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Abstract

This study reviews the Anthropocene epoch, a period marked by human influence on Earth's systems. It analyzes key climate 
science findings, physical impacts, and associated investment areas. Drawing from literature review and descriptive analysis, 
the paper examines the Anthropocene's rapid warming, extreme weather events, and selected socio-economic impacts. Part I 
defines the Anthropocene, highlighting its divergence from the Holocene due to the "Great Acceleration" of human activities. 
Part II explores climate trends, including melting ice caps, sea-level rise, and tipping points such as the weakening of the AMOC. 
Part III addresses the physical impacts of climate change, such as the frequency of heatwaves, droughts, urban heat islands, 
and severe wildfires, emphasizing regional vulnerabilities. Part IV discusses economic losses, with natural catastrophes in 
2023 causing $108 billion in insured damages globally. In Part V the study discusses climate adaptation and the derived need 
for resilient infrastructure, more advanced climate analytics, and sustainable financial instruments.
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AMOC: Atlantic Meridional Overturning Circulation; 
IUGS: International Union of Geological Sciences; IPCC: 
Intergovernmental Panel on Climate Change; UHIs: Urban 
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Introduction

Humanity has emerged as the most significant force 
shaping Earth’s systems, ushering in a new geological epoch: 
the Anthropocene. This era represents a stark departure from 
the Holocene, the relatively stable epoch that began 11,700 
years ago and provided the conditions for agriculture, the rise 
of cities and human civilization. The Anthropocene is defined 
by population growth, industrialization and urbanization 
as well as fossil fuel combustion and deforestation. But the 
period also encapsulates a paradigm shift in understanding 
humanity’s relationship with the planet, as changes are now 
occurring more rapidly in Earth’s climate, ecosystems, and 
land surface areas. Humans have become geological agents, 

altering Earth’s environment; the “Great Acceleration” since 
the mid-20th century-has propelled GHG concentrations to 
levels not seen for 2 million years.

The Anthropocene is a multidimensional crisis 
intertwining ecological, climatic, and socio-economic 
dimensions. Biodiversity loss is accelerating, with many 
species facing extinction due to habitat loss, climate change, 
and human pressures. The weakening of systems like the 
Atlantic Meridional Overturning Circulation (AMOC) and 
permafrost release of methane signals tipping points that 
could irreversibly alter global climate patterns. Melting ice 
caps and rising sea levels place coastal communities at risk 
board. While intensifying droughts, wildfires, and heatwaves 
jeopardize food security, human health, and economic 
stability.

Rationale and Relevance

The rationale for this paper is to present a comprehensive 
overview of recent climate science findings and the physical 
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impacts of the Anthropocene, offering factual information 
while discussing the broader implications. By synthesizing 
diverse studies, the paper aims to provide researchers with 
an accessible and multidisciplinary understanding of climate 
trends and physical impacts. 

The relevance lies in its dual purpose: offering a 
consolidated reference for recent advancements in climate 
science and identifying emerging research needs, particularly 
concerning underexplored areas such as cascading impacts, 
adaptation strategies, and the socio-economic consequences 
of climate change. This study serves as a foundation for 
guiding future research and needed investments and policy 
initiatives.

Research Objectives	

The paper has the following research objectives: 
•	 Examine the onset of the Anthropocene epoch by 

analyzing the extent of human influence on Earth’s 
climate and geological systems since the mid-20th 
century.

•	 Assess the current and projected impacts of climate 
change on global temperatures, extreme weather events, 
and sea-level rise, with a focus on the acceleration of 
these phenomena in recent decades.

Research Questions

•	 How has the Anthropocene, characterized by human-
driven climate impacts, reshaped global environmental 
systems and their interactions with natural and human 
communities?

•	 What are the critical investment needs in climate 
adaptation in the Anthropocene, particularly in 
addressing extreme weather events, and the socio-
economic impacts of sea-level rise?

Research Methodology

This paper’s methods are first a literature review, 
synthesizing existing journal articles, reports and, 
newspaper articles to provide an updated factual base 
for its analysis. Through this review, the paper integrates 
diverse perspectives on the Anthropocene and its impacts, 

drawing from interdisciplinary sources [1]. Also, qualitative 
descriptive analysis is used to assess and present the physical 
impacts such as climate extreme events, tipping points and 
socio-economic consequences [2]. The aim is to translate 
complex scientific findings into insights, and to broaden 
the scientific discussion to engage non-scientific audiences 
such as policymakers, institutional investors, and business 
decision-makers. 

The next section explores the scientific, geological, and 
temporal aspects distinguishing the Anthropocene from 
previous epochs [3]. 

Definitions

The word Anthropocene is derived from the Greek words 
anthropo, for “man,” and cene for “new,” as was popularized 
by scientist Paul Crutzen in 2000. Scientists long debated 
whether the Anthropocene is distinct from the Holocene, and 
the term has not been formally adopted by the International 
Union of Geological Sciences (IUGS), which is the global 
authority on naming epochs. 

The proposed starting point is 1950, coinciding with the 
“Great Acceleration,” an unprecedented surge in population 
growth, industrial activity, and resource exploitation [4]. 
The 1950-present era has seen a dramatic increase in 
GHG concentrations, synthetic materials like plastics, and 
radioactive markers from nuclear testing-clear indicators 
of human influence embedded in the layers of the planet or 
stratigraphy [5].

The term has been widely used to describe the 
significant impact of human activities on Earth’s systems, 
and a long debate has been ongoing on whether to formally 
recognize the era as an epoch [6]. However, as of March 
2024, the International Union of Geological Sciences (IUGS) 
has rejected the proposal to formalize the Anthropocene as 
a distinct epoch in the Geological Time Scale. This decision 
was based on factors such as the recency of proposed 
markers and the lack of a clear, globally synchronous signal 
in the geological record. Consequently, the Holocene Epoch 
remains the current epoch in Earth’s geological timeline [7] 
(Table 1).

Key Concept Description
Origin of the Term From Greek anthropo (man) and cene (new), popularized by Paul Crutzen in 2000.

Debate on Distinction and Date 
Start

Scientists debate if it is distinct from the Holocene; not adopted by IUGS. Starts in 1950 
with the “Great Acceleration” of human activity.

Indicators Includes greenhouse gases, plastics, and nuclear markers in Earth’s layers.
Formal Recognition & Significance Emphasizes humanity’s impact on Earth’s systems and geological layers.

Table 1: Defining the Anthropocene.
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Building on the definition, the paper now examines the 
scientific consensus on climate change. 

The Scientific Consensus: Climate Change is 
Accelerating 

The scientific consensus, as articulated by the 
Intergovernmental Panel on Climate Change (IPCC), is 
unequivocal: climate change is real, anthropogenic, and 
accelerating. Eighteen of the nineteen warmest years on 
record have occurred since 2000, highlighting accelerated 
global warming [8]. 

Recent data indicates that the ten warmest years on 
record have all occurred since 2010. Notably, 2023 was the 
warmest year globally, surpassing previous records [9]. 

Global temperatures have risen by approximately 1.3°C 
above pre-industrial levels, and the 2024 UNEP Emissions 
Gap Report indicate that, without immediate climate action, 
warming could reach or exceed 3°C by the end of the century 
[10]. In 2023, 92% of record warming was attributable to 
human activities, underscoring the urgency of addressing 
climate change through mitigation and adaptation [11]. 
The warming rate has increased to 0.26°C per decade, 
highlighting the urgency for action to mitigate these impacts 
[12] in order to break the trend of the famous keeling curve 
(Figure 1). 

Figure 1: The Keeling Curve of Daily CO2 Levels from 
1960-2020 [13].

 

Key Findings from the IPCC AR6 Synthesis 
Report (2023)

Authors at the IPCC stated in a major report that global 
warming was occurring at an unprecedented rate, with 
human influence contributing to climate change at a faster 
rate than in the past 2,000 years [14]. The panel highlighted 

that in 2019, CO2 concentrations were the highest in at least 2 
million years, and methane and nitrous oxide concentrations 
were the highest in the last 800,000 years. 

Climate change is widespread, rapid, and intensifying. 
The IPCC’s AR6 Synthesis Report, released in March 2023, 
provides a comprehensive assessment of climate change 
science, emphasizing the urgency of immediate and sustained 
climate action. The report underscores the unequivocal 
evidence of human influence, the projected consequences of 
continued warming, and the irreversible impacts of certain 
trends. 

•	 Human Influence on Climate and Projected Warming
Human activities, particularly the emission of greenhouse 

gases, have unequivocally caused global warming. Between 
2011 and 2020, global surface temperatures increased by 
1.1°C above pre-industrial levels (1850–1900), primarily due 
to human-induced emissions. These emissions drive rapid 
changes in the climate, including more frequent heatwaves, 
heavy rainfall, and droughts.

The 2023 IPCC report highlights that human-induced 
climate change has affected every inhabited region globally, 
with observable changes in the atmosphere, oceans, 
cryosphere, and biosphere. Scientists have detected shifts in 
weather and climate extremes, attributing them directly to 
anthropogenic factors.

Without immediate and deep emissions reductions, 
global temperatures are projected to exceed the 1.5°C 
threshold within the current or next decade. Current policies 
and actions put the world on track for a warming range 
of 2.2°C to 3.5°C by 2100, depending on the trajectory of 
emissions. Every increment of warming magnifies the risks 
to ecosystems, human health, and infrastructure. 

•	 Irreversible Impacts
The IPCC report confirms that some changes to the 

climate system are already irreversible over centuries to 
millennia. Global mean sea level rise, primarily driven by 
the melting of ice sheets and thermal expansion of the 
oceans, is one such irreversible impact. Even under the most 
optimistic scenarios of emissions reductions, sea levels are 
likely to continue to rise for centuries, threatening coastal 
communities and ecosystems and the paper will discuss 
more recent projections below. Additionally, the loss of 
biodiversity, driven by climate change and other human 
activities, is accelerating. Entire ecosystems, such as coral 
reefs, are at high risk of collapse as warming continues. 
However, the report provide some hope: strong and sustained 
emissions reductions can significantly reduce the extent of 
irreversible changes.

The IPCC AR6 Synthesis Report concludes that while 
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some impacts are unavoidable, immediate action can 
stabilize global temperatures within two to three decades. 
These actions offer a critical opportunity to minimize future 
harm and protect vulnerable communities and ecosystems 
worldwide [15]. In the words of UN Secretary-General 
António Guterres, the recent science of climate change is “a 
code red for humanity. The alarm bells are deafening, and the 
evidence is irrefutable [16].” 

The IPCC researchers also warned that climate change 
was intensifying the water cycle, leading to more intense 
rainfall and flooding, and more intense droughts in many 
regions. The paper will now turn to the recent facts and 
trends on methane emissions.

 
Methane Levels Rise Sharply

The trajectory of climate change can be likened to an 
escalating ascent, moving further away from the stable 
pre-industrial baseline. A less-recognized but formidable 
climber’s foe, methane is over 25 times more potent in global 
warming potential than CO2. Its saving grace is its shorter 
stay-12 years in the atmosphere compared to CO2’s century-
long residence. Nevertheless, its rapid rise demands urgent 
attention (Figure 2).

Figure 2: Methane Levels from 1983-2024 [17].
 

•	 Methane Emissions and their Drivers: Challenges in 
Decarbonizing Food and Agriculture
Methane emissions are a critical challenge in efforts to 

decarbonize the food and agriculture sectors. Significant 
sources include rice cultivation, livestock production, 
deforestation for agricultural expansion, and methane 
leakage from increased natural gas production and 
consumption. Additionally, global population growth 
contributes to elevated methane levels through increased 

solid waste and wastewater production.

A major driver of methane emissions is fermentation 
in ruminant animals, particularly cattle. The digestive 
processes of ruminent animals release substantial quantities 
of methane into the atmosphere. Reducing livestock 
production is often suggested as a mitigation strategy, but 
this approach faces significant challenges. Dietary protein 
must be sourced elsewhere, and cultural practices related 
to meat consumption are deeply entrenched.

Addressing methane emissions is complex and requires 
multifaceted solutions. While dietary changes, such as 
reducing meat consumption, are part of the equation, these 
measures must be supported by advancements in agricultural 
practices use of methane-reducing additives to their feed and 
methane capture technologies.

•	 Stored Methane Hydrates in Siberia and in the Arctic 
Is Now Slipping into the Atmosphere 
Arctic warming can result in increased methane emissions 

released from the thawed underground storage in the tundra. 
Permafrost degrades as it warms, so scientific crews in the 
field are now recording large releases of methane from these 
sources [18]. 

Arctic methane is now also being released from the 
oceans in the permafrost regions of the Arctic due to rising 
temperatures [19]. Scientists have found evidence that 
frozen methane deposits in the Arctic Ocean have begun to 
be released over a large area of the continental slope off the 
coast of East Siberia. High levels of the potent greenhouse 
gas have been detected down to a depth of 350 meters, 
prompting concern among researchers that the discovery 
could have “serious climate consequences.” Sediments in the 
Arctic contain a huge amount of frozen methane and other 
gases-known as hydrates. 

Hydrates are crystalline structures where methane 
molecules are trapped within water ice. These compounds 
form under high-pressure and low-temperature conditions, 
commonly found in Arctic deep-sea sediments. Hydrates 
represent a significant store of methane, with estimates 
suggesting that global methane hydrate reserves exceed the 
total known reserves of conventional fossil fuels. However, 
warming temperatures in the Arctic are destabilizing these 
deposits. Causing methane to escape into the atmosphere. 
Their release may create a feedback loop of escalating 
climate impacts (Table 2).
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Key Concept Important Facts

Human Influence and Projected 
Warming

Human activities caused a 1.1°C temperature rise (2011–2020) above pre-industrial 
levels. Without rapid emissions cuts, warming could exceed 1.5°C by 2030 and reach 
2.2°C–3.5°C by 2100. CO₂ concentrations are at their highest in 2 million years, with 

methane and nitrous oxide at 800,000-year highs.

Irreversible Impacts
Sea-level rise, primarily driven by ice sheet melt and ocean expansion, is irreversible 
over centuries. Coral reefs and ecosystems face collapse due to warming, with strong 

emissions reductions needed to limit the extent of irreversible changes.

Methane Emissions and Arctic 
Methane Release

Methane, 25 times more potent than CO₂, is rising due to livestock, agriculture, waste, 
and Arctic permafrost thaw. Destabilizing Arctic methane hydrates release potent 

greenhouse gases, accelerating warming and compounding global climate impacts.

Table 2: Key Elements of Climate Change in the Anthropocene’s.

The focus now shifts to the impacts associated with 
higher temperatures on land.

Heat Waves are Becoming More Frequent 
Across the World

Droughts are now occurring more frequently in the 
Mediterranean region, southern and central Europe, Central 
America, North America, southern Africa, and northeastern 
Brazil [20]. Researchers have documented how extreme 
events have become more dangerous-heat waves are longer 
and hotter, rainfall is heavier, and droughts are longer [21]. 

In recent years, South Asia has experienced severe 
heatwaves, affecting countries like India, Pakistan, and 
Thailand. In 2022, India and Pakistan endured one of their 
most intense heatwaves, with temperatures soaring above 
45°C (113°F). This extreme heat led to widespread health 
issues, including heatstroke and dehydration, and impacted 
agriculture by reducing crop yields. The World Weather 
Attribution initiative found that climate change made this 
heatwave approximately 30 times more likely. 

The following year, in April 2023, a record-breaking 
heat wave swept across Asia, affecting countries such 
as India, Bangladesh, Laos, and Thailand [22]. Several 
regional temperature records were set, with Thailand and 
Laos experiencing unprecedented highs [23]. This heat 
wave resulted in numerous fatalities and hospitalizations, 
underscoring the health risks of extreme heat in the region 
[24].

Urban Heat Islands Put Older Citizens at Risk 

As temperatures rise, heat waves lead to more urban 
heat islands. An urban heat island is a city area that is much 
warmer than the rural areas surrounding the city. Urban heat 
islands can occur in both winter and summer, but they often 
coincide with heat waves. A major contributor to heat islands 

is concrete at the street level and in building structures, 
which makes it difficult for heat to escape. 

Researchers have found that cooler northern European 
cities seem to be more vulnerable to heat waves, while 
southern European cities seem to be better adapted. Other 
researchers have found that people over the age of 65 are 
more likely to die from cardiovascular problems related to 
heat stress at high temperatures, where mortality increases 
by 20 to 35% [25,26].

This phenomenon particularly impacts vulnerable 
populations (Figure 3).

Figure 3: Visual of the Urban Heat Island Phenomena.
 
Older adults are especially vulnerable to negative health 

consequences resulting from heat exposure, due to a lack 
of physiological, social, cognitive, and behavioral resources 
[27]. 

In Europe, cities like Paris have been identified as having a 
higher likelihood of excess deaths due to rising temperatures, 
with a risk 1.6 times higher than other European cities [28]. 
Similarly, London’s urban center has been found to be 4.5°C 
hotter than its rural surroundings, ranking it among the most 
extreme urban heat island “hot spots” globally [29]. 
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To mitigate the impacts of urban heat islands, increasing 
urban green spaces has been shown to be effective. For 
instance, increasing tree coverage to 30% in European cities 
could reduce deaths linked to the urban heat island effect. 
Also, the implementation of cool pavements and reflective 
surfaces can help lower urban temperatures [30]. 

Water Stress and the Lessons from Cape Town’s 
Day Zero

Water is often referred to as the carrier of climate 
change, and extended periods with low or no rainfall is 
leading to droughts which are discussed next. The increasing 
frequency and severity of drought and water stress highlight 
the challenges posed by the Anthropocene. 

In 2018, South Africa’s second largest city Cape Town 
suffered a long drought that made global headlines as a 
multi-year drought depleted the city's water reservoirs, 
impacting millions of people [31]. The Cape Town “Day Zero” 
event in early 2018 was caused by an exceptional 3-year 
rainfall deficit, with consecutive dry winters (2015–2017) in 
southwestern South Africa [32,33]. 

Researchers at the National Academy of Sciences found 
that extreme droughts like the 2018 floods in Cape Town 
could become the norm by the end of the century. In a high-
emissions scenario, Sub Saharan Africa could experience 
devastating droughts two or three times a decade [34]. Even 
under a medium emissions scenario, the risk of longer and 
more extreme droughts will increase [35].

Arid and semi-arid regions, collectively known as 
drylands, cover approximately 41% of the Earth’s land 
surface. These areas are home to about 2.1 billion people, 
accounting for 35% of the global population. Additionally, 
more than 90% of the inhabitants in these drylands are 
in developing countries, with 70% residing in rural areas. 
Surprisingly, about half of the world’s poorest people 
live in these arid and semi-arid regions. These areas 
are characterized by extremely low rainfall, leading to 
limited water availability and challenging environmental 
conditions. Drought mitigation in arid and semi-arid 
regions should be a key scientific priority for the remainder 
of the century.

Handling More Prolonged Droughts

Other parts of the world with similar climates to South 
Africa-including California, southern Australia, southern 
Europe, and parts of South America-are experiencing 
enhanced drought. Prolonged droughts are already 
occurring; in the last 20 years alone, countries around the 
Mediterranean in southern Europe have experienced 10 of 

the 12 driest winters since 1902 [36]. In the Mediterranean 
region, droughts and very warm summers have already 
become a reality, and they have become severe and even 
life-threatening already. Moreover, heatwaves have started 
earlier. In April 2023, the Spanish city of Malaga saw 
temperatures +10 degrees Celsius higher than average [37]. 

 
Droughts and their consequences demand urgent 

attention to adaptation strategies, drought preparedness, and 
sustainable water management investments. The situation in 
regions like Southern Europe underscores the critical need 
for proactive measures to address prolonged droughts and 
rising temperatures. Heatwaves, earlier and more intense 
than before, threaten livelihoods, disrupt tourism, and strain 
water resources. 

Because of droughts, we may see climate refugees and 
permanent migration from developing countries into OECD 
countries, as 90% of people in arid and semi-arid regions 
live in developing countries and are highly dependent on 
agriculture. 

Consequently, there is a need to accelerate research into 
climate-resilient crops to improve their livelihoods during 
successive years of drought [38]. Investing in innovative 
water solutions, enhancing climate resilience in agriculture, 
and strengthening infrastructure for water conservation 
can help communities adapt and mitigate the long-term 
socioeconomic impacts of drought. 

 
Climate-resilient infrastructure, improved water 

management, desalination and rainwater harvesting, will be 
essential to mitigate these impacts. Accelerating research into 
drought-resistant crops and sustainable irrigation methods 
can also help communities adapt to a future where water 
scarcity becomes a persistent challenge. The discussion now 
shifts to recent wildfires around the globe.

Wildfires are Breaking Local Records

In 2024, Brazil’s Amazon rainforest suffered devastating 
wildfires, with an area equivalent to the size of Switzerland 
being destroyed-a 846% increase from the previous year. 
The wildfires are linked to severe drought conditions 
exacerbated by human-induced climate change and the El 
Niño phenomenon [39].  

Over the past five years, several regions worldwide 
have experienced some of the largest and most devastating 
wildfires, measured in square kilometers (km²). Notable 
instances include: 
Australia (2019–2020): The 2019–2020 Australian bushfire 
season, known as the “Black Summer,” was unprecedented 
in scale and intensity. Approximately 186,000 square 
kilometers (18.6 million hectares) burned across various 
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states, with New South Wales and Victoria being the hardest 
hit. This disaster resulted in significant wildlife mortality.
United States–California (2020): California faced its 
largest wildfire season in 2020, with the August wildfire 
becoming the state’s largest recorded wildfire. This complex 
fire burned over 4,170 square kilometers (1,030,000 acres) 
across multiple counties. The fire was a combination of 38 
separate fires ignited by lightning strikes.
Russia–Siberia (2021): In 2021, Siberia experienced 
extensive wildfires, particularly in the Sakha Republic 
(Yakutia). The fires consumed over 170,000 square 
kilometers (17 million hectares), making it one of the largest 
wildfire events in recent history. The vast boreal forests and 
peatlands contributed to the fires’ rapid spread, releasing 
significant amounts of carbon dioxide into the atmosphere.
Pantanal Wetlands (2020): Also, the Pantanal region, the 
world’s largest tropical wetland, experienced severe fires 
in 2020. By September 2020, approximately 23,500 square 
kilometers (2.35 million hectares) had burned, accounting 
for about 12% of the Pantanal. The fires had devastating 
effects on the region’s biodiversity and local communities.

2023 Canadian Wildfires: The 2023 wildfire season was 
unprecedented, with over 6,000 fires burning approximately 
18.5 million hectares (185,000 square kilometers) across all 
13 provinces and territories [41]. This surpassed previous 
records, making it the largest wildfire season in Canada’s 
history. The fires led to the evacuation of tens of thousands of 
residents and caused widespread air quality issues, affecting 
regions as far as the United States and Europe.

These events underscore the increasing frequency and 
intensity of wildfires globally, often linked to climate change, 
land-use practices, and extreme weather conditions. The 
widespread loss of ecosystems, loss of biodiversity, and 
adverse impacts on human health and livelihoods highlight 
the urgent need for comprehensive wildfire management 
and climate mitigation strategies.

Table 3 sums up the discussion on climate impacts 
related to heatwaves, droughts and water stress.

Climate Impact Description

Heatwaves Increasing in frequency and intensity globally, causing health risks (e.g., heatstroke, dehydration), 
reduced crop yields, and fatalities.

Urban Heat Islands 
(UHIs)

Urban areas with significantly higher temperatures than rural surroundings due to infrastructure, 
exacerbating health risks for vulnerable populations, particularly the elderly.

Prolonged Droughts Affecting regions like the Mediterranean, California, and southern Africa; causing water shortages, 
agricultural losses, and migration.

Water Stress Events like Cape Town’s “Day Zero” highlight the risks of extreme drought, impacting millions and 
stressing water systems in arid regions.

Table 3: Key Drought Related Impacts.

The Tipping Point in the AMOC 

This section examines the Atlantic Meridional 
Overturning Circulation (AMOC), a vital ocean system at risk 
of collapse, focusing on tipping points, key scientific findings, 
and the implications of uncertainty. It underscores the need 
for ongoing data collection and analysis throughout the 
century, as predictions vary significantly and the potential 
impacts could be profound.

A climatic tipping point occurs when a series of small or 
significant changes suddenly leads to a critical shift. Typically, 
we cannot recognize a tipping point until after it has already 
occurred. Climate “tipping elements” refer to at least sub-
continental scale parts (or subsystems) of the climate system 
that can pass a climate tipping point, or elements “that can 
be switched-under certain circumstances-into a qualitatively 
different state by small perturbations”. According to the IPCC, 

a tipping point is a critical threshold beyond which “a system 
can reorganize in an abrupt or irreversible manner [42]”. 

These thresholds are particularly concerning because 
they can lead to, drastic changes that are difficult to manage. 
In addition time horizons matter more with tipping points 
when it comes to Earth’s climate processes, which may take 
generations to recover.

 
Bifurcation models analyze how a system transitions 

from one stable state to another, providing insights into 
potential tipping points [43]. The unpredictability of when 
and where these critical thresholds will be crossed means 
that delayed action could result in irreversible changes, 
making proactive and adaptive strategies essential in 
mitigating risks associated with climate tipping points. This 
difficulty in predicting tipping points also emphasizes the 
need for precautionary measures in climate policy [44].
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The Atlantic Meridional Overturning Circulation (AMOC), 
is one of the Earth’s major ocean circulation systems - it 
redistributes heat on our planet and has a major impact on 
local climates along the east coast of North America and the 
coasts of Scotland, France, and Norway. Disturbing studies 
are now appearing in scientific journals. In the fall of 2020, 
scientists led by Stefan Rahmstorf of the Potsdam Institute 
for Climate Impact Research, published an important study 
in Nature Geoscience that reconstructs the evolution of the 
Gulf Stream since 400 AD. A consistent picture of the Gulf 
Stream emerges in this research: after a long and somewhat 
stable period, there was an initial weakening starting in the 
nineteenth century, followed by a second, more rapid decline 
in the mid-twentieth century, leading to the weakest state of 
the Gulf Stream in recent decades [45,46]. 

The study found that the circulation has already 
slowed by about 15%, and the effects are already being 
seen. Scientists predict that the Gulf Stream will continue 
to weaken as global warming continues, and its ability to 
transport warm water to the North Atlantic could decline 
by about 34% to 45% by the end of this century. This could 
bring us close to a “tipping point” where the system could 
become permanently unstable.

A weakened Gulf Stream would increase the number and 
severity of storms hitting Britain and bring more heat waves 
to Europe. We could also see potentially colder winters in 
northern Europe. 

Two Danish professors estimated a 2057 collapse of 
the Atlantic Meridional Overturning Circulation. [47]. The 
Danish study by Professors Peter and Susanne Ditlevsen 
utilized paleoclimate data and advanced statistical models to 
predict the timing of an AMOC collapse. Their work involved 
analyzing historical temperature and salinity patterns to 
identify critical thresholds and feedback mechanisms that 
could destabilize the AMOC. Combining observational data 
with models of tipping points, they projected a potential 
collapse by 2057 under current high-emission scenarios. This 
approach highlighted the nonlinear behavior of the AMOC, 

as expired by bifurcation models, emphasizing its sensitivity 
to increased freshwater input from melting ice sheets. The 
study underscores the urgency of emissions reductions to 
prevent an AMOC tipping point.

Also, a Dutch group released two studies in 2024, 
with important but disturbing projections [48]. The 
Dutch research group led by van Westen explored AMOC 
stability under various climate scenarios. Their methods 
integrated high-resolution ocean-climate coupled models 
with probabilistic forecasting to evaluate future AMOC 
trajectories. The first study found a significant likelihood 
of substantial AMOC weakening and collapse by 2100. The 
second study focused on potential socioeconomic feedbacks 
and emissions trajectories, highlighting pathways to stabilize 
the AMOC through mitigation.

Figure 4: The Cooling of Parts of the North Atlantic under 
a High Emissions Scenario with an AMOC Tipping Point.
Source: Science [1,49,50].

The uncertainty around the stability or projected 
collapse important ocean current is a significant event 
leading to severe climate impacts, which need to be further 
studied.

Element Description
Definition and Importance 

of Tipping Points
Tipping points are critical thresholds where small changes lead to abrupt, irreversible shifts. The 

AMOC, a major climate system, redistributes heat globally, heavily influencing local climates.

Causes and Current Status
AMOC has weakened by ~15% due to factors like Greenland ice melt. Studies show it could 
decline by 34-45% by 2100, with major impacts like more storms in Britain, heatwaves in 

Europe, and colder winters in northern Europe.

Predictions and Research
Danish studies (Ditlevsen et al.) estimate AMOC collapse by 2057 using paleoclimate and 

statistical models. Dutch studies (van Westen et al.) project significant weakening under high-
emission scenarios.

Table 4: Key Elements of the AMOC Tipping Point.
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The Ice Caps are Now Melting 60 percent 
Faster than 25 Years Ago

This section investigates the accelerating melt of polar 
ice caps and its significant contributions to sea-level rise. 
Highlighting rapid ice loss, projections for rising seas, and 
implications for ecosystems and coastal communities, it 
underscores the critical need for adaptive planning. With 
predictions varying and uncertainties surrounding ice 
dynamics, sustained research and robust climate actions are 
essential to mitigate long-term impacts.

Scientific evidence confirms that ice loss is accelerating. 
In fact, the ice caps are now melting 60 percent faster than 
they were 25 years ago, according to a study from the 
University of Leeds. Satellite data shows that the Earth was 
losing 800 billion tons of ice a year in the 1990s. By 2017, the 
rate of melting had accelerated to 1,300 billion tons per year 
as temperatures have risen [51,52]. 

 
According to these satellite observations, Arctic sea ice 

reached its annual minimum extent (lowest amount of ice for 
the year) on September 18, 2022. The January 2023 average 
Antarctic extent of 3.23 million square kilometers (1.25 
million square miles) was the lowest January extent in the 
satellite record. 

Arctic warming is expected to continue, threatening 
wildlife and traditional human livelihoods reliant on regional 
ecosystems. The loss of land ice in the Arctic and Antarctic 
contributes significantly to global sea level rise. Exceeding 
certain thresholds could result in up to 3 meters of sea level 
increase. 

Recent simulations by the European Space Agency 
suggests that the Arctic will experience nearly complete loss 
of summer sea ice cover by 2050 [53]. This ice plays a vital 
role in regulating the world’s climate by reflecting the sun’s 
energy and maintaining stable temperatures. Arctic warming 
has far-reaching implications for coastal communities.

Greenland is Melting Four Times Faster than 
Previously Assessed 

The web of North Atlantic Ocean currents the AMOC 
forms a system of fine balances between salt water and fresh 
water, and currently the massive melting of Greenland is 
flowing into the Atlantic Ocean, disturbing that balance. 

A major reason for this is that the Arctic region (which is 
composed of Greenland and the North Pole) is warming faster 
than the rest of the planet. In fact, the Earth has warmed by 
about 0.8°C since the late 19th century, while the Arctic has 
warmed by 2° to 3°C during the same period. 

Over the past decade, the Arctic has warmed by 0.75°C 
- well above the global average. At the current rate of 
greenhouse gas emissions, the Arctic and Antarctic could 
reach average annual warming of 4°C and 2°C, respectively, 
and winter warming of 7°C and 3°C, respectively – this occurs 
if the average global temperature increase approaches 2°C of 
warmings [54]. 

In 2019, scientists led by Jason Box published a study 
that gathered extensive evidence that the High North is 
experiencing unprecedented impacts and changes, including 
significant ice loss on land and in the ocean, increased 
permafrost thaw, more wildfires, unseasonable storms, and 
earlier arriving springs [55]. 

According to the lead author of another study, Eric Post: 
“Consequences of recent Arctic warming have already been 
widespread and pronounced, and yet we haven’t even seen 
what’s expected to be the most rapid phase of warming [56].”

 
The Interglacial Period and Greenland’s Ice 
Sheet

In the seemingly slow-moving world of geology, another 
study, recently published in the Science, brings alarming 
news about the susceptibility of the Greenland Ice Sheet to 
global warming [57]. Potentially, a rise in sea levels to the 
tune of dozens of meters is possible. Filtering through layers 
of glacial history, scientists have discovered something 
disturbing about the Greenland ice sheet. Measurements 
conducted on subglacial sediment extracted from the 
Camp Century ice core in northwestern Greenland tell an 
unexpected story: a story of a time when the region was 
free of ice, around 400,000 years ago during an interglacial 
period. The scientists demonstrated that the sediment had 
experienced sunlight exposure under ice-free conditions a 
mere 16,000 years prior. The discovery from Camp Century 
offers a glimpse into our planet’s climatic past and the 
potential consequences of a warming world.

In the coming decades, storm surges and high tides could 
combine with sea-level rise and land subsidence to further 
increase flooding in many regions [58]. In addition, sea level 
rise will continue beyond 2100. This is because the oceans 
take a very long time to respond to global warming, and at 
rates equal to or greater than this century. 

Sea Level Rise: Uncertainty Around End of 
Century Estimates

Temperatures at the South Pole are rising at three times 
the rate of the rest of the world. Average air temperatures 
in the region have increased by about 5°C over the past 100 
years. Most research points to rising ocean temperatures in 
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the western tropical Pacific. 

These rising temperatures are causing winds to change 
in the South Atlantic region near Antarctica. Warm air has 
flowed toward the South Pole, causing climate anomalies 
there [59]. Parts of the West Antarctic Peninsula are among 
the fastest warming places on Earth. Scientists’ understanding 
of the dynamic conditions at the world’s two largest ice caps 
- Antarctica and Greenland - has significantly improved. But 
the discussion on sea levels in this section show that more 
investment in climate science is needed. 

The IPCC’s Sixth Assessment Report (AR6), published 
in 2021, offers a range of sea-level rise projections based 
on different greenhouse gas emission scenarios. Under the 
highest emission scenario (SSP5-8.5), the IPCC projects a 
likely global mean sea-level rise of 0.63 to 1.01 meters by 
2100 [61]. These projections primarily account for thermal 
expansion of seawater and contributions from melting 
glaciers and ice sheets, but they do not fully incorporate 
potential rapid ice sheet dynamics due to the current 
limitations in modeling these processes.

Some studies have explored the potential for more 
extreme sea-level rise scenarios by considering mechanisms 
such as marine ice-sheet instability and marine ice-cliff 
instability in Antarctica. For instance, a study published 
in Nature in 2016 by DeConto and Pollard suggested that 
including these processes could lead to sea-level rise 
exceeding 1 meter by 2100 under high emission scenarios 
[62]. 

Projections to 2200

Researchers project that sea levels could rise dramatically 
under a business-as-usual emissions scenario, as detailed in 
the Proceedings of the National Academy of Sciences [63]. 
A 2022 study published by the World Climate Research 
Programme (WCRP) presents new high-end estimates for 
sea level rise. Under scenarios of strong warming, the study 
projects a global mean sea level rise of up to 1.3 to 1.6 meters 
by 2100 [64]. This projection is based on the potential 
collapse of major Antarctic ice shelves, which could lead to 
increased ice discharge into the ocean. The study also warns 
that, by 2300, such processes could result in a catastrophic 
sea level rise of 9 to 10 meters if high emissions persist.

Projections of see level rise are essential for 
policymakers and planners, particularly high-end estimates 
that explore worst-case scenarios. These projections 
account for the upper limits of sea level rise under different 
climate scenarios, focusing on the uncertainties in ice sheet 
dynamics and the potential for rapid changes, such as ice 

shelf collapse in Antarctica. And for a +2°C warming scenario 
by 2100, high-end projections suggest global sea levels could 
rise up to 0.9 meters by 2100 and 2.5 meters by 2300. Under 
a higher-emission scenario/business as usual scenario 
(RCP8.5/SSP5-8.5), these estimates increase to 1.6 meters 
by 2100 and as much as 10.4 meters by 2300. The differences 
between these scenarios highlight the long-term benefits of 
immediate emission reductions. 

Uncertainties surround ice sheet contributions, 
particularly from Antarctica, play a critical role in these 
high-end estimates. The timing and mechanisms of ice shelf 
collapse remain poorly understood, creating significant 
uncertainty. Earlier studies emphasized Antarctic instability, 
but this analysis stresses the need to improve knowledge and 
data about these ice sheet processes to refine projections. 

While still unlikely, the mentioned products highlight 
the severe consequences of inaction and the importance 
of integrating these scenarios into adaptive planning to 
safeguard coastal regions. However, the exact magnitude 
and likelihood of such contributions remain uncertain due 
to the complex and not fully understood nature of ice sheet 
dynamics. 

Major Cities at Risk from Projected 2100 Sea-
Level Rise

A large group of coastal cities need to prepare, and 
planners play a key role in securing cities from rising sea 
levels. Accelerating sea level rise could be a wake-up call 
for advisors, mayors, and homeowners living near the 
coastlines. Cities that are at risk are worth mentioning: 
Dhaka, Bangladesh is a capital city is highly susceptible to 
flooding due to its low elevation and proximity to the Bay of 
Bengal. A major port city such as Guangzhou, China, could 
face substantial economic losses from potential flooding. 
Also Kolkata, India which is located in the Ganges Delta, 
making it vulnerable to sea level rise and storm surges. 

Also, Chennai, India which is a coastal city with a history 
of severe flooding events. In the U.S., both Boston, and San 
Francisco have large coastal neighborhoods and critical 
infrastructure are at risk. In Europe, Hamburg, Germany 
which is a major port city face increased flooding risks, but 
also Copenhagen, Denmark and Stockholm, Sweden have 
low-lying areas that are vulnerable to sea level rise. 

In South America, Lima, Peru have coastal districts 
susceptible to rising sea levels and erosion. But also, 
Montevideo, Uruguay have low-lying coastal areas face 
increased flooding risks. In Africa and Middle East, cities such 
as Dakar, Senegal face coastal erosion and flooding that could 
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threaten urban areas and a major regional economic hub and 
tourism hotspot such as Dubai, United Arab Emirates need 

to prepare for sea level rise, with new man-made islands and 
coastal developments that are at risk [65] (Figure 5 & Table 5). 

Figure 5: The Number of Major Cities at Risk at 2100 in a High Emissions Scenario (Nasa.gov) [66].

 Element Description

Accelerated Ice Loss
Ice caps are melting 60% faster than 25 years ago, with annual loss rates increasing from 

800 billion tons in the 1990s to 1,300 billion tons by 2017. Arctic and Antarctic ice melt is a 
significant contributor to sea-level rise.

Sea-Level Rise Projections
Under high-emission scenarios, sea levels could rise by 0.63–1.01 meters by 2100, with 

extreme scenarios suggesting up to 1.6 meters. Long-term projections warn of catastrophic 
increases of 9–10 meters due to Antarctic instability.

Implications for Climate and 
Society

Melting ice destabilizes ecosystems, accelerates Arctic warming, and poses significant risks 
to coastal cities. Studies of Greenland and past interglacial periods reveal potential for 

dramatic sea-level rise, urging adaptive planning.

Table 5: Key Elements of Melting Ice Caps and Sea Level Rise.

Discussion of Economic Losses 

This section examines the mounting economic costs of 
climate change, driven by extreme weather events such as 
hurricanes, droughts, and floods. Highlighting insured losses. 
It underscores the disproportionate burden on vulnerable 
communities. With predictions this analysis calls for action to 
mitigate economic impacts and enhance climate resilience.

Extreme Weather is Already Leading to Major 
Economic Losses Every Year

When the weather deviates from normal, this is 
inconvenient and expensive: for farmers, for winegrowers, 
and for highly optimized supply chains. Particularly, droughts 
in the U.S. have become costly for farmers [67]. These shifting 
weather patterns are also driving concerns among insurers 
about future risks.

According to Swiss Re [68] global insured losses from 
natural catastrophes in 2023 reached USD 108 billion, 
marking the fourth consecutive year that such losses have 
exceeded USD 100 billion. The annual cost of climate-related 
disasters in the U.S. has risen dramatically, reaching $165 
billion in 2022 and nearly $150 billion annually in recent 
years. This trend highlights escalating economic impacts due 
to more frequent extreme weather events [69].

Increasingly, costly U.S. weather disasters are attributed 
to population migration into vulnerable areas and climate 
change risks, as was reported by the National Oceanic and 
Atmospheric Administration. In 2022, despite an average 
hurricane season, the country experienced the third-highest 
number of billion-dollar disasters since 1980 [70]. 

Flooding is one of the most financially devastating climate 
events, with damages escalating each year. For instance, the 
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2021 floods in Germany caused losses exceeding $40 billion, 
making it one of the costliest natural disasters in Europe 
[71]. Similarly, China’s Henan province experienced flooding 
in 2021 that resulted in over $12 billion in damages. Beyond 
immediate economic losses, flooding damages infrastructure, 
disrupts transportation systems, and hampers economic 
productivity for years. 

Climate Disasters to Triple for the New 
Generation

According to Wim Thiery in a 2021 article for Science, 
there are intergenerational inequalities in climate impacts. 
New generations will be hit harder than previous generations. 
A person born in 2020 will experience 7.5 times more heat 
waves, 3.6 times more droughts, 3 times more crop failures, 
2.8 times more river floods, and twice as many wildfires as 
someone born in 1960 [72]. In total, children born in 2020 
will experience three times as many climate disasters as the 
generation born in 1960. Moreover, the new generation will 
also face a disproportionate increase in lifetime exposure 
to extreme events, especially in low-income countries: the 
poorest will be hit the hardest.

Insurers are also seeing increased economic losses from 
hurricanes and typhoons. Hurricanes in the North Atlantic 
have become stronger, more frequent, and longer lasting. 
The number of Category 4 and 5 hurricanes has increased 
since the early 1980s. This increase is of great concern as 
people are displaced, homes are lost, and infrastructure is 
damaged as a result of hurricanes hitting countries such as 
Cuba and Haiti. 

Investment Strategies for Adaptation and 
Climate Resilience in the Anthropocene

This section explores recommendations for future-
focused investment strategies for climate adaptation, 
emphasizing resilient infrastructure, advanced analytics, 
and innovative financial instruments. It highlights the need 
for adaptive systems to manage escalating risks from sea-
level rise, extreme weather, and systemic uncertainties. 
By integrating cutting-edge science into investments, this 
approach aims to reduce vulnerabilities and enhance societal 
resilience.

In the Anthropocene, sea level rise emerges as a critical 
threat, with frequent flooding and escalating value at risk 
across low-lying cities and regions. For pension funds 
and insurance companies, sea level rise may necessitate 
a reevaluation of risk assessments. However, significant 
uncertainty surrounds the pace of sea level rise, particularly 
toward 2100 and beyond. Projections vary widely depending 
on emissions pathways and the potential collapse of polar ice 

sheets, underscoring the need for adaptive strategies.

Investing in Climate-Resilient Systems and 
Modular Flexible Infrastructure 

The interplay of sea level rise, storm surges, heavy rain, 
high tides and land subsidence presents complex adaptation 
challenges. Compounding these factors is the possibility 
of nonlinear climate impacts, where tipping points may 
accelerate changes, rendering static infrastructure ineffective. 

Building resilience in urban, coastal, and agricultural 
systems is critical to mitigating the impacts of extreme 
weather, sea-level rise, and urban heat islands. Governments 
must prioritize funding for adaptive infrastructure, such 
as flood barriers, green urban spaces, and energy-efficient 
cooling systems. Climate risk assessments should become 
mandatory for all coastal real estate projects to minimize 
exposure to hazards and align with resilience goals.

In terms of investment areas climate-resilient real estate 
and flood protection are essential. These investments can 
deliver both financial returns and societal benefits. Recent 
science and the magnitude of climate impacts warrant 
enhanced focus on uncertainty: As extreme weather events 
like hurricanes, floods, and droughts become more frequent, 
future impacts remain unpredictable. 

Flexible and modular tidal management systems 
designed to adapt to dynamic coastal conditions are essential 
for climate resilience. Urban areas face interconnected 
risks, including heatwaves, infrastructure failures, and 
coastal inundation, which are increasingly exacerbated by 
compounding climate effects. These adaptive systems must 
incorporate safeguards against the underestimation of risks, 
providing a robust safety margin to address unforeseen 
challenges and ensure long-term effectiveness.

Advancing Data-Driven Climate Analytics and 
Early Warning Systems

Leveraging data and technology is essential for 
anticipating climate risks, mitigating disaster impacts, 
and enabling informed decision-making. In terms of policy 
actions: Invest in advanced climate monitoring technologies, 
including satellite systems, supercomputing, and AI-
driven analytics. Establish centralized climate data hubs to 
streamline information sharing and develop frameworks for 
coordinating international disaster responses. Strengthen 
partnerships between governments, private sector players, 
and research institutions to enhance predictive capabilities 
and disaster preparedness.

In terms of investment opportunities: Support firms 
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specializing in climate risk modeling, early warning systems, 
and advanced climate analytics. Fund research collaborations 
to refine tools for predicting extreme weather and sea-
level rise, as well as the development of scalable climate 
data infrastructures that enable real-time monitoring and 
response.

Here, this paper review demonstrated enhanced 
uncertainty surrounding frequency, the rate of sea level 
rise and the AMOC tipping point which presents a critical 
challenge: While advancements in climate science and 
predictive tools have improved, uncertainly and gaps 
persist in understanding regional impacts and nonlinear 
interactions within the climate system. For instance, 
the potential release of methane from permafrost could 
exacerbate warming unpredictably, while destabilization 
of ice sheets may trigger faster sea-level rise. Therefore 
advanced statistical models, powered by super computing 
and even quantum computing could account for these 
dynamics to refine risk assessments and guide adaptation 
strategies. Additionally, better integration of partnerships 
and data-sharing mechanisms can bridge knowledge 
gaps and improve the accuracy of regional predictions, 
supporting targeted interventions.

Linking Climate Science to Resilience and 
Adaptation Investment Products

Innovative financial instruments, such as resilience 
bonds, and climate adaptation funds, bridge the gap between 
scientific insights and actionable investments. Resilience 

bonds can fund infrastructure projects that mitigate disaster 
risks, such as flood defenses or drought-resistant agriculture 
[74]. These bonds often integrate insurance mechanisms, 
where payouts are linked to specific disaster risk reductions, 
enabling cost-effective protection against extreme events.

Climate adaptation funds: Allocate capital to high-
impact areas, ensuring communities are prepared for future 
uncertainties particularly around sea level rise. Adaptation 
bonds specifically target funding for projects that enhance 
resilience to long-term climate impacts. They are designed to 
channel investment into infrastructure upgrades, ecosystem 
restoration, and urban planning efforts, such as constructing 
flood-resilient housing or upgrading water management 
systems. These bonds can also include performance-based 
features, where returns are tied to measurable improvements 
in resilience metrics.

In all the investment areas the paper's review of climate 
science and impacts underscores that enhanced uncertainty is 
a new feature. Financial adaption instruments must evolve to 
integrate cutting-edge science and address shifting risks tied 
to tipping points and systemic instabilities. For example,  both 
adaption and resilence bonds could be tied to fir-for-purpose, 
and climate analytics, ensuring adaptive allocation of funds 
based on emerging risks. This ensures investments remain 
viable even as climate scenarios change. Resilience bonds, 
adaptation bonds, and similar tools exemplify how financial 
innovation can align with science to address the dynamic 
challenges of a changing climate (Table 6).

Key Area Descriptions
Challenges and Opportunities of the 

Anthropocene
The Anthropocene demands action on tipping points, extreme weather, and systemic 

risks; investment must reduce vulnerabilities.
Investing in Climate-Resilient 

Systems
Prioritize adaptive infrastructure like flood barriers and green spaces; invest in climate-

resilient real estate and transport.
Advancing Data-Driven Climate 

Analytics
Utilize technologies like AI and satellites; enhance early warning systems to mitigate 

disaster impacts.

Addressing Enhanced Uncertainty Uncertainty around phenomena like AMOC weakening and polar ice melt necessitates 
flexible planning systems and advanced risk modeling.

Linking Climate Science to 
Investments Resilience and adaptation bonds align investments with projections and recent science.

Table 6: Key Investment Areas in Climate Adaptation in the Anthropocene.

Conclusions

This review emphasizes the profound influence of 
human activity on Earth’s systems, with substantial evidence 
highlighting rapid warming, changes in ocean currents, and 
significant shifts in polar ice dynamics. For example, ice caps 
are melting 60% faster than 25 years ago, contributing to sea-

level rise projections of up to 1.6 meters by 2100 under high-
emission scenarios. Similarly, studies suggest a potential 
collapse of the Atlantic Meridional Overturning Circulation 
(AMOC) as early as 2057, emphasizing uncertainty 
surrounding the timing, likelihood and impact of climatic 
tipping points. 
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The physical impacts of these changes are increasingly 
apparent, from more frequent and intense extreme 
weather events to economic losses exceeding $100 billion 
annually over the past four years. Vulnerable populations, 
particularly in developing regions, face disproportionate 
risks, highlighting the importance of integrating equity into 
climate adaptation strategies. 

Future investment areas include climate-resilient 
infrastructure, advanced climate analytics, and financial 
instruments such as resilience bonds. These tools offer 
pathways to mitigate risks while supporting societal 
and economic adaptation to evolving climate conditions. 
Addressing uncertainties in ice sheet dynamics and 
methane emissions through advanced research remains 
essential for future planning.

This paper illustrates the interconnected nature of 
climate systems and socio-economic impacts, providing a new 
baseline for informed policy and investment decisions. While 
challenges remain, advancements in science and technology 
offer significant opportunities to enhance resilience and 
address the risks associated with ongoing changes.

Disclaimer

The contents of this research article are not meant to 
recommend courses of actions or investment decisions on the 
basis of the issues identified and analyzed. The contents are 
intended to inform you as a reader, and to identify research 
and policy gaps for further work. Any financial gain or loss 
incurred by a reader because of this article will result from 
decisions taken by the reader as an individual. The opinions 
expressed in this article are my own as an individual, and do 
not reflect the opinions of my current employer.
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