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Abstract
Τhere ιs overwhelming scientific evidence that anthropogenic activities,
especially burning fossil fuels (coal, petroleum, natural gas), are leading to
increased levels of CO2 and other greenhouse gases (GHGs) in the Earth‘s
atmosphere. This process amplifies global warming and has direct impact on
climate change. After the Industrial Revolution in the 19th century humans
increased substantially energy consumption by fossil fuels and as a
consequence GHGs increased exponentially. Electricity, heating and transport
are responsible for73% of GHG emissions, industrial processes 5%,
agriculture, forestry and land use 18%, and waste 3%. Earth's surface and
ocean temperature increased leading to increased extreme weather events.
Also, deforestation intensified with substantial negative effects.
Measurements showed that 2011-2020 was the warmest decade recorded,
with global average temperature reaching 1.1°C (2019) above pre-industrial
levels. Human-induced global warming is presently increasing at a rate of
0.2°C per decade. For this reason, the international community has
recognized the need to keep warming well below 2°C and pursue efforts to
limit it even further to 1.5°C. Scientists use various models to project the
future increases of global temperature in relation to GHG emissions. The
International United Nations Climate Agreement Conventions are taking place
every year with 200 countries across the globe adopting historic decisions to
cut emissions at global scale for the U.N. Framework Convention on Climate
Change (UNFCCC). The most prominent was the Conference of the Parties
(COP21) in Paris in December 2015 and the Glasgow COP26 (2021). All
countries publicly outlined what their post-2020 climate actions they intended
to take under the new international agreement, known as their Intended
Nationally Determined Contributions. According to the United Nations
Intergovernmental Panel on Climate Change (IPCC), changes in many
extreme weather and climate events have been observed since around 1950.
Experts on climate change suggest that extreme weather events are now
more severe and frequent than before. Rising sea levels also is another threat
to human communities in coastal areas. Asia and the Pacific region have
experienced relentless and unpredictable climate-related disasters in 2021,
severely affecting more than 57 million people during the peak of the global
pandemic. This review presents some of the most important findings and
scientific reports on global warming and related problems of climate change. It
is clear evidence that extreme weather events in the future, unless
international efforts are undertaken to reduce fossil fuel and emissions..
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Introduction: Earth, life, temperature limits and climate
The solar system was formed at around 4.5-4.6 billion years ago from a
dense cloud of interstellar gas and dust that collapsed, possibly due to the
shockwave of a nearby exploding star (supernova). When this dust cloud
collapsed, it formed a solar nebula and a spinning, swirling disk of material
located in an outer spiral arm of the Milky Way galaxy.

Figure 1. The solar system was formed 4.5-4.6 billion years ago from
interstellar gas and dust cloud that collapsed (shockwave of a nearby
exploding supernova). Gravity at the centre pulled more and more material in
that eventually caused the pressure in the core to increase substantially.
Under the intense temperature hydrogen (H2) atoms began to combine and
form helium (He), releasing a tremendous amount of energy. Early Earth
witnessed very high temperatures and intense volcanic activity.
Earth experienced its hottest temperatures in its earliest period of
formation, when it was still colliding with other rocky debris. The surface of the
Earth quickly established conditions similar to the current ones after the initial
impact bombardment. Volcanic activity produced typical gases, carbon
dioxide (CO2), carbon monoxide (CO), nitrogen (N) and water vapour (H2O).
Earth is a unique planet in the solar system with water vapour condensed into
oceans covering large parts of the surface of the Earth (71%).
Earth‘s oceans play fundamental role in influencing climate by
absorbing solar radiation and releasing heat needed to drive the atmospheric
circulation. They release aerosols that influence cloud cover, by emitting most
of the water that falls on land as rain and by absorbing CO2 from the
atmosphere and storing it for years to millions of years. The oceans have the
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capacity to absorb much of the solar energy that reaches Earth, and thanks to
the high heat capacity of water, the oceans can slowly release heat over
many months or years balancing climate changes.
Earth is unique in the solar system because of its distance from the
Sun and its period of rotation (on its axis every 24 hours mean solar time).
Earth revolves in orbit around the Sun (365 days, 6 hours, 9 minutes) at a
speed ranging from 29-30 km/s. Solar radiation levels maintain the planet at a
mean surface temperature of about 14–15 °C which varies little over annual
and night-day cycles. This mean temperature allows water to exist on Earth in
basic 3 phases: solid, liquid, and gaseous. By volume, 98% of the water on
Earth exists as liquid oceanic water and associated sea ice. Glaciers and ice
caps constitute 1.6 % of Earth‘s total water volume. Earth‘s water
continuously circulates between these reservoirs in what is called the
hydrologic cycle, driven by energy from the Sun. Evaporation, precipitation,
movement of the atmosphere, and the downhill flow of river water, glaciers,
and groundwater keep water in motion between the reservoirs and maintain
the hydrologic cycle. [https://www.britannica.com/science/ocean ]

Figure 2. The most important natural phenomenon on Earth, the Hydrologic
Cycle, regulates the constant movement and recycling of water between the
atmosphere, land surface, and under the ground. The Hydrologic Cycle
supports life on Earth and regulates climatic conditions.
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Biological life forms as we know them now did not exist on primitive
Earth: First was the Big Bang (unique and massive explosion that formed the
universe), and later the billion solar systems in the galaxies. Simple inorganic
chemicals

were

synthesized

under high

temperature nucleosynthetic

conditions. There are various theories and experimental evidence for
synthetic prebiotic organic chemicals in the first billion years of the Earth‘s
existence. Unicellular and multicellular microscopic fossils found in various
places of the Earth established that the earliest time of prebiotic forms of life
first appeared at least 3.7 billion years ago. Cyanobacteria (known also as
blue-green algae) initiated the Oxygenic Photosynthesis as one of the most
important metabolic process to have evolved on Earth as it has enabled
complex life forms to emerge. Some fossil examples have been found in rocks
that are around 3, 7-3, 5 billion years old, in Western Australia.

Figure 3. Cyanobacteria use the energy of sunlight to drive photosynthesis,
splitting water molecules into oxygen, protons, and electrons. Cyanocbactreria
convert carbon dioxide and water into oxygen, and sugar (glucose).
Photosynthesis merely breaks it up, separating the carbon from the oxygen.

Temperatures in the first billion years of Earth’s existence
Planet Earth experienced its hottest temperatures, when it was still
colliding with other rocky planetesimal debris careening around the solar
system. The heat of these collisions would have kept Earth molten, with topof-the-atmosphere temperatures upward to approx. 1900o C (3600o F). Even
after those first scorching millennia, however, the planet has often been much
warmer than it is now. The Earth‘s climate and atmosphere have changed
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drastically over the last 4 billion years. Archaean Eon (4 to 2,5 billion years
ago), when the crust had cooled enough for continents to be formed, remains
highly uncertain. Despite many studies, the relevant geologic evidence is
sparse and occasionally contradictory. Oxygen isotopes in cherts (finegrained sedimentary rocks) suggest that between 3.5 and 3.2 billion years
ago (Ga) the Archaean climate was hot (55–85 °C).1
Although young Sun was much dimmer (so-called faint young sun
paradox) Earth was kept warm by high atmospheric concentrations of CO2
and CH4. Those two greenhouse gases compensated for the dimmer sun by
trapping more of its heat in the Earth‘s atmosphere. The Earth‘s continents
had not yet grown to their full size, so there was less land and more active
volcanoes spewing CO2 into the atmosphere.2
With more than 500 times as much methane (CH4) in the Earth‘s
atmosphere as there is today, the Archaean sky might have contained a thin
photochemical haze. Around 2.4 billion years ago, photosynthesizing
microbes (cyanobacteria) began pumping large amounts of oxygen into the
atmosphere. If there was indeed a lot of methane in the atmosphere then, it
would have been oxidized. According to some scientists the higher O 2
concentration may have produced a radical shift in Earth's climate. The
geologic record suggests that, having endured the faint young sun without
freezing, the planet entered its first ice age around 2.3 billion years ago.

Glacial periods and interglaciations in Earth’s history
Large, continental ice sheets in the Northern Hemisphere have grown
and retreated many times in the past history of the Earth. We call times with
large ice sheets ―glacial periods‖ (or ice ages) and times without large ice
sheets ―interglacial periods‖. In Earth‘s history there were at least 17 cycles
between glacial and interglacial periods. The glacial periods lasted longer
than the interglacial periods. The last glacial period began about 100,000
years ago and lasted until 25,000 years ago. Today Earth goes through a
warm interglacial period. Scientific evidence showed that Ice Ages on Earth
began 2.4 million years ago and lasted until 11,500 years ago. During this
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time, the Earth‘s climate repeatedly changed between very cold periods,
during which ice glaciers covered large parts of the world, and very warm
periods during which many of the glaciers melted.
There is scant evidence that the oldest known evidence of midlatitude
glaciation recorded of Earth was in the Pongola Supergroup diamictite (South
Africa, at 2.9 billion years ago). Scientists have more evidence that the oldest
known glacial period on Earth is the Huronian glaciation period. Based on
evidence of glacial deposits from the area around Lake Huron in Ontario and
elsewhere. There is evidence that the Huronian Glaciation lasted from
approximately 2,400 to 2,100 Ma. Because rocks of that age are rare,
scientists do not know much about the intensity or global extent of this
glaciation. The early stages of the Huronian glaciation seem to have been
particularly severe, with the entire planet frozen over in the first ―snowball
Earth‖. This may have been triggered by a 250-million-year lull in volcanic
activity, which would have meant less CO2 being pumped into the
atmosphere, and a reduced greenhouse effect. Glaciers and ice covering
parts of the land and ocean almost up to the equator. This was the longest ice
age in the Earth‘s climate history, spanning nearly 300 million years.3

Figure 4. Glacial periods give way to interglacials on some occasions when
the Northern Hemisphere‘s summer solar insolation (amount of solar radiation
received by Earth‘s surface) increases alongside corresponding decreases in
ice volume and increases in temperature and atmospheric CO2. [American
Geophysical Union, EOS https://eos.org/research-spotlights/characterizinginterglacial-periods-over-the-past-800000-years ]
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Large-scale of ice ages and glaciations have resulted in major changes
in the Earth‘s climate, landscape, and environment. These were long periods
of cooling where continents repeatedly endure glacial and interglacial periods.
Scientist have found evidence that Earth in the past has sustained 5 major
glaciations throughout Earth‘s history, characterized by large-scale sheet or
glacier movements of the Earth‘s surface. [History.com, Ice Ages,
[https://www.history.com/topics/pre-history/ice-age#section_1].
[https://www.history.com/topics/pre-history/ice-age#section_2],
Scientists have recorded these significant ice ages throughout the
Earth‘s history by studying the chemicals in ice cores from Greenland and
rock deposits from the ocean floor. Those chemicals indicate what the Earth‘s
climate was like when the ice or rocks were formed. According to scientists,
the 1st ice age recorded was the Huronian (2.4-2.1 billion years ago),
the 2nd was the Cryogenian (850-635 million years ago), the 3rd was
the Andean-Saharan (460-430 mya, recorded in rocks of South America
and Africa), the 4th was the Karoo (360-260 mya, named for rocks in
southern Africa) and the 5th was the Quaternary (2.6 mya-present). The
most recent glaciation period, often known simply as the ―Ice Age‖
reached peak conditions some 18,000 years ago before giving way to
the interglacial Holocene epoch 11,700 years ago. 4

Earth's surface temperature over the past 500 million years

Earth in the earliest years as a planet of the solar system, probably
experienced its hottest temperatures, when it was still colliding with other
rocky debris (planetesimals) careering around the solar system. The heat of
these collisions would have kept Earth molten, with very high-atmosphere
temperatures. After those first scorching millennia, however, the Earth has
often been much warmer than it is now. One of the warmest times was during
the geologic period known as the Neoproterozoic, between 600 and 800
million years ago. Conditions were also frequently sweltering between 500
million and 250 million years ago. Also, within the last 100 million years, two
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major heat spikes occurred: the Cretaceous Hot Greenhouse (about 92 million
years ago), and the Paleocene-Eocene Thermal Maximum (about 56 million
years ago).5,6,7

Figure 5. Preliminary results from a Smithsonian Institution project (Scott
Wing and Paul Huber), showing Earth's average surface temperature over the
past 500 million years. For most of the time, global temperatures appear to
have been too warm (red portions of line) for persistent polar ice caps. The
most recent 50 million years are an exception. Figure 4, Image adapted from
Smithsonian
National
Museum
of
Natural
History.
[https://www.climate.gov/news-features/climate-qa/whats-hottest-earths-everbeen ].

Earth has a highly compacted history of surface temperature changes
in the last 500 million years of its existence, which can be used by scientists
as a cautionary tale for Humanity‘s future global warming. The record of rock
and ice is both a complex tapestry of the flourishing life on Planet Earth and at
the same time a reminder of the extreme vulnerability of species over
geological time. The records show 5 mass extinction events over the last 500
million years, each of which wiped out over 75% of all species on the planet
and each one caused by rapid changes to the Earth‘s climate.
First was the Ordovician-silurian extinction 440 million years ago
(mya). This extinction wiped out most small marine organisms as the planet
rapidly cooled and iced over before once again thawing. Second was the
Devonian extinction, 365 million years ago (mya), that destroyed many
tropical marine species as Earth cooled, sea levels dropped, and the oceans
ran low on oxygen (O2). The third extinction was called Great Dying
8

(Permian-triassic), 250 million years ago, that was Earth‘s most severe
extinction. During this period rapid warming was caused by volcanic activity
spewing CO2 into the atmosphere and the sudden release of methane (CH4)
from the sea floor. Ocean waters at the equator rose to hot tub temperatures,
seas became starved of oxygen, and 96% of all marine life plus over 70% of
terrestrial life was obliterated.

Figure 6. Fossil records show 5 mass extinction events over the last 500
million years (geologic time), each of which wiped out over 75% of all species
on the planet Earth, caused by rapid changes to the Earth‘s climate. Each
mass extinction ended a geologic period. Mass extinctions toppled ecological
hierarchies, and surviving species often thrive, exploding in diversity.
The 4th mass extinction was the Triassic-jurassic extinction: 210
million years ago. The Triassic period erupted in new and diverse life, and
dinosaurs began to populate the world. Unfortunately, numerous volcanoes
also erupted at that time. Although it remains unclear exactly why this 4th
mass extinction occurred, scientists think that massive volcanic activity
occurred in an area of the world now covered by the Atlantic Ocean.
Volcanoes released enormous amounts of CO2, driving climate change and
devastating life on Earth. Global temperatures increased, ice melted, and sea
levels rose and acidified. As a result, many marine and land species became
extinct; these included large prehistoric crocodiles and some flying
pterosaurs. The 5th major extinction was at 65 mya (Cretaceous-tertiary).
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The most famous of all the mass extinction events is the CretaceousPaleogene extinction, better known as the day the dinosaurs died. It
happened 65 million years ago when an asteroid struck the Gulf of Mexico,
vapourising rock into atmospheric aerosol, blocking the sun, and rapidly
cooling the planet. The asteroid-induced climate change decimated food
chains, wiped out the dinosaurs, and ushered in a new age of mammals.
Humanity has taken full advantage of the recent stable climate but, to
think of our survival as guaranteed is, at best, short term thinking or misplaced
hubris. Humans existed as a species less than 5 million years:

Figure 7. The fossil evidence for immediate ancestors of modern humans is
divided into genera Australopithecus and Homo and begins about 5 million
years ago. Modern human beings (Homo sapiens sapiens), is the only
surviving species of the genus Homo. Modern people originated in Africa
within the past 200,000 years and evolved from their most likely recent
common ancestor, Homo erectus (upright man‘ in Latin) is an extinct species
that lived between 1.9 million and 135,000 years earlier.

Human development and energy use from fossil fuels were
fundamental building blocks for the evolution of modern societies. Access
fossilized energy sources is fundamental to fulfilling basic social needs,
driving economic growth and fueling human development. Energy services
have a substantial effect on productivity, health, education, safe water and
communication services. Modern services such as electricity, natural gas,
modern cooking fuel and mechanical power are necessary for improved
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health and education, better access to information and agricultural
productivity. There are wide variations between energy consumption of
developed

and

Programmes,

developing

Energy

and

countries.
human

[United

Nations

development

Development

http://hdr.undp.org/en/

content/access-energy-and-human-development ].
After the industrial revolution (1750-1850), the energy needs grew
exponentially and humans burned more than 10,000 billion tonnes of fossil
fuel emitting vast amounts of CO2 and greenhouse gases in the atmosphere
of the Earth over the next few centuries. These emissions increased the
atmospheric CO2 concentrations towards the highest levels recorded in 500
million years of the Earth‘s history, causing temperatures to increase over
~10⁰C warmer. In the last 50 years Earth experienced hotter climate
conditions last encountered over 50 million years ago.8

Figure 8. The Industrial Revolution started in Britain and expanded in most
countries during the 18th and 19th centuries. Agrarian societies in Europe and
North America were transformed and urban cities increased exponentially.
Manufacturing and product development were established by new
technologies and led to the mass production. Textiles, iron industries, and
many others saw surges of improvement during this era, which contributed to
better systems in the banking, communications, and transportation sectors.

When scientists discuss climate change and global warming in the last
250 years, they are mostly concerned with how such change will impact
Earth‘s environment and especially on human civilization. Scientists directed
their studies in the past million years to help understand climate cycles and
how Earth‘s current anthropogenic changes fit into natural change and to help
them to find practical solutions to reduce global warming.
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Perhaps the most compelling reason to understand ―deep-time‖
climate change is in how it relates to the origin and evolution of life on Earth,
and possibly beyond. Despite the stark differences between today‘s world and
that of the Archaean, it is clear that at both times, climate played fundamental
role on life of Earth and similarly natural life (plants, animals, marine species)
influenced the climatic conditions.9

Earth’s climate and habitability (favourable conditions for the
existence of life)
The universe has billions of galaxies and every galaxy has billions of
solar systems. Scientists for centuries were questioning the unique properties
that makes the Earth habitable with biological organisms, surviving and
flourishing in a unique environment surrounded in a watery world. The first
aquatic organisms were protected by the damaging ultraviolet radiation (UV)
from the Sun because water absorbs the radiation. Later the ozone (O3) layer
that was formed from oxygen (O2) of the atmosphere established a protective
role against UV radiation. Ozone is a region of high ozone concentration in
the stratosphere, 15 to 35 kilometers above Earth's surface which acts as an
invisible shield and protects living organisms (and humans) from harmful
ultraviolet (UV, especially UV-B and UV-C) radiation from the Sun. Long-term
exposure to high levels of UV-B threatens human health (sunburns and skin
cancer) and causes biological tissue damages in most animals, plants and
microbes, The unique Earth‘s stratospheric ozone layer protects all biological
life from the harmful effects of UV-B.
The Earth is a unique planetary system because is the only planet in
our solar system which has all the favourable conditions for the existence of
life. The climate of the Earth is neither too hot nor too cold. Earth unlike other
planets is covered by 71% with water and has a useful air atmosphere. These
two fundamental components on Earth, water and air are the most essential
for the survival of oxygenic life. The existence of water is one of the most
attractive attributes of the Earth. The distance of earth from the sun has made
it possible because a planet which is very near to the sun, would receive too
much heat from the sun and a planet which is very far from the sun, would be
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freezing cold. If water would not be presented in our earth, this planet would
be undoubtedly geologically dead. Earth has oxygen, water and mild
temperatures. All these conditions support effectively aerobic life.
The right distance of the Earth from the Sun and its magnetic field
protect biological life from harmful solar radiation. Earth is kept warm at a
temperature 15 oC by an insulating atmosphere, and it has the right chemical
ingredients for life, including water and carbon. The processes that shape the
Earth and its environment constantly cycle elements through the planet. This
cycling sustains life and leads to the formation of the mineral and energy
resources that are the foundation for the basic needs of modern
technological society. The Moon plays an important role for the habitability by
stabilizing Earth‘s rotation, preventing drastic movements of the poles that
would cause massive changes in climate. The moon also shapes conditions
on the surface by creating the ocean's tides.10
Intriguingly, water is tied to another unique feature of Earth, its system
of plate tectonics, the slip-sliding movements of Earth's crust that are thought
to have shaped the planet's towering mountain ranges and plummeting ocean
depths. Many scientists have argued water enables plate tectonics to happen.
Water is what lubricates plate tectonics, which is what leads to the extreme
difference between continents and seafloors, the large amount of earthquakes
and volcanoes, fresh mountain-building. Meanwhile, plate tectonics keep the
planet's temperature regulated, remaining in temperature ranges at which
liquid water can endure.11
It is widely recognized by scientists that Earth‘s mean global surface
temperature has risen since the beginning of the industrial revolution. The
world became excessively dependant on fossil fuels for energy and emissions
of greenhouse gases (GHGs) have increased dramatically. In the 20th and
the first 20 years of the 21st century (1900-2020), the Earth‘s atmosphere
temperature increased by about 1.1oC that caused global warming and
changes in weather patterns. Emissions of CO2 and other GHGs (CH4, nitrous
oxides, water vapours, etc) are at least partly responsible. The consequences
of global warming underscore the need to determine how much of the
warming is caused by human activities and what can be done about it.
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Figure 9. The graph demonstrates that carbon dioxide has been rising
continuously in the Earth’s atmosphere. With the introduction of fossil fuels at
the beginning of the Industrial Revolution (around 1880) the greenhouse
gases started to increase exponentially. [ Stephen Stoft. Evidence that CO2 is
the cause of global warming. [zFacts.com, http://zfacts.com/p/226.html ].

Dynamic balance between life on Earth and climate conditions
The climate system on Earth is controlled by the interaction of the
atmosphere, the oceans, the land surfaces, the cryosphere (the frozen water
part of the Earth system, including the ocean, such as waters surrounding
Antarctica and the Arctic), and the biosphere (plants, forests, animals).
The field of climate dynamic studies is the basic system that can
explain what controls the climate system and how it evolves. The primary
energy that drives Earth's climate system and sustains life is solar heat and
light. The amount of solar energy that reaches Earth‘s surface varies because
of latitudinal position on the planet, internal solar processes, changes in
Earth's orbit, Earth's albedo (Earth's average albedo is 0.31, which means
that, overall, the planet reflects about 31% of incoming solar radiation back
into space). A series of changes on Earth atmosphere, land and oceans,
such as major volcanic eruptions of dust that block the incoming solar energy,
changes in atmospheric composition and ocean‘s
14

temperature play

fundamental role in climate. Earth's energy balance is complex. About 30% of
incoming solar energy is reflected back to space, with 70% being absorbed by
the atmosphere and surface (land and water) of the planet.12
The field of climate dynamics studies is the basic system that can
explain what controls the climate system and how it evolves. The primary
energy that drives Earth's climate system and sustains life is solar heat and
light. The amount of solar energy that reaches Earth‘s surface varies because
of latitudinal position on the planet, internal solar processes, changes in
Earth's orbit, Earth's albedo (Earth's average albedo is 0.31, which means
that, overall, the planet reflects about 31% of incoming solar radiation back
into space), changes on Earth such as major volcanic eruptions of dust that
block the incoming solar energy, or changes in atmospheric composition.
Earth's energy balance is complex. About 30% of incoming solar energy is
reflected back to space, with 70% being absorbed by the atmosphere and
surface of the planet.12

Figure 10. A simple picture of the components of Earth‘s climate system. The
Hydrosphere, world oceans, lakes and rivers. The Cryosphere is the polar icecaps, snow cover mountain, sea-ice permafrost, mountain glaciers. The
Bioshere is the total ecosystems on Earth (plants, animals). The Atmosphere
(air, vapour water). Geosphere (land masses). The variety of interactions of
the components can not be described by climate change models.
[http://www.climate-change-knowledge.org/earth_system ].
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The climatic conditions on Earth‘s surface, such as mean
temperature, moisture, atmospheric oxygen concentration, and sunlight, are
what sustain life. Throughout geologic history, life on Earth has affected the
climate system and vice versa. Scientific evidence showed that extinctions
of species, both in the geologic past and in the present day, can be linked
to changes in Earth‘s climate. Unraveling past climatic changes on Earth is
the key to understanding present and future shifts in the climate. Scientists
expect that changes in climate will result in shifting Earth‘s ecosystems. It is
not possible to predict the details of specific effects of climate change on
each of the world's ecosystems. Although the concentrations of greenhouse
gases (GHGs) have changed throughout Earth's history (especially CO2),
there is no natural analog to today's rapid increases in human-created
GHGs. Developed countries established heavy industry and chemical
manufacturing based on fossil fuels. Petroleum and natural gas, became
basic raw material for a great variety of industrial sectors (chemical
industry, pharmaceuticals, polymers, cosmetics, food and biotechnological
sectors). Industrial; expansion affected water, land and energy consumption
(electricity) leading inevitably to global warming and climate change.

Climate and climate types on Earth
Scientists define Climate as the description of the long-term pattern of
weather for a particular area or region and time period, usually taken over 3050 years. The climate of an area includes at least three fundamental features,
such as seasonal temperature changes, rainfall averages, and wind patterns.
Different places have different climates. There are 6 main climate types on
Earth:
Tropical (hot and humid, tropical forest, characterized by monthly average
temperatures of 18 °C or higher year-round and feature hot temperatures),
Dry (for example desert, where little rain falls during the year, where
precipitation is low. There are two dry climate types: arid and semiarid. Most
arid climates receive 10 to 30 centimeters of rain each year, and semiarid
climates receive enough to support extensive grasslands.
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Temperate (warm summers and cooler winters), moderate rainfall spread
across the year or portion of the year with sporadic drought, mild to warm
summers and cool to cold winters,
Mediterranean (characterized by hot, dry summers and cool, wet winters and
located between about 30° and 45° latitude north and south of the Equator
and on the western sides of the continents).,
Continental (characterized by variable weather pattern and significant
variation in temperature, occurs mainly in the Northern Hemisphere which has
the required large landmass) and
Polar (characterized by a lack of warm summers, polar climate has an
average temperature of less than 10 °C).

Climate change is the long-term alteration of temperature and typical
weather patterns in a place. Climate change could refer to a particular location
or the planet as a whole. Climate change may cause weather patterns to be
less predictable. These unexpected weather patterns can make it difficult to
maintain and grow crops in regions that rely on farming because expected
temperature and rainfall levels can no longer be relied on. Climate change
has also been connected with other damaging weather events such as more
frequent and more intense hurricanes, floods, downpours, and winter storms.
In polar regions, the warming global temperatures associated with climate
change have meant ice sheets and glaciers are melting at an accelerated rate
from season to season. This contributes to sea levels rising in different
regions of the planet. Together with expanding ocean waters due to rising
temperatures, the resulting rise in sea level has begun to damage coastlines
as a result of increased flooding and erosion.
The causes of current climate change are largely human activities, like
burning fossil fuels (natural gas, oil, and coal) with the release of greenhouse
gase (GHGs) into Earth‘s atmosphere. These GHG trap heat from the sun‘s
rays inside the atmosphere causing Earth‘s average temperature to rise.
Throughout Earth's history, climate has continually changed as a slow
process over thousands of years, but anthropogenic activities contributed to
an exponential increase in the last two centuries.13
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Recent surface changes in global temperature

Although global warming on Earth has not been uniform across the
planet, the upward trend in the globally averaged temperature showed that
more areas are warming (rise of mean annual temperature) than cooling.
According to NOAA's 2020 Annual Climate Report (U.S.A, National Oceanic
and Atmospheric Administration), the combined Earth‘s land and ocean
temperature has increased at an average rate of 0.08 oC, degrees Celsius,
every 10 years, since 1880.

Based on NOAA's global analysis, the 10

warmest years on record have all occurred since 2005, and 7 of the 10 have
occurred just since 2014 Scientific measurements and climatic prediction
models showed that the amount of future warming Earth will experience
depends on how much carbon dioxide (CO2) and other GHG gases that are
going to be produced by anthropogenic activities in the coming decades (as a
result to industrial, transport and heating processes).14,15
Scientists use various models to project the future increases of global
temperature in relation to greenhouse gas emissions. In 2020, it is estimated
that anthropogenic activities (such as using fossil fuels and destroying natural
forests) will add about 11 billion metric tons of carbon dioxide (CO2) to the
Earth‘s atmosphere each year. These predictions are analyzed in a detailed
and prestigious climatic report: the 2017 U.S. Climate Science Special
Report, use climatic models for future trends. The models project that if GHG
emissions continue to increase rapidly (the same way and exponentially in the
last 20 years, 2000-2020), by the end of this century global temperature will
be at least 2.5oC warmer than the 1901-1960 average. If annual emissions
increase more slowly and begin to decline significantly by 2050, models
project temperatures would still be at least 1.2oC degrees warmer than the
first half of the 20th century.16,17
Atmospheric temperatures on Earth have been rising since the
Industrial Revolution. Although natural variability plays some part, the
preponderance of evidence indicates that human activities (fossil fuel
emissions) are mostly responsible for making Earth warmer. Studies of
temperature analysis from many scientific institutions showed that the
18

average global temperature on Earth has increased by at least 1.1° Celsius
(1.9° F, Fahrenheit) since 1880. The majority of the warming has occurred
since 1975, at a rate of roughly 0.15 to 0.20°C per decade.

Figure 11. Combining the results from many climate models shows provides
information like that provided in the figure below; it shows projected changes
in the mean global temperature from 2005 to 2100. The values are differences
from the mean global temperature from 1986-2005; therefore, the values are
anomalies. The black line is an extrapolation of the linear trend in observed
global temperature from 1979-2015. Source IPCC, 2013.
[RCP, Representative Concentration Pathways are 4 different 21st century
pathways of GHGs emissions. PCRs have been developed using Integrated
Assessment Models as input to a wide range of climate model simulations].

International United Nations Climate Agreement Conventions are
taking place every year. Around 200 countries across the globe adopt until
now decisions from many historic U.N. Framework Convention on Climate
Change (UNFCCC). The most prominent was the Conference of the Parties
(COP21) in Paris in December 2015 and the Glasgow COP26 (2021). All
countries publicly outlined what their post-2020 climate actions they intended
to take under the new international agreement, known as their Intended
Nationally

Determined

Contributions
19

(INDCs).

The

climate

actions

communicated in these INDCs largely determine whether the world achieves
the long-term goals of the Paris Agreement: to hold the increase in global
average temperature to well below 2°C, Additionally, countries decided to
pursue efforts to limit the increase to 1.5°C, and to achieve net zero emissions
in the second half of this century (2050-2100). The Glasgow (COP26,
November 2021) conference decision calls on countries to ―revisit and
strengthen their 2030 targets by the end of 2022 to align them with the Paris
Agreement's temperature goals.

Figure 12. Yearly surface temperature compared to the 20th-century average
from 1880–2020. Blue bars indicate cooler-than-average years; red bars show
warmer-than-average years. NOAA Climate.gov graph, based on data from
the National Centers for Environmental Information (NCEI, USA).

The average global surface temperature on Earth has increased by at
least 1.1° Celsius (1.9° Fahrenheit) since 1880. The majority of the warming
has occurred since 1975, at a rate of roughly 0.15 to 0.20°C per decade. A
one-degree global surface temperature change is significant because it takes
a vast amount of heat to warm all of the oceans, the atmosphere, and the land
masses

by

that

much.

[NASA,

Earth

Observatory,

https://earthobservatory.nasa.gov/world-of-change/global-temperatures ].
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Figure 13. Global climate change pacts were agreed at the UN COP summits
(representing consensus of 198 countries) to reduce the global temperature to
less than 2 degrees C by 2100. Nations promised to curtail their greenhouse
gas emissions (GHGs) and abolish fossil fuel for energy production and
transport. Countries publicly outlined what post-2020 climate actions they
intended to take under the new international agreements, known as Nationally
Determined Contributions (INDCs), mainly reduction of use of fossil fuels. .

Is climate change responsible for extreme weather events?
Extreme weather events include heat waves, cold waves, floods,
droughts, hurricanes, tropical cyclones, heavy rain, and snowfalls. Scientists
emphasize that single extreme weather events cannot be solely linked to
anthropogenic

climate

change.

There

are

many

factors

involved.

Unfortunately, mass media, TV, radios all over the world, without evidence,
attribute all extreme weather events exclusively to climate change for
convenience and quick explanation.
Despite years of warnings from scientists (especially in the USA and
Europe) that a global warming would result in extreme weather conditions,
researchers say there's been a shift in climate misinformation from denying
climate change to focusing on extreme weather events. Facebook now has a
Climate Science Information Centre that is dedicated to counteracting climate
change myths. A spokesperson for the tech giant said the platform is doing
21

more than ever to connect users with accurate information about climate
change.

[https://www.euronews.com/2021/04/22/climate-misinformation-

shifts-focus-from-denial-to-extreme-weather-events ].
Scientists suggest that there is a clear need for improved
understanding and prediction of extreme weather events at local and national
climate adaptation planning and decision-making. This challenge requires
collaboration between global programs such as the WCRP (World Climate
Research Programme, Grand Challenges) and the World Weather Research
Programme (WWRP). Climate models can have large biases in some regions
and may not be able to simulate key dynamical patterns such as atmospheric
blocking or other weather regimes, jet stream position and intensity, tropical
dynamics and teleconnections, or stratosphere-troposphere connections. A
key challenge is to evaluate and improve models by targeting key processes
that are relevant for a realistic, or at least a sufficient, representation of
extremes. 18
In the last decade scientific analysis and data collection showed that
the recent climate change (increasing temperature, rising GHG gases in
atmosphere) is an increasingly important factor for changing the odds of
occurrence and the intensity of these extreme weather events.19
According to the United Nations Intergovernmental Panel on Climate
Change (IPCC), changes in many extreme weather and climate events have
been observed since around 1950. Experts on climate change suggest that
extreme weather events are now more severe and frequent than before.
According to Germanwatch (Bonn-Germany, independent development and
environmental organization which lobbies for sustainable global development)
which developed the Global Climate Risk Index, within the 20-year period
from 1993 to 2012, more than 530, 000 people died as a direct result of
almost 15, 000 extreme weather events, with losses of more than US$2.5
trillion in purchasing power parity.20
Two developing countries, such as Honduras (Latin America,
Caribbean) and Myanmar (Asia Pacific region), were the most affected
countries in the 20-year period between 1993 and 2012 from extreme weather
events. Of the 10 countries (Honduras, Haiti, Myanmar, Nicaragua,
Philippines, Bangladesh, Pakistan, Vietnam, Thailand, Dominica Rep) most
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affected by extreme weather events, 6 are located in the Asia Pacific region,
indicating the high climate risk of this part of the world. The Philippines
experienced the highest number of extreme weather events (311), Thailand
experienced the greatest financial loss (US$5.4 billion), while Myanmar
experienced the highest death rate (13.5 deaths per 100 000 population). 21

Figure 14. Extreme weather events are predicted in many parts of South
Asian countries (India), including an increase in the interannual variability of
precipitation during the Asian summer monsoon period. Image: Daniel J.
Rao/Shutterstock.com ].
The Asia Pacific region is regarded as the most disaster-prone area of
the world. Since 2000, 1.2 billion people have been exposed to 1,215 extreme
weather events (called hydrometeorological hazards). The impacts of climate
change on meteorological phenomena and environmental consequences are
well documented by scientific research. However, the impacts of extreme
weather events on health of the population in the region are more elusive. The
impacts from extreme weather events are definitely more acute and traumatic
in nature, leading to deaths and injuries, as well as debilitating and fatal
communicable diseases. Globally, within the 20-year period from 1993 to
2012, more than 530,000 people died as a direct result of almost 15, 000
extreme weather events, with losses of more than US$2.5 trillion in
purchasing power parity.22
23

The 10 most affected countries from extreme weather events
Asia and the Pacific region have experienced relentless and
unpredictable climate-related disasters in 2021, severely affecting more than
57 million people during the peak of the global pandemic. The International
Federation of Red Cross and Red Crescent Societies (IFRC) has launched 26
new operations, 15 of which are climate-related disaster responses.

Figure 15. The ranking of 10 countries that have the most of extreme weather
events (Climate Risk Index measurements): Honduras, Haiti, Myanmar,
Nicaragua, Philippines, Bangladesh, Pakistan , Vietnam, Thailand, Dominican
Rep. [Germanwatch, Munich Re NatC at SERVICE, Climate Risk Index/
Ranking based on data from 1997-2016].
South Asia has been the worst hit area in 2021, with millions of people
affected by multiple disasters and little time to recover from one to the next. In
India, more than 18 million people have been severely impacted by floods and
cyclones this year, according to data from the Indian Government, Disaster
Management Division. In Bangladesh, more than 500,000 people have been
swamped by floods, with hundreds of villages marooned for weeks at a time.
Around one third of Nepal suffered floods or landslides with many occurring
outsides of the traditional monsoon season.23
24

The Global Climate Risk Index 2020 (report, December 2019) by
environmental and development organization Germanwatch analyzes to what
extent countries and regions have been affected by the effects of weatherrelated events such as storms, floods and heatwaves. For more than 14
years, Germanwatch has presented this report at the United Nations climate
conference.24
Germanwatch report found that from 1999 to 2018, the areas most
affected over time were Puerto Rico, Myanmar and Haiti from extreme
weather events. Germanwatch says that the Climate Risk Index may also
serve as a red flag for existing vulnerabilities that may further increase as
extreme events will become more frequent or more severe due to climate
change. The report detailed which countries were most affected by extreme
weather events in the year 2018.
1.
Japan. In 2018 Japan was hit by 3 exceptionally strong extreme
weather events, such as heavy rainfall in July that was measured daily as
twice as much what was previously considered the wettest day in the country.
The torrential rainfall resulted in flash floods and mudslides, killing more than
200 people and leading to more than 5,000 houses being damaged, as well
as the evacuation of 2.3 million people. Damage from the storms amounted to
more than $7 billion dollars. From mid-July to the end of August 2018, a
severe heat wave also led to 138 fatalities and more than 70,000 people
requiring hospitalization due to heat strokes and heat exhaustion. Then, in
September, Typhoon Jebi made landfall on the country, becoming the most
intense tropical cyclone Japan has seen in more than 25 years.
2.
The Philippines. Typhoon Mangkhut ploughed through the northern
part of the Philippines back in September 2018 as a category 5 typhoon —
the most powerful typhoon recorded worldwide at the time. Reached speeds
of up to 270 kilometers per hour when it made landfall, affecting more than
250,000 people across the country. About 59 people were killed, most by
landslides set off by the heavy rainfall.
3.
Germany. One of the more surprising countries to make the list was
Germany, which experienced the hottest year since records began due to a
severe heatwave. The period between April and July 2018 was the hottest
ever recorded in Germany, with temperatures nearly 40 degrees Fahrenheit
above average. The heatwave led to the death of more than 1,000 people.
Also, after heavy rainfall in January, only a percentage of the usual amount of
rain fell during summer, resulting in a majority of the country‘s soil being
affected by drought in October. Around 8,000 farmers were prompted to call
for federal emergency relief worth around $1.18 billion dollars in order to
compensate for their losses.
4.
Madagascar. In January 2018, the island of Madagascar was hit by
Cyclone Ava, which made landfall on the eastern part of the island, where
towns were flooded and buildings collapsed. Ava reached top speeds of 118
miles per hour and 51 people were killed.
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5.
India. The yearly monsoon season, which lasts from June to
September, severely affected India in 2018, especially the state of Kerala —
324 people died due to of drowning or being buried in landslides caused by
the flooding, the worst in one hundred years. More than 220,000 people were
forced to leave their homes, and 20,000 houses and 80 dams were destroyed.
The damage amounted to $2.8 billion. Cyclones Titli and Gaja also hit India’s
east coast in October and November 2018.
6.
Sri Lanka. The island nation of Sri Lanka, right off the coast of India,
dealt with severe monsoon rains in May 2018 affecting 20 districts. The
provinces of Galle and Kalutara were the most affected, with Galle receiving
more than 6 inches of rain fell in 24 hours. At least 24 people died, more than
170,000 people were affected and nearly 6,000 people were displaced.
7. Kenya. Seasonal rains affected both the African countries of Kenya and
Rwanda. Between March and July 2018, Kenya experienced almost twice the
normal rainfall of their typical wet season. The country’s most important rivers
in the central highlands overflowed, affecting 40 out of 47 counties and
causing the deaths of 183 people, injuring 97 people and displacing more
than 300,000 people.
8. Rwanda. The heavy rains of March 2018 also affected Rwanda, causing
flooding along its Sebeya River. 25,000 people from 5,000 households were
affected, and their homes were either destroyed or damaged by mud and
overflow. The floods aggravated cholera cases.
9. Canada. Canada started the year 2018 with extremely cold temperatures
of -49 degrees Fahrenheit —their lowest in 100 years. In May more than
4,000 people were displaced because of flooding, which afflicted the southern
region of British Columbia. Heavy snowpacks were melted by record high
temperatures in April, causing rivers to overflow. The same region suffered
the worst wildfire season on record resulting in the evacuation of 16,000
people, as 2,117 wildfires burned through the region.
10. Fiji. The island of Fiji suffered the effects of three cyclones between
February and April 2018. Cyclone Gita, caused more than $1 million dollars in
damages and the evacuation of 288 people. Cyclone Josie and the severe
flooding that followed killed 8 people and more than 2,000 were displaced.
Keni affecting the area of Kadavu as a category 3 tropical cyclone. Nearly
9,000 people had to leave their homes.

Asian counties most affected by extreme weather events
Asia is the continent with the most populous countries on Earth. The
current population of Asia is 4,703,782,561 (2022), China 1,387 millions, India
1,323 and Indonesia 255 millions. The latest report of World Meteorological
Organization (Geneva, 26.10.2021, United Nations) showed that Asian
countries suffered tremendously from extreme weather events in 2021. 25
The WMO Report The State of the Climate in Asia 2020 [press
release, Geneva, 26.10. 2020] recorded extreme weather events and climate
change impacts across Asia countries in 2020. These extreme weather
26

events caused the loss of life of thousands of people, displaced millions of
others and cost hundreds of billions of dollars, while wreaking a heavy toll on
countries infrastructure and ecosystems. Sustainable development is
threatened, with food and water insecurity, health risks and environmental
degradation on the rise. The report provided an overview of land and ocean
temperatures, precipitation, glacier retreat, shrinking sea ice, sea level rise
and severe weather. It examined socio-economic impacts in a year when the
region was also struggling with the COVID-19 pandemic, which in turn
complicated disaster management.
The report revealed how countries of Asia were affected in many
countries, from densely populated cities to deserts and from the Arctic to the
Arabian seas. ―Weather and climate extreme events, especially floods,
storms, and droughts, had significant impacts in many countries of the region,
affecting agriculture and food security, contributing to increased displacement
and vulnerability of migrants, refugees, and displaced people. Health risks
increased and environmental issues and losses of natural ecosystems were
exacerbated. The report combined information and data from a wide range of
partners including the United Nations Economic and Social Commission for
Asia and the Pacific (ESCAP) and other UN agencies, national meteorological
and hydrological services as well as leading scientists and climate centres. It
was published ahead of the UN Climate Change Conference, COP26
(November 2021, Glasgow), as one of a series of regional analyses to inform
decision- and policy-makers as well as regional and national investment.
Scientists suggest that extreme weather events triggered by climate
change cost Asia, especially India, China and Japan billions of dollars
annually, which threatens sustainable development, according WMO. The
report estimated that such events, as tropical cyclones, floods and droughts,
caused losses of at least $408 billion on an average every year in these three
countries. China loses were around $238 billion annually, followed by India
($87 billion) and Japan ($83 billion), according to the State of the Climate in
Asia 2020. The authors of the WMO‘s recently released report calculated total
average annual economic loss from climate-related hazards in Asia. They
based their calculations on the estimates provided by the Asia Pacific Disaster
Resilience Network. The highest economic losses in Asia due to climate27

related hazards were associated with droughts. Droughts caused 82% of India
and China‘s average annual economic loss in 2020. Floods and storms
affected approximately 50 million people in Asia in 2020. They caused over
5,000 human deaths. India suffered the maximum economic loss of $26.3
billion due to floods and storms in Asia, followed by China ($23.1 billion). For
India, the damage meant a loss of over 0.8 % of the country‘s gross domestic
product (GDP).26

Climate change and extreme weather events in the USA.

The U.S. National Centers for Environmental Information (NCEI) is the
Nation's Scorekeeper in terms of addressing severe weather and climate
events in their historical perspective. As part of its responsibility of monitoring
and assessing the climate, NCEI tracks and evaluates climate events in the
U.S. and globally that have great economic and societal impacts. NCEI is
frequently called upon to provide summaries of global and U.S. temperature
and precipitation trends, extremes, and comparisons in their historical
perspective.
The U.S.A. has sustained 310 extreme weather events and climate
disasters since 1980. The total cost of these 310 events exceeds $2.155
trillion. In 2021, there were 20 weather/climate disaster events with losses
exceeding $1 billion each. These events included 1 drought event, 2 flooding
events, 11 severe storm events, 4 tropical cyclone events, 1 wildfire event,
and 1 winter storm event. Overall, these events resulted in the deaths of 688
people and had significant economic effects on the areas impacted. The
1980–2021 annual average is 7.4 events; the annual average for the most
recent 5 years (2017–2021) was 17.2 events.27
Between 1980 and 2021, 19 Wildfires, 29 Drought, 143 Severe Storm,
56 Tropical Cyclone, 35 Flooding, 19 Winter Storm, and 9 Freeze billion-dollar
disaster events affected the United States .The U.S.A. has sustained 310
extreme weather events and climate disasters since 1980. The total cost of
these 310 events exceeds $2.155 trillion. In 2021, there were 20
weather/climate disaster events with losses exceeding $1 billion each. These
events included 1 drought event, 2 flooding events, 11 severe storm events, 4
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tropical cyclone events, 1 wildfire event, and 1 winter storm event. Overall,
these events resulted in the deaths of 688 people and had significant
economic effects on the areas impacted. The 1980–2021 annual average is
7.4 events; the annual average for the most recent 5 years (2017–2021) is
17.2 events.27
In 2021, USA witnessed severe drought conditions and periods of
extreme heat provided conditions favourable for another damaging western
wildfire

season

most

focused

across

California,

Colorado,

Oregon,

Washington, Idaho, Montana and Arizona. The Dixie Fire consumed over
960,000 acres making it the second-largest wildfire on record in California
while also destroying more than 1,000 structures. California's Caldor Fire
grew rapidly during August, threatening South Lake Tahoe communities and
burned over 220,000 acres. Other large wildfires included the Ford Corkscrew
Fire (Washington), the Bootleg Fire (Oregon), the Boundary Fire (Idaho), the
Trail Creek Fire (Montana) and the Telegraph Fire (Arizona), among many
others. There was also the Marshall Fire in Boulder County, Colorado on
December 30 that damaged or destroyed more than 1,000 homes and
businesses. This wildfire was the most destructive on record in Colorado.
Throughout the wildfire season air quality was also a concern across
numerous states, as ash and fine particulates from wildfires obscured the
skies and made outdoor activities more hazardous. Over 7.1 million acres
burned nationally during the 2021 wildfire season.27
The year 2021 was the 4th hottest year on record for the U.S.A,
according to the National Oceanic and Atmospheric Administration's (NOAA)
report. Also 2021 was a year of disaster fatigue: a staggering 20 billion-dollar
weather and climate disasters. But 2021 is just a snapshot of a longer
warming trend across the U.S. From 1970 to 2021, annual average
temperatures increased for 98% in 246 U.S. locations.
[ For more in-depth analysis, the following report offers the latest summary on
the 2021 U.S. billion-dollar weather and climate disasters in historical context.]
Some of the costly and deadly billion-dollar disasters of 2021 included:
plunging temperatures and widespread power outages in central states and
Texas in February; a record-shattering Pacific Northwest heatwave in June
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combined with prolonged Western drought; and Hurricane Ida‘s long trail of
devastation—from 150 mph winds in Louisiana to downpours and flash
flooding the Northeast. [Climate Central, U.S. temperatures and billion dollar
disasters,

10.1.2022,

https://medialibrary.climatecentral.org/resources/us-

temps-billion-dollar-disasters ].

International climate conferences and action events in 2022
At the UN international Climate Change Summit (COP26, November
2021, Glasgow) around 200 governments agreed to find ways to strengthen
their climate action plans again in a year's time (COP27 Sharm El-Sheikh,
Egypt), as stipulated in the Paris pact (COP21, 2015).
Scientific studies and projections show that global GHG emissions in
2030 will still be roughly twice as high as needed to limit warming to 1.5 oC, All
countries know that they have

an obligation to reconsider their choice of

reducing drastically their carbon emissions in the future, phasing out the fossil
fuel funding, and expand faster their renewable energy resources.
Governments will be expected to push ahead on phasing out their backing for
fossil fuels at home and in developing nations after agreeing at COP26 to end
without a deadline (considered now as inefficient) subsidies for oil, gas and
coal. Key countries that have financed polluting energy technology outside
their borders, including China, Japan and South Korea, pledged in 2021 to
end new overseas coal funding, while a group of donor states made a similar
commitment for all fossil fuel subsidies. In the past, funding and technical
assistance have kept the cost of using oil, gas and coal for energy artificially
low, hampering the much-needed switch to renewable energy sources.
There are 10 key global events in 2022 that will shape critical decisions by
governments that will influence public policy in developed and developing
countries around the world.
[United

Nations,

2022,

international

events

on

climate

actions

https://www.un.org/en/climatechange/why-2022-will-matter-climate-action-0]
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23-27 January 2022, 5th UN Conference on Least Developed Countries
(LDC5) | Doha, Qatar
The Fifth United Nations Conference on the Least Developed Countries
(LDC5) will take place in Doha, Qatar (the event has been postponed due to
the coronavirus pandemic. LDCs are 46 countries, spanning from Afghanistan
to Zambia (13% of the world‘s population and 40% of its poorest people). These
countries are highly vulnerable from economic, public health, and environmental
problems, which are connected with climate change and extreme weather
events. LDCs need the necessary financial support and economic growth to
protect their already fragile ecosystems and diminishing natural resources.
February –September 2022, new assessments of IPCC Report
The Intergovernmental Panel on Climate Change(IPCC), is the United
Nations scientific body to assess the science on climate change. The IPCC
published assessments of climate science every 6-7 years. The IPCC will launch
its first comprehensive assessment report since the adoption of the Paris
Agreement in 2015. The IPCC‘s 6th Assessment Report will encompass
contributions from 3 working groups led by some of the world‘s leading scientists
on the physical understanding of the climate system and climate changes on
human and natural systems.
1. End of February 2022: Working Group II Report: Impacts, Adaptation
and Vulnerability
2. Early April 2022, Working Group III Report: Mitigation of Climate
Change,
3. September 2022, Synthesis Report: Climate change, which will
integrate contributions from the three Working Groups as well as from the
Special Reports produced within the cycl.
28 February-3 March 2022, Middle East and North Africa Climate Week 2022 ,
Dubai, UAE
This meeting will be first-ever organized by UN Climate Change (UNFCCC),
marks a significant milestone in the lead up to COP27 which will take place in
Egypt in November. Hosted by the Government of the United Arab Emirates
with support from United Nations and other multilateral and national agencies,
the climate week will focus on regional climate action
25 April-8 May 2022, UN Biodiversity Conference (Part Two), Kunming, China
The UN Biodiversity Conference, which was expected to take place in 2020 in
China, has now been split into two parts. In October 2021, the first part helped to
set the stage for the next meeting in the Spring of 2022, with the adoption of the
Kunming Declaration, which calls on countries to negotiate and agree on a global
biodiversity framework,
2 - 6 May 2022, XV World Forestry Congress 2022 , Seoul, Republic of Korea
Eliminating emissions from deforestation and promoting forest regrowth and
landscape restoration could reduce global net emissions by up to 30%. Over the
31

next decade, forests could provide as much as 50 % of the cost-effective
mitigation available.
9 - 21 May 2022 , 15th UN Conference on Desertification , Côte d'Ivoire
The Intergovernmental Panel on Climate Change (IPCC) warned in 2019 report
that roughly 500 million people live in areas that experience desertification. When
land is degraded, it becomes less productive, restricting what can be grown and
reducing the soil‘s ability to absorb carbon. The next Conference on
Desertification will be an urgent call to scale up land restoration.
2 - 3 June 2022, | Stockholm+50, Sweden: climate, humans, nature
50 years ago, the first world conference on the environment played a significant
role in drawing attention to the inextricable goals of poverty alleviation and
environmental protection - a link that has influenced climate debates ever since,
recognizing the interconnections between humans and nature. Today, as UNEP
marks 50 yearss of its work to strengthen environmental diplomacy, standards
and practices, it will host Stockholm+50 with Sweden and Kenya, aiming to
recommit and strengthen our ability to overcome the triple planetary crisis of
climate change, nature and biodiversity loss, and pollution and waste.
26 - 30 June 2022, World Urban Forum 11, Katowice, Poland
Cities across the globe are facing climate changes. Home to 4.5 billion people
today, cities are projected to grow by almost 50% by 2050. Cities are engines of
growth and innovation, generating 80% of the world‘s GDP along with 70% of
global carbon emissions. In recent years, as the epicentre of growth, cities have
been struggling to respond to the COVID-19 pandemic and to prepare for the
worsening impact of climate change.
27 June - 1 July 2022, UN Ocean Conference, Lisbon, Portugal
Oceans generate 50% of the oxygen we need and absorbs 25 % of all carbon
dioxide emissions. It is not just ‗the lungs of the planet‘ but also its largest carbon
sink - a vital buffer against the impacts of climate change.
7-18 November 2022. The 27th session of the Conference of the Parties
(COP 27) to the UNFCCC will take place in Sharm El-Sheikh, Egypt.
The annual UN Climate Change Conference is expected to take place in Sharm
El-Sheikh in Egypt in 2022. It will advance the global climate talks, mobilize
action, and provide a significant opportunity to look at the impacts of climate
change in Africa. A newly released report by the World Meteorological
Organization and partners, the State of the Climate in Africa 2020, warned of the
continent’s disproportionate vulnerability, estimating that by 2030, up to 118
million extremely poor Africans will be exposed to drought, floods and extreme
heat. This in turn will affect progress towards poverty alleviation and economic
growth, leaving more people in entrenched and widespread poverty.
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The last decade could be a turning point for action against
climate change
Many scientists and experts thing that the last decade (2010-2020) was
a turning point in human civilization‘s approach to climate change. This was a
decade where the growth of renewable energy sources and the rapid
retirement of coal-burning power plants in many industrial countries illustrate
some of the crucial policy and energy changes to the world for slowing carbon
emissions and rising temperatures.
According to the International Energy Agency (IEA), 290GW of new
renewable energy generation capacity, mostly in the form of wind turbines and
solar panels, has been installed around the world in 2021. On current trends,
renewable energy generating capacity will exceed that of fossil fuels and
nuclear energy combined by 2026. New climate and energy policies in many
countries around the world have driven the growth, with many governments
setting out higher ambitions on cutting GHG emissions before and at the
COP26 (Glasgow, November 2021). However, this level of growth is still only
about 50% that required to meet net zero carbon emissions by mid-century
(2050). [ https://www.iea.org/reports/world-energy-outlook-2021 ].
Some of the changes in the last decade are described:
a.

The bad news was that atmospheric carbon dioxide (CO2) rose by

about 25 parts per million (ppm) and continued to rise over the past decade.
b.

In the last decade climate change got expensive in terms of natural

disasters (like fires and floods which became more frequent and severe, some
of them billion-dollar disasters).
c.

In the last decade more people accepted the basic premises that it is

anthropogenic activities responsible for rising temperatures, and the planet is
getting hotter. The general consensus among politicians and lay people is to
trust more now climate scientists and their research, and there is bipartisan
support (among politicians) for expanding renewable energy sources (solar
panels and wind turbine energy).
d.

Coal use for electricity production continued its decreasing fast spiral.

e.

In the last decade solar PV (photovoltaic) and offshore wind turbines

for electricity and energy production skyrocketed, but fossil fuels still
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dominate. Despite coal‘s rapid decline, fossil fuels continued to make up the
vast majority of the U.S.‘s energy mix this decade. In the USA, petroleum,
natural gas, and coal—accounted for about 79% of total primary energy
production in 2020. Also, the price of renewables dropped precipitously in the
last decade and natural gas (CH4) got cheaper this decade.
Renewable power generation costs have fallen dramatically, driven by
steadily improving technologies, economies of scale, and other factors. The
cost reduction has been the highest for wind and solar technologies, which
are nearing the lower bound of the fossil fuels price range and becoming
competitive with traditional fuels. The global weighted-average levelized cost
of electricity (LCOE) of solar photovoltaic (PV) power fell by a dramatic 85%
between 2010 and 2020 (from a value of 0.381 USD/kWh in 2010 to 0.057
USD/kWh in 2020). The LCOE of concentrating solar power (CSP) has
decreased by 68% since 2010, reaching 0.108 USD/kWh — a tremendous
49% year-over-year drop — in 2020. [International Energy Agency,
https://www.iea.org/articles/are-renewable-heating-options-cost-competitivewith-fossil-fuels-in-the-residential-sector].
In the last decade vulnerable developing and less developing countries
and communities are already suffering from severe losses and damages of
lives, livelihoods, crops, food production and infrastructure caused by
unavoidable impacts of climate change. Poor communities facing the worst
impacts of climate change do not always have the resources to cope because
there is currently no global financing facility to support recovery from the
losses and damages. The delegates at COP26 (Glasgow, November 2021)
the discussion around financing loss and damage from climate change in
developed countries (around US$100 billion) gained momentum. Scientists
are hopeful that COP27 being held on African soil (Egypt), a continent
experiencing some of the worst impacts of the crisis, will mean a stronger
push to address loss and damage by contributions of developed countries.
The basic argument of developed countries for compensation for loss
and damage from climate change by developed countries is as follow. OECD
countries (USA, European Union, Australia, Japan, etc) are responsible for
most of the GHGs heat-trapping emissions. Although developing countries
have lower emissions since the Industrial revolution, are still bearing the brunt
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of a hotter climate through more severe heat waves, floods and droughts. To
help compensate for that, developing countries are asking richer ones to
contribute to a loss and damage fund. The money could offer payment for
things that are irrevocably lost or damaged. The fund can help countries with
the cost of rebuilding after storms, replacing damaged crops, or relocating
entire communities at risk. In 2009, high-income countries that have
historically produced most GHG emissions, committed to provide US$100
billion of climate finance annually by 2020 to help developing countries deal
with the impacts of the climate crisis. But this climate finance target was not
met in 2020, nor in 2021.
In May 2022, Indonesia will host the 2022 Global Platform for
Disaster Risk Reduction (from climate change and other natural disasters).
Countries will discuss how to build stronger systems to manage disaster risks
and protect those in harm‘s way. Disaster risk reduction uses the analysis,
preparedness and prevention of risks to reduce the losses and damages
caused by hazards such as earthquakes, floods, cyclones and droughts. With
climate hazards accounting for 90% of all major disasters worldwide, disaster
risk reduction policies are a crucial element for the effective management of
the climate crisis. The COP27 (Egypt, Sharm el-Sheikh, November 2022) will
focus on resilience and adaptation when it hosts the next UN Climate Change
Conference. The conference will build on commitments and discussions from
COP26 in Glasgow, UK (November 2021), and there are high hopes that a
COP in Africa will build more support than ever before for adaptation and loss
and damage. Also, COP27 it is hoped that will promote the delivery of
US$100 billion per year (from rich countries) to help developing countries
mitigate and adapt to the impacts of climate change. Additionally, it is hoped
to creation and mobilization of financing new commitments for the
implementation of existing announcements, to limit global heating to well
below 2°C by the end of the century (2100).
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Global warming and future rise of sea levels in coastal areas
Another serious problem of global warming is the future rise of sea
levels in many coastal areas, threatening with flooding coastal urban areas
and cities. The higher temperatures cause higher sea levels because of
melting ice sheets and glaciers and by thermal expansion of seawater.

Figure 16. Waves pound against the shore of Plum Island in Massachusetts,

the day after a winter storm.[ David L. Ryan/The Boston Globe via Getty]. A
study warns that global sea level could rise swamping coastal communities
and displacing nearly 200 million people worldwide, unless we roll back the
tide of climate change. [ https://www.nrdc.org/experts/rhea-suh/inactionclimate-change-will-leave-us-lost-sea ].28,29]

Global mean sea level has risen about 21–24 centimeters (cm) since
1880. The rising water level is mostly due to a combination of melt water from
glaciers and ice sheets and thermal expansion of seawater as it warms. The
global mean water level in the ocean rose by 3.6 millimeters per year from
2006–2015, which was 2.5 times the average rate of 1.4 millimeters (mm) per
year throughout most of the 20th century. By the end of the century, global
mean sea level is likely to rise at least 0.3 meters (m) above 2000 levels, even
if GHG emissions follow a relatively low pathway in coming decades.
[https://www.climate.gov/news-features/understanding-climate/climatechange-global-sea-level# ].
In some ocean basins, sea level has risen as much as 15-20
centimeters since the start of the satellite record. Regional differences exist
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because of natural variability in the strength of winds and ocean currents,
which influence how much and where the deeper layers of the ocean store
heat. As global temperatures continue to warm, sea level will continue to rise.
How much it will rise depends mostly on the rate of future CO2 emissions and
future global warming. How fast it will rise depends mostly on the rate of
global glacier and ice sheet melting.
Glaciers around the world can range from ice that is several hundred to
several thousand years old and provide a scientific record of how climate has
changed over time. Studies for ice glaciers, provide valuable information
about the extent to which Earth is rapidly warming and how climate has
changed over time. At present, about 10% of land area on Earth is covered
with glacial ice. Almost 90% is in Antarctica, while the remaining 10% is in the
Greenland ice cap. Rapid glacial melt in Antarctica and Greenland also
influences ocean currents, as massive amounts of very cold glacial-melt water
entering

warmer

ocean

waters

is

slowing

ocean

currents.

[https://www.worldwildlife.org/pages/why-are-glaciers-and-sea-ice-melting ].
The pace of sea level rising accelerated around the 1990s, coinciding
with acceleration in glacier and ice sheet melting. However, it‘s uncertain
whether that acceleration will continue, driving faster and faster sea level rise,
or whether internal glacier and ice sheet dynamics will lead to ―pulses‖ of
accelerated melting interrupted by slowdowns. In 2012, at the request of the
U.S. Climate Change Science Program, NOAA (U.S.A, National Oceanic and
Atmospheric Administration) scientists conducted a review of the research on
global sea level rise projections. Their experts concluded that even with
lowest possible GHG emission pathways, global mean sea level would rise at
least 0.2 meters above 1992 levels by 2100. [ Climate.gov. 2012 State of the
Climate:

global

sea

level,

https://www.climate.gov/news-features/

understanding-climate/2012-state-climate-global-sea-level].
In the United States, almost 40% of the population lives in relatively
high population-density coastal areas, where sea level plays a role in flooding,
shoreline erosion, and hazards from storms. Globally, 8 of the world’s 10
largest cities are near a coast, according to the U.N. Atlas of the Oceans.
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Conclusions
Climate change is the variability of the Earth‘s climate systems
including the atmosphere, the biogeochemical cycles (carbon, nitrogen, and
hydrological cycles), the land surface, ice and the biotic (animals, plants,
bacteria, etc) and abiotic (light, carbon dioxide, water, temperature, nutrients,
and salinity) components of the planet Earth. Significant impact of climate
change is seen in the form of increase in atmospheric temperature called as
global warming. The primary greenhouse gases (GHGs) are CO2, CH4, and
N2O, responsible for the global warming and climate change. Scientists
investigated the increase of concentrations of CO2 in the Earth‘s atmosphere
and its significant role in the global warming. The United Nations
Intergovernmental Panel on Climate Change (IPCC, founded in 1988)
suggested in their numerous reports that must stop global warming at 1.5oC
above preindustrial levels, because warming beyond this level might lead to
increasing extreme weather events (floods, hurricanes, droughts, heat waves,
wildfires) and rise of sea levels. World food production systems are also under
threat from global warming, changes in rainfall patterns and prolonged
droughts in areas with high population density (Africa, Asia).
According to scientists global warming will increase global surface
temperatures in many parts of the Earth and inevitably the possibility of more
droughts and increased intensity of storms. Rising sea levels is another
problem of global warming. Global mean sea level has risen about 21–24
centimeters since 1880. The rising water level is mostly due to a combination
of melt water from glaciers and ice sheets and thermal expansion of seawater
as it warms. By the end of the century (2100), global mean sea level is likely
to rise at least by 0.3 meters above 2000 levels.
Scientists, energy specialists and environmental policy authorities have
established many examples of mitigation strategies that humans can use to
slow or stop the human-caused global warming. One of them is to cut down
the use of coal for energy production. Also, countries can switch to renewable
sources of energy (such as solar PV and wind energy) to produce electricity
and power homes and building heating. Electric vehicles are also important to
cut emissions.
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According to the 2014 report on ―Climate Change Impacts, Adaptation
and Vulnerability‖ from the United Nations Intergovernmental Panel on
Climate Change (IPCC), governments at various levels are also getting better
at adaptation to mitigate global warming. Of course, the first action will be to
use conventional and advanced mitigation efforts by employing renewable
energy sources, decarbonization technologies and techniques that reduce
CO2 emissions, fuel switching with lower emissions, efficiency gains in energy
consumption, and carbon capture storage and utilization. Most of these
technologies are well established and carry an acceptable level of managed
risk. Climate change is starting to be factored into a variety of development
plans of developed and developing countries. There are now many practical
technologies how to manage the increasingly extreme weather disasters
(droughts, floods, hurricanes) and their associated risks. There are
technological methods of how to protect coastlines and deal with sea-level
encroachment, how to best manage land and forests, how to deal with and
plan for reduced water availability, how to develop resilient crop varieties and
how to protect energy and public infrastructure.
Scientists are worried that warmer temperatures on Earth over the next
decades will change weather patterns and will disrupt the usual balance of
nature that has been established in the last centuries. This poses many risks
to human beings, to human civilization and all other forms of life on Earth.
Now, nearly all Earth‘s land areas are seeing more hot days and heat waves;
The year 2020 was one of the hottest years on record. Higher temperatures
increase will increase the frequency of extreme weather events and the
climatic conditions and cause dangerous rise in sea levels.

39

References
1.
2.

3.

4.

Kasting JF, Ono S. Palaeoclimates: the first two billion years. Philos
Trans Royal Soc London , B Biology 361(1470):917-929, 2006.
National Geographic. Why ancient Earth was so warm? 18.7.2013,
https://www.nationalgeographic.com/science/article/130715-ancientearth-science-sun-paradox-evolution ].
Marshall M. The history of ice on Earth, New Scientist, 24.5.2010,
[https://www.newscientist.com/article/dn18949-the-history-of-ice-onearth.].
Geosciences Libre Texts. 16.1. Glacial Periods in Earth‘s history,
11.8.2020https://geo.libretexts.org/Bookshelves/Geology/Book%3A_
Physical_Geology_(Earle)/16%3A_Glaciation/16.01%3A_Glacial_Periods_in_E
arths_History ].

5.
6.

7.

8.

9.

10.

11.
12.
13.
14.

15.

16.

McKay CP. Requirements and limits for life in the context of exoplanets.
Proc Nat Acad Sciences USA 111(35):12628-12633, 2014.
Garcia AK, Schopf JW, Yokobori S-I, et al. Reconstructed ancestral
enzymes suggest long-term cooling of Earth‘s photic zone since the
Archean. Proceed Nat Acad Science USA 114(18):4619-4624, 2017.
Scott M, Lindsay R. What‘s the hottest Earth‘s ever been? Climate.gov
18.6.2020 updated Sept. 2021 (https://www.climate.gov/newsfeatures/climate-qa/whats-hottest-earths-ever-been ].
Net-Zero Carbon dioxide and temperature over 500 million years,
31/1/2021,
https://net-zero.blog/book-blog/carbon-dioxide-andtemperature-over-500-million-years ].
Hessler AM. Earth‘s Earliest Climate. Nature Education Knowledge
3(10):24- , 2011. [ https://www.nature.com/scitable/knowledge/library/
earth-s-earliest-climate-24206248/].
American Museum for Natural History, Why is the Earth habitable?
[https://www.amnh.org/exhibitions/permanent/planet-earth/why-is-theearth-habitable ].
Space.com. What makes Earth unique? , https://www.space.com/5595earth-special-compared-planets.html ].
Penn State College (USA).Department Geosciences. Climate dynamics
(https://www.e-education.psu.edu/earth530/ content/l3_p3.html ).
National Geographic Society, encyclopedia, Climate change
https://www.nationalgeographic.org/encyclopedia/climate-change/ ].
Sánchez-Lugo A, Morice C, Nicolas JP, A. Argüez A. Global surface
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