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Chapter -1

Introduction

As the earth warms due to the effects of climate change, the resulting shifts in
weather patterns have significant ramifications on a global scale. While certain
areas may experience a significant decrease in temperatures, the majority of
regions will witness an alarming increase in dryness, warmth, or precipitation.
The profound and wide-ranging impact of global warming extends to the
realm of climate change, giving rise to both perilous and uncertain situations
as well as promising prospects across the planet. Amidst these rapidly
changing weather patterns, numerous new opportunities arise within the
agricultural sector, which has the potential to adapt and innovate to meet the
challenges of a shifting climate. However, the potential loss of tropical
ecosystems looms as a vast and formidable danger, threatening the delicate
balance of biodiversity and ecosystem services they provide.

Moreover, the increasingly rapid thawing of Arctic ice further exacerbates
the already rising sea levels, posing a direct and imminent threat to coastal
cities and vulnerable communities worldwide. The melting ice not only affects
the delicate balance of global climate patterns but also causes significant shifts
in ocean currents, leading to disruptive and unpredictable consequences. The
loss of Arctic ice also means the loss of critical habitat for unique and
specialized species, as well as traditional livelihoods for indigenous
communities who rely on the ice for hunting and transportation. Protecting
and preserving these fragile ecosystems becomes increasingly crucial in the
face of climate change and its cascading effects.

Furthermore, the imperiled state of biodiversity becomes increasingly
apparent as various species struggle to adapt or relocate in the face of these
rapidly evolving conditions. The pace of climate change outstrips the natural
capacity of many species to adjust, resulting in dramatic declines and
endangerment. This loss of biodiversity not only undermines the intrinsic
value of species but also threatens vital ecosystem functions, such as
pollination, natural pest control, and nutrient cycling. It is imperative that we
take immediate and concerted action to mitigate the impacts of climate change
and protect the irreplaceable biodiversity that sustains our planet.
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In conclusion, the consequences of climate change are far-reaching and
multifaceted, encompassing shifts in temperature, precipitation, the loss of
critical ecosystems, rising sea levels, and the perilous state of biodiversity.
The urgent need to address these challenges requires international
cooperation, innovative solutions, and a collective commitment to
sustainability. By taking bold and decisive action now, we can strive to
mitigate the worst impacts of climate change, safeguard vulnerable
communities and ecosystems, and create a more resilient and sustainable
future for all &2,

Global warming refers to climate change caused primarily by
anthropogenic emissions of greenhouse gases. The temperature of the earth
has risen by almost one degree since the late 19th century, according to
scientific research and evidence. This recent warming is not merely a result of
natural internal variability in the earth's climate system; rather, it can be
largely attributed to human activities. In fact, there is a staggering 95 percent
probability that more than half of the warming observed since the mid-20th
century has resulted directly from the actions of humanity.

One of the key contributors to global warming is the burning of fossil
fuels such as coal, oil, and natural gas. These fuels, which have long been
relied upon for energy production, release substantial amounts of carbon
dioxide, methane, and nitrous oxide into the atmosphere when combusted.
These greenhouse gases act like a blanket, trapping heat from the sun and
causing the planet's temperature to rise. It is important to note that once
emitted, these gases can persist in the atmosphere for extended periods,
ranging from decades to even centuries, exacerbating the warming effect.
Global warming is the increase in the average temperature of the Earth's
atmosphere due to the accumulation of greenhouse gases such as carbon
dioxide (CO), methane (CHs.), nitrous oxide (N-O), and water vapor. Carbon
dioxide gas is the most responsible for global warming. It is produced
primarily by burning fossil fuels and in smaller amounts by deforestation,
certain industrial processes, and agriculture. The second most important global
warming gas is methane. It is produced during the use of fossil fuels, the
digestion of food by cattle and other livestock, and the decomposition of
organic waste in landfills. Other global warming gases include water vapor,
nitrous oxide, ozone, and several artificial products known as
chlorofluorocarbons (CFCs). The accumulation of these gases in the
atmosphere causes the greenhouse effect: part of the Sun’s light is reflected
into space, but part of it is absorbed on Earth’s surface, warming it. The Earth
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cools down at night (and also after sunset), emitting infrared radiation: part of
these infrared rays goes back to space, but another part is reflected by the
greenhouse gases, increasing the temperature of the atmosphere.

Since 1850, when the first data were collected, the Earth’s temperature
has risen by about 1 °C (1.8 °F). Most of this warming has occurred since
1975; the increase in temperature has been especially strong in the Northern
Hemisphere winter and has strongly affected the Earth’s polar regions: the
Arctic has warmed about 2-3 °C (3.6-5.4 °F), while parts of Antarctica have
cooled. The last decade was the warmest during the last millennium on a
global scale, although some regions of the tropics and Siberia have cooled
slightly. In the last 30 years, the temperature has also oscillated: after a warm
period (1920-1940), there was a cold period (1940-1975) known as "the great
global cooling alarm™ which spurred controversial theories linking it to the
climate cycles driven by the activity of the Sun. However, satellite data and
surface observations indicate a monotonic surface warming trend over the last
30 years. The past decade was the warmest on record and all top 10 warmest
years occurred since 1990, with 2001 being the warmest year. Global warming
has far-reaching consequences for the ocean, the atmosphere, and the land. It
will alter the quantity and distribution of freshwater resources and will
increase the risk of floods, droughts, and malnutrition.

Global warming refers to the incremental rise in Earth’s average
temperature due primarily to the greenhouse effect, precipitated by industrial
processes, deforestation, and the combustive use of fossil fuels. This triggers
changes in the climate system, including alterations to the state characteristics
of the oceans, atmosphere, and ice cover, and the distribution of the continents
and oceans. It can also affect changes to the Earth’s orbits and axial tilt,
consequently having either short or long-term effects on climatic conditions.

The greenhouse effect is exacerbated by an increase in concentration of
greenhouse gases, including carbon dioxide (CO>), nitrous oxide (N-O), ozone
(O3), and methane (CH4). When solar radiation hits the Earth’s surface, a
portion is transformed into infrared radiation. This radiation is absorbed by
greenhouse gases and re-emitted in all directions. Some of this energy, as a
result, goes back towards the Earth, heating the surrounding air. Greenhouse
gases thus accumulate at the top of the troposphere, resulting in a heating of
its surface and atmosphere. If the concentration of greenhouse gases in the
atmosphere increases, then so does the temperature of the Earth as more
energy is added to the climate system.

Human activity has caused an increase of greenhouse gases in the
atmosphere over the last century. Industrial agriculture, for instance, has
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transformed surface and buffer lands, logarithmically increasing nitrous oxide
emissions from fertilizer use. Deforestation, both with the cutting down of
trees and the burning of plantations, increases carbon dioxide emissions.
Increased waste production, poorly managed landfills, and gas leaks in oil and
gas extraction aggregate methane emissions. Meanwhile, increases in the use
of petroleum, coal, and natural gas as energy resources add additional
greenhouse gases to the atmosphere. Altogether, human activity has increased
total CO; concentration by more than 100 ppm, from about 280 to more than
400 ppm, since the dawn of the industrial revolution. This increase occurs
alongside a higher concentration of methane, nitrous oxide, and Freon-11.
Combined, all the polluting activities have increased the total direct radiative
forcing by greenhouse gas emissions by approximately 2.4 W/m2, with a
predominantly anthropogenic origin.

In addition to fossil fuel combustion, deforestation and certain land-
intensive agricultural practices also play a significant role in contributing to
global warming. When forests are cleared, the carbon stored in trees and
vegetation is released into the atmosphere as carbon dioxide. Furthermore, the
removal of trees diminishes the planet's natural capacity to absorb this
greenhouse gas, intensifying its concentration. Similarly, certain agricultural
activities, such as excessive use of synthetic fertilizers, can lead to the release
of nitrous oxide, a potent greenhouse gas.

As global temperatures continue to rise, the consequences of global
warming become increasingly evident. These include but are not limited to
more frequent and severe heatwaves, shrinking ice caps and glaciers, rising
sea levels, unpredictable weather patterns, and increased intensity of natural
disasters like hurricanes and wildfires. The impacts extend beyond the
environment, threatening various aspects of human society, including
agriculture, water resources, public health, and biodiversity.

In order to mitigate and adapt to the challenges posed by global warming,
concerted international efforts are crucial. These efforts involve transitioning
to low-carbon and sustainable energy sources, promoting energy efficiency,
conserving forests and other natural ecosystems, implementing climate-
resilient agricultural practices, and adopting policies that prioritize climate
action. The goal is to limit global temperature rise to well below 2 degrees
Celsius compared to pre-industrial levels, as agreed upon in the Paris
Agreement, and to pursue efforts to limit the increase to 1.5 degrees Celsius.
The United Nations Framework Convention on Climate Change (UNFCCC)
recognizes anthropogenic (human-induced) climate change as a present-day
concern. The accumulation of greenhouse gases in the atmosphere, mainly
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carbon dioxide (CO;) emissions from burning fossil fuels, alters the
composition of the atmosphere. Global warming is expected to have serious
negative effects on ecosystems, organisms, and human societies. Concern for
climate change had been talked about in the scientific community for over a
century when the industrial revolution began emitting large amounts of
greenhouse gases into the atmosphere. The gradual warming of the planet over
the following decades aroused further interest and concern. A brief history of
global warming leads to where we are today is presented. The background to
the scientific investigations of climate change is first discussed, followed by
the major international treaty (the UNFCCC) and political discussions
concerning the issue.

Until the 19th century, the natural sciences regarded the Earth's climate
as a constant. In the early 1800s, Joseph Fourier, a French mathematician,
discovered that the average temperature of the Earth was higher than that
predicted from its distance from the Sun and the thermodynamics of black
bodies, proposing a "greenhouse effect." In 1856, Eunice Foote prepared one
of the first scientific experiments to test the effect of increased CO; on
temperature, making the link between industrialization (fossil fuel
combustion) and climate change. In 1896, the Nobel Prize-winning Swedish
physicist Svante Arrhenius presented predictions to the Royal Swedish
Academy of Sciences. Further understanding of the Earth's climate system and
the extent of the human climate influence was obtained in the mid-1900s
through the development of meteorological instruments, the first general
circulation model (GCM), and what is now called the "overall view of CO»-
forced climate change.”

By the late 1970s, climate change led to an increasing interest outside of
the scientific community. By the late 1980s, global warming began to enter
the public and political domain. Powerful storms, floods, droughts, heat
waves, and other abnormal weather events around the world led to speculation
in the mass media regarding possible climate change. Along with investigation
reports published by worried scientists, these abnormal weather events helped
build momentum for the political debate on climate change. In June 1988,
then-Environment Minister Kumiko Hasegawa gave the unprecedented policy
speech in the Diet, whose first sentence read, "Global climate change is a long-
term, grave, and global problem seriously affecting humanity's existence." At
the same time, the Intergovernmental Panel on Climate Change (IPCC) was
launched by the United Nations (UN) as an intergovernmental scientific panel.
The first IPCC Assessment Report (FAR) was published in 1990. In December
1990, G7 leaders agreed at a summit meeting in Paris to the establishment of
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the UNFCCC. The UNFCCC was adopted and opened for signature at the
United Nations Conference on Environment and Development (Earth
Summit) in June 1992 in Rio de Janeiro, Brazil.

By acknowledging and addressing the causes and impacts of global
warming, and by collectively working towards sustainable solutions,
humanity has the potential to shape a more resilient and environmentally
conscious future. The urgency to act cannot be underestimated, as the
consequences of inaction could be irreversible and have far-reaching
implications for current and future generations. It is essential that we embrace
the responsibility to safeguard our planet for the sake of not only our own
well-being but also that of all living beings who call Earth home [ 4561,

The greenhouse effect is a natural phenomenon that keeps the earth's
average temperature at around 60°F (15°C). Without it, the earth would be too
cold to support life. Unfortunately, human activity has intensified the
greenhouse effect, preventing more heat from escaping, resulting in climate
change. This change in climate brings forth a myriad of hazards that pose
significant threats to our planet and existence. One such hazard is the increased
occurrence of coastal flooding, which poses a tremendous risk to coastal
communities, infrastructures, and ecosystems. The rise in sea levels, caused
by the melting of polar ice caps and thermal expansion of water, exacerbates
this threat further, potentially displacing millions of people and causing
extensive damage. Moreover, climate change is contributing to the increased
intensity of floods, leading to devastating consequences for communities
around the world. The combination of extreme weather events, such as
hurricanes, with rising sea temperatures creates a perfect storm of destruction,
resulting in widespread devastation and loss of life. Not only does climate
change impact coastal areas, but it also has far-reaching consequences for
marine ecosystems. Alterations in the salinity of ocean currents, triggered by
climate change, can disrupt marine ecosystems, leading to ecological
imbalances and the collapse of vital marine industries. The loss of forests,
tundra, prairies, and desert shifts, caused by changing weather patterns and
habitat destruction, also significantly impact global biodiversity and
ecological stability. These changes in ecosystems have a ripple effect,
affecting various species and disrupting the delicate balance of nature. It is
essential to recognize that while climate change poses numerous challenges,
it also presents opportunities for adaptation and innovation. One such
opportunity is the potential for increased agricultural productivity in some
temperate regions. As temperatures become milder, crop yields can rise,
offering a chance to combat food insecurity and improve global food
production. This increase in productivity can help feed a growing population
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and alleviate hunger in vulnerable regions. Furthermore, the melting of polar
ice caps opens up possibilities for harvesting Arctic oil reserves, which were
previously inaccessible. While controversial due to the environmental risks
associated with oil extraction, this opportunity can have significant economic
implications. The exploitation of Arctic oil reserves can provide a new source
of energy and revenue, creating jobs and stimulating economic growth.
However, it is crucial to approach these opportunities with caution and ensure
that sustainable practices are in place to minimize the negative impacts on the
environment. Overall, addressing climate change requires a multi-faceted
approach that considers both the threats and opportunities it presents. It is
crucial that we focus on implementing sustainable practices, mitigating the
impact of climate change, and exploring these opportunities, all while
prioritizing the preservation of our planet and its delicate ecosystems. Only
through collective action and global cooperation can we tackle the challenges

of climate change and pave the way for a brighter, more sustainable future [
8,9]

1.1 Background on global warming

Global warming is the gradual and persistent rise in the average
temperature of Earth's atmosphere and oceans. This unprecedented
phenomenon is primarily driven by human activities, particularly the burning
of fossil fuels and deforestation, which release significant amounts of
greenhouse gases into the atmosphere. As these greenhouse gases accumulate,
they form a thick layer, trapping heat from the sun and causing the planet's
temperature to steadily increase.

In recent decades, global warming has become a pressing global concern,
attracting widespread attention from scientists, policymakers, and the general
public. The magnitude and urgency of this issue cannot be overstated. The
consequences of global warming extend far beyond simply warmer
temperatures. They manifest in a wide range of challenges and disruptions that
affect Earth's delicate ecosystems, weather patterns, and human societies.

One of the main contributors to global warming is the burning of fossil
fuels for energy production, transportation, and industrial processes. As we
continue to rely heavily on these finite energy sources, carbon dioxide and
other greenhouse gases are released into the atmosphere on an unprecedented
scale. Moreover, deforestation exacerbates the issue by reducing the Earth's
capacity to absorb these emissions, further amplifying their warming effect.

The consequences of global warming are already being felt worldwide.
Rising sea levels, intensified heatwaves, more frequent and severe storms, and
prolonged droughts are just a few examples of the far-reaching impacts of
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climate change. These environmental changes pose significant threats to
biodiversity, food security, water resources, and public health, affecting both
natural ecosystems and human communities.

However, it is crucial to recognize that the consequences of global
warming are not evenly distributed. Marginalized and vulnerable populations,
including indigenous communities, low-income countries, and small island
nations, are disproportionately affected. These groups often lack the resources
and adaptive capacities to cope with the impacts of climate change. As a result,
their livelihoods, cultural heritage, and even survival are under severe threat.

Addressing global warming requires international cooperation, decisive
actions, and transformative changes in various sectors of society. It is essential
to reduce greenhouse gas emissions by transitioning to renewable and
sustainable energy sources, improving energy efficiency, and adopting cleaner
technologies. Additionally, efforts should focus on enhancing resilience and
adaptation measures to minimize the social, economic, and environmental
impacts of climate change.

Ultimately, combating global warming is not only an environmental
imperative but also a moral obligation to safeguard the planet for future
generations. By acknowledging the gravity of the situation and working
collectively, we can mitigate the effects of global warming and build a
sustainable and resilient future for all.

Climate is defined as the long-term change in temperature, rainfall,
humidity, winds, and seasons in a particular region. It is affected by both
natural agents and human activities. Global warming, air pollution, and
climate change are common scientific concepts discussed across the world.
The nation has been affected by climate change and rising sea levels, resulting
in challenges for government, land, and agriculture. Scientists and
governments constantly monitor the climate to find ways to tackle the impacts
and changes in climate.

Global warming is caused primarily by the excessive emissions of
greenhouse gases that result from the burning of fossil fuels, the intensive
practices of agricultural production, and the alarming rates of deforestation
around the world. These detrimental emissions are a direct result of our
everyday activities, such as using cars for transportation, relying heavily on
electricity for our needs, and employing various modes of transportation.
Sadly, the increasing dependence on fossil fuels and the widespread use of
forests for agricultural purposes have drastically heightened the carbon output,
resulting in a surplus of greenhouse gases within the atmosphere.
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Consequently, these greenhouse gases become trapped, disrupting the natural
cycles that regulate our planet and ultimately leading to the entrapment of heat.
While climatic changes have historically occurred in a natural manner, the
current and continuous ascent of greenhouse gas levels is undeniably
unnatural and can largely be attributed to the activities of humankind.

Climate change is unequivocally and indisputably one of the most
paramount and pressing human development challenges of this century. In
every corner of the globe, vulnerable communities and nations bear the brunt
of the adverse effects caused by climate change, resulting in an alarming and
exponential escalation of water scarcity. This dire situation amplifies the risks
and perils faced by millions, leading to a substantial loss of livelihood and a
bleak future filled with profound uncertainty.

The consequences of climate change are far-reaching and profound, as it
gravely diminishes economic growth prospects for nations near and far.
Objectively speaking, the ramifications are dire and cannot be underestimated
or ignored. The mere existence of a minuscule increase in temperature can no
longer be seen as inconsequential. On the contrary, it has the potential to
precipitate catastrophic consequences of unfathomable magnitude.

One of the most disheartening aspects of climate change is its insidious
and devastating impact on the delicate ecosystem that sustains our planet. The
relentless march of global warming threatens to unravel the intricate web of
life on Earth. Countless plant and animal species find themselves teetering on
the brink of extinction, as their habitats become compromised and their
chances of survival diminish with each passing moment. This catastrophic
unraveling has the potential to irrevocably alter the natural balance we have
come to rely upon and cherish.

The significance and seriousness of climate change cannot be overstated
or denied. Countries that have been ravaged by its merciless effects bear
witness to the immense destruction and anguish it brings. Bangladesh, a nation
constantly grappling with the devastating impact of rising sea levels and
extreme weather events, stands as a somber testament to the urgency and
gravity of this paramount issue. Similarly, Japan, a country known for its
resilience, has experienced firsthand the ruthless power of climate change
through frequent and devastating natural disasters.

The science of global warming
Introduction to global warming

The greenhouse effect is a natural phenomenon that warms the Earth’s
surface. When the sun’s energy reaches the Earth, some of that energy is
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reflected back to space and the rest is absorbed, warming the Earth. The Earth,
in turn, radiates energy back to space in the form of infrared, or heat, radiation.
Since some of the Earth’s surface is relatively cool (average of around 15
degrees Celsius), this radiation has a long wavelength (about 10 microns).
Greenhouse gases are gases in the atmosphere that can absorb this radiation,
subsequently emitting some of this energy again back to the Earth’s surface.
Greenhouse gases include water vapor, carbon dioxide (CO2), methane (CHa),
and nitrous oxide (N20). Greenhouse gases effectively trap heat at the Earth’s
surface. This re-absorption of heat has a warming effect, which is essential for
the Earth’s climate. However, in the absence of greenhouse gases, the Earth
would be around 33 degrees Celsius cooler.

The effect of human activities on greenhouse gases has been the cause of
an increasing warming effect, subsequently leading to the enhancement of the
greenhouse effect and global warming. While there was a relatively constant
concentration of CO; due to a balance between natural phenomena in the
preindustrial period, man-made activities (e.g. fossil fuel combustion and
other anthropogenic activities) have led to an increasing concentration of COa.
A similar development can be seen for CHs and N»O. Since the mid-19th
century, the concentration of CO; has steadily increased from about 280 ppm
to almost 400 ppm (currently around 380 ppm), while the concentrations of
CH4 and N2O have greatly increased as well. Greenhouse gases retain heat
very efficiently. As a result, even small changes in their concentration in the
atmosphere can lead to considerable climate effects. It was estimated that a
doubling of the preindustrial CO concentration would lead to an increase in
the average global temperature of about 1.5 to 4.5 degrees Celsius.

Sunlight travels through space to reach Earth, where some of it warms the
ground and ocean. Bodies of water and the Earth's surface absorb quite a bit
of sunlight energy, so they become warm. Sunlight primarily arrives in the
form of visible light at the top of the atmosphere, where some is reflected by
clouds and the surface, while the vast majority reaches the ground. "But the
warm Earth doesn't just sit there passively waiting for the next beam of
sunshine,” scientists might exclaim. "It radiates energy back to space in the
form of infrared radiation (heat). If it didn't, the Earth would continue to heat
up until it became so hot that all available water turned to vapor." Everyone
agrees this is not in the cards for our home planet, so why is the average
temperature rising?

Unlike visible light, infrared radiation is not invisible to greenhouse gases
in the atmosphere. These remarkable molecules (mostly H20O and CQ,) vibrate
and turn, absorbing infrared radiation for a short time while then radiating it
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back in all directions, with at least half of it returning towards the surface. This
lovely arrangement is just the atmospheric greenhouse effect that saves many
Earth-like planets from being frozen inhospitable ice worlds, keeping the
average temperature on Earth a mild and comfortable 15°C (almost 60°F)
instead of a frigid —18°C (or 0°F) as predicted by its black body temperature.
But... "Wouldn't this mean that more greenhouse gases in the atmosphere
would lead to greater warming, which might eventually spiral out of control?"
scientists wondered. The balance between energy arriving to earth and energy
escaping into space is: luminosity of the sun (Lsun) = 3.84 x 102 Watts = 341
W/m? times cross-sectional area of the Earth (Af) =7 x R?=7(6.37 x 10°)? m?
or 1.276 x 10 m?; this leads to a total of 341 W/m? of energy arriving to the
Earth which is equal to the net average over the surface of the earth of 239
W/m? energy escaping to space calculated from earth’s radiative cooling.

Changes in temperature, precipitation, and sea levels, and other Earth
systems are considered indicators of climate change. These indicators reveal
the difference between "natural” climate variability and human-induced
climate change. They are tracked by scientists all around the world and
summed up in a periodic report, but there are several fundamental indicators
that keep track of climate without a time cap. The most significant of these are
temperature changes and sea level rises.

Temperature changes

Temperature changes are possibly the most well-known climate change
indicators. Many people are aware of how the average global temperature has
increased by around 1.2°C from the late 1800s to the early 2020s. This
increase in temperature has long-standing effects on natural systems and has
begun to severely affect human systems. Temperature indicators reliably
predict climate change because of a good understanding of natural variability
on many timescales by scientists. There are two essential components to
climate sensitivity. The first is how much additional warming is predicted as
atmospheric CO, concentration increases. The other is how easy it is to return
the climate to the original state. Global temperature averages are commonly
regarded as the most important summary measure of climate, similar to how
GDP is commonly used to measure the economic performance of countries.

Sea level rise

Sea level rise is more problematic in climate terms than temperature, but
it remains one of the most important climate change indicators. Sea level
changes reveal climate changes over the whole earth system, including the
atmosphere, oceans, and cryosphere, but not over land systems like
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temperature. Different timescales of climate variability also influence sea
level, making the attribution of a change to human influence troublesome.
Predictions for future sea level rise have higher uncertainty than for
temperature. The most complex systems still predict temperature changes over
several centuries but only freeze the large Antarctic and Greenland ice sheets
on atimescale of millennia. Still, sea level rise is the second most scientifically
robust climate change indicator after temperature changes. It has grown more
certain in the early 21st century, approaching an annual rise of 1 cm in 2007,
which exceeds what was expected in IPCC 2001 (0.1-0.9 cm/yr).

The average global temperature has increased by nearly one full degree
Fahrenheit since the late 1800s. That may not sound like much, but it has
profound effects on the world. The rising temperature is mainly due to
increased carbon dioxide in the atmosphere from burning fossil fuels. The
Earth's average temperature is easier to understand, since the Earth has a hot
side and a cold side. The hot side faces the sun and generally matches the
surface temperature of Venus, while the cold side cannot be seen from Venus
and generally matches the surface temperature of Mars. Because both Venus
and Mars are not blanketed in carbon dioxide like Earth, their average
temperature is consistent around both day and night sides.

The Earth's atmosphere is about 300 miles thick. Since the Earth is 8,000
miles in diameter, that means the atmosphere is very thin when viewed from
the side, like the skin of an orange. The moon has no atmosphere, so when the
sun goes down, temperature on its surface falls to minus 280 degrees
Fahrenheit. The average temperature on its dark side is minus 400 degrees
Fahrenheit. This is approximately the surface temperature of the Earth if it had
no atmosphere. However, with the Earth's atmosphere, its average temperature
is not 400 degrees Fahrenheit, but rather a balmy 59 degrees Fahrenheit. This
is a very comfortable temperature for us and is maintained when the Earth's
icecaps are not melting. By covering a planet with the correct amount of
carbon dioxide, the average temperature can be brought to the point that liquid
water can exist.

Temperature changes have, can, and will occur naturally over geologic
time. Changes in solar output, twist and turns of the Earth's orbit and tilt,
meteor impacts, super volcanoes, breaking up of continents forming new
ocean basins, and the slowing of the Earth's mantle all change the amount of
heat on the Earth. However, the warming from burning fossil fuels, all of
which are stored carbon, is up to 50 times faster than any natural warming.
One of the reasons temperature change appears gradual is that there is a
considerable lag from when heat is added to the climate system and when it is
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felt on the Earth's surface. The ocean takes a lot longer than the atmosphere to
warm, and because burning fossil fuels has been warming Earth for over 250
years, many of the worst impacts of climate change are still yet to come.

To the average observer, it may seem that the sea level has remained
constant for many years. In fact, there are many historical references to
specific objects or landmarks "by the river" or "in view of the sea." However,
over the centuries, many of those objects have ended up underwater as the sea
level has risen. This rise of the sea level is still currently measured today and
has been identified as one of the most robust indicators of climate change.
Similar to the land, the sea level also does not have a perfectly smooth surface.

In the Earth's coordinate system, the sea level can be defined as the mean
ocean surface based on the average high and low tides. But as a result of many
tides and variations in atmospheric pressure, the local sea level varies daily.
Although the sea level may vary locally with respect to this mean ocean
surface, the average sea level is about 370 meters higher at the equator than at
the poles. This is a consequence of the bi-oidal shape due to the Earth's
rotation, the complicated gravimetrical field, the interaction with ocean
currents, the atmosphere, and many more.

Before measurements of the absolute sea level began, these tides were
measured from a fixed point on land at locations along the European coast
where, for instance, the building of a new lighthouse was planned. These
measurements were made for several years with the introduction of measuring
devices worth several months of work from expert teams. Each measuring
point had to be carefully selected away from harbors and rivers and with a
solid basis of hard geologic material. Also, during the period of measurements,
strict rules applied to care for the devices and their surroundings to avoid
"noise" like running a mill or moving large objects across the ground in the
vicinity of the measuring devices. The need for good measurements and the
extensive preparation of this effort indicates that people were aware of "the
sea" and its possible variations that could affect their livelihood, like flood risk
when the sea level rose.

The absolute rise of the sea level is attributed to three main causes:
thermal expansion, melting of land ice with glaciers and ice-caps, and runoff
of snow and ice from glaciers. Thermal expansion responds to increases in
temperature of the ocean. As the temperature increases, the average energy of
the water molecules will increase, which will eventually result in an increase
in volume and consequently a rise of the sea level. Two satellite missions have
been launched to derive the absolute sea level: Topex/Poseidon (1992-2007)
and Jason 1 and 2 (2001 and 2008 respectively). Since 2006, the satellite
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mission Jason 1 has been collecting data together with the in-orbit co-
operations such as a Ku band altimeter measuring the sea surface height and a
radar altimeter system that is used to derive the significant wave height. These
on-board systems are supported by a precise GPS-based orbital determination
system which allows estimations of location deviations in the order of 1
decimeter as well as a precise trajectory modeling, ground receiving stations
with antennas, radar precision timing and caretaking units, and signal
preparing laboratories.

Global warming is the increase in the Earth's temperature caused by the
buildup of greenhouse gases in the atmosphere. Personal actions, like driving
cars and heating homes with fossil fuels, add to the buildup. So does the less
visible burning of forests and clearing of land for agriculture. It was first
predicted over a century ago; since then, the burning of fossil fuels and
deforestation have grown rapidly, and global temperatures have increased. It
begins by describing how ecosystems like forests and coral reefs are being
severely damaged in response to rising temperatures and their consequences
on the existing biodiversity. It then goes on to explain how these changes in
the environment are also affecting human health.

Rising temperatures are damaging ecosystems like forests, coral reefs,
and tundra. Coral reefs are dying and becoming bleached, as the algae that live
within them die off in high temperatures. Coral reefs are not only beautiful,
but they also support a rich biodiversity, and once lost, these reefs will be
difficult to restore. Warming has caused the survival range of some species,
like the cold-water fish, to decrease, potentially resulting in their extinction.
In diverse ecosystems that have existed for thousands of years, such as tropical
rainforests, temperature-induced stresses will create competition between
species. Non-native species that are better suited to higher temperatures will
replace or expand into similar habitats at the expense of vulnerable native
species, thus reducing biodiversity. Evolving rapidly to adapt is difficult for
long-living species like trees; and when the evolution happens, they may no
longer fit in an existing ecosystem. Climate change would create a "winner-
win" situation for some species that have adapted and a "loser-lose™ situation
for highly specialized ones similar to "fast and slow."

Distributed across continents, nations, and communities; with an already
tiring burden of poverty, hunger, illiteracy, lack of equal development, and
politically-correct action; and unaware of unmanageable environmental
change, the relatively poorer and vulnerable group stricken by problems is
stupendously devastated by global warming. There is a drastic change in
weather and rainfall patterns for various places over each continent, adversely
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affecting agricultural practice. A gradual increase in dry and barren lands will
occur in most tropical areas, thus lowering food production, devastating the
subsistence of the poorest nations. With a high-density population and low
countries, for these nations, havoc floods are caused by rising sea levels and
storms, as is seen in Bangladesh, slowing their development efforts. Along
with low-lying coastal and island regions, the Western Pacific is especially
threatened, imposing a national security dilemma. Harmful migratory and
rescue problems will be faced, the poorest always entering the victim's course
first. Depending upon personal actions, rising greenhouse gas concentrations
are foreseen, producing a rise in medical problems.

Global warming triggers a cascade of destructive changes in ecosystems,
irrevocably altering their physical, chemical, and biological components. The
Intergovernmental Panel on Climate Change (IPCC) expects a dramatic
impact on the environment and biodiversity. Many populations of terrestrial,
freshwater, and marine species are shifting their distributions towards higher
latitudes and elevation due to climate conditions. Ongoing stressors, such as
habitat loss, pollution, and invasive species, further increase organisms'
vulnerability to climate change. Globally, reconstructed empirical data
indicate that the biomass of plankton organisms has decreased in the ocean's
upper valid portions through 40 years of warming. Coral reefs, home to 1
million marine species, are imperiled by warmer waters resulting from climate
change; 19% of coral reefs have died in the last 50 years. Harmful algal
blooms are increasing due to the combination of warmer water, nutrient runoff
from land, and complex interactions that generate increased emphasis on
harmful species. The growing threat of harmful estuarine and coastal algal
blooms is anticipated. Recent research has shown that potential climatic
changes, focusing on rainfall, temperature, and oxidation state, can greatly
affect concentrations of phosphorus (P) in sediments and dissolved oxygen
(DO).

The negative effects of climate change on terrestrial ecosystems are
critical and complex, involving influences on components and processes such
as forest growth, biomass accumulation, soil processes, hydrology, and
climate itself. Studies with very different methodologies, data quality, and
representativeness are analyzed and summarized to glean general patterns and
estimates of the sensitivity of terrestrial ecosystems to climate warming.
Changes in climate and atmospheric carbon dioxide (CO2) concentration
influence ecosystems' structure and functioning through alteration in
vegetative growth, primary productivity, decomposition, respiration, soil
processes, and loss and gain of carbon, nitrogen, and moisture stores.
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Inaccurate equations in some models can continuously alter soil moisture,
anomaly temperature, and productivity over areas, which easily induce
significant variability for carbon exchange among unreasonably large areas.
A heat uptake and disequilibrium between energy contents of ocean-
lithosphere-hydrosphere-atmosphere are provided by the input CRM coupling
to the German BMBF 10-year project AWAKE.

Soil N availability and moisture are induced by the coupling between a
heat source anomaly and disequilibrium expansion of the ocean. Changes in
the seasonal and geographical distribution of climate loading and land et al.
patterns of N flux and moisture are induced by changes in the mean ocean
haline stratification. Through microscopic modelling of the physical interface,
a system of pressure equilibrium is developed to model the "starving lens"
generator, broadly applicable to frictional zones. Systematic reference
solutions and some performance measures are provided to guide the
calibration and use of the models developed for climatic studies. New shared
data are created that allow modelling groups to efficiently assess spatially
explicit, long-term effects of climate change on N cycling.

The most serious threat posed by global warming may be to human health.
Indeed, rising temperatures and shifting climatic patterns are likely to have
numerous harmful effects on people, including increased rates of heat-related
deaths, exacerbated air pollution, increases in some infectious diseases, and
changes in the distribution and life cycles of vectors that transmit these
diseases. In addition, warming may produce food and water accessibility
problems.

In 1986, a heatwave and subsequent drought hit large parts of North
America and the Soviet Union. In the United States, average temperatures
were 2 degrees Celsius above the historical norm, and deaths from heat
exposure rose sharply in many cities. In Chicago, the number of deaths
attributed to the heat was about seven times higher than in previous "normal”
years. The elderly and chronically ill were particularly vulnerable. Globally,
weather-related mortality due to heatwaves was sharply up, from about 100
people killed in the average year in the 1950s and 1960s to over 2,115 deaths
in 1991 and more than 66,603 deaths in 1995.

Many other cities in the Northern Hemisphere also experienced similar
events in the 1980s and 1990s. The index of deviation of monthly temperature
from the long-term mean (ANOM monthly temperature) for the months July,
August, and September of 1988 indicated a linear trend of 1.57°C per year.
Yet another North American heatwave struck in 1995, from July 11-29,
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pushing heat index levels above 115°F around central U.S. states. The mean
temperature of the contiguous United States from the January-July period in
1995 was estimated at +1.68°C relative to the 1961-1990 base, and cities on
the Great Lakes were most severely affected.

Human health effects of environmental change are mediated through
changes in biogeochemical, hydrological, and ecological processes. Changes
to environmental changes, temperature, precipitation, water quality, and water
quantity are found to directly affect human health.

Contemporary policy interventions must ensure the use of renewable
energy sources at all stages of electricity production, starting from the global
level (resolution of the UN General Assembly concerning prevention of the
catastrophes of climate change can be considered the first step) and finishing
with the level of individual countries (energetic policies of the European
Union can be considered quite effective examples).

On the scale of as big as possible power stations, the use of water, wind,
and waves for electricity production must be planned. The solution to these
problems can be the joint projects of several countries (for example, on the
mutual border or on the big rivers as in the case of North Hydropower Cascade
projects of Russia and Kazakhstan connected with the construction of
Zhanadarya and Baype power stations; the projects of joining water channels
of the Caspian Sea and Dead Sea are under consideration). The attempt of
technological packages exportation should be done. Such experience does
exist (as Oil-for-food program flowing from the embargo of western
democratic countries against Iraq). At the middle level of power stations,
technologies to produce prosperous bio-fuel from wood waste, straw, wax,
and other wastes must be used. The use of such technology by Russia,
Scandinavia, and Canada can be considered. Small power stations using the
regenerative sources must be supported at the national levels (for example,
Russia can take use of using atomic batteries powered by the waste of atomic
reactors).

At the level of apartments and one-house estates, the policies of using
solar batteries, heat counters, fuel cells, and wind power generators must be
performed (The Carter solar project of the USA, incentive systems of using
wind power in Denmark, domestic stove in Holland, batteries supplying for
individual houses in Germany). To avoid the storm of environmental disaster,
the mutual actions of countries will help with the question of future
generations' existence. It is impossible to reduce the emission of greenhouse
gas in equal proportions everywhere. The first steps in the sphere of hard law
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must be done. There is a prospective sanction of various types for the countries
over the norm of permissible emissions, as for the countries below the norm
(dropping off developing countries' development rights on the provision of
compensations). Environmental issues are getting more and more political
significance. At world summits, environmental problems passed from the
sphere of platform discussions (as Dublin summit in 1994) to the sphere of
frames of concrete programs realization (Kyoto protocol was ratified by
developed countries, something like a statement of intentions, presentation of
best wishes, and requests to behave reasonably). More importantly, the
countries outside of "noble fate contagion risk (to be really more serious and
possible enough to perform at the present moment)" must be controlled either.
For that, cooperation among the countries of different "noble fate" must be
powerful enough (being remembered that global thermal catastrophe only
affects developed countries and states). A close cooperation between scientists
and practitioners/climatologists/biologists/economists in the sphere.

The rapid depletion of natural resources and energy crises have propelled
a global quest for renewable energy sources. Scientific and industrial
advancements are fostering the development of efficient and eco-friendly
energy production processes. Renewable energy sources can potentially
restore the natural balance, resulting in non-polluted energy generation. They
involve relatively low operating costs and are free from waste disposal issues,
nuclear hazards, and regional energy use conflicts. Popular renewable sources
include solar, wind, biomass, hydropower, and geothermal energy.

Solar energy, the most abundant renewable energy source, is harnessed
through solar collectors that capture sunlight and convert it into thermal
energy. Passive solar energy systems store energy without mechanical
intervention. Wind energy is another well-established and widespread
renewable energy source that utilizes wind turbines to convert airflow into
electricity. Wind energy is free, clean, and inexhaustible, with horizontal-axis
wind turbines (HAWT) and vertical-axis wind turbines (VAWT) from which
the former is more efficient.

Biomass refers to the organic matter produced by plants and animals,
including solid, liquid, gas, and a combination of these states. The biomass
utilization processes include combustion, gasification, pyrolysis, and
fermentation. The biomass provides energy in the form of electricity
(cogeneration), steam, hot water, synthesis gas, bio-oil, and biofuels.

Hydropower refers to the gigantic potential energy of water, being a
traditional source of energy, is renewable, and is of low cost compared to other
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forms of energy. Large hydropower stations can produce electricity in
gigawatts (GW). However, these installations can disturb the balance in the
ecosystem by submerging large tracts of forestland.

Geothermal energy is harnessed from the internal heat of the Earth. The
energy is produced from hot steam trapped in volcanic rocks, fissures or
underground aquifers in the earth's crust developed due to the natural decay of
radioactive isotopes in the rocks. Geothermal power plants have a minimum
carbon footprint. However, these plants can lead to increased acidity, land
subsidence, and a lack of dioxides in the crust can result in the premature seals
of reservoirs.

Amidst the rising challenge of climate change and global warming,
nations and local regions are coming up with creative ideas that might help.
Some of these ideas are being considered or tried out, while others have
already been established in several places. Overall, the focus is on policy
interventions that change the world in a positive direction. However, some
consider these changes unfriendly, unnecessary, economically expensive, and
impractical.

The carbon pricing policy aims to make polluters pay for their emissions.
Under this policy, those who want to emit carbon will need to hold permits
demonstrating that they have the rights to emit a certain amount of CO,. This
record of rights can be bought and sold, meaning that emissions allowed are
not set in stone. The core principle is that polluters will incur costs that depend
on how much they choose to pollute. Therefore, those who target sustainability
are preferred to those who continue polluting unnecessarily.

Carbon pricing policies have already been successful in some countries
or regions. British Columbia is a province in Canada implementing this policy
from July 2008. Under the policy, a tax on fossil fuels increasing every year
aims to limit carbon dioxide emissions. Rio de Janeiro is currently running
trials of a similar policy to foster sustainable practices. The lagoon and
sewage's untreated nitrogen dumping program incentivizes producers to purify
their waste before dumping.

Going a bit further, the Clean Air Act Amendments established a cap and
trade on sulfur dioxide in the US, solving acid rain pollution at a much lower
cost than other alternatives. A similar experiment was done with chemicals
thinning the ozone layer, where some of them were eliminated. The 1987
Montreal Protocol aimed to stop creating new ozone-depleting substances and
the production of existing ones, bringing new communities resources and
spurring research and industrial investment.
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Investing in scientific knowledge dissemination, technology,
infrastructure, and social organization focusing on sustainability is better than
punishment policies. For example, the pay-as-you-throw collection, where
fees are based on the number of bags thrown away by residents, promoted
recycling and reduced waste levels in several municipalities. Other
communities offered rewards to encourage recycling.

Global climate models (GCMs), also known as global circulation models
or simply climate models, are numerical representations of the interactions
among the atmosphere, oceans, land surface, and ice. Earth's climate system
is incredibly complex, with many components dynamically interacting over a
vast range of time and space scales. Models can assist in understanding this
interconnectedness by simulating what would happen to some characteristics
of the system if changes occurred in others. Stratified in research areas, GCMs
play increasingly extensive roles in climate-related work scopes, such as long-
range forecasting and climate change analysis.

Over the years, advancements in technology, satellite, and computing
have resulted in increases in data availability and model resolutions. Climate
models have, thus, evolved significantly, facilitating the assimilation of
diverse data sets and further exploration of indispensable climate variables.
Widely characterized as three-dimensional, deterministic, time-dependent,
nonlinear computer models, GCMs solve the governing differential equations
by averaging and transcribing them into macroscopic equations. Data
normalization via parameters may be controversial, with inadequate resolution
on spatial variability. As such, modeling by assembling the output of smaller
climate models simulating components of the system also qualifies as GCMs.

Modeling applicable spatial and temporal scales of interest can either
prove subtle or stringent, but early studies still provided forecasts ten times
the length of the model climate. Moreover, it is dubious whether
experimentalists would run up to 100 different models on global decadal time
scales. Still, GCMs are powerful climate simulation tools that are better than
nothing. Relying on GCM output in support of decades-long planning is not
unreasonable, yet the interpretation of risk needs to be stringent as even a few
degrees could cause a food crisis half as bad as one following the end of the
Little Ice Age.

The basic components of a world model, primarily numerical
calculations, the required meteorological quantitative data, the modeling of
subsystems, and useless or unnecessary modeling, are presented in this
section. The effects of scale, boundary conditions, and mathematical
description are discussed. The basic components of a world model are

Page | 20



numerical calculations, on the basic processes in the climate system,
consisting of the different subsystems (ocean, atmosphere, land, sea ice, etc.);
on interactions between subsystems; on the combination of processes and
interactions in a global system; on the global energy balance, and on the
changes in the system with respect to time.

To calculate the above, required meteorological quantitative data are
divided into groups of subsystems and the associated models. A pool of the
best modeling, valuated issues (at least, output includes anticipated climatic
change), and a model of the natural climate can be needed. Basic processes
are surface water balance, energy processes (both radiative balance and heat
transfer processes), energy storage, changes in ice areas, land subsystems, mix
layers, restoration, circulation, near-surface processes, internal processes on
waves, turbulence and diffusion, and biological processes. The modeling of
subsystems is on the ocean and its regions; on the atmosphere, regional details
on feedback mechanisms (vegetation, sea, and land ice); on land; on spatial
scale; and on the simulation of natural variability in a simplified global climate
model to investigate climate variability on decadal time scales.

Modeling of useless (or as much as possible simplified, but necessary) or
unnecessary modeling includes atmosphere and ocean thermal tides; daily
without ridging snow; daily without pressure; daily without clouds; annual
average-albedos; and ocean without gyres (only large-scale thermohaline
circulation). There are four aspects of the modeling of the ocean to put (as
much as possible) in the presented climate model. These aspects are the global
bathymetry (contour of ocean bottom) of a model grid, daily temperature, and
salinity (as much as possible) to relate the barotropic model sea level with the
surface density, temperature, and salinity from the climatological world
model; and a more simple parametrization of the wind stress on ocean
topography and representation of western boundary currents.

Climate change has been a contentious issue for decades, provoking
heated debates. Despite scientific consensus regarding its anthropogenic
origins, skepticism has remained a thorn in the side of climate action. Why are
some people skeptical? Several factors are at play: political affiliation, social
identity, and misinformation can reinforce or build skepticism. Here, the
climate skepticism controversy is examined. Leading skeptic arguments are
discussed in the context of the scientific consensus, and effective scientific
responses to combat climate skepticism are outlined.

Misconceptions about climate change have persisted despite nearly
universal scientific consensus. Sometimes classified as myths, false
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statements about climate change or climate science warrant further
exploration. The credibility of those who promote the "myths," questioning
the sincerity and motives of climate skeptics, has garnered renewed attention,
especially amidst attempts to convey scientific consensus. However, myths
cannot simply be dismissed via fact-checking, as they can undermine
understanding of scientific consensus. Addressing common concerns or
misconceptions surrounding the ongoing scientific consensus can,
nonetheless, lead to more constructive dialogues about climate change.

In conclusion, the challenges posed by climate change are daunting and
demand our immediate attention and action. The future of our planet and the
well-being of current and future generations hang in the balance. It is essential
that every nation, community, and individual recognize the urgent need for
comprehensive and sustainable solutions. By coming together and prioritizing
environmental preservation, we can strive to mitigate the effects of climate
change and safeguard the precious resources that sustain us all. Only then can
we secure a brighter and more resilient future for ourselves and the myriad of
species that share this beautiful planet with us [10-11.12],
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Chapter - 2

The Science of Global Warming

The Earth's climate is, for every living organism, an essential system of vital
importance. Indeed, it would not be possible to understand the development
of humanity in the absence of variations in the atmosphere, hydrosphere,
cryosphere, and biosphere of the Earth if we analyze the periods that preceded
the Holocene. Unfortunately, people often think that global warming is an
invention of scientists or that its consequences are so removed in time that the
fight against this phenomenon is prevented. Both the former and the latter are
false. The climate forms part of the environment of the human being,
intimately conditioned and modified by him. What is being carried out is a
large-scale weather modification.

Early in this century, these warning voices began to take on an
increasingly significant and influential internationally professional dimension.
The profound and stimulating literature, which is filled with deep emotions
and captivating ideas, now occupies an exceedingly vast amount of space in
the most diverse sections of libraries and book collections worldwide. The
treatment and understanding of the global warming phenomenon from the
scientific point of view comprises an extensive body of knowledge derived
from numerous branches of science, including but not limited to atmospheric
physics, paleoclimatology, meteorology, oceanography, biology, ecology,
geology, astronomy, and countless other interconnected disciplines. It is
indisputable that a complex and multifaceted theme like global warming
necessitates the incorporation and integration of the invaluable insights and
findings from these diverse fields of study. This integration allows for a
comprehensive analysis and interpretation of the intricate mechanisms and
intricate processes that contribute to the daunting challenge of global warming
mitigation. As research continues to advance and our understanding deepens,
the urgent need for collaboration among scientists, policymakers, and society
as a whole becomes increasingly evident. Together, we must strive to develop
innovative solutions and implement effective strategies in order to safeguard
the planet's future and mitigate the adverse impacts of global warming on our
environment, ecosystems, and ultimately, humanity itself [3 14,151,
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2.1 Greenhouse gas emissions

As a direct consequence of the remarkable strides made in economic
development and the notable transformations in consumption and production
patterns, the incessant surge in electricity demand persists with unwavering
determination. From an economic standpoint, it is an indispensable element in
contributing to bolstering economic growth and the overall welfare of
numerous nations, serving as the lifeblood of progress and prosperity.
Simultaneously, the utilization of electricity for power generation has
exacerbated the escalation of carbon emissions, releasing echoes of
environmental concerns in every corner of the globe. Consequently, the urgent
need to address air quality concerns and curtail greenhouse gas (GHG)
emissions has become a paramount, non-negotiable priority for every one of
the 100 cities across the vast expanse of our planet.

Hence, international treaties such as the Kyoto Protocol have diligently
enforced regulations pertaining to GHG emissions, heralding a new era of
environmental conscientiousness and accountability. The colossal magnitude
of GHG emissions is, at present, regarded as a pivotal aspect in formulating a
country's economic growth plan, intertwining the intricate fabric of
sustainable development and global stability. Governments, corporations, and
non-profit organizations alike have united in fervent solidarity, mobilizing
their vast array of resources and embarking on an arduous yet essential journey
to effectuate substantial reductions in GHG emissions. With resolute
determination, they actively embrace the expanding repertoire of green energy
solutions, as the future of our planet and subsequent generations lie in the
balance.

The green energy sector, propelled by commendable efforts and fortified
by governmental subsidies and the unwavering operation of market
mechanisms, has experienced a momentous upsurge in unparalleled
prominence and influence, surging forth as a beacon of hope amidst the
uncertain tides of change. It stands as a testament to human ingenuity and
unwavering resilience, providing a tangible pathway towards a greener and
more sustainable future. The winds of change have swept across the land, as
solar panels stretch towards the sun, wind turbines dance in harmony with the
relentless gusts, and hydroelectric power harnesses the raw power of mighty
rivers.

Together, we embark on a transformative expedition, our collective
footsteps guided by the unwavering compass of environmental consciousness.
We embrace the invaluable lessons of the past, drawing inspiration from the
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mistakes and triumphs of yesteryears, weaving them into the tapestry of
progress and innovation. Let us foster an unwavering commitment to
sustainability, for within its embrace lies the key to a world brimming with
untold possibilities. Let our actions reverberate through time, creating a legacy
of stewardship and responsibility for generations yet to come. The greener
tomorrow we long for is within our grasp, awaiting our unwavering resolve
and collective efforts to usher it into fruition. Together, we march towards a
future imbued with the radiance of renewable energy and the boundless
potential of a planet in harmonious coexistence with its inhabitants (6. 7. 18],

Greenhouse gases such as carbon dioxide (CO,), methane (CH.), and
nitrous oxide (N20) have the significant effect of reducing the acceleration of
Earth's radiation, ultimately leading to a notable increase in Earth's overall
temperature. It is essential to comprehend that greenhouse gases possess
unique characteristics wherein they absorb Earth's radiation at a specific
wavelength to a high extent, while simultaneously emitting and reflecting
almost all incoming solar radiation wavelengths.

Human economic activities play a pivotal role in the emission of these
primary greenhouse gases. CO», for instance, is predominantly generated from
burning fossil fuels to fulfill various energy needs like electricity generation,
heating, and transportation. On the other hand, CH4 emissions are mainly
derived from sources such as rice fields, agricultural and industrial activities,
landfills, and waste treatment processes. Similarly, N.O emissions primarily
originate from the application of nitrogen fertilizers, fossil fuel combustion,
and deforestation.

It is worth noting that greenhouse gases persist within the atmosphere for
a considerable duration, ranging from 100 to 100 years. Notably, these gases
possess a higher global warming potential than CO,, making their impact on
the environment more pronounced and concerning. Understanding the
intricate nature of greenhouse gas emissions and their prolonged atmospheric
existence is crucial for comprehending the factors contributing to climate
change and global warming [7: % 201,

Page | 25



Chapter - 3

Global Warming Trends in 2024

Air temperatures near the surface on Earth have been steadily increasing since
the onset of the industrial age as a result of a combination of natural and
anthropogenic processes. It is "extremely likely that more than half of the
observed increase in the global average surface temperature from 1951 to 2010
can be attributed to the rise in greenhouse gas concentration due to human
activities." The latest Intergovernmental Panel on Climate Change report,
which was published in October 2013, underscored the significance of this
issue by elevating the level of scientific caution with a remarkable 95%
certainty in its main conclusions. The report provided detailed analyses and
projections that indicated the overwhelming consensus among scientists
regarding the rising temperatures and their link to human activities.

The global average temperature has experienced a notable rise of
approximately 0.8 °C during the 20th century, with this trend notably
accelerating over the past three decades. The scientific community has been
closely monitoring this alarming increase in temperature, which has raised
concerns about its consequences on the environment and human well-being.
The rise in temperature has led to numerous repercussions, including melting
ice caps, rising sea levels, more frequent and severe heatwaves, as well as
changes in weather patterns.

It is important to highlight that nine of the hottest years of the last century
can be traced back to the first decade of the 21st century. The data collected
from various sources, such as weather stations, satellites, and oceanic
measurements, provide compelling evidence of the escalating temperatures.
This increase in temperature has far-reaching implications for ecosystems
worldwide, causing shifts in plant and animal habitats and raising the risk of
species extinction.

Notably, in 2012, the United States of America observed a new record of
soaring temperatures, which stood as a striking example of the ongoing global
warming phenomenon. The heatwaves that swept across the nation
emphasized the urgency of adopting measures to mitigate climate change and
reduce greenhouse gas emissions. The extreme weather events, such as
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hurricanes, droughts, and wildfires, have also become more frequent and
intense, posing significant challenges for both human societies and natural
ecosystems.

Moreover, the period from 2001 to 2010 emerged as the warmest decade
in recorded history, particularly starting from 2005 onwards. This milestone
further highlights the need for proactive measures to address climate change
and its far-reaching impacts. World governments and international
organizations have come together to formulate agreements and frameworks,
such as the Paris Agreement, to tackle global warming and promote
sustainable practices. These initiatives aim to reduce carbon emissions,
increase reliance on renewable energy sources, and enhance the resilience of
communities in the face of climatic changes.

It is crucial for individuals, communities, and nations to recognize the
urgency and severity of the climate crisis and take collective action. By
embracing sustainable lifestyles, transitioning towards clean energy, and
advocating for policy changes, we can strive towards a more sustainable and
resilient future. The expansion of renewable energy infrastructure,
preservation of natural ecosystems, and adoption of climate-smart agriculture
practices are just some of the steps that can contribute to mitigating the
impacts of climate change.

In conclusion, the growing body of scientific evidence, combined with
the observed trends in temperature rise, reinforces the need for immediate
action to address climate change. The implications of global warming are far-
reaching, affecting ecosystems, economies, and the well-being of present and
future generations. By recognizing the urgency of this issue and acting
collectively, we can work towards a more sustainable and livable planet for
ourselves and future generations [?%: 22231,

The global average UV radiation for this period was 0.5 W/m2 above the
calculated long-term trend. This increase in UV radiation has significant
implications for the environment and is closely linked to the rise in global
average temperature. As the temperature continues to increase, various
alarming phenomena have been observed, including a progressive rise in the
sea level, the melting of Arctic and Antarctic ice, which combined contribute
to increased flooding and changes in water patterns. Furthermore, there has
been a severe drought in certain regions of the world, particularly in Australia,
the Horn of East Africa, and parts of the Amazon Basin. These events serve
as key indicators of the ongoing climate change crisis that the world is facing.
It is important to note that the high concentration of atmospheric carbon
dioxide (CO,) has played a significant role in the cyclic temperature patterns
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observed over the past decade. The increase in CO, emissions has led to a
greenhouse effect, trapping heat within the Earth's atmosphere and further
amplifying the global warming process. This phenomenon has prompted
researchers and scientists to develop reference scenarios in order to
graphically represent the progression of global average temperature over time.
These scenarios take into account both existing technologies and potential new
technologies, while also considering regulatory strategies that can help
stabilize carbon levels in the atmosphere. Among the most widely used
reference scenarios are those presented by the Intergovernmental Panel on
Climate Change (IPCC). These scenarios, known as A1B, AlT, B1, and B2,
outline possible future trajectories based on different assumptions regarding
economic, social, and technological developments. By utilizing these
reference scenarios, scientists are able to assess the potential impacts of
various policy decisions and technological advancements on global
temperature trends. Ultimately, the goal is to find strategies and regulations
that will effectively stabilize carbon levels in the atmosphere, mitigating the
negative effects of climate change and ensuring a sustainable future for
generations to come.

Due to these concerning observations and ongoing climate change, it is
imperative to prioritize the adoption of sustainable practices and
environmentally friendly innovations worldwide. This involves implementing
policies and regulations that encourage the reduction of greenhouse gas
emissions and the transition to alternative energy sources such as solar and
wind power. Additionally, fostering international collaborations and
agreements aimed at collectively addressing climate change is crucial. By
joining forces, countries can share knowledge, resources, and technological
advancements, leading to more effective solutions.

Moreover, understanding the complex interconnections between different
ecosystems and their response to environmental changes is vital. This requires
comprehensive scientific research and monitoring programs that provide
valuable data on the impacts of climate change on habitats, biodiversity, and
various species. By gaining deeper insights into these intricate relationships,
policymakers and conservation organizations can make informed decisions to
protect vulnerable ecosystems and safeguard the incredible diversity of life on
our planet.

Recognizing that climate change affects not only the natural world but
also human societies, it is essential to prioritize the development of resilience
strategies. Building resilient communities includes investing in infrastructure
that can withstand extreme weather events, developing early warning systems
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for natural disasters, and implementing sustainable agricultural practices to
ensure food security. These measures can help minimize the social and
economic impacts of climate change, particularly in vulnerable communities
that are disproportionately affected.

Education and awareness play critical roles in combating climate change.
Promoting environmental education from an early age and integrating climate
change topics into school curricula can empower future generations to become
environmentally conscious citizens. Additionally, support for public
awareness campaigns and initiatives that inform individuals about the
importance of reducing their carbon footprint and adopting sustainable
lifestyles is crucial. Encouraging behavioral changes, such as conserving
energy, reducing waste, and promoting eco-friendly transportation options,
can make a significant collective impact.

Furthermore, climate skepticism is countered, addressing common
skeptic claims and misrepresentations of climate science, some of which are
even recognized among climate scientists as legitimate queries. These
responses ultimately underscore the tenets of climate science, including the
human influence on climate change, the future path of climate change given
non-intervention, and the understanding of climate change by climate
scientists. The basic tenets of climate science are deceptively simple, which
may help to account for the 97% scientific consensus.

There is nothing wrong with doubt: it is a central component of the
scientific method. Skepticism regarding climate change is distinct from
legitimate scientific skepticism. Legitimate skepticism typically involves
methodological concerns about climate measurements, models, or theoretical
understanding, while general public skepticism disregards climate science
altogether, with questions directed not so much at the scientific method but at
the motives and honesty of climate scientists. Thus, outright rejection of, for
instance, anthropogenic climate change is necessarily anti-scientific. Sources
of controversy about climate change lie not in the science but in the politics;
scientists, politicians, and the public are often necessarily ignorant regarding
one another's interests and motivations. Climate policy is framed as a major
intervention in the economy, raising issues of fairness and historical
responsibility.

As the need for radical changes increases, an overwhelming amount of
scientific evidence and popular opinion surrounding global warming has
emerged. Generally, there are two positions toward global warming: those of
concern and those of skepticism. The latter forms of argument are almost
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always metaphysical in nature and imperfectly consistent. By picking
scientists' logical arguments apart, it is possible to greatly undermine the
skeptical case. Picking cultural and investment-related arguments apart is
much trickier and requires a good understanding of alternative worldviews.
However, it is possible to argue that not only is it logically wrong to deny the
possibility of anthropogenic global warming (AGW), but it is also morally
irresponsible.

Basic arguments against concern are dismissed as stupid. Denying a
causal connection between increasing carbon dioxide (CO2) content in the
atmosphere and increasing mean surface temperature is implausible in view
of the long-range scientific evidence. It defies the laws of physical chemistry
and well-known physical forces responsible and isotopically tracer
aesthetically apparent globally and locally, and it is thus inconsistent with
thousands of replicated and beautifully detailed instrumental and
reconstructed records. Positive feedback effects are quantitatively well-
documented. Forest cover and other biological ecosystems strongly impact the
climate and are set to weaken or counteract the warming at high latitudes.

Skeptics argue that the warming stopped since 1998, and temperatures are
well below the IPCC best-fit scenario prediction, which is utterly wrong. For
avid skeptics, recent temperatures match previous warm epochs, and there is
always a nearby volcano or an orbit effect. It is evident that a very simple
energy-balance model comparing CO, with smaller radiatively active gases,
such as methane and nitrous oxide, improves the fit mockingly well. Skeptics
argue that current models do not account for internal variability or cloud
feedback correctly and thus are untrustworthy. Such ignorance cannot be
easily rebutted, but it is indicative of how far skepticism has strayed from
science's healthy dilemmas.

Unlike weather forecasting, which typically addresses short-term
projections, currently available climate change projections generally operate
on longer timescales - years to decades. Efforts made through the IPCC/1S92
scenarios in the early 1990s spawned a huge array of climate change
projections that were made using various general circulation models (GCMs)
of the climate. These simulations provided some of the first estimates about
how the projected climate change might vary regionally.

With the advent of the Special Report on Emissions Scenarios (SRES)
scenarios, further climate change projections were generated. These, along
with the 1S92 climate change projections, were compiled into a dataset (the
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SRES dataset) for public access. The SRES dataset of climate model
experiments is widely applicable and is anticipated to be the principal resource
for generating future climate impact studies at both the national and
international scales.

Although there was independent replication of earlier 1S92 climate
change projections by different modeling groups, subsequent SRES climate
change projections (with the exception of a handful of ALFI runs) have, to
date, been made only by the PCMDI modeling groups. The SRES dataset
remains an invaluable resource for assessing the potential impact of climate
change on various national and international environmental issues, providing
a common framework for policy-oriented scientific assessments involving
climate change and impacts.

A common approach to examine the changes of climate using computer
models is to describe scenarios with specified atmospheric CO2 concentrations
as a function of time. These scenarios can be calculated with climate models
and by using different input greenhouse gas emission scenarios for CO.. The
desired concentration evolution can then be derived from the mass balance
equation for CO- in the atmosphere. Mass balance calculations on CO, show
that the atmospheric CO, concentration grows asymptotically towards an
equilibrium concentration, depending on the respective CO. emission
scenarios. For the selection of the emission scenarios, a wide range is available
under various long-term constraints of CO; concentration stabilization and
equilibrium temperature increase.

For the early industrial times, two scenarios are used as forcing. Because
of its relevance for earlier discussions of climate scenarios, two 20th-century
projections are applied in the first computations. Based on these atmospheric
CO; concentrations over the past and current century, seven future climate
scenarios are considered. Thus, over a time horizon of 100 years, GHG
emissions will be strictly regulated on a constant decline to stabilize the CO;
concentration in the atmosphere. Large-scale carbon sequestration has been
applied, limiting the maximum allowable CO. concentration in the
atmosphere to 550 ppmv or 720 ppmv. For projections using the A271 and
B261 GHG emission scenarios, CO. concentrations will continue to rise
rapidly beyond 2,100.

In climate scenario projections, all forcing is treated as constant externally
imposed. Pre-industrial conditions enter the calculations as the initial value of
the climate system, and terrestrial, oceanic, and cryospheric changes
associated with climate warming have no dynamic feedback on the climate.
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To account for uncertainties in the climate response to a given increase in CO;
concentration levels, a range of model climate sensitivity (CS) parameters has
been provided with climate evolution and sea level rise under different
thresholds of CS parameter. Another important source of uncertainty is how
different GHG emissions evolve. Each of the climate models can be forced
with these four emission scenarios of GHG by anthropogenic activities. By
using an integrated modeling framework, 21 long-term future climate and sea
level scenarios are generated by coupling seven climate models and three
GHG emissions scenarios.

Such a multi-model approach gives a broader probability distribution of
the climate and corresponding sea level response to global warming than a
scenario projected with one single climate model. The models are linearized
with respect to both the forcing of GHG temperature rise in the atmosphere in
response to a given increase in CO, concentrations and land-ocean heat
capacity distribution.

It has become increasingly irrefutable that anthropogenic greenhouse gas
emissions exert a profound influence on the climate system. Average global
temperatures have increased in lockstep with rising concentrations of
greenhouse gases in the atmosphere. The legitimacy of climate science has
become a hotly debated topic among politicians and the public. Detractors and
skeptics often point to past climatic conditions; alternatively, supporters
espouse a view that forecasts near-term catastrophe. Scientists look at the best
chances to mitigate the problem and, at worst, pragmatically hope to avert its
most extreme long-term consequences.

Regardless of the differences, an extensive knowledge base has been
amassed examining the coupling of surface temperature to simulations of
future climate change resulting from anthropogenic perturbations to the
atmosphere, a coupling found to be robust among models with different
treatments of the atmosphere, ocean, sea ice, and land surface. Political action
on global warming has so far remained reactionary, often inconsistent, and
uneven across the globe; however, efforts to arrest the rapid and dramatic
changes to Earth's climate will need to occur more vigorously in the near
future, as delay will result in profoundly dire consequences. Without
intervention, future generations may wish the Earth had not warmed.

Nevertheless, modeling efforts utilizing so-called earth-system
approaches, often with explicit consideration of tipping points in the climate
system, suggest that substantial and unpredictable changes may occur even
during this century if greenhouse gas emissions are not sufficiently curbed.
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Positive feedback mechanisms, such as the virtuous cycle of decreased albedo
causing accelerated melt of polar ice sheets, may propel global temperatures
into uncharted territory, with devastating global repercussions. The geography
of life will be irrevocably altered, ocean circulation patterns may be disrupted,
and the thermohaline circulation shut down, and methane hydrates may be
released from tundra and permafrost regions. All seriously studied scenarios
imply catastrophe.

The models also show that near-term interannual variability cannot
simply be calculated using model-player perturbation pathways. Sudden
unanticipated changes may occur due to chaotic dynamics. For example, the
climate system could jump rather rapidly and quite unpredictably from one
state of stability to another many degrees cooler, permanently reversing a
trend of good weather that had prevailed for centuries or even millennia, and
plunging regions with mild climates today into ice-age conditions. Rare events
and "black swans" result from chaos when the timeframe is too short to realize
the uncertainty. A probabilistic view of future abrupt change cannot be readily
constructed with confidence. And as for the near- and long-term management
of the climate system, freedom truly has uncertainties.

As the planet faces the dire consequences of climate change, global
warming, and biodiversity loss, there is an urgent need for policymakers,
world leaders, economists, businesses, and industries to come together to
address these challenges. Climate policies, green new deals, and initiatives to
combat this impending doom are important steps in the right direction.
However, at the same time, each and every citizen has an equally important
role to play as we all live on this one planet that bears no borders. Citizens
have to understand and realize the importance of their individual and
collective efforts to rectify and reverse some of the damage done.

Climate change, caused largely by greenhouse gas emissions, has altered
weather patterns, heat waves, and rainfall distribution, resulting in a direct
threat to food security, water supply, and extreme weather events such as
mudslides, flash floods, cyclones, hurricanes, and forest fires. Sustainability
has become crucial for continued societal advances, technological
innovations, and economic growth. It is the responsibility of every inhabitant
to care about this planet and ensure its sustenance. Awareness towards
sustainability is equally important as it entails the adoption of economic,
environmental, and social practices that will benefit all living beings and the
planet. It is crucial for a healthy earth as well as a healthy economy and
society.
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However, sustainability has gained popularity only in the recent past. The
ongoing efforts towards sustainability have not yet been materialized to the
fullest and there is a need to identify the impediments in its path. Studies have
shown that there is awareness about the concept of sustainability among
people, but at the same time, preference towards the protection of the
immediate surrounding, family, and community has also been indicated. This
indicates a lack of information towards awareness of larger problems such as
climate change and poverty and at the same time highlights the challenges of
a broader global mindset.

Addressing climate change requires a multilateral approach that involves
not only governments but also businesses, civil society, and individuals. By
fostering collaboration and shared responsibility, it is possible to create a
sustainable future for our planet. Through technological advancements, policy
innovations, and concerted efforts, we can mitigate the negative effects of
climate change and pave the way for a thriving and resilient world for current
and future generations. It is our collective responsibility to take action now
and ensure a healthier, more sustainable planet for all 24 25 261,

3.1 Temperature changes

The latest global temperature of land, recorded from January to October
in the year 2024, was determined to be 0.47°C higher than the average
temperature observed between 1981 and 2010. This surpasses the previous
record set in 2023, making it the warmest period on land since the year 1875.
Several factors contributed to this significant increase in temperature, aside
from the ongoing trend of year-by-year warming. These factors include a weak
La Nifia event, which resulted in cooler temperatures during the years 2022
and 2023, as well as a substantial year-to-year increase in warmth, ultimately
leading to the exceptionally high temperatures in 2024. The findings from this
study further corroborate the accelerating trend of global mean air temperature
witnessed since the commencement of the 21st century. Moreover, the
recorded tropospheric temperature for the year 2024 demonstrates a
noteworthy 0.74°C increase above the long-term average observed in 1875.
The Tropic region, specifically, experiences the most significant rise in
temperature, reaching an alarming 1.01°C above the average. These rising
temperatures have profound implications for various geographic regions. For
instance, the subtropical East and Western Hemisphere oceans, along with the
higher latitudes in the Northern Hemisphere, witness substantial increases in
not only heat content but also air moisture. These findings suggest that the
year 2024 has further amplified the transfer of heat and moisture from the
upper portions of the ocean into the atmosphere, subsequently reducing the
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likelihood of near-future cooling. Given the continuous concentration of
atmospheric greenhouse gas forcing, there is a growing risk associated with
the global climate during the summer season. The persistent accumulation of
greenhouse gases in the atmosphere intensifies the greenhouse effect, leading
to elevated temperatures and potentially adverse climatic conditions
worldwide. It is imperative that effective measures are implemented to address
this concerning issue and mitigate the potential consequences of climate
change on a global scale.

The consequences of these rising temperatures are multifaceted and far-
reaching. One of the most apparent impacts is the accelerated melting of the
polar ice caps, which contributes to rising sea levels and threatens coastal
communities. Additionally, the warming trend has significant implications for
the world's ecosystems. As temperatures continue to rise, many plant and
animal species struggle to adapt to their changing environments, leading to
disruptions in biodiversity and potential extinctions. Furthermore, extreme
weather events such as hurricanes, droughts, and heatwaves are becoming
more frequent and intense, causing immense societal and economic damage.
These events not only endanger lives but also pose significant challenges to
agriculture, water resources, and infrastructure.

The year 2024 serves as a clarion call for immediate action to combat
climate change. It is crucial that governments, industries, and individuals
prioritize sustainable practices and reduce greenhouse gas emissions.
Transitioning to renewable energy sources, such as solar and wind power, can
help mitigate the environmental impact of fossil fuels. Additionally, efforts to
conserve and protect natural habitats are essential for preserving biodiversity
and ensuring the long-term health of ecosystems. Implementing policies that
promote energy efficiency, sustainable agriculture, and responsible
consumption can also contribute to climate change mitigation.

Addressing climate change requires global cooperation and commitment.
International agreements, such as the Paris Agreement, provide a framework
for countries to collaborate in reducing emissions and adapting to the effects
of climate change. Continued investment in climate science and research is
vital to expanding our understanding of the Earth's climate system and
informing sound policy decisions. Education and public awareness campaigns
are also essential to fostering a collective sense of responsibility and
encouraging sustainable lifestyle choices.

The year 2024 has highlighted the urgency of the climate crisis and the
need for immediate action. If we fail to curb greenhouse gas emissions and
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mitigate the impacts of climate change, future generations will bear the brunt
of our inaction. By taking decisive steps now, we can create a sustainable and
resilient future for ourselves and the planet. Let us seize this opportunity to
address climate change head-on and pave the way for a healthier and more
sustainable world 2728, 291,

Impacts: The 2024 temperature was 0.47°C above the 1981-2010 average,
surpassing the record set in 2023 to become the warmest year on record since
1875. The unprecedented warmth of 2024 not only confirmed the ongoing
trend of rising temperatures but also highlighted the urgency of addressing the
underlying causes of climate change. Over the past few decades, the world has
witnessed a steady increase in global temperatures, with 2024 marking a
significant milestone in this relentless upward trajectory. The period between
2000 and 2024 has proven to be particularly alarming, as the average
temperature during this time has consistently remained well above the levels
recorded in the latter half of the 20th century. With a staggering trend of
0.24°C per decade, the rate of temperature increase has reached its highest
point since the start of instrumental measurements in 1875. This clear
evidence of continuous warming calls for immediate action to curb
greenhouse gas emissions and mitigate the devastating effects of climate
change.

It is crucial to consider the factors that have contributed to the notable
temperature variations within the past decade. While the years 2022 and 2023
experienced relatively cooler temperatures, the overall trend remained
steadfast, owing to a combination of variables including a slight La Nifia, a
predominantly cool period between 2022 and 2023, and a consistent upward
trajectory from one year to the next. Although the rate of temperature increase
in 2023 was greater than that of 2024, the overarching seven-year trend clearly
indicates an acceleration in global mean air temperature, providing further
evidence of the escalating warming trend in the 21st-century. The pressing
question remains: Are these unprecedented temperature increases a direct
consequence of continuous anthropogenic greenhouse gas emissions? The
scientific consensus overwhelmingly points to human activities, namely the
release of greenhouse gases into the atmosphere, as the primary driver of
global warming. The burning of fossil fuels, deforestation, and industrial
processes have all contributed to an unprecedented accumulation of
greenhouse gases, trapping heat within the Earth's atmosphere and causing the
planet to warm at an alarming rate.

Unless immediate and decisive actions are taken to reduce emissions and
transition to cleaner, more sustainable energy sources, the current trajectory
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of accelerating warming could have catastrophic consequences for our
ecosystems, economies, and the well-being of future generations. It is our
collective responsibility to confront this crisis and work towards a sustainable
and resilient future for all. The year 2024 serves as undeniable evidence of the
progressive climate crisis we are facing. With temperatures 0.47°C above the
1981-2010 average, surpassing the previous record set in 2023, it has become
the warmest year since records began in 1875. This alarming heat not only
strengthens the ever-present trend of rising temperatures but also emphasizes
the critical need to address the root causes of climate change.

Throughout the past decades, global temperatures have steadily risen, and
2024 is a major milestone in this alarming ascent. The period from 2000 to
2024 has been particularly worrisome, with average temperatures consistently
exceeding those recorded during the latter half of the 20th century. The rate of
increase, a staggering 0.24°C per decade, reaches its highest point ever since
instrumental measurements began 149 years ago. The undeniable proof of this
continuous warming demands immediate action to counteract greenhouse gas
emissions and mitigate the catastrophic effects of climate change. We must
carefully analyze the factors contributing to the notable temperature
fluctuations within the past decade. Despite relatively cooler years in 2022 and
2023, the overall trend remains resolute due to various factors, including a
mild La Nifa, a predominantly cool phase from 2022 to 2023, and a steadfast
upward trajectory year after year. Although the rate of temperature increase in
2023 surpassed that of 2024, the comprehensive seven-year trend clearly
indicates an acceleration in global mean air temperature and further supports
the undeniable escalation of warming in the 21st century.

The critical question that arises is: Are these unprecedented temperature
increases a direct consequence of continuous anthropogenic greenhouse gas
emissions? Scientific consensus overwhelmingly attributes these changes to
human activities, specifically the release of greenhouse gases into the
atmosphere, which act as the primary catalyst for global warming. The
combustion of fossil fuels, deforestation, and industrial processes have
collectively contributed to an unparalleled accumulation of greenhouse gases,
resulting in the entrapment of heat within the Earth's atmosphere and an
alarming rate of planetary warming. Unless immediate and resolute actions
are taken to reduce emissions and transition to cleaner and more sustainable
energy sources, the current trajectory of accelerated warming could yield
catastrophic outcomes for our ecosystems, economies, and the future well-
being of succeeding generations. It is our shared responsibility to confront this
crisis head-on and strive diligently towards a sustainable and resilient future
for all [30.31.32],
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Chapter - 4

Impact on Weather Patterns

As global temperatures continue to rise at an alarming rate, the consequences
for weather patterns are set to become even more pronounced. The intensely
powerful tropical storms we currently witness will unleash their fury with
unprecedented force and ferocity in the coming years. The havoc they wreak
on our environments and ecosystems will be unimaginable, leaving a lasting
impact on the crops we rely on for sustenance.

The cultivation of crops such as corn, wheat, and soybeans, long
considered staples of our diets, will be profoundly affected by these looming
changes. These plants have evolved to thrive under specific climatic
conditions, carefully embracing the perfect blend of heat, moisture, and
sunshine. Yet, this delicate balance, painstakingly achieved through centuries
of agricultural innovation, is now under threat. The smallest alteration in the
availability of these vital components can disrupt their growth, causing a
significant reduction in yields and subsequently impacting the cost of our
food.

However, the challenges do not end there. With just a few degrees
increase in temperature, the resulting evaporation will intensify, leading to the
displacement of crops from their once-optimal environments. What was once
a fertile land for corn may become arid and unsuitable, forcing farmers to
explore new territories and adapt their practices. Similarly, excessive or
insufficient rainfall may plague other crops, disrupting their delicate
equilibrium and leaving them vulnerable to disease and stunted growth. The
consequences on our food supply are dire.

Furthermore, plants exhibit their peculiarities when it comes to nutrient
intake, much like selective eaters in the animal kingdom. Understanding these
intricate preferences becomes paramount as we navigate the challenges posed
by shifting weather patterns. The careful management of nutrients, ensuring
that each plant receives its required nourishment, will be essential in
maintaining healthy and productive crops.

Therefore, it is imperative that we not only acknowledge the impending
changes but also take proactive measures to safeguard our agricultural
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practices and protect our food supply. Adapting to evolving weather patterns
demands a comprehensive approach, involving cutting-edge technology,
innovative farming techniques, and a deep understanding of the intricate
factors at play. By embracing these challenges head-on, we can ensure a
resilient and sustainable food system that withstands the test of time [53 34 351,

Over the course of the past century, spanning a substantial 100 years, the
average global temperatures across the planet Earth have undergone a
significant and noteworthy increase, precisely amounting to a rise of
approximately 1 degree Celsius. Numerous esteemed researchers and experts
within the scientific community vociferously contend that the phenomenon
commonly referred to as global warming possesses the potential to instigate
an assortment of even more extreme weather conditions, ultimately causing
climate change to accelerate at an unprecedented pace. In fact, it is contended
that within the impending 50 to 100 years, various regions across the globe
may bear witness to the exacerbation of heat waves in terms of both frequency
and severity. Such a foreboding scenario can be comprehensively attributed to
the incremental rise in the levels of carbon dioxide (CO3) present within the
Earth's atmosphere. The very escalation of these detrimental climatic
phenomena, such as severe storms, intense heatwaves, and copious amounts
of heavy precipitation, have become unequivocally intertwined with the
aforementioned surge in CO; levels. Consequently, this unrelenting surge in
heat shall inevitably precipitate elongated periods of debilitating droughts,
accompanied by a commensurate augmentation in the atmospheric water
vapor load. Intriguingly, this exacerbation in the volume of atmospheric
moisture accentuates the intensity and frequency of heat waves and the
consequential heavy precipitation, largely attributable to the heightened
process of evaporation. It is of paramount importance to comprehend that the
inextricable link between global warming and climate change vis-a-vis
weather patterns and weather-related events is of a most significant nature.
Such a nexus indubitably precipitates a direct impact on various facets of our
daily activities, exerting substantial influence over an array of tasks both
mundane and critical in nature. These tasks commonly include our
occupational endeavors, recreational pursuits, journeys and voyages, and even
the most banal of errands that punctuate our quotidian lives [36. 37 381,

4.1 Extreme weather events

Over the past five decades, there has been a significant and deeply
concerning surge in the frequency and magnitude of extreme weather events
occurring across the globe. These catastrophic and devastating events,
encompassing scorching heat waves that scorch the earth's surface, wreak
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havoc on delicate ecosystems, and pose a grave danger to human health. In
addition to the blistering heat waves, we witness the devastating power of
hurricanes as they increase in intensity and unleash their destructive force,
leaving countless regions in ruins. Moreover, severe tropical storms and
relentless blizzards pound vulnerable areas with merciless fury, burying cities
and towns under heaps of snow and ice. The rising global temperatures also
contribute to unprecedented and catastrophic flooding, submerging once-
thriving communities and displacing entire populations. The toll of these
extreme weather events is immeasurable, as they bring widespread
devastation, loss of life, and irreversible damage to our natural world.

If the current trends persist, leading experts confidently forecast that by
the year 2024, the reverberating impacts of global warming will transform
these extreme weather events into a terrifyingly commonplace occurrence.
The world as we know it will be forever altered, and our ability to adapt and
withstand these climatic challenges will be put to the test. There is no doubt
that urgent action is required to mitigate the dire consequences that await us if
we fail to address this crisis swiftly and effectively.

One of the most disconcerting ramifications of the alarming heat waves
exacerbated by global warming is the peril they pose to human health. As
temperatures soar to unprecedented heights, a myriad of major cities across
the globe have already borne witness to a calamitous surge in fatalities, traffic
accidents, and hospital admissions. On the sweltering days of intensifying
heat, these already bustling cities become tragic witnesses to a doubling, and
in some cases even tripling, of these unfortunate incidents. The toll on
vulnerable populations, such as the elderly, children, and individuals with pre-
existing health conditions, is particularly devastating. In actuality, prolonged
exposure to extreme heat has the potential to induce severe illnesses, including
heatstroke, dehydration, and cardiovascular complications, and tragically,
even fatalities. The healthcare systems in these affected regions are pushed to
their limits, struggling to cope with the influx of patients and grappling with
the shortage of resources and facilities.

Furthermore, the mounting sea levels precipitated by global warming
pose an imminent and formidable threat to low-lying regions worldwide. Let
us contemplate the city of Seattle in the state of Washington, for instance. As
the inexorable rise in sea levels continues unabated, the risks of destructive
flooding loom ominously over this vibrant metropolis, once known for its
stunning coastal landscapes. The picturesque waterfront neighborhoods,
bustling with life and commerce, now face an uncertain and perilous future.
In anticipation of this environmental hazard, metropolises across the globe,
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including Seattle, have already begun implementing extensive modifications
to their city streets. These modifications encompass a broad range of
measures, including the necessary widening of streets to accommodate the
increased volume of water flow, thus safeguarding against potential damages
of cataclysmic proportions. These adaptations are crucial in the face of this
looming threat, as they strive to protect lives, properties, and the overall well-
being of the affected communities.

Without a shred of doubt, the impacts of global warming on extreme
weather events are undeniably poised to reshape our world in manners we
simply cannot afford to overlook. The urgency to promptly address and
mitigate these looming consequences cannot be overstated. Any failure to
execute timely and decisive actions may result in irreparable damage to the
delicate ecological systems, communities, and economies that underpin our
societies. It is of paramount importance that governments, organizations, and
individuals unite in a concerted effort to implement substantial and sustainable
solutions to combat global warming and the consequential escalation of
extreme weather events. Only through the strength of collective action can we
dare to hope for a safer and more resilient future, one that embraces the well-
being and prosperity of all [39. 40,41, 42,39, 40, 43]

As the global climate continues to participate in global warming, it's not
out of the ordinary that we are going to see a significant increase in other
windy seasons. The intensified windier seasons create a greater number of
hurricanes and tropical storms that are significantly more intense compared to
previous years. In fact, the severity of these storms can be overwhelming.
Additionally, the impact of these storms can reach uncharted territories as
hurricanes are projected to occur even further north than usual. By the year
2024, the Northern Hemisphere echo-tropics will experience a remarkable
shift towards tropical storms and hurricanes. This shift will result in a drastic
increase in stormy weather characterized by extreme conditions. These
weather phenomena will take place predominantly along the notorious
Hurricane Alley, which will gradually shift further north than what has been
witnessed in previous years. Consequently, this alteration will contribute to a
surge in flooding incidents particularly in the southern and southeastern parts
of the nation. The increased frequency and intensity of storms will result in
heightened risks of widespread flooding and its detrimental aftermath.
Moreover, the change in climate patterns will also have a profound impact on
coastal regions, leading to erosion, loss of habitats, and threats to marine
ecosystems. Furthermore, during the winter season, the Northern Hemisphere
will bear the burden of amplified blizzards and snowstorms. The
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intensification of these winter weather events will affect not only the usual
regions but also extend their reach to southern cities that are not adequately
equipped to deal with such extreme weather conditions. These cities,
unaccustomed to heavy snowfall, may encounter significant challenges in
managing the consequences of such storms on their infrastructure and daily
activities. This unexpected occurrence of severe winter storms in areas
unaccustomed to such events may lead to disruptions and hardships for the
affected communities. In addition to the immediate and localized impact of
these weather events, there are broader ecological and environmental
implications. The increased frequency and intensity of storms can result in
significant damage to natural ecosystems, including deforestation, loss of
biodiversity, and disruption of delicate ecological balance. Coastal areas, in
particular, face the risk of saltwater intrusion, which can harm freshwater
sources and impact agriculture. Furthermore, the rise in temperature due to
global warming has the potential to lead to the melting of ice caps and glaciers,
contributing to rising sea levels and posing a significant threat to low-lying
coastal regions. These regions will not only be susceptible to severe weather
events but also face the risk of displacement and loss of livelihoods for their
inhabitants. In conclusion, the continuous progression of global warming is
resulting in a series of intricate consequences on our climate. The anticipated
increase in windy seasons is contributing to a surge in the number and intensity
of tropical storms and hurricanes. Moreover, the altered patterns are causing
these weather phenomena to occur in regions further north, resulting in the
need for adaptation and preparedness. The effects of these storms are not
limited to the immediate areas but have far-reaching consequences, such as
increased flooding in the southern and southeastern regions. Additionally, the
amplified winter storms pose a daunting challenge for southern cities that lack
the necessary infrastructure to cope with such events. As we approach the year
2024 and beyond, it becomes imperative to address these changes in climate
patterns and take proactive measures to mitigate their adverse impact on the
human population, wildlife, and the environment at large. Only by
understanding the gravity of the situation and working together can we ensure
a sustainable future for all. It is crucial for countries to cooperate and
implement policies that reduce carbon emissions and transition to renewable
energy sources. Furthermore, enhancing coastal defenses and investing in
resilient infrastructure can help protect vulnerable communities from the
increasing risks posed by extreme weather events. Educating the public and
raising awareness about the importance of climate change adaptation and
mitigation strategies is also essential. By promoting sustainable practices and
reducing our ecological footprint, we can minimize the negative effects of
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global warming and create a more resilient and sustainable future. It is our
collective responsibility to safeguard the planet for future generations, and by
taking decisive action today, we can make a significant difference in shaping
a better tomorrow. Let us unite and prioritize the preservation of our
environment, for it is our duty to leave behind a flourishing planet that sustains
life and brings harmony to all living beings. The need of the hour is to embrace
renewable energy sources, innovate greener technologies, and foster a
sustainable mindset. By fostering international collaborations, instituting
stringent environmental regulations, and instilling eco-consciousness in every
aspect of our lives, we can combat the adverse effects of climate change and
build a thriving future for generations to come. Together, let us embark on this
journey towards a greener, cleaner, and more vibrant world, where the
profound beauty of nature thrives and sustains humanity.
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Chapter -5

Impact on Ecosystems

Ecosystems of cities and regions. With the rapid growth of the urban
population, ecosystems are changing under the influence of intensified
environmental pollution. According to forecasts, in 2024 their state will be
very tense, as the consequences of man-made accidents and the problems of
water storage, air and soil composition will become more acute. Pending
environmental problems of large cities will be related to maintaining urban
ecosystems that will provide the population of megacities with food, oxygen,
green and water tourism. Also, indoor green spaces in the form of living walls,
green tubes installed in residential buildings, and the construction of vertical
farms are becoming popular. Indoor urban ecosystems include rooftop
gardens, balconies and urban farms. Scientists predict that vegetation on the
facades of buildings in the high commercial centers of large cities will expand,
which will provide life-sustaining space and species diversity for insects, other
small organisms and bird populations. The development of these urban
ecosystems will make it possible to reduce the negative environmental impact
in the future, both of man-made objects and the activities of the residents.

5.1 Loss of biodiversity

The concept of endangered species and the loss of biodiversity are not
new concepts to the human race but often misunderstood. The idea is that if a
species or a group of species is completely wiped off the Earth through an
extinction process, it can never be brought back ever again. What is lesser
known is the danger and negative impact to the human race as the result of the
loss of biodiversity. Genetically diverse species, ecosystems, and niches
provide the human race with the air we need to breathe, the food we need to
eat, and the environment we need to live in. By losing any of these vital species
and ecosystems, the human race will suffer and struggle to survive. The loss
of biodiversity, therefore, is not only a vital concern but also another indirect
piece of evidence indicating that the Earth is currently undergoing a new mass
extinction, one that is primarily caused by the actions of the human race.

To date, we have only discovered one natural evolutionary process to
bring back extinct species and ecosystems. It's called Evolutionary Time.

Page | 44



Unfortunately, this super slow process will take many millions of years to
occur and is completely beyond anyone's control. The loss of biodiversity in
the modern world is influenced by a combination of profoundly intricate and
multifaceted factors in both natural and human-induced situations. In the
wondrous realm of nature, exquisite animals and vibrant plants tirelessly
engage in fierce competition with one another for the priceless bounty of
limited resources nestled within their intricate ecosystems and unique niches
— resources that encompass not only sustenance, but also sanctuaries,
compatible mates, and immaculate breeding grounds. A myriad of influential
forces, including but not limited to disease, predation, parasitism, fierce
competition, and unyielding environmental transformations, relentlessly act as
the guardians that regulate the population size and behavioral patterns of the
diverse array of species inhabiting the wild [#4 45 461,
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Chapter - 6

Impact on Human Health

Global warming is now thought to have exerted an influence on the human
population worldwide through changes in the climate factors. In the year 2024,
mass media have frequently reported on heat and cold injuries occurring
during extreme weather, as well as on infectious diseases such as dengue
fever, malaria, barreliasis, encephalitis, chikungunya, Nile virus, epidemic
polyarthritis, Lyme disease, and cholera being increasingly found in temperate
zones. The geographical changes in the habitats of the nematode Baylisascaris
and the worm Schistosoma affecting domestic animals have also been reported
by epidemiologists. Crops, fruit trees, vegetables, and ornamental plants have
all responded with changes to the increase in the level of atmospheric carbon
dioxide and other gases, to temperature increases, to increases in levels of
rainfall, ultraviolet rays, atmospheric dust, and atmospheric pollutants, as well
as to changes in relative humidity, resulting in, for example, decreased levels
of nutrients in lettuce and spinach.

The production of poisonous substances causing food poisoning or
component degradation in foods such as apple juice, olive oil, walnuts,
horsetail, raw milk, tributyrin, shellfish, chichi, damanj, damaku, bamboo
shoots, remembered beans, cashews, and figs, or even causing the production
of biologically toxic substances has given rise to increasing consumer concern.
This concern extends not only to the aforementioned food items, but also
extends to various other categories including seafood, processed meats, dairy
products, fruits, vegetables, and bakery items. The alarming rise in cases of
food contamination has raised questions about the safety measures
implemented in the food production industry. One particular example of this
alarming trend can be observed in the context of the meat industry, especially
the production of Japanese beef. Japanese beef, known for its premium quality
and high demand in international markets, has not been immune to the
concerns regarding consumer safety. Consequently, stringent regulations and
protocols have been implemented to ensure the safety of this product. These
regulations include the monitoring of cattle farms, regular health screenings
of the animals, and strict adherence to hygiene practices in slaughterhouses
and processing facilities. The issue of consumer safety and health extends
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beyond food production and encompasses various other aspects of modern
lifestyles. In the field of vocational health, concerns have been raised about
the excessive use of drugs and medications such as powerful antibiotics, first-
generation antimicrobials, antifungals, demeclocycline, and cyclosporin of
plant origin. These drugs, although intended to treat various ailments and
infections, have inadvertently exposed individuals to an increased risk of
oxidants and electrosmog. This phenomenon has sparked discussions and
debates within the medical community regarding the potential long-term
effects of these substances on human health. As consumers become more
informed and conscious of the potential risks associated with food
contamination and exposure to harmful substances, there is a growing demand
for transparent labeling practices and stricter regulations in industries related
to food and healthcare. Governments and regulatory bodies around the world
are working towards implementing more robust systems for monitoring and
ensuring the safety of food products and medications. In addition, consumers
are encouraged to educate themselves about the potential risks and make
informed choices when it comes to purchasing and consuming various
products. Overall, the increasing concerns about the production of poisonous
substances, food contamination, and exposure to harmful substances highlight
the importance of consumer awareness, industry regulations, and proactive
measures to safeguard public health. It is crucial for all stakeholders, including
governments, businesses, and individuals, to collaborate and prioritize the
well-being of consumers in order to mitigate these risks and ensure a safe and
healthy future for all. In light of these issues, it is essential for authorities to
invest in research and development for innovative technologies and strategies
that can effectively detect and eliminate toxic substances from the food supply
chain. This will not only enhance consumer safety but also bolster trust in the
food industry. Furthermore, it is imperative for governments and regulatory
bodies to establish comprehensive and standardized testing procedures to
continuously monitor food products for contaminants. By implementing
stringent protocols, more effective quality control measures can be put in place
to prevent the occurrence of foodborne illnesses and protect the public from
harm. Moreover, the development and enforcement of stricter regulations
would act as a deterrent to unscrupulous individuals and corporations seeking
to cut corners and compromise the safety of consumers. In addition to
regulatory measures, it is essential for consumers to take an active role in
safeguarding their own health. By being vigilant and informed, individuals
can make better choices when it comes to purchasing and consuming food
products. This includes reading labels, understanding ingredient lists, and
seeking out products that are certified as safe and free from harmful
substances. Additionally, consumers should prioritize buying from reputable
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sources and supporting businesses that prioritize consumer safety and
wellbeing. To foster greater transparency and accountability, companies
should consider implementing comprehensive labeling practices that not only
disclose the ingredients used but also provide information on the sourcing,
processing, and testing of their products. This would enable consumers to
make informed decisions based on accurate and reliable information.
Furthermore, companies should actively engage in research and development
to identify and implement innovative technologies and techniques that reduce
the risk of contamination and ensure the production of safe and healthy food
products. The role of education and awareness cannot be understated in
addressing the concerns surrounding food safety and consumer health.
Governments, educational institutions, and healthcare providers should
collaborate to develop educational programs aimed at raising awareness about
the potential risks and promoting responsible consumption practices. By
equipping individuals with knowledge and empowering them to make
informed choices, the likelihood of foodborne illnesses and exposure to
harmful substances can be significantly reduced. In conclusion, the increasing
concerns about the production of poisonous substances, food contamination,
and exposure to harmful substances have led to a growing focus on consumer
safety and well-being. It is necessary for all stakeholders, including
governments, businesses, and individuals, to prioritize the implementation of
stringent regulations, transparent labeling practices, and proactive measures to
mitigate these risks. By fostering collaboration and accountability, it is
possible to ensure a safe and healthy future for all, where consumers can have
confidence in the products they purchase and consume [47:48.49],

6.1 Heat-related illnesses

Heat-related illnesses like heat stroke, heat exhaustion, and dehydration
can all lead to serious health effects, including heat stress and death. Children,
the elderly, people who are overweight, and those with serious medical
conditions are at an increased risk of heat-related illness. In the United States
and other parts of the world, heat waves are becoming an increasingly serious
public health threat. In fact, excessive heat events can cause more annual
deaths than hurricanes, lightning, tornadoes, floods, and earthquakes
combined. Increases in global temperature mean increases in heat waves, and
some of these heat waves are expected to last for longer periods of time. These
changes in heat will likely lead to more frequent and longer-duration heat
waves, which is a growing public health problem.

Heat waves also place additional strain on the infrastructure of
communities, including their health and utility systems. The increased
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temperatures can lead to a surge in demand for medical services,
overwhelming medical facilities and necessitating the establishment of
cooling centers and shelters. In buildings lacking air conditioning, the heat-
sensitive load escalates, putting occupants at risk. In densely populated urban
areas experiencing prolonged and widespread heat waves, there is a
heightened possibility of brownouts and even blackouts, coinciding with the
critical period when air conditioning is indispensable for survival. If the
duration of the peak heat extends and the temperatures rise significantly, the
overall heat within structures can accumulate to perilous levels, posing a threat
to human life and well-being. Additionally, the impact of heat waves extends
beyond the immediate health risks and infrastructure strain. Heat waves have
far-reaching economic consequences, affecting various sectors and industries.
For instance, agricultural productivity takes a hit as crops and livestock suffer
from extreme heat stress, leading to lower yields and potential losses for
farmers. The energy sector also faces challenges during heat waves, as power
demands skyrocket due to increased cooling needs, putting pressure on power
generation and distribution systems. This can result in higher energy costs for
consumers and potential disruptions in the electricity supply. Furthermore,
heat waves exacerbate social inequalities and disparities, disproportionately
affecting vulnerable populations. The elderly, children, individuals with pre-
existing medical conditions, and those living in poverty are particularly
susceptible to the adverse effects of extreme heat. Lack of access to proper
cooling systems, limited financial resources, and inadequate infrastructure in
marginalized communities can amplify the health risks and hardships faced
during heat waves. The social fabric of communities can also be strained, as
individuals and families struggle to cope with the physical and emotional toll
of prolonged heat exposure. Additionally, schools may need to close during
extreme heat, disrupting the education of students. Addressing the challenges
posed by heat waves requires a comprehensive approach that encompasses
both short-term emergency measures and long-term climate resilience
strategies. Public health agencies and emergency responders play a crucial role
in disseminating heat warnings, providing support to vulnerable populations,
and ensuring access to cooling centers and shelters. Urban planning and
infrastructure development should prioritize the implementation of heat-
mitigating measures, such as green spaces, cool roofs, and reflective
pavements, to reduce the urban heat island effect. HVAC systems and building
codes should be updated to include heat wave resilience standards. Climate
change mitigation efforts, including reducing greenhouse gas emissions and
transitioning to clean energy sources, are also essential in preventing the
escalation of heat waves and their adverse impacts. In conclusion, the
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consequences of heat waves extend far beyond the immediate health risks,
impacting infrastructure, economies, and social dynamics. As extreme heat
events become more frequent and intense due to climate change, it is crucial
to prioritize adaptation and resilience strategies to protect communities from
the growing threat of heat waves. By addressing the multifaceted challenges
associated with heat waves, societies can enhance their capacity to cope with
and minimize the impacts of these extreme weather events. Building
community partnerships and fostering public awareness and preparedness are
vital for effective heat wave response and protection. Investing in research and
development to improve heat wave forecasting and climate modeling can also
contribute to better planning and mitigation efforts. Ultimately, a collaborative
and proactive approach is required to build resilience and mitigate the impacts
of heat waves, ensuring the well-being and safety of communities now and in
the future [50.51.52],
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Chapter - 7

Mitigation Strategies

Given the current knowledge on the causes of global warming and climate
change, particularly the role of pollutants such as CO,, we can go a step further
than with other forms of pollution. Firstly, adopting clear and ambitious
political objectives and fixing a time horizon for making the decisions and
commitments required are of the essence. Secondly, we need to do some
serious research. We do not know how much CO, we can produce before these
emissions cause the harmful warming or climate change that we want to avoid.
Once we are sure of the level of pollution that can be allowed, this allows
businesses to engage in longer-term planning. It is vital that, as part of efforts
to protect the environment and achieve sustainable development,
governments, businesses, scientists and non-governmental organizations
(NGOs) work together on mitigating climate change, and draw up a set of
policies and strategies.

Governments must play a decisive role, setting a clear regulatory
framework, fixing time horizons and implementing measures to achieve
change in the longer term for public infrastructures. The private sector also
has a significant role to play in order to achieve sustainable development.
Businesses need not only to adopt responsible management practices but also
to seek out transparent, credible business partners and suppliers that can be
trusted. In the case of decisions that involve citizens, it is often questioning by
civil society that decides the choices made. Information and dialogue are the
main tools for involving civil society in this process. Finally, a system of fair
and equitable sharing of both the costs and the benefits must be found,
promoting relations built on trust and solidarity.

7.1 Renewable energy sources

Climate change is occurring at an extremely alarming rate and it is
abundantly clear that humans are the primary culprits responsible for this dire
situation. Among the numerous industries that contribute to this devastating
phenomenon, the food and beverages sector emerges as one of the most
nefarious polluters on a global scale. The pivotal question that arises is: How
can we counteract this prevailing issue? The answer lies within a growing
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segment of the population that is fervently advocating for the adoption of a
sustainable diet.

Across the globe, meat stands as the most extensively consumed food
item. However, the production and consumption of meat generates an
exorbitant amount of carbon dioxide emissions per kilogram, thus exerting an
unmistakably detrimental impact on our climate. Nevertheless, it is important
to note that humans cannot simply refrain from eating. Therefore, it becomes
crucial to explore alternative solutions that can alleviate the strain we place on
the environment.

In this battle against global warming, renewable energy sources emerge
as indispensable allies. By harnessing these sustainable energy sources, we
can effectively enhance energy efficiency and enable the utilization of a
diverse range of resources. Whether it be solar power, wind energy,
hydropower, or geothermal sources, the untapped potential of renewable
energy is vast and holds the key to mitigating climate change. Not only do
these sources provide a greener alternative, but they also possess the capacity
to drive economic growth, create jobs, and foster technological advancements.

By embracing renewable energy, we can effectively combat the
threatening repercussions of climate change. It is imperative that we
acknowledge the gravity of the situation and take action now, for the
preservation of our planet and the well-being of future generations. The power
to catalyze change lies within our hands, and it is essential that we fervently
advocate for the sustainable practices that will ultimately shape the future of
our world [53 54551,

Renewable energy sources benefit the environment since they, through
the development of cutting-edge solar collectors or panels, advanced
photovoltaic systems, and innovative wind technology, effectively prevent
harmful air and soil pollution and, in most cases, conserve precious land
resources. Given the undeniable reality of climate change, the adoption of
these sustainable technologies is not only crucial but also an urgent ecological
imperative. It has been more than a century since scientists first studied the
greenhouse effect and global warming and warned that burning fossil fuels,
oil, coal, natural gas, and other activities have increased the levels of industrial
gases in the atmosphere. Global warming has already raised global
temperatures and caused climate change, but the change, which is now locked
in for centuries or millennia, is still small on top of natural changes over
geological timescales. Only recently, dissent or questioning of climate science
became a mass phenomenon, especially in the United States.
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Global warming refers to the increase in the average temperature of the
Earth’s atmosphere due to an increase in greenhouse gases, principally carbon
dioxide (CO) concentration. The greenhouse gases include CO,, methane
(CH.), nitrous oxide (N2O), chlorofluorocarbons (CFCs), and water vapor.
Two of these greenhouse gases, CO, and CHy, together account for more than
67 percent of the current greenhouse effect, with CO- alone accounting for
about 56 percent. In addition to these gases, there is an abundance of solid and
liquid pollutants like black carbon (soot) and urban-industrial haze (smoke and
wet sulfuric acid) that affect the thermal balance of the Earth.

Pollution of the atmosphere with black carbon (soot) is a significant
problem in many places (e.g., the US East Coast, Canada, and especially the
Acrctic), and soot is thought to contribute to glacial melting in several places
(and thus indirectly contribute to sea level rise). However, soot is not a
greenhouse gas, and there is an enormous difference between a solid (like
soot) or liquid pollutant that scatters and absorbs various wavelengths of
radiation and a gas pollutant (like CO,) that only absorbs and re-emits long
infrared wavelengths.

Global warming is expected to continue due to a combination of delayed
responses in the climate system and continuing human emissions of
greenhouse gases. Because of its long-term climate stability, the present sea
level under today’s climate, which is evidently ice-covered Antarctica, would
not exist without natural greenhouse gas regulation. Major problems facing
mankind with regard to climate change are highlighted here, but because of
the scale of the problem, only a rather simple treatment can be offered.

According to the United States National Aeronautics and Space
Administration (NASA), global warming or climate change is defined as "a
long-term change in the average weather patterns on Earth". Global warming
refers to the persistent rise in average surface temperature of the Earth’s
atmosphere, oceans, and landmasses. The greenhouse effect is a natural
phenomenon where certain gases in the atmosphere trap heat and radiate it
back to the Earth’s surface. The Earth’s temperature is determined by
balancing the amount of energy it receives from the Sun and the energy it
radiates back to outer space. The excess amount of radiated energy is absorbed
by greenhouse gases and causes the atmosphere to warm. The major naturally
occurring greenhouse gases present in the atmosphere are carbon dioxide
(COy), methane (CHs.), nitrous oxides (N20), and ozone (Qs). After the
meteoric rise in carbon dioxide production in the later decades of the 20th
century, global warming became a major concern among scientists worldwide.
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Until the middle of the 19th century, carbon dioxide levels remained very
stable, fluctuating only slightly in response to natural processes. Any extra
carbon dioxide released was absorbed by the ocean or land biosphere. A better
understanding of global warming began to take shape when Scandinavian
scientists demonstrated that increased levels of atmospheric carbon dioxide
due to industrial growth would cause climate change. In 1896, Henry Gifford
argued that a doubling of the CO; amount could raise the Earth’s temperature
between 3°C and 6°C. The wildly fluctuating temperature change and its
effects on environmental conditions would be disastrous, leading to extreme
weather phenomena. The burning of coal and fossil fuel introduced an
increased flux of CO. into the atmosphere. The Industrial Revolution and the
rapid rise of new technologies in power generation, transport, and agriculture
greatly increased carbon dioxide emissions.

As sunlight heats the Earth, some of it is absorbed. Other sunshine is
reflected off the Earth and sent back to space in the form of heat. Special gases
in the atmosphere trap some of this heat, warming the Earth. This mechanism
is called the greenhouse effect and it is important to keep the Earth warm
enough to sustain life.

To expand on the greenhouse effect, it is important to first explain the
meaning of the name. Everyone already knows what a greenhouse is: a glass-
roofed building, usually for growing plants that need warmth. The glass lets
sunlight in; the inside gets warm. The greenhouse effect on Earth works much
the same way. Sunlight passes through the gases that make up the atmosphere.
The Earth absorbs some of the sunlight, absorbing warmth. This heat,
however, cannot pass back into space easily. It is trapped by the atmosphere,
preventing the earth from cooling rapidly.

Many people think of the greenhouse effect as a good thing. Without it,
the Earth would be too cold to sustain most life, as average temperatures would
be below freezing. However, it is necessary to note that too much of a good
thing may also be bad. More greenhouses are being built, and thus more heat
is being trapped, making the Earth warmer. Warmer Earth means melting ice,
and cities that were once prosperous may be underwater. Warmer Earth also
means changing weather, as some regions may become too hot, too dry, while
others may become too cold, too wet.

Describing this in detail is not the aim here, but to give just one indicator
of things to come. A gas that is blamed for most of the damage humans are
causing to the environment is carbon dioxide. Air samples taken thousands of
years ago show that the level of carbon dioxide has increased tremendously
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since the industrial revolution. Carbon dioxide is produced through burning
fossil fuels, and plants consume it through photosynthesis. As more forests are
cleared for land, nature is losing the ability to consume carbon dioxide. More
carbon dioxide in the atmosphere means more heat trapped, resulting in a
warmer Earth. It is understood that a doubling of the amount of carbon dioxide
in the atmosphere would raise the average global temperature approximately
3 degrees Celsius. This may not seem like much, but there are past examples
where such a change in temperature has resulted in a natural disaster on a
global scale.

The greenhouse effect is a natural process that warms the Earth's surface.
When the sun's energy reaches the Earth, some of it is reflected back to space
and the rest is absorbed and re-radiated by greenhouse gases. Greenhouse
gases are gases such as carbon dioxide, water vapor, and methane. They let
sunlight in, but prevent some of the heat that the sunlight brings from leaving
the atmosphere. This is known as the greenhouse effect, and without it, the
Earth would be too cold for most living things to survive. Because of the
greenhouse effect, the Earth's average temperature is currently about 15
degrees Celsius, or 59 degrees Fahrenheit. However, human activities such as
burning fossil fuels have increased the concentrations of greenhouse gases in
the atmosphere. As a result, the Earth is quickly becoming warmer, and this is
known as global warming.

The greenhouse effect is the process by which greenhouse gases trap heat
in the atmosphere. Sunlight, or solar radiation, travels through the atmosphere
and warms the surface of the Earth. Some of this heat is absorbed by the Earth
and some is reflected back into space. To maintain a constant temperature, the
Earth must radiate heat back into space at the same rate that it receives heat
from the sun. Heat can be radiated in the form of infrared radiation, which is
a band of invisible, or non-visible, light.

The atmosphere is mostly transparent to naked-eye visible light, but is not
transparent to infrared radiation. As a result, infrared radiation is absorbed, re-
emitted, and scattered by gases in the atmosphere. This process is known as
the greenhouse effect and causes the warming of the atmosphere. Some gases
contribute more to the greenhouse effect than others, and they are known as
greenhouse gases. The most important naturally occurring greenhouse gases
are water vapor, carbon dioxide, methane, and ozone. But little by little,
humans have been adding to these naturally occurring greenhouse gases, and
causing the Earth to warm more than it otherwise would have.

This natural greenhouse effect has been enhanced by human activities,
which add additional greenhouse gases to the atmosphere. The burning of
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fossil fuels (coal, oil, and natural gas) adds additional carbon dioxide to the
atmosphere. Deforestation of tropical rainforests prevents the naturally
occurring removal of carbon dioxide from the atmosphere. Agriculture
produces methane and oxides of nitrogen, both of which are greenhouse gases.
Landfills also emit methane as waste decomposes anaerobically (without
oxygen). Industrial activities produce a variety of gases that have enhanced
the greenhouse effect, and some of these gases can survive for thousands of
years before being removed from the atmosphere.

In its fourth assessment report, the Intergovernmental Panel on Climate
Change (IPCC) presented a comprehensive overview of the well-established
changes in the climate system, as well as observations that are very likely due
to human activities. As they prepare for their fifth assessment report, the IPCC
plans to present key findings about the impacts of global warming on natural
systems and human society. Climate change indices that are based on
observations of climate variables help characterize observed changes and
variability over time scales of decades to centuries. There exists a number of
climate change indices, including extreme indices and simple trend indices.
These indices can be used to gauge climate impacts on natural and human
systems. The findings concerning these climate change indices, however,
should be understood in the context of the information that is not included.
Importantly, a number of regions are not well covered, including South
America, Africa, and the Arctic. The focus is for the most part on temperature
and rainfall indices and includes minimal analysis of other variables such as
humidity or wind. There are also large differences in the underlying datasets
available for constructing climate change indices. In many low- and middle-
income countries, climate data is hardly available. However, with the
prospects of near real-time and archived satellite observations as well as
downscaled climate models, there are good opportunities to establish climate
data for developing countries.

Aiir temperatures have increased in the last half-century, with the increase
being particularly marked in winter. There are also longer-term spatially
comprehensive temperature reconstructions. Instrumental datasets covering
approximately the last century and a half are continuously updated.
Instrumental measurements mainly exist for land stations, while sparse ocean
observations were largely limited to the coastal regions until the end of the
1940s. Independent estimates of globally averaged temperature based on a
reconstruction from proxy PDC data mostly and, more recently, based on runs
of global climate simulations without external forcing are also available.
Numerous regional temperature reconstructions of various length,
completeness, and temporal resolution exist. In addition to the temperature
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record, there is also a growing number of reconstructions of global and
regional precipitation, tree-ring width, droughts, or other climate
characteristics that can be scrutinized for discreteness.

The Intergovernmental Panel on Climate Change (IPCC) reports clearly
show that the Earth's surface temperature rose by about 1°C between 1906 and
2005, and it is evident from multiple lines of evidence, including:

1) Surface stations

2) Satellites

3) Ocean temperatures, and
4) Sea surface temperatures

Surface temperature has been monitored since prior to the availability of
satellite-based measurements of global temperature. Improved methods were
adopted because outdated methods suffered from problems with location and
population bias, etc. Near-surface measurements are temperature observations
made using hand-operated, automated, or remotely sensed methods in a form
that can be used for meteorological or climatological applications. Surface
land stations have measured temperature since the late 1800s. This dataset
contains both land and ocean. Satellite-based measurements of temperature
have been available since the end of 1978 and are unbiased with regard to time
and location. Ocean temperature data (obtained from ships and buoys) and
satellite sea surface temperature data also indicate warming temperatures. The
slowing of ocean heat uptake is discussed in a separate section below.

Temperature rise continues

The global average near-surface temperature rose by about 0.8°C (1.5°F)
from the late 19th century to the early 21st century (Figure 3-1). The
temperature rise has been greatest since the mid-20th century, with rapid rise
over the past three decades. The average rise since 1979 is 0.19°C (0.34°F)
per decade and since 1998 is 0.03°C (0.05°F) per decade. Mass loss from
mountainous glaciers is widespread and has accelerated in recent decades.
Temperatures in the Arctic regions have risen much faster than the global
average, about twice as fast over the last several decades according to several
estimates. The Arctic is sensitive to global warming because it has a number
of positive feedbacks and amplification mechanisms (including albedo
feedback) which operate in conjunction with the natural and anthropogenic
changes.

Temperature rise from climate models is generally underestimated

CO; concentrations are now the highest they have been for several million
years, and the long-term climate sensitivity is likely more than 2°C for a
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doubling of CO; concentration, and could be as high as 4.5°C - 6°C. This
sensitivity equals or exceeds the climate sensitivity that has already produced
the temperature discrepancies. Climate models based on that sensitivity are
too cool and leave unchanged a demonstrable warming in infrared dark blue
regions of the atmosphere, compared with satellite observations.

By absorbing about a third of the CO, emitted into the atmosphere by
anthropogenic activities, the ocean plays an important role in regulating
climate. However, the well-known consequences of this process are not just
the reduction of atmospheric CO, concentrations; these processes also alter
the ocean's chemistry. In particular, the pH of surface ocean waters is
decreased by about 0.1 units (approximately a 30% increase in hydrogen ion
activity) since the beginning of the industrial era. This ocean acidification, the
uptake of anthropogenic CO; by the ocean, is projected to continue well into
the future and will profoundly change the conditions in the ocean that are
essential for marine life, food web dynamics, biogeochemical cycles, and the
functioning of the oceanic carbon sink.

As a consequence of anthropogenic CO, emissions, the oceans are
acidifying, changing the very conditions under which marine life has evolved.
Model projections indicate a future ocean with conditions that have no analog
in the last 20 million years and perhaps longer. In combination with other
stressors (for example, warming, deoxygenation, and the alteration of the
marine environment by humans), such changes may push marine species
beyond their physiological or ecological capacity to cope.

Any perturbation to the ocean's system that results in a change of
seawater's composition is termed "oceanographic". A simpler definition for
ocean acidification is the change in seawater that negatively favors calcifying
organisms and plant life. This is in stark contrast to the changes favoring coral
calcification, including lower temperature and increased nutrient delivery (N
and P) in the model predict that ocean acidification will occur, but with the
same trajectory as in the present trajectory, would favor diatoms and
dinoflagellate proliferation with variations in nutrient concentrations
(favorable conditions for diatoms...)? Marine calcifiers depend upon the
concentration of carbonate ions being above a threshold (presently around 220
mmol kg for aragonite and for calcite), below which carbonate is preferentially
dissolved.

Ocean acidification a reduction in the ocean's pH due to increased
absorption of CO- is expected to have deleterious effects on marine calcifiers,
with significant implications for marine ecosystems and the biological
sequestration of atmospheric CO, by the ocean. Broad scale Cook Strait's
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ocean acidification, caused by hydrodynamically imposed upwelling and long
coastal mixing, and therefore upwelled acidified water, forced on by the
expected intensification of southerly winds. The synergistic utilization of
diverse resources emerges as the pivotal solution to achieve unparalleled
efficiency and substantial economic advantages. A remarkable hybrid version
ingeniously harnesses the power of both diffuse and/or irradiances,
meticulously optimizing the operating temperature for optimum performance.
By seamlessly blending these resources, we unlock an unprecedented era of
sustainability and harmonious coexistence with our environment [56. 57. 561,
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Chapter - 8

Adaptation Strategies

The magnetic levitation system with Proportional-Derivative (PD) + Adaptive
Recursive (AR) + Temperature-Compensated State-space Model Control
(TSMC) algorithms under various climate variation scenarios is thoroughly
examined in this study. The aim is to address the shortcomings of the
traditional PD algorithm, such as overshoot, slow speed, and excessive energy
consumption. To achieve this, a novel PD + AR + TSMC control algorithm is
proposed. By utilizing the adaptive modification principle, the parameter
adaptation rule of the recursive identification model of the system, as well as
the cam structure and c¢ parameter of TSMC, are determined. Consequently, a
system recursive identification model that can dynamically adapt to different
climate variation scenarios in real-time is constructed.

Ocean acidification refers to the ongoing decrease in the pH of the Earth's
oceans, which is caused by the uptake of anthropogenic carbon dioxide (CO2)
from the atmosphere. As the ocean absorbs more and more COy, it forms
carbonic acid, which subsequently dissociates and increases the concentration
of hydrogen ions and bicarbonate. These ionic changes lead to the overall
decrease in seawater pH. Since the Industrial Revolution times, the average
surface ocean pH has dropped from 8.2 to 8.1. However, while this
development seems small (around 0.1 unit), it amounts to about a 30 percent
increase in acidity on the pH scale.

On a global scale, the world's oceans hold 50 times more carbon than the
atmosphere. Due to this buffering capacity, the oceans play a very important
role in regulating the global carbon cycle, but man-made emissions of carbon
must exceed a certain threshold before acidification significantly alters the
ocean's chemistry. Acting as a carbon sink, the oceans currently absorb about
one-fourth of the carbon emitted into the atmosphere by fossil fuel burning
and deforestation. Nevertheless, the time it takes for this CO, to diffuse
through the oceans is on the order of decades to thousands of years, longer
than the time scales for the climate response to some greenhouse warming.

In surface waters, the increase in CO, corresponds to over 0.1
(approximately 0.14 to be exact) decrease in sea surface water pH, making it
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the largest essentially permanent anthropogenic change to the oceans in the
past 65 million years. Consequently, the oceans are now more acidic than they
have been for at least the last 50 million years, when the oceans were 60 to 85
percent warmer than today. Moreover, changes in the seawater's carbonate
chemistry have occurred on temporal and spatial scales for which there is no
known natural precedent on Earth, if anthropogenic emissions continue
unabated.

Acidification occurs because CO; dissolved in seawater forms carbonic
acid, which ionizes to produce bicarbonate and hydrogen ions. The hydrogen
ions released in this reaction decrease seawater pH and carbonate
concentration (the latter is equal to the sum of the concentrations of the CO3*
and HCOjs inorganic species). A considerable amount of fossil carbon
released through human activities has ended up in the oceans. It is commonly
estimated that more than 43% (as of 2009) of the atmospheric CO, released
by fossil fuel burning has been absorbed by the oceans, and it is predicted a
large percentage of future emissions will also keep being taken up by the
oceans, exponentially constant in time. The main oceanic consequence of this
gas exchange is the alteration of the dissolved inorganic carbon (DIC) species,
and its associated impact on biological and physiological processes.

Since the Industrial Revolution and the ensuing rise in greenhouse gas
emissions, the planet has warmed by more than 1°C, resulting in a myriad of
changes to global ecosystems and weather patterns. Many species that haven't
been able to adapt to these warming conditions fast enough have already faced
extinction. Sadly, this appears to be just the beginning. According to Climate
Change 2022: Impacts, Adaptation and Vulnerability released by the
Intergovernmental Panel on Climate Change (IPCC), up to a million species
face extinction due to habitat loss, poaching, overhunting, and pollution, with
many in the next 20 years. It will take millions of years for biodiversity to
recover post-mass extinction.

Many iconic wildlife species are at risk. Polar bears, whose environment
has been melting due to climate change, and koalas, whose food sources are
being decimated by drought, bushfire, and logging, stand at the brink.
Meanwhile, poisonous frogs recently discovered in the Amazon rainforest,
and tropical shorelines home to rich biodiversity are also under threat from
climate change, which is inextricably linked to rising human activity from the
use of fossil fuels. Even wildlife that might initially seem safe in remote
regions are not immune to climate change, which affects all aspects of weather
systems and consequently ecosystems.
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Change in migration patterns

As temperatures rise, many plants and animals are shifting their habitats
to higher altitudes and latitudes. Research published in Nature in 2019 used
data from more than 8,000 species and found that terrestrial plants and animals
are moving poleward at an average rate of 0.46 km per year and 0.31 km per
year, respectively, while marine species are moving poleward at an average
rate of 0.29 km per year. Organisms are also moving upwards in elevation.
However, many species are unable to keep up with this shift. These changes
can disrupt relationships between plants and animals with specificity, such as
flowering and pollination and plant life being a habitat for particular animals.
Some crop animals, such as cows, would need to migrate northwards to more
humid areas as the planet became drier, likely resulting in their extinction.
Other species further up the food chain may not have enough to eat following
the extinction of prey species.

Oxygen depletion in oceans

Climate change is also affecting the health of oceans. As the earth heats
up and emissions of climate pollutants are released into the atmosphere, some
of these pollutants find their way into the oceans. Turbulent waters also absorb
some of the heat. Bacteria in ocean sediment, published in a study, feed on the
organic waste that sinks to the seabed. While these microbes help recycle
carbon, they also consume oxygen. Warmer and wild waters generate more
food, but this food wealth would lead to partial depletion of oxygen. Changes
in ocean circulation, harming halting plankton growth, would also be
detrimental due to wild changes in temperature and salinity. All this means
that the oceans would see larger dead zones and hovering fish kills. Marine
species that are mobile, such as sharks, would be unable to keep up, and less
mobile species, such as many bony fishes and mollusks, would be unable to
survive.

Climate change is having a devastating impact on the world's biodiversity,
resulting in frequent changes to ecological systems. As global warming
continues to heat the climate at an unprecedented rate, emerging concerns of
biodiversity loss come to light.

More than a million terrestrial and aquatic species face extinction due to
global warming. While many species can adapt to changing ecosystems, some
do not possess the biological processes and biodiversity needed to adjust
accordingly. Recently, the distribution of wildlife populations has shifted
towards the poles, and biodiversity is being lost within habitats due to
changing temperatures. Rare and specialized species typically suffer the most.
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Many alpine species are losing such biodiversity, threatening their long-term
persistence. Some trees may not be able to migrate across a landscape quickly
enough to escape changing conditions. Furthermore, as the ocean warms, the
habitats of several fish and other aquatic species shift closer to the North and
South poles.

Affected species tend to have smaller habitats, longer generation times,
and those unable to evolve or migrate across landscapes quickly enough.
Climate change can also cause mass extinction when performing extreme
events. Increasingly severe weather patterns, such as floods or drought, can
threaten the persistence of species unable to cope. Furthermore, climate
change can increase extinction rates by threatening species' existing
interactions in ecosystems. Changes in temperature, food availability, habitat
structure, and disease risk can threaten native species and allow invasive
species to thrive.

Mitigation strategies refer to methods that attempt to slow or reverse the
progress of global warming. Here are some potential strategies that have been
suggested. Although some may still be theoretical or untested, some have
already been put into practice on a smaller scale. There is no one strategy that
will resolve the crisis, and a multifaceted approach that leverages multiple
strategies has the best chance of success.

Renewable energy sources draw upon sources of energy that are
fundamentally inexhaustible on a human timescale. While some renewable
energy tactics (like biomass) may still, on net, produce greenhouse gas
emissions, a large proportion of renewable energy sources produce little or no
net greenhouse gases. There are numerous technologies and methods for
acquiring renewable energy, from well-established implementations to still-
opinionated future possibilities.

There are four main sources of renewable energy that would reasonably
work on a global scale: solar, geothermal, wind, and tidal energy. Due to the
immense amount of solar radiation that reaches the Earth from the sun on a
daily basis, solar energy would appear to be the widest in potential scope.
Currently, there are two main methods to harvest energy from the sun.

Using solar panels made of photovoltaic cells, light is converted directly
into electricity. The electricity can either be stored in batteries for later use or
it can be used right away and fed directly into the power grid to power the
electrical devices present in homes. The photovoltaic cells are made of silicon,
which is the second most abundant element in the Earth's crust. Therefore,
there exists a virtually inexhaustible supply. Moreover, harvesting energy
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from the sun after the panels have been manufactured results in virtually no
environmental harm or industrial pollution.

Owing to the concerns about global warming, the availability of fossil
fuel reserves, and the rise of energy prices, the search for alternative energy
sources has intensified in the past few decades. Renewable energy sources,
such as wind, solar, biomass, geothermal, and hydroelectric power, are
interesting options. In contrast to fossil fuels, these energy sources are
abundantly available, inexhaustible, and a clean form of energy that does not
pollute the environment.

A rapidly growing form of renewable energy is wind power. Wind energy
makes use of the wind by harnessing its kinetic energy, which can be
converted into electricity. The most common and well-developed type of
technology for the generation of wind energy is the wind turbine. Wind
turbines have been installed worldwide for the past couple of decades. When
installed in large numbers, this collective group of turbines is called a wind
farm. Wind farms can be located in onshore or offshore locations. Recently,
wind energy has been actively promoted by the governments of many
countries due to its clear environmental advantages. The utilization of wind
energy is expected to become a cornerstone of the development of a
sustainable energy system, as the use of fossil fuels would not be feasible in
the long-term future.

Solar energy is another promising option. Solar energy refers to the
irradiation of the sun that can be converted into other forms of usable energy.
Solar energy makes use of the sun's radiation, which can be converted directly
or indirectly into thermal energy, mechanical energy, or electricity. The most
commonly employed technologies for the conversion of solar energy into
electricity are the solar cells made of semiconductors, known as photovoltaics
(PVs), and the solar thermal power plants. Solar energy is abundant and free,
but there are still technological and infrastructural challenges that need to be
resolved before it can be saw widespread usage. However, in industrialized
countries and in some developing countries, this energy source is already
commercially exploited on a large scale. Other renewable energy sources such
as geothermal power, tidal power, and biomass energy, have also been
considered.

Geothermal energy makes use of the temperatures of subsurface layers of
the Earth. High temperatures have been found at certain locations on the
Earth's surface, such as active volcanoes and where tectonic plates are pulling
apart, which can be harnessed to produce electricity. Most of these plants are
operational in the western portion of the United States (California, Nevada).
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Biomass energy is a renewable source of energy derived from organic
sources. Biomass sources include charcoal, firewood, agricultural waste,
energy crops, and organic waste. Biomass can be converted into fuels or
electricity through heat and chemical processes. The problem with this type of
energy is the need for massive cultivation of energy crops, which may cause
food shortages. Also, burning biomass may contribute to more global
warming. Fortunately, biomass can be converted into fuels and fertilizers
through the fermentation process, which does not release a lot of greenhouse
gases.

Hydroelectric power has been successfully used to produce energy for a
long time and is widely used. However, the construction of large dams is very
expensive and may irreversibly change the ecosystem.

Global warming can be mitigated through international agreements and
political policy reform. A fundamental requirement for curbing greenhouse
gas emissions is that they be capped at a defined level rather than grow
indefinitely. The concentration of carbon dioxide (CO,) in the atmosphere
should stay below 400 parts per million (ppm), at least until fossil fuels and
other sources of carbon can be practically eliminated in favor of sustainable,
clean, and renewable energy sources. A maximum level of CO: in the
atmosphere equivalent to 400 ppm would require a decrease in carbon
emissions from 48 billion tons per year to 24 billion by the year 2050 (a
decrease of approximately 1.5 percent per year). To stabilize atmospheric CO;
concentrations at 550 ppm, carbon emissions would need to diminish to 27
billion tons per year by the year 2060 (a decline of approximately 1.0 percent
per year).

Policy measures must therefore be put in place to affect large-scale
decreases in greenhouse gas emissions either by altering the relative costs of
different economic activities or by directly regulating the greenhouse gas
emissions. As an alternative to international treaties, emissions trading
schemes could be implemented to limit carbon emissions at a level collectively
lower than would otherwise be the case. Although it is essential for every
country to accept limits on emissions, the approach's success depends very
much on the initial distribution of carbon emission quotas. Incentives might
then be created for developing countries to limit carbon emissions in exchange
for financial aid to help them embark on a less polluting energy path.

Avrising from the Framework Convention on Climate Change, the Kyoto
Protocol was produced at the Conference of Parties in 1997. The Treaty
entered into force on February 16, 2005. For the first commitment period from
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2008 to 2012, the Protocol required developed countries with binding targets
to reduce their emissions of greenhouse gases by an average of 5 percent
below 1990 levels. Developing countries are not required to reduce their
emissions under the Protocol. The international rules of carbon trading aim to
reduce emissions of greenhouse gases more cheaply or quickly, allowing
developed countries to fund projects in developing countries to cut emissions,
although these credits are not easily measurable.

Developing countries must be rewarded similarly generous incentives as
Denmark received for wind power, Denmark as Germany received for solar
photovoltaic (PV) power, and as the U.S. received for nuclear by buying
themselves out of oil and coal. After eight years of U.S. talks and setting
targets that were later ignored, the Protocol came into force against U.S.
moves toward repeal. Most of the world wants action on greenhouse gases.
India, China, and the Philippines have all offered sensible proposals that the
U.S. ought to support. The experimental findings demonstrate that the
proposed control method exhibits excellent positioning performance for
combating global warming. Additionally, the adaptive cam structure
significantly contributes to the reduction of energy consumption in PD + AR
+ TSMC control [59 €0, 611,

8.1 Infrastructure resilience

In order to help communities become more resilient to and even prepare
for the adverse effects of global warming, a wide array of diverse strategies
aimed at mitigating the impacts of inclement weather and rising flood risks
stemming from both heavy rainfall and sea level rise are currently being tested
and implemented in pilot programs! In the city of Boston, urban planners have
employed cutting-edge game simulation software to conduct experiments
exploring different development patterns and the efficacy of various hardening
approaches with the ultimate goal of fortifying their urban waterfront district.
Interestingly, AECOM, a leading global infrastructure firm, has also
participated in this progressive initiative! We have drawn invaluable insights
from our participatory planning workshops, collaborating closely with local
stakeholders, which have consequently culminated in the development of an
extensive set of Infrastructure Design Guidelines. Moreover, as a result of our
relentless pursuit of excellence, we have made crucial adjustments to certain
core infrastructural design elements, thereby ensuring superior functionality
and resilience.

It is still up in the ethereal expanse, whether on a practical level there are
a sufficient multitude of acceptable adaptation strategies in any community's
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particular context to properly safeguard and shield most existing urban and
small town buildings and districts, and whether it's even remotely conceivable
to seamlessly integrate novel or enhanced hardening and infrastructure
features into the far-reaching and all-encompassing public and private realms
without the indispensable intervention of some public sector benevolence,
formidable financial assistance or augmented levels of government stipulating
a comprehensive and unifying context for harmonious and concerted action.
We ardently maintain that a meticulously coordinated and synchronized
implementation effort of paramount importance is obligatory over a diverse
assortment of timeframes; our preliminary implementation guide is
meticulously contrived and specifically devised to astutely gauge and
meticulously evaluate the intrinsic strengths and potential shortcomings of
divergent stakeholders' pivotal roles in the meticulous and all-encompassing
dialogue indispensable to propel adaptation projects relentlessly forward! As
the unfolding of the future gradually materializes and gradually takes form, it
is absolutely and unequivocally imperative to vigilantly and meticulously
monitor with utmost meticulousness not only the unfolding events occurring
in the vast panorama surrounding our existence, but also to meticulously
scrutinize the intricate tapestry of how these unfolding events are transpiring
and taking shape, and for whom these momentous events are being uniquely
tailored and meticulously orchestrated [62 63 641,
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Chapter -9

International Cooperation

We should not see worldwide adherence to the disciplines of the Climate
Change Convention as an end in itself- because its disciplines may be
insufficient. But demonstrating the political will to act will be the key to
everything else. Building such demonstrations of political will, in turn, will
depend on three things. One is leadership. With leadership, all is possible. At
its simplest level, leadership is a matter of determining in discussion the shape
of the problem and finding common values to inform the search for
meaningful options. It should be unstinting in the pursuit of accountability and
work for honesty.

Secondly, it is a matter of hashing out agreements. The disciplines of the
Climate Change Convention are agreements by which qualitatively and
coherently to confront the problem. Every country must make a down payment
on closing implementation and verification gaps, by kicking in through
national reporting on greenhouse emissions and the practices, policies, and
results. The rewards for shaping a strategy that is both useful and compelling
to trounce traditional resistance to cooperative effort must be made more
apparent and immediate in caliber and much greater. Refusing action is the
route to the surest and worst theft of all - theft of opportunity.

The earth is a vast rainforest. As the planet moves through sunlight, it
gradually absorbs carbon dioxide, feeding nature's lush growth. The Sahara
Desert is a stellar example of how careless carbon waste and pollution can
unravel this careful harmony. Such events sway dew and rainfalls, deterring
nature from maintaining and restoring the fellowship of life. Additionally,
carbon harvests and sulfur wastes generate harsher temperatures close to the
equator over the millennium.

Deforestation renders carbon sinks unviable, exhibiting detrimental
effects on oxygen emissions, dirty air clearance, and gentle springs of moisture
that hydrate freshwater bodies and keep vegetation intact. Thick forests
construct a shield against the sun's glare, reflecting away heat and rain to moist
places outside the tropics. Careful alterations to the arrangement of life on
earth ripple through thousands of species, raising concern for potential
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snowballing effects spiraling out of control. Still, as the earth enters a silent
change wrought by anthropogenic selfishness, greed, and ignorance, life hangs
by a thread, waiting for a turn of human perception.

Public awareness and education about climate change are essential to the
successful implementation of effective solutions. Greater public
understanding of these problems can lead to an increase in public involvement
in climate policy, as well as greater investigative efforts on the part of the
scientific community. Not only scientists, governments, and corporations need
to be aware of the causes and effects of global climate change, but citizens of
the world need to be aware as well. Unfortunately, the educational efforts on
this issue are currently grossly inadequate.

A major segment of the public's understanding of and knowledge
concerning climate change comes from school curriculums. School programs,
ranging from very young children to high school students, should be
implemented in order to provide an adequate conceptual foundation for
understanding climate change. These educational efforts should include the
importance of the greenhouse effect, the sources of greenhouse gases, carbon
sequestration, the role of deforestation in climate change, how temperature
changes affect the environment and human activities, and the possible
ramifications that may arise if global warming continues.

The role of governments and international agencies is crucial to the
overall effectiveness of such a broad educational campaign. School programs
concerning climate change should be developed and enforced by
governmental agencies. Education on climate change should be included in
the school curriculums of elementary, middle and high school students. In the
United States, for example, topics covered concerning physical science in the
grade 9-12 range should include a discussion of climate and climate change in
terms of the general circulation model. Such programs should also be designed
to work universally with students around the world, perhaps spearheaded by
the United Nations Educational, Scientific and Cultural Organization
(UNESCO) or the United Nations Environment Programme (UNEP).

Global warming refers to the abrupt rise of the average temperature of
Earth, bringing far-reaching consequences to the climate and environment
worldwide. Beginning in the late 19th century, scientists have researched and
recorded the temperature rise of Earth over time. The Industrial Revolution in
the 20th century massively increased the burning of fossil fuels, resulting in a
dramatic rise in carbon dioxide (CO2) and other greenhouse gas emissions
into the atmosphere. As they increase in concentration, the greenhouse gases
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create a greenhouse effect, screening sunlight to reach the planet while
trapping heat, thus raising the temperature of Earth. The rise of a mere 1.2°C
has already disturbed the natural cycles and weather patterns, bringing
extreme, unexpected, and unprecedented events. One chain of events causes a
domino effect leading to more rapidly changing processes. For example,
unprecedented wildfires occur, cycling more soot into the atmosphere, thus
making it ever more difficult for the Arctic ice to regenerate during winter.
The Arctic ice melting casts yet a darker shade on Earth, further warming it
because darker surfaces absorb more sunlight. These effects may spin out of
control, creating a self-amplifying pattern, where no action may recover the
situation any longer.

Such concerns are not usually addressed in school programs. Various
classes in the education system, such as natural sciences, math, social studies,
or geography, could use their moderation wisely in directing the attention of
the youth to the events. Science education addresses not only codifying facts
but also developing students’ worldviews and understanding of existing
processes. Nevertheless, the climate crisis is hardly ever elaborated on, and its
severity and scale are frequently misjudged. Teachers are either unaware of
the risks and pressures related to climate breakdown or want to shelter students
from feelings of helplessness about the catastrophe. Either way, this choice
contributes to growing ignorance, misunderstanding, and disengagement.

A simple set of possible activities can radically change the situation. A
web-based tool app can calculate the global mean temperature rise at any given
year by entering total CO, emissions. The inventory of all climate-related
documentaries and science fiction films highlighting the consequences in a
predictive manner can be made. An inventory of real climatic events
exceeding natural variability limits can be compiled. Student activities can
bring climate news in the daily, weekly, or semiweekly school main program.
Educational trips to weather stations or global climate centers can be arranged.
These, together with holistic yet systematic understanding of current climatic
trends and anomalies, realizing the premises of the natural sciences, can get
the youth aware, engaged, and empowered. To such radically different
present, snow on Christmas and average winter temperatures of around —20
°C are historical clichés similar to presently unbelievable coats of dinosaurs.
Hopefully, by making such an attempt, students might still be able to tell their
children about winter, ice-skating, and skiing.

The challenge of climate change arises not merely from scientific or
technical difficulties but also involves fundamentally ethical questions.
Specifically, ethical issues relevant to assessing the causes and consequences
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of global warming are considered, as well as alternative responses to them.
The moral implications of some popular policies are considered.

The ethical dimensions of the global warming problem include harm,
causation, fairness and justice, collective actions, and duty of care. Various
groups have contributed to the problem and will be differentially affected by
it. More strategically, one group might consider with whom they deem it is
unfair to treat differently, enacting a climate compensation scheme across
nations, as a starting point for collective action. Some states may oppose
compensation in an attempt to seize the opportunity afforded them by climate
change, asserting a right for development parallel to the industrial revolution
seen in the West.

Consequently, it is not enough merely to decide what the best climate
policy is from some impartial perspective; one must also be a good judge of
the preferences of the parties concerned. The broad ethical framework is
described as ensuring action is based on a principled and systematic
foundation. Such a foundation would clearly specify moral standards against
which different policies are assessed and could state why and how policy
choices are made. The major ethical theories in considering climate change
and how they view the key mechanisms are outlined.

To illustrate the ethical dimensions of the global warming problem,
consider, first, some scientific issues. The greenhouse effect is a natural
phenomenon whereby the earth’s surface is warmed by the atmosphere. Not
only does incoming solar radiation vary, but much of the energy that sustains
the earth’s climate system is provided and distributed by the earth’s
atmosphere and oceans. Upon striking the earth’s surface, solar radiation is
converted to heat; in turn, the earth radiates this heat energy back toward space
in order to keep from overheating. Whether or not this is allowed to happen is
apparently a matter of chance, determined by the ambient conditions of the
atmosphere.

Environmental justice is a concept focused on how climate change will
impact communities differently. The areas hardest hit by climate change are
often those already unjustly dealt with. However, it goes beyond just claiming
that certain groups will have to bear heavier burdens — it is also about who
bears the responsibility for addressing these burdens. For instance, it is a moral
question whether low-income communities of color should be on the front
lines of dealing with climate adaptation and resilience when they did the least
to cause climate change.

This perspective also raises the question of who has the moral right to
challenge disproportionate burdens and underscore their own contribution to
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the mitigation of climate change. Environmental justice comes from the
grassroots, community-based organizations dedicated to picking up the pieces
and dealing with the everyday realities of unfair social arrangements. Many
communities will ask, "What can | do about climate change?" and this
question brings to bear their social organization, community assets, and
political will, as well as their ability to enact policies that articulate their vision
of justice and equity. If considerations about social justice and climate change
are simply not on these communities' agendas, then a whole cluster of ethical
issues is opened up.

Because climate change will have such fundamental impacts on humanity
and the planet as a whole, ethical questions arise about the responsibilities of
those whose actions are consequential for others. Ethical questions are also
raised about how the burdens of climate change (and the burdens of action
taken to address it) are distributed among various sectors of society, both
nationally and internationally. For these reasons, there is a need to give an
overview of both the physical planet-wide changes expected as a consequence
of climate change, and of the social changes that are rightly expected to occur
in response to these changes.

Consideration of climate change raises two overarching questions about
social justice: First, do the actions of one generation affect other generations,
so that the concept of inter-generational social justice is meaningful? Second,
do the actions of one society affect the welfare of other societies, so that the
concept of international social justice is meaningful? As is the case regarding
a number of other issues of global ethics, the phenomenon of climate change
raises both inter-generational and international dimensions that are potentially
overwhelming in scope.

9.1 Paris agreement

The Paris Agreement in 2015 was a critical landmark that initiated a flurry
of activities for putting the world on a less than 1.5-2°C pathway. However,
despite good intention and numerous efforts by governments and non-
government organizations, not much had been done since. Global greenhouse
gas emissions had grown annually, even just prior to the pandemic. By
September 2023, China and the U.S. had not made much progress over the
past ten years in emissions reduction; the Russian Federation had hardly
started doing so; and India was still rising in flapping economy. By 2019, the
European Union claimed that its carbon emissions were already down by 24%
from 1990 level, but higher food and material production, including upon its
biodiversity footprint associated with international food and materials
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consumption, would reveal a similar emission picture at least for air transport.
In summary, no one expected much reduction in global greenhouse gas
emissions by 2024.

The world came to an unprecedented crossroads with the historic Paris
Agreement inked in 2015, an undoubtedly critical landmark that initiated a
whirlwind of activities aimed at steering the global community towards a
future characterized by a less than 1.5-2°C increase in temperature. However,
despite the pureness of intentions and the countless efforts exerted by both
governments and non-government organizations alike, it became
dishearteningly clear that these initiatives had fallen short, resting idly in the
shadow of unfulfilled promises. To add salt to the wound, global greenhouse
gas emissions continued their relentless ascent, defying all expectations and
escalating their trajectory with each passing year, even on the cusp of the
tumultuous pandemic. The world stood aghast as September 2023 rolled
around, revealing that economic giants such as China and the U.S. had
scarcely made a dent in their emissions reduction efforts over the course of a
decade. Similarly disappointing was the Russian Federation's lackluster start
in tackling their emissions, while India's economic growth soared skyward,
further exacerbating the situation. In the midst of this malaise, a flickering
glimmer of hope appeared in the form of the European Union, who proudly
declared a 24% decrease in carbon emissions since 1990. However, a closer
examination of the situation unraveled a disconcerting revelation - the surge
in food and material production, coupled with its insidious impact upon
biodiversity, particularly in the context of international consumption,
ultimately painted a picture of emissions equivalence, at least within the realm
of air transport. Thus, it should come as no surprise that the general consensus
held little optimism regarding the magnanimous feat of reducing global
greenhouse gas emissions by 2024.

In principle, the variability of temperature is an analogy to the variability
of diffusivity and even of viscosity. The existing doctrine which commands
how the energy and substance exchange over the Earth-air-ocean system relies
on a virtual image assumed for drag/friction, capillarity, and gravity along the
Earth-air-ocean interactions which might bear controlled temperature and
Earth factors. However, the existing doctrine does not simulate the Earth
physical heating in a convincing manner. Similarly, the available doctrine
which juxtaposes the diffusivities from lattice vibrations to atmospheric and
oceanic thermal movements ignores the fact that lattice vibrations are driven
by mean molecular or particle kinetic energy and thus also the Earth energy
inside, instead assuming thermal equilibrium of particles/lattice or air/ocean
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as a vacuum with rarefied atmosphere or water vapor in between until particles
or lattices are barely moving but the air and ocean keep themselves in
convicting motion.

The immediate future of global warming research can be summarized by
three words: computer climate models. Significant effort is being devoted to
building, perfecting, and using models of the climate system to predict its
response to anthropogenic perturbations. Simple models based on physical
principles and observations will continue to evolve and improve our
knowledge of the climate system. However, the more complex models being
constructed with the assistance of powerful computers may bring a whole new
perspective to the subject.

Not too long ago, climate was a subject where one made suppositions and
observations without aid of theory or mathematics. Now realistic
computations of climate and change of climate can be made. How reliable
such computations are and how they compare with considerations based on
first principles remain large unanswered questions. Some well-posed initial
quarantine conditions have been defined on the subject. Nevertheless, the new
model results should stimulate a great deal of physicists' theoretical and
mathematical research on terrestrial climate.

It may seem naive to call attention to the whole climate in general. The
problems encountered in specific models are indeed often fascinating and
complex. Nevertheless, it's unfortunate that the whole climate simply as a
well-known terrestrial simple system, with those well-known boundary
conditions, is so rarely discussed or even mentioned. If anything is likely to
happen to the climate, it is because of a net gain in the extra solar heat absorbed
or net increase in the greenhouse efficacy. Although this is in fact virtually
trivial, there are a number of unsolved exciting but long-term fluid dynamical,
biogeochemical, as well as predictability aspects of the problem that still await
a systematic group theoretic treatment.

In view of the impending anthropogenic modification of the climate, there
is an urgent need to study the climate as a whole by means of the new physical,
mathematical, and computational techniques. In addition to the urgent applied
aspects of the research, the whole terrestrial climate should be recognized as
an ideal simple evanescent system from the strictly mathematical standpoint
and worth theoretically studying, better understanding, and possibly enjoying
the sweet dream of the prospect of eventual mastery. Five emerging trends in
climate science and global change research are briefly described. These trends
are complex, interconnected, and rapidly changing. They are likely to be major
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areas of emphasis for researchers in the years to come, affecting all parts of
the scientific enterprise. They also have wide-ranging implications for
education, outreach, and the training of the next generation of scientists.

The first trend is that the Earth system approach is beginning to be used
more widely. By taking the Earth system approach, scientists can see how
different aspects of the planet interact with each other and feedback through
time. There are several aspects of this trend, among them the integration of
previously disparate disciplines and the incorporation of biogeochemistry and
ecology into Earth system models. A second and related aspect is scale.
Models must resolve smaller scales and be more comprehensive in temporal
and spatial extent. Models based on Earth system principles are beginning to
be applied at greater spatial and temporal scales, such as decadal-to-centennial
time scales and large spatial scales such as continents and oceans.

The second emerging trend is concentration on climate interventions.
Enhancements of natural processes and/or engineering efforts to reduce
climate change by decreasing GHG concentrations or improving the climate's
ability to cope with it. There is a growing interest in researching the social,
economic, and scientific implications of large-scale intervention strategies.
Much attention is focused on geoengineering schemes involving ocean iron
fertilization or artificial stratospheric aerosols.

The third emerging trend is the increased prominence of Earth system
changes outside of the anthropogenic influence. In recent years, there has been
growing interest in understanding natural climate variability over a range of
timescales. There are many facets to these efforts that one could explore. One
particularly exciting arena relates to the socio-economic consequences of
climate variability and change on millennial timescales. Well-documented
connections exist between the central Pacific Ocean, climate changes in North
America, and El Nifio on these timescales. A better understanding of how
large ocean-atmosphere processes control climate variability at different
timescales could have far-reaching consequences for predictability and for the
management of natural resources. Regarding climate changes on timescales
greater than millennia, as discussed in Chapter 5, the importance of
incorporating effects of Earth's orbital motions into understanding climate
change is only beginning to be appreciated.

The emergence of the Earth science initiative is a fourth trend, affecting
the design and operation of observing and modeling systems, new
constructions such as NASA's Earth System science literacy activities, and
NASA's renewed emphasis on interdisciplinary efforts. A growing
understanding of how these changes affect the atmosphere, oceans, and

Page | 75



geology is shaping what is done and how. Regarding the Earth system
approach, understanding how new events and processes are, or could be,
scientifically interesting and/or important to society.

The intricate relationship between temperature variability and
diffusivity/viscosity variability is something that can be likened in principle.
The established theory governing the exchange of energy and substances
within the Earth-air-ocean system hinges upon a virtual image, one that
assumes drag/friction, capillarity, and gravity as Earth-air-ocean interactions
that could wield control over temperature and Earthly factors. However, this
existing doctrine falls short when it comes to realistically modeling the
physical heating of the Earth.

The Paris Agreement is an international agreement adopted in December
2015 to address global climate change. It was negotiated at the 21st
Conference of the Parties to the U.N. Framework Convention on Climate
Change (UNFCCC) in Paris, France. The agreement aims to limit global
warming to well below 2°C above pre-industrial levels, with efforts to limit
the temperature increase to 1.5°C. It also aims to strengthen the ability of
countries to deal with the impacts of climate change.

Under the Paris Agreement, countries set nationally determined
contributions (NDCs) to reduce greenhouse gas emissions and adapt to the
effects of climate change. These contributions are intended to be ambitious,
represent a progression over time, and reflect the country's highest level of
ambition. Countries are required to submit their NDCs every five years and
report on their progress in implementing them.

The agreement also establishes a framework for financial support to
developing countries, including funding for mitigation and adaptation
activities. Developed countries are expected to provide $100 billion per year
by 2020, with a commitment to continue providing financing at least until
2025, which will be scaled up after 2025. The agreement also encourages
developed countries to provide support for capacity building and technology
transfer.

The Paris Agreement entered into force on November 4, 2016, 30 days
after at least 55 countries accounting for at least 55% of global greenhouse gas
emissions deposited their instruments of ratification, acceptance, approval, or
accession. As of August 2021, 191 parties have ratified the agreement,
representing 97.68% of global greenhouse gas emissions.

Highly complex mathematical equations depicted in the form of
mathematical models, also called climate models, have been created by
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professionals to model various climatological occurrences and phenomena
such as wind patterns, precipitation, storms, the full climate system, and the
full climate. As per multiple researches and recent news articles, climate
models are said to play a significant role in understanding the physical
processes behind these processes and occurrences. In a broader aspect, climate
models are used to describe the present meso-cyclones and large-scale
phenomena and help forecast climate conditions and its change by replicating
the globe's general circulation model (GCM) for the future.

Highly complex atmospheric primitive equations are used in climate
models to forecast climate conditions and states of a location. With the use of
complex equations, supercomputers replicate climate models on a variety of
scales, depending on the need. Datasets are created from climate models that
are brought down to lower resolutions using various approaches. In
accordance with defined behavior parameters, model outputs are gridded to a
specific layout, and average hourly or daily data grids are settled. These
datasets are used for multiple purposes to broadly study the climate system.

Several "state-of-the-art" regional climate modeling systems on the
atmosphere-ocean-vegetation-soil system have been designed at spatial and
temporal scales that enable the comprehensive version of climate models
applied on meso, local, and archive, with some of them coupled in an off-line
mode. These climate modeling systems are used to model both present and
future climatic conditions and have been shown to yield satisfactory results.
Datasets on present bursting precipitation and temperature extremes across
various continents and locations across the globe have been created using
these models. Climate change scenarios from A1B simulations of the
ECHAMS5, HadCM3, and CSIRO models within the IPCC 3rd assessment are
statistically downscaled to model point datasets on precipitation and
temperature. The dataset is used to study possible changes in present climate
extreme events in future 21st-century warming.

Climate modeling refers to the utilization of computer models of the
Earth's climate system to simulate past, present, or future climate conditions.
A climate model is a computer program that uses a set of mathematical
equations to recreate the physics and dynamics of the atmosphere, oceans, ice
sheets, and land surfaces. Modeling of the climate system is used to
understand how the climate works and to make projections about how the
climate might change in the future.

Climate models are categorized as "energy balance models," "simple
climate models,"” and "general circulation models (GCMs)." An energy
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balance model considers only the balance between incoming and outgoing
energy in the climate system. A simple climate model considers the oceans
and changes in heat storage. General circulation models are created from the
fundamental equations of motion, thermodynamics, and other physical
principles governing the climate system. GCMs can be run for the whole
climate system or treat the components of the climate system in separate
models focused on the atmosphere, oceans, or continents. This variety of
models may be used to study things such as climate sensitivity and the
response of climate under conditions of increased greenhouse gas
concentrations.

Increased atmospheric concentrations of greenhouse gases (GHGs) can
come from natural sources, such as volcanic eruptions or natural wildfires.
However, the increase in the atmospheric concentrations of GHGs today is the
result of anthropogenic emissions since the mid-18th century and the advent
of the Industrial Revolution. It is expected that anthropogenic emissions will
continue to increase considerably and reach double compared to pre-industrial
levels.

Ocean general circulation models indicate that the consequences of a
doubling of CO; include warming over both ocean basins in the mid-latitudes,
at high latitudes, and most importantly over the oceans. The lower and upper
troposphere will be warmer, but the stratosphere will cool. A scientific
consensus has emerged that such climate change will happen. Models indicate
the climate may change globally, leading to a rise in sea levels, changes in
rainfall regimes, and widespread changes in ecosystems. However, exactly
how much and where changes will occur remains uncertain, partially due to
feedbacks and uncertainties in future emissions of GHGs. All results to date
suggest that the more gases are emitted, the greater the risks of dangerous
changes.

Forests play a vital role in cooling the planet by sequestering carbon
dioxide from the atmosphere. They are without a doubt the most effective
carbon sinks on Earth. Trees breathe in CO3, and as they grow, they fix carbon
in their leaves, branches, and trunks. If nothing disturbs the forest, this carbon
will remain there indefinitely. However, scientists' estimates vary greatly on
how many gigatons of CO; are sequestered by forests each year.

In addition to their role as carbon sinks, forests also indirectly help
regulate the planet's temperature. Forests, through the tree canopies, reduce
surface temperature fluctuations of the earth. They shade the landscape, which
diminishes the amount of sunlight hitting bare soil, forming a microclimate
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with a cooler temperature, moister air, and heavier fog. Trees also take in water
from the soil and release it back into the atmosphere through transpiration,
which helps to increase relative humidity.

Because of this microclimate, bare soil, grassland, and crops would dry
out and heat up, and the natural precipitation would diminish. The forests need
to remain intact to sustain their cooling properties, but deforestation is
occurring at an alarming rate. According to satellite imaging, forests are now
disappearing at a rate of 15 million km per year, which would be equivalent
to the entire Amazon rainforest being lost in 9 years. For Earth to cool off and
reverse climate change, forests must be reestablished.

Moreover, the available doctrine that compares diffusivities arising from
lattice vibrations with atmospheric and oceanic thermal movements fails to
acknowledge the fact that lattice vibrations are propelled by the overall kinetic
energy of the molecules or particles, which includes the energy within the
Earth itself. This doctrine, rather incorrectly, assumes a state of thermal
equilibrium between particles/lattice and air/ocean, portraying them as a
vacuum with a thinly distributed atmosphere or water vapor between them. It
suggests that particles or lattices remain almost motionless while the air and
ocean continue to convict [65 66 671,
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Chapter - 10

Conclusion

The impacts of warming observed since the industrial era vividly testify to the
exceptionally high sensitivity of the climate system to fluctuations in radiative
balances. The primary catalyst of this phenomenon is undeniably the
unprecedented increase in the concentration of greenhouse gases (GHGS) in
the atmosphere, an escalation that can be directly attributed to human
activities. Notably, the burning of fossil fuels, rampant deforestation, and
agricultural practices have all played pivotal roles in exacerbating this
predicament. However, it is crucial to acknowledge that in the short term, air
pollution can also wield significant influences by directly altering cloud
properties. As we delve into the depths of our understanding, a multitude of
uncertainties loom large, particularly in relation to the intricate climate
feedback mechanisms. Among these uncertainties, the enigmatic nature of the
cloud feedback and sea level variations stands out, as these intricate
phenomena are, in part, contingent upon the contributions of distant ice flows
residing beyond the confines of our atmosphere.

The atmospheric concentrations of greenhouse gases (GHGS),
particularly carbon dioxide (CO2), methane (CH.), and nitrous oxide (N20),
are currently at the highest rates observed over the last 800,000 years, and
even 20 million years for CO,. This unprecedented increase in GHG levels
poses a significant threat to our climate system. Without explicit climate
policies, the anticipated warming between now and 2100 will be within the
most pessimistic scenarios, potentially leading to further increasing
concentrations of these gases.

In addition to CO2, methane and N-O concentrations may also rise due to
continued exploitation of natural resources. The growing use of cooling
devices in emerging countries is driving the emissions of hydrofluorocarbons
(HFCs), which further contribute to the GHG concentrations. It is crucial to
address these emissions and implement effective mitigation strategies.

Between 2020 and 2060 or 2070, there is a likelihood of reduced ice cover
in polar regions, which, coupled with accelerated melting in many regions,
could lead to a rise in the global sea level. The collapse of polar ice flows may
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exacerbate the impacts, potentially destabilizing natural systems and
amplifying warming through various feedback mechanisms. The interactions
between the oceans and the atmosphere in such a warming range, averaging 6
degrees across the entire planet, pose significant challenges for available
climate models. Predicting the precise effects on our climate system becomes
increasingly difficult under these extreme conditions.

Addressing the challenges posed by rising GHG concentrations and
climate change requires urgent global action. Climate policies, scientific
research, technology development, and international cooperation are vital in
mitigating greenhouse gas emissions, adapting to the changing climate, and
ensuring a sustainable future for generations to come. It is crucial that we take
collective responsibility and work towards a resilient and low-carbon future.

10.1 Summary of key findings

The report on global warming and climate projected that by 2024, the
global annual mean surface temperature and the annual mean surface air
temperature for all seasons are predicted to be mostly warmer than the recent
past. When compared with the range of values determined from the multi-
model ensemble, the forecasts of annual mean surface temperature and the
forecast skill for all seasons using initialized prediction systems are less
uncertain. Warmer temperature than the baseline is predicted for most of the
globe. The concentration of CO; is forecast to be larger than 2019 and the
seasonally ice-free area in the Arctic Ocean is seen to be larger. The
predictions of the proportion of the area with lesser annual mean precipitation
and that with lesser than the baseline soil moisture are more uncertain. Those
flow regimes of the East Asian sector and the outgoing daytime surface
radiation of the South Asian monsoon region are predicted to persist and
increase, respectively. These predictions suggest warmer and more intense
climatic patterns on Earth in 2024.

There are recent research works to project the global mean temperature
increase for the near future. The most attention of these works is the projection
from the initialized prediction systems of climate models. They are developed
by initializing the model with observed data to resemble the observed state
and quantify the effects of the observed data. This allows for a quantification
of prediction uncertainties, developing data assimilation system, and
quantifying the causes of the uncertainty of the climate models on the
prediction. The dynamical initialization depends on the assumptions of the
climate models and our knowledge of the initialization procedure. Several
prediction centers have performed climate predictions for 2020—2024 using
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different models and analysis. The modeling systems and the skills of the
forecast may lead to differences among the forecasts of different centers, but
there is substantial consensus that a superficial increase of the concentration
of CO; and the increase of global annual mean surface temperature are likely
to occur.
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