuel-related air pollutants and COVID-19 mortality in England. The authors found
statistically significant evidence that a slight increase in air pollution leads to a
significant increase in the COVID-19 infectivity and mortality rate. Wu et al. (2020)
came to similar conclusions regarding an association between long-term exposure to
air pollution and higher COVID-19 mortality rates.

4.3. Pandemics and climate/metrological factors

The world has witnessed the five warmest years since 2015, while nine of the 10
warmest years have occurred since 2005 (Assessing the Global Climate in 2019,
2020). According to Wang et al. (2020), the transmission of viruses can be affected
by climate conditions, population density, and medical care quality (Picture 5).

Picture 5: The effect of meteorological and air quality factors on respiratory
viral infections
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This question has been the subject of several research studies like Ahmadi et al.
(2021), who investigated the relationship between the geographical features of Iran
and the transmission of COVID-19. The result showed that wind speed values,
humidity, and exposure to solar radiation affect the virus’s survival.

Damette et al. (2020) came to a similar conclusion, which reassessed the impact of
weather factors on COVID-19 daily cases in a panel of advanced and emerging
countries between 1% January and 28" May 2020. The authors used a dynamic panel
model to capture the impact of climate on social distancing and thus on COVID-19
outcomes. The model in question included direct/physical factors related to the
virus's survival and durability dynamics on surfaces and outdoors, and an indirect
factor through human behaviors and individual mobility (walking or driving
outdoors). The findings show that temperatures and solar radiation are critical
climatic drivers in the COVID-19 outbreak. In addition, human behavior
interrelationships between climatic variables and people mobility are significantly
positive and should be taken into account when assessing the effects of climatic
factors.

4.4. Pandemics and temperature

Global warming increases the average temperature of the Earth's atmosphere and its
oceans. In other words, it is a long-term increase in the average temperature of the
entire Earth's climate system. In the modern context, the terms “global warming”
and “climate change” are frequently interchanged (Shaftel, 2021). However, climate
change is a more encompassing word that includes global warming and its
consequences, such as melting glaciers, heavier rainstorms, and more frequent
droughts. Global warming is one of the symptoms of a much more severe problem:
human-caused climate change (Kennedy and Lindsey, 2021).

Several issues stand out when looking into the causes of global warming. Forests
generate the oxygen required for life on Earth and absorb a considerable quantity of
damaging carbon from the atmosphere, so deforestation is a significant problem.
Deforestation increases carbon emissions, which contributes directly to rising global
temperatures. Another aspect is the greenhouse effect, which occurs when
greenhouse gases (GHGs) reflect the Earth's radiation and prevent it from exiting the
atmosphere. The Earth would be too cold to support life if greenhouse gases were
not present.

On the other hand, human activities artificially contribute significant amounts of

these gases into the atmosphere, resulting in rising temperatures. As previously
stated, CO, emitted by burning fossil fuels such as oil, coal, and natural gas, is the
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most critical gas that human activities emit into the atmosphere. In addition, rearing
livestock and other animals releases methane into the atmosphere. Mining, for
example, is a part of the extraction of fossil fuels since it releases stored carbon from
the Earth into the atmosphere, contributing to rising temperatures (Miti¢, 2020).

Furthermore, after examining the causes of global warming, it is necessary to
establish its most significant repercussions, including increasing glacier melting,
rising sea levels, desertification, hurricanes and cyclones, and disease transmission.
(Stern, 2007).

Therefore, climate factors affect the geographical and seasonal occurrence of
infectious diseases (Wu et al., 2016), while weather conditions affect the time and
intensity of disease outbreaks (Wu et al., 2013), including pandemics. One of the
factors that also significantly impact infectious diseases is temperature. According
to Sloan et al. (2011), the temperature is the primary predictor of the geographical
distribution of disease rates at different times of the year. The picture below shows
that global average temperatures will increase between 1.5 and 5 °C by 2050.

Picture 6: Global average temperatures rise by 2050
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Source: Woetzel et al. (2021)

In the case of COVID-19, there was a debate whether the number of patients would
be lower during the summer. In research done by To et al. (2021), on a sample of
over 77,700 COVID-19 cases from four Canadian provinces, authors conclude that
higher temperatures do not reduce the transmission of COVID-19. At the same time,
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Chin et al. (2020) note that the virus is highly stable at 4 °C, but sensitive to heat,
while Xie and Zhu (2020) conclude that the relationship between mean temperature
and COVID-19 confirmed cases was approximately linear in the range of <3 °C and
became flat above 3 °C. In practice, results are mixed, and the debate is still ongoing.

5. CONCLUSION

The COVID-19 pandemic has led to global economic disruption. Although the world
is currently slowly recovering and returning to its pre-pandemic state, the
consequences of this pandemic will be present for a long time, especially in the
context of the socio-economic paradigm. In response to the initial shock that
followed the spread of the virus from China, the world’s reaction to it was an event
known in the literature as the Black Swan. Taleb developed this metaphor to explain
how limited human knowledge is. Historically, the event is related to Australia when
the black swan was first recorded in 1697. Until then, there was a firm belief that all
swans are white and that this is the undeniable truth.

The specificity of this pandemic is that many, including Taleb himself, refuse to call
it the Black Swan but rather observe it as a White Swan since pandemics happen all
the time. For this specific one, however, we were not prepared. Some authors give
this pandemic the prefix of a perfect storm, another metaphor used to describe a rare
but predictable event. On the other hand, authors like Michele Wucker view the
COVID-19 pandemic as a Gray Rhino, with significant, noticeable, and probable
risks approaching us, but we refuse to act. Gray Rhino is precisely how people's
attitudes toward the severe problems of climate change are viewed. Climate change
is already changing economic trends and traditional economic models, requiring the
application of a new approach that would begin to view the environment and the
concept of sustainability as a starting point and not as a goal to be pursued in the
future. Such an approach is advocated by one of the leading experts in understanding
social responsibility and sustainable development, John Elkington, which defines the
Green Swan metaphor. Elkington observes Green Swan as a new way of making
capitalism green.

However, given that climate change has a powerful effect on socio-economic trends,
some authors advocate the impact of climate change on central banks' financial flows
and activities worldwide, viewing it as climate Black Swan. The COVID-19
pandemic is just one of the consequences of the current unsustainable attitude of the
human population towards the environment, as there has been an interaction between
humans and animals that would not otherwise exist if their natural habitats had not
been disturbed. Therefore, understanding the nexus between climate change and the
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pandemic is essential for analysis because the possibility of extreme and rare events
cannot be neglected.
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