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Abstract

In this article, the author made an attempt to analyze the causes and consequences of climate
warming on Earth. How real are the threats and what is the deadline for the response of mankind to them. An
informal scientific presentation provides a brief overview of the impact of various factors on climate change and
the proposed methods of combating global warming. A key, promising, according to the author, project that
logically follows from the above analysis and which has not been paid due attention to yet, has been considered

in detail. The article used materials from the media and reference publications and scientific publications.
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Facts and Hypotheses

For many years, enormous material and human resources have been involved in the
study of climate issues. Scientists have collected and processed huge amounts of information
indicating global warming. However, attempts to formulate a unified strategy to combat
warming have so far failed. The Kyoto Protocol, and then the Paris Agreement on the Control
and Reduction of Carbon Dioxide Emissions, for the most part remained unfulfilled [1, 2].

Hot battles between eco-activists and industrialists attract general interest. Some
require an immediate cessation of emissions and transition to carbon-free technologies. Others
are concerned that such a transition will be very expensive and take a lot of time, because
modern industry has been created for many decades and occupies the lion's share in providing
energy, and “clean” energy has unstable and dispersed resources. They believe that ongoing
political, economic and technological modernization, rather than radical restructuring of
society, is a solution to the problem of global warming, and a way to adapt to new conditions
[3,4].

Since “consent is a product with complete non-opposition of the parties” [5], a
solution should be sought that satisfies the interests of both parties. At the same time, neither
the economy nor the environment should suffer. In other words, reconcile Gretta Tunberg and
President Donald Trump [6].

Few doubts the reality of global warming on Earth. The facts speak for themselves.
The ice cover in the Arctic Ocean in winter has been declining over the past 40 years — an
average of 12% every decade [7].

The four lowest values since 1979 also occurred in the last five-year period. The
annual loss of Antarctic ice sheet volume increased from 1979 to 2017 by at least six times.
According to the level of glacier melting, the last five years have also become a record for the
entire history of observations [7, 8]. The predicted rise in ocean water by scientists, and the
associated flooding of individual islands, is already a reality. The speed with which global

climate changes occur on the planet is amazing. This speed can be judged by the conclusion
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reached by the researchers: the warming of the oceans in the period from 1987 to 2019
amounted to 450% compared with the period from 1955 to 1986 [7, 9].

An impressive fact is that in February 2020 the temperature in Antarctica reached a
record + 20 © C [10, 11, 12]. Thinking about the possible causes of thermal imbalance on the
planet, we can put forward several hypotheses:

1. The amount of energy supplied by our Sun is increasing.

2. The earth warms up from the receipt of heat from the inside.

3. Climate change is associated with a change in the Earth’s orbit.

4. The activities of mankind, leading to an increase in the content in the atmosphere of
greenhouse gases.

However, the first two hypotheses are not supported by scientific evidence. And the
third is based on events that lasted for hundreds of thousands of years, and could hardly lead
to such a rapid warming.

The main and currently accepted hypothesis is the violation of the heat balance
between the supply of solar energy and its removal due to an increase in the content of
greenhouse gases in the atmosphere [13]. The most significant greenhouse gases in the
atmosphere are: water vapor, carbon dioxide, hydrocarbons (methane), nitrogen oxides. These
gases were always present in the atmosphere as a result of evaporation from the oceans,
volcanic activity, forest fires, etc., however, as a result of human activity (burning of fossil
fuels - coal, oil and natural gas), the carbon dioxide content is steadily and sharply increasing
[14].

The Greenhouse effect

What is the essence and danger of the greenhouse effect, which leads to warming?
The greenhouse effect is an increase in the temperature of the lower layers of the planet’s
atmosphere compared to the effective temperature of the planet’s thermal radiation observed
from space [14, 15]. Simply put, the greenhouse effect is the blocking of the Earth’s
atmosphere by the removal of heat into space. The local, temporary greenhouse effect, we can
observe with the help of clouds. If the night is cloudy, then in the morning it will be less cool
than with a clear cloudless sky, a clear sky on a winter night is a sign of cooling. The reason is
that clouds reflect the thermal radiation of the earth, retaining heat.

But since the clouds are not completely transparent to visible light, during the day, on the

contrary, they create cool weather.
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Contrary to the opinion imposed by the media, the greenhouse effect is not evil, but
a blessing for life on Earth. If there were no greenhouse effect and greenhouse gases in the
atmosphere, the average temperature on the Earth's surface would be close to minus 19 °C. In
fact, itis + 14 °C [ 16, 17].

However, the effect of the greenhouse effect on temperature should not be
underestimated. A good example and model of the greenhouse effect is a device called a “hot
box”. The device is a box, all walls of which are covered with thermal insulation, and the
upper part is covered with glass. The inner surface of the box is painted black. Sunlight
passing through the glass heats the black walls inside the box. The heat remains inside due to
the opacity of the glass for thermal radiation. The effectiveness of this process is evidenced by
the fact that with proper insulation of the walls and the installation of double-layer glass, the
temperature in the box can reach + 120 °C. In this device, glass plays the role of greenhouse
gases [18]. Transferring the analogy of the described effect to the earth's surface, it can be
imagined that the warming resources only due to the greenhouse effect are very significant.
This is without taking into account other factors, which will be considered later.

Greenhouse gases.

Since carbon dioxide is considered to be the main culprit of warming, let us dwell
on its properties.

Carbon dioxide, also known as carbon dioxide (COy), is a colorless gas one and a
half times heavier than air. In small quantities, it can dissolve in water, forming a weak
carbonic acid.

CO: plays a key role in photosynthesis, in which plants absorb sunlight from carbon
dioxide and release oxygen under the influence of sunlight. Earth's atmosphere contains about
0.03% carbon dioxide [19]. Natural sources of CO> emissions into the atmosphere are:
volcanic activity, forest fires, peat fires, decay of organic materials such as wood, emissions
from the oceans, respiration and digestion of animals. The anthropogenic source of carbon
dioxide in the atmosphere is the burning of fossil fuels (coal, petroleum products, natural gas).
An indirect factor in the increase in CO; content is deforestation, which leads to a decrease in
its absorption. According to the authors, although the total anthropogenic emission of CO»
does not exceed 8% of its natural annual increase, its concentration is increasing on an ever-
increasing scale [20].

Water vapor is the main source of the greenhouse effect. Although this fact is well
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known, water vapor is not considered to be the culprit of climate warming. Since it is very
difficult to fix a global increase in atmospheric humidity, it is more convenient for science to
consider that an increase in the concentration of water vapor does not occur. This postulate
can be called into question on the basis of the following considerations:
- when burning petroleum products, gas, wood, in addition to carbon dioxide, water vapor is
also formed;
- steam is released in most technological processes (including nuclear power plants);
- with climate warming and ocean temperature, water evaporation increases;
- with an increase in the concentration of CO> in the atmosphere, the moisture capacity of the
air increases, which enhances the greenhouse effect.

Other gases.

The main sources of methane are processes of anaerobic decay (in swamps,
intestines of herbivores). High-temperature processes (fuel combustion, volcanic eruptions,
lightning discharges) emit nitrogen oxides into the atmosphere. The concentration of such
gases in the atmosphere varies in millionths of a percent, although their greenhouse activity
exceeds tens and hundreds of times CO? activity [21].

The role of the sun

The sun is the main source of energy on our planet. Solar energy is primarily supplied
to Earth in the form of visible light. Small amounts of ultraviolet and infrared rays are mostly
absorbed by the atmosphere. Therefore, our vision perceives precisely the visible part of the
spectrum of sunlight. After absorption of part of the energy by the atmosphere, an energy of
about 1000 W per square meter reaches the earth’s surface [22]. Then, on average, about 30%
of this energy is reflected back into space. The rest of the planet heats up or is stored by plants
in the form of organic substances [22].

We rarely wonder how huge this energy is. The analogy with the energy of nuclear
explosions is very impressive in this regard. Let's try to make a calculation. Initial data: - the
energy of the explosion of an atomic bomb dropped on Hiroshima amounted to
63,000,000,000,000 (6.3 x 1013) joules [23];

-1J=1W/s;-1kW/h=3.6x1061J;
- Conditional insolation time by the “standard sun” - 5 hours / day;
- solar power - 1 kW / m?;

Then, in 5 hours, 5 kW / h of energy will fall on a plot of land per 1 square meter. For a year
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this amount will make 1800 kW / h. If we take a section of 100 x 100 meters, then 1.8 x 107
kW /h, or (1.8 X 3.6 x 1013) = 6.48 x 1013 joules, will “fall” onto it.

Thus, thanks to the sun, conventionally, one atomic bomb gradually falls onto the
earth's surface the size of a football field over a year.

Another impressive calculation carried out by an international group of scientists
showed that the energy of the explosion of 5 atomic bombs is spent every second on heating
up the ocean, observed in recent decades [23].

The role of industrial energy.

Speaking of warming, one should consider the issue of the influence of human
activity with a direct impact on the ambient temperature. This refers to the burning of fossil
fuels and nuclear energy. In the process of this activity, direct heating of air, water, etc. takes
place. (heat generation). In addition, electrical and mechanical energy is generated, which also
eventually turns into heat.

To understand the question “Who is in charge here?”, We turn back to the
calculation. According to the Statistical Yearbook of World Energy, the global energy
consumption in 2019 approached 15,000 Mtoe, (Mtoe — million tons of oil equivalent) [24,
25]. These 15 billion tons included oil, natural gas, coal, biomass, electricity, and heat.

If we take into account that 40 + 45 megajoules of energy are obtained from one
kilogram of oil products [26], then it is easy to calculate that in 2019 6 x 1020 joules were
generated on the planet. This number with twenty zeros is colossal in itself, but what does the
contribution of energy to the heating of the planet look like in comparison with the usual
sunlight. But it looks very modest. The sun for a year sends us the same amount of energy in

total to a site of 30 x 30 kilometers. This is slightly larger than the area of Kiev (Ukraine).

Balance in nature
Huge amounts of energy coming from the sun do not lead to catastrophic changes
due to mechanisms that maintain equilibrium in nature. Earth is a closed system in which the
processes of creation and destruction, the transition from one state to another and vice versa,
occur simultaneously. In the Earth’s biosphere (land surface, oceans, atmosphere) there are
several most important cyclic processes called cycles. The most famous ones are: the water
cycle, the oxygen cycle, the CO: cycle. On the example of carbon dioxide, it looks like this: -

CO; entering the atmosphere is used by plants to grow biomass. Over time, the biomass
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either burns or rot, releasing the same carbon dioxide.

Significant amounts of CO; are absorbed by the ocean. The solubility of CO2 in
water depends on temperature, so the ocean either absorbs CO: (in cold water), then emits it
(when the water is heated). There are also organisms in the ocean (phytoplankton) that use
carbon dioxide for their growth. Moreover, according to some estimates, the oceans supply
from 20 to 50% of oxygen, respectively producing it from carbon dioxide [27].

Now, about the thermal equilibrium on Earth:

As for energy, our planet continuously receives a huge amount of energy from the Sun and we
can talk about thermal equilibrium only if excesses of this energy are compensated either by
absorption and storage (for example, into coal), or sent back to space. Both the receipt of solar
energy and its removal outside the planet are carried out using radiation.

The mechanism is as follows. The sun's rays penetrating into the atmosphere and to
the surface of the land or ocean are partially absorbed by them, partially reflected back into
space. The fraction of reflected energy depends on the blackness of the surface. The darker
parts of the planet (oceans, forests, fields, mountains) absorb most of the sun's rays and at the
same time heat up more. White surfaces (snow and ice) reflect most of the visible rays and
remain cold.

The magnitude of the "albedo" is evidence of the amount of solar energy absorbed
by the surface. It characterizes what percentage of solar energy is reflected by a given surface.

The average albedo values for various types of land surface in percent (%) are [28]:

Fresh dry snow 85-95 Fields of rye and wheat 10-25
Contaminated snow 40-50 Cotton fields 20-25
Sea ice 3040 Meadows 15-25
Dark soils 5-15 Coniferous forests 10-15
Wet gray soils 10-20 Deciduous forests 15-20

The albedo of the water surface is on average smaller than most natural land surfaces
and depends on the angle of incidence of the rays, on the height of the Sun, the ratio of direct
and scattered radiation, and the waves of the sea surface. The albedo of the ocean surface for

diffuse radiation varies between 5—11% [29].
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With the reflection of visible light, everything is clear. What happens to that
considerable part of the light energy that is absorbed by the earth's surfaces? Dark surfaces are
heated by this energy. When heated, dark bodies begin to “glow” with infrared light invisible
to us. These infrared rays (sometimes called thermal radiation), like the visible ones, can leave
the planet.

However, there are obstacles for infrared rays that are transparent to visible rays.
These are silicate glasses and the so-called. greenhouse gases. Greenhouse gases, which are
gases consisting of complex molecules, are an obstacle to the return of Earth's thermal
radiation back into space.

The reader may ask: - But what about the removal of heat from the surface due to
convection, when the heated air rises, thereby taking away the heat? The fact is that this heat
remains in the atmosphere of the planet, causing its strong disturbances (hurricanes,
tornadoes). In order for any body to leave the planet, it must have a speed equal to the first
cosmic (about 7.8 km/s), and the heated air molecules do not reach this speed, so they will
forever remain in captivity of Earth's gravity. However, in nature there is nothing permanent,
and the climate is no exception. In the history of the Earth there were periods of both warming
and cooling.

It is not the fact of global warming itself that causes the alarm, but its rapid growth
caused by the activities of mankind. The effects of global warming are stronger and come
faster than scientists had expected 10 years ago. And as the situation worsens, the risk that
these changes will become irreversible increases. It is very likely that the warming process is
becoming a chain reaction. The greenhouse effect causes air heating, which contributes to the
melting of the ice cover of the Arctic and Antarctic regions, as a result, the area of light
reflection by glaciers decreases, the amount of heat that remains on the planet increases the
additional heat leads to a new melting of the ice cover, etc. [30].

If this is so, then earthlings have cause for alarm, because in a similar way, only in
the reverse order, the “ice age” began.

And as you know, chain reactions are accelerated without limits to catastrophic
speeds. Examples - natural radioactive decay, acquiring a chain mechanism, turns into a
nuclear explosion; gas burning turns into an explosion when gas is mixed with air.

Methods of dealing with warming.

If humanity was able to upset the balance in the Earth’s climate, and realized how this is done,
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then we are therefore able to correct our mistakes. Since global warming, methods must be
global. While we are at the stage of discussion of possible methods of struggle, since we have
not yet reached the unity of all countries on this issue. The Paris Carbon Reduction
Agreement does not apply. And although some advanced countries are making efforts in this
direction, this is clearly not enough.

The main proposed control methods can be divided into four groups:
1. Limitation of energy consumption by the population of the Earth, by reducing the need for
comfort, flying on planes, meat consumption, economical farming.
2. Limiting greenhouse gas emissions by switching to alternative energy sources, since it is
the burning of fossil fuels, and energy is the largest source of carbon dioxide emissions.
3. Extraction of excess CO: from the air by its absorption by plants or industrial processing
from emission sources.
4. The creation of "umbrellas" above the Earth, obscuring part of the sunlight.

Let's consider in more detail.

1. Indeed, part of the Earth's population has reached a standard of living, suggesting an almost
unlimited consumption of the planet's resources. And thanks to scientific and technological
progress and the globalization of the economy, new countries are joining the “consumption
community”. People want to live better, more comfortable, more interesting. Therefore, it is
too early to hope that in the near future the majority of people willing to limit their needs will
appear. At the same time, thanks to information globalization, the ideas of limiting needs and
protecting nature are gaining more and more supporters.

2. The idea of switching to alternative energy sources is one of the most realistic ideas, and
is being realized in reality thanks to the support of governments around the world. So far,
apart from nuclear energy, neither wind nor solar energy have a significant impact on
reducing emissions. Affected by low concentration and instability of energy sources, but the
dynamics of the development of solar power plants inspire optimism.

3. The absorption of carbon dioxide by plants is the most natural way to extract it from the air.
However, deforestation, fires, the onset of deserts, inhibit these processes. Of course, the
planting of hundreds of millions of trees can positively affect the exchange of COz, but then,
after several decades, these trees will die, rot or burn, and return some of the carbon dioxide
to the atmosphere. Industrial plants for the extraction of carbon dioxide from flue gases in

thermal power plants exist long.
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However, the carbon dioxide obtained is expensive, the technology is energy intensive and it
is used in industry (it practically returns to the atmosphere). The idea of injecting carbon
dioxide into storage seems utopian, because it is expensive and does not solve the problem,
but only puts off.

. The idea of partially hiding from the sun's rays finds many supporters among inventors. They
propose to create a real "umbrella" in space, which will cast a shadow on the Earth. Spray
aerosol from dust particles or ice crystals in the atmosphere.

Such ideas belong to the field of geoengineering, it is difficult to assess their effect
on the balance in nature, so this is more of a fantasy than reality [31]. For example: a space
umbrella should be located hundreds of kilometers away, so its size should be huge. And still,
the shadow from it will be completely blurred due to the phenomenon of diffraction (rounding
by light). As for cloud shadowing of aerosols, such cases were observed during large volcanic
eruptions. Then it really became cooler, but at the same time, due to lack of light, crop yields
decreased.

The problem is being studied by scientists around the world [32]. Huge arrays of
information have been accumulated. Part of the information through the media is broadcast by
journalists in a simplified or sensational form [33]. A “public awareness” of the problem is
being formed, which begins to dominate, influencing the direction of research through
financing science, in the direction of the fashion trend.

Is there such a thing on global warming? And will it not turn out that we have
worked out a “false goal” for a long time, engaged in the fight against carbon dioxide. What if
a multi-year campaign to plant billions of trees is a waste of valuable time.

The inventors have such a method - mentally increase or decrease the object to a
value convenient for analysis. Let's try to imagine life on Earth as an ordinary person. For a
long time, a person lived ascetic, content with satisfying the natural needs for food, clothing.
But then technological progress came and people began to eat a lot and tasty, to dress warmly
and fashionably. Just there was a shortness of breath, and it became hot. It would be necessary
to limit oneself in nutrition and remove a warm coat. But - habit, prestige, they do not allow
this to be done.

Then the search for a solution to the problem begins. The reasoning is as follows: -
since we wore the analogue of a fur coat - animal skins before, and it wasn’t so hot, it was not

the fur coat that was to blame, but the synthetic shirt, which appeared recently. It is
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impossible to do without a fur coat - you will freeze in winter. Let's look for synthetic
materials for shirts. While there is a search in this direction, a person loses health from
overheating and overeating. Such a crude reception makes it possible to look at the problem in
the usual categories.

So, overeating - (uncontrolled consumption) leads to diseases - (environmental
pollution), and also contributes to overheating from excess calories consumed with food -
(emissions of heat and greenhouse gases by industry). It becomes obvious that if human life
style is not changed, ( which is very difficult to do), you must either reduce the influx of heat,
(shield yourself from the sun) or increase it from the water, (remove the fur coat).

Alternative program

The project proposed by the author, tentatively called "Reflection of the Planet", is
based on the well-known idea - to reflect part of the sunlight back into space by artificially
increasing the Earth's albedo. The name of the project, chosen by the author, in translation
into English has a double meaning: - reflection (reflection) and reflexion (reflection, reflection,
reflection). Thus, the awareness by mankind of responsibility for the fate of the planet is
emphasized.
The essence of the project is to place mirror reflectors of sunlight in the middle and low (close
to the equator) latitudes. Reflectors can be installed in areas not suitable for plant growth
(deserts, plateaus, etc.).

Reflective surfaces are either horizontally or obliquely to the sunny side. The
optimal angle of inclination is close to the latitude of the terrain. In addition, it is envisaged to
introduce a norm in construction - to paint in white or silver colors flat and inclined to the
south (in the northern hemisphere), or to the north (in the southern hemisphere) of the roofs of
houses and industrial buildings. The development of the project could be the creation of
offshore platforms with mirror decks.

Such a project has several advantages:

. The placement of reflectors at low latitudes can compensate for the loss of ice area in the
Arctic latitudes several times larger scales, since in the polar regions the sun shines at a large
slope, and therefore, the reflected energy density is lower. Closer to the equator, the sun
shines almost vertically and gives maximum energy input. Relatively speaking, if snow lay on
the equator, then it would reflect 2 times more energy than the same snow near the pole. This

means that the loss of Arctic ice can be compensated by a half-reflector.
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. For the implementation of the project there is an inexpensive and effective material - polished
aluminum foil or foil-coated polymer films. The reflection coefficient of the foil reaches 95-
97%, which is comparable with silver mirrors. Foil covered with transparent glass will be
protected from dust and moisture for a long time. The foil applied to fiberglass can be spread
on the southern slopes of the mountains, and after serving its time, go to restore the coating.

. Any person will be able to take part in the implementation of the project. Nothing will stop me

from painting the roof of the house white or putting several sheets of glass with glued foil on

the roof of the garage, or in extreme cases, putting an old mirror on a doghouse. Perhaps a

sense of ownership in a common cause can unite people in a desire to preserve nature on

Earth.

. Aluminum mirrors can be installed on panels that can later be used to install solar panels.

. Reflecting roofs of houses will prevent their heating and will reduce the energy consumption

for air conditioning.

. The project will not cause resistance from industrialists, since it does not require restructuring

of industry and fundamental technical innovations, and if funding is available, it can create

new jobs and make a profit.

. It is difficult to imagine what objections eco-activists can raise against this project. Indeed, in

fact, it’s just a big world game with “sunny bunnies”.

Implementation of the project will allow you to get the fastest effect due to the effect
not on indirect factors (to reduce CO; emissions, which affect the greenhouse effect, which
allows the planet to cool down), but on the direct factor (to reduce the energy input from the
Sun). Compared to other projects that require a lot of time to implement and get a positive
effect, such as planting trees (plant trees, grow them, support growth, wait until they absorb
carbon dioxide), the installed reflectors will start working immediately and practically do not
require maintenance. The ability to immediately receive a proportional, predicted effect,
which directly depends on the area of the installed reflectors, will remove the deadline
for humanity in connection with the threat of global warming. In the meantime, humanity will
have the opportunity to achieve the introduction of “clean technologies” in a natural way by
developing scientific and technological progress.

On the impact on the climate.
Like the global projects listed above, the Reflection of the Planet project can be

called geoengineering, so it is difficult to predict the consequences of its implementation. In
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this sense, in the presence of critical adverse effects, reflectors can be easily dismantled and
removed.

Consider one of the scenarios. Suppose reflector fields (like solar panels) are set in a
hot desert and on a cold plateau. In both cases, a local location will be created with a lower
surface temperature. But, if in a hot desert this will provide an opportunity for comfort for
animals and plants, then on a cold plateau it will become even colder. In both cases, the
temperature difference will cause a daytime wind., Which contributes to the mixing of air.
Such a phenomenon can be observed in the summer on the beach, when on a sunny day a
small shadow from the cloud passes, which is accompanied by a light breeze.

If it’s really bold to fantasize, then by placing reflecting platforms in places of origin

of tropical cyclones, we can mitigate this danger.

References
1. Kyoto protocol to the united nations framework convention on climate change. Available
from: https://unfccc.int/resource/docs/convkp/kpeng.html.
2. UNFCCC. Decision 1/CP.21: Adoption of the Paris Agreement. Paris Climate Change
Conference; 2015 Nov 30-Dec 11; Paris, France. Available from: https://unfccc.int/process-
and-meetings/conferences/past-conferences/paris-climate-change-conference-november-
2015/cop-21/cop-21-decisions.
3. Diniz EM. Lessons from the Kyoto Protocol. Ambient.soc. 2007;10(1):27-38. Available

from: <http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1414-
753X2007000100003 &Ing=en&nrm=iso>.
4. Available from: https://focus.ua/economics/448927-

bez durakov_o chem sporiat uchenye i ekonomisty obsuzhdaia globalnoe poteplenie kli
mata.

5. 1If I, PetrovY. The Twelve Chairs / M. Friedberg (Introduction), J.H.C.
Richardson (Translation). Published April 2nd 1997 by Northwestern University Press.395 p.
https://www.goodreads.com/book/show/158516.The Twelve Chairs.

6. Available from: https:/www.nytimes.com/2020/01/21/climate/greta-thunberg-trump-
davos.html.

7. Voronin N. Chem nam grozit global'noye potepleniye: v 100 1 500. VVS. News. Russkaya
sluzhba novostey. Available from: https://www.bbc.com/russian/features-49800852.

30


https://unfccc.int/resource/docs/convkp/kpeng.html
https://unfccc.int/process-and-meetings/conferences/past-conferences/paris-climate-change-conference-november-2015/cop-21/cop-21-decisions
https://unfccc.int/process-and-meetings/conferences/past-conferences/paris-climate-change-conference-november-2015/cop-21/cop-21-decisions
https://unfccc.int/process-and-meetings/conferences/past-conferences/paris-climate-change-conference-november-2015/cop-21/cop-21-decisions
https://focus.ua/economics/448927- bez_durakov_o_chem_sporiat_uchenye_i_ekonomisty_obsuzhdaia_globalnoe_poteplenie_klimata
https://focus.ua/economics/448927- bez_durakov_o_chem_sporiat_uchenye_i_ekonomisty_obsuzhdaia_globalnoe_poteplenie_klimata
https://focus.ua/economics/448927- bez_durakov_o_chem_sporiat_uchenye_i_ekonomisty_obsuzhdaia_globalnoe_poteplenie_klimata
https://www.goodreads.com/author/show/4731222.Ilya_Ilf
https://www.goodreads.com/author/show/4489672.Yevgeny_Petrov
https://www.goodreads.com/author/show/1115435.Maurice_Friedberg
https://www.goodreads.com/author/show/5802645.John_H_C_Richardson
https://www.goodreads.com/author/show/5802645.John_H_C_Richardson
https://www.goodreads.com/book/show/158516.The_Twelve_Chairs
https://www.nytimes.com/2020/01/21/climate/greta-thunberg-trump-davos.html
https://www.nytimes.com/2020/01/21/climate/greta-thunberg-trump-davos.html
https://www.bbc.com/russian/features-49800852

8. Perovich DK, Richter-Menge JA. Loss of sea ice in the ArcticcAnn Rev Mar
Sci. 2009;1:417-41. DOI: 10.1146/annurev.marine.010908.163805.

9. Available from: https://www.rbc.ru/trends/green/5¢2194009a7947425f0bb3 {f.

10. Cohen J, Screen JA , Furtado JC, et al. Recent Arctic amplification and extreme mid-
latitude weather. Nat. Geosci. 2014;7:627-637. doi: 10.1038/nge02234.

11. Cao Y, Liang S, Chen X, He T, Wang D, Cheng X. Enhanced wintertime greenhouse
effect reinforcing Arctic amplification and initial sea-ice melting. Sci Rep.
2017;7:8462. doi: 10.1038/s41598-017-08545-2.

12. Available from:

https://www.sciencedaily.com/releases/2020/01/200129174526.htm.

13. Randalls S. History of the 2 °C climate target. Wiley Interdiscip Rev Clim Chang
2010;1(4):598-605.

14. Meinshausen M. What does a 2°C target mean for greenhouse gas concentrations? A brief
analysis based on multi-gas emission pathways and several climate sensitivity uncertainty
estimates. In: Schellnhuber HJ, Cramer W, Nakicenovic N, Wigley T, Yohe G, editors
Avoiding dangerous climate change. Cambridge: Cambridge University Press; 2006. p. 265—
79.

15. Jain PC. Greenhouse effect and climate change: scientific basis and overview. Renewable
Energy. 1993;3(4-5):403-420.

16. Available from: https://ecoportal.info/parnikovyj-effekt/.

17. Available from: https://iz.ru/news/667785.

18. Available from: https://www.researchgate.net/figure/Overall-view-of-the-hot-
box figl 232382931.

19. Royer DL, Berner RA, Park J. Climate sensitivity constrained by CO, concentrations over
the past 420 million years.Nature. 2007 Mar 29;446(7135):530-2.

20. Available from: https: //www.climate.gov/news-features/understanding-climate/climate-
change-atmospheric-carbon-dioxide.

21. Available from: https://www.ucsusa.org/resources/how-does-sun-affect-our-climate.

22. Mukherjee S. Cosmic Influence on the Sun-Earth Environment. Sensors (Basel). 2008
Dec;8(12):7736-7752. doi: 10.3390/s8127736.

23. Available from: https://112.ua/obshchestvo/teplo-pogloshhennoe-mirovym-okeanom-za-
poslednie-25-let-ravno-energii-36-mlrd-atomnyh-bomb-uchenye-522278.html.

31


https://www.ncbi.nlm.nih.gov/pubmed/?term=Perovich DK%5BAuthor%5D&cauthor=true&cauthor_uid=21141043
https://www.ncbi.nlm.nih.gov/pubmed/?term=Richter-Menge JA%5BAuthor%5D&cauthor=true&cauthor_uid=21141043
https://www.ncbi.nlm.nih.gov/pubmed/21141043
https://www.ncbi.nlm.nih.gov/pubmed/21141043
https://doi.org/10.1146/annurev.marine.010908.163805
https://www.rbc.ru/trends/green/5e2194009a7947425f0bb3ff
https://www.nature.com/articles/ngeo2234
https://www.nature.com/articles/ngeo2234
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cao Y%5BAuthor%5D&cauthor=true&cauthor_uid=28814806
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liang S%5BAuthor%5D&cauthor=true&cauthor_uid=28814806
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen X%5BAuthor%5D&cauthor=true&cauthor_uid=28814806
https://www.ncbi.nlm.nih.gov/pubmed/?term=He T%5BAuthor%5D&cauthor=true&cauthor_uid=28814806
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang D%5BAuthor%5D&cauthor=true&cauthor_uid=28814806
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cheng X%5BAuthor%5D&cauthor=true&cauthor_uid=28814806
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5559487/
https://dx.doi.org/10.1038%2Fs41598-017-08545-2
https://www.sciencedaily.com/releases/2020/01/200129174526.htm
https://www.sciencedirect.com/science/journal/09601481
https://www.sciencedirect.com/science/journal/09601481
https://ecoportal.info/parnikovyj-effekt/
https://iz.ru/news/667785
https://www.researchgate.net/figure/Overall-view-of-the-hot-box_fig1_232382931
https://www.researchgate.net/figure/Overall-view-of-the-hot-box_fig1_232382931
https://www.ncbi.nlm.nih.gov/pubmed/?term=Royer DL%5BAuthor%5D&cauthor=true&cauthor_uid=17392784
https://www.ncbi.nlm.nih.gov/pubmed/?term=Berner RA%5BAuthor%5D&cauthor=true&cauthor_uid=17392784
https://www.ncbi.nlm.nih.gov/pubmed/?term=Park J%5BAuthor%5D&cauthor=true&cauthor_uid=17392784
https://www.ncbi.nlm.nih.gov/pubmed/17392784
https://www.climate.gov/news-features/understanding-climate/climate-change-atmospheric-carbon-dioxide
https://www.climate.gov/news-features/understanding-climate/climate-change-atmospheric-carbon-dioxide
https://www.ucsusa.org/resources/how-does-sun-affect-our-climate
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mukherjee S%5BAuthor%5D&cauthor=true&cauthor_uid=27873955
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3790986/
https://dx.doi.org/10.3390%2Fs8127736
https://112.ua/obshchestvo/teplo-pogloshhennoe-mirovym-okeanom-za-poslednie-25-let-ravno-energii-36-mlrd-atomnyh-bomb-uchenye-522278.html
https://112.ua/obshchestvo/teplo-pogloshhennoe-mirovym-okeanom-za-poslednie-25-let-ravno-energii-36-mlrd-atomnyh-bomb-uchenye-522278.html

24, Available from: https://yearbook.enerdata.ru/total-energy/world-consumption-
statistics.html.

25. Available from: https://www.bp.com/content/dam/bp/business-
sites/en/global/corporate/pdfs/energy-economics/statistical-review/bp-stats-review-2019-full-
report.pdf.

26. Available from: https://chem21.info/info/846685/.

27. Resplandy L, Keeling, RF, Eddebbar Y. et al. Quantification of ocean heat uptake from
changes in atmospheric Oz and COz composition. Sci
Rep 2019;9: 20244.doi: https://doi.org/10.1038/s41598-019-56490-z.

28. Available from:
https://ggf.tsu.ru/content/faculty/structure/chair/meteorology/publications/%D0%9A%D0%B
B%D0%B8%D0%BC%D0%B0%D1%82%D0%BE%D0%BB%D0%BE%D0%B3%D0%BS8
%D1%8F/text/24.html.

29. Jin Z, Smith JrWL, Rutledge K, Charlock TP.A parameterization ocean surface
albedo.Geophysical Research Letters.2004; 31(22).doi: 10.1029/2004GL021180.

30. Dai A, Luo D, Song M, Liu J. Arctic amplification is caused by sea-ice loss under
increasing CO»>. Nature Communications.2019;10:121.doi: https://doi.org/10.1038/s41467-
018-07954-9.

31. Aizebeokhai AP. Global warming and climate change: Realities, uncertainties and
measures. International journal of physical sciences. 2010;4:868-879.

32. Gao Y, Gao X, Zhang X. The 2 °C Global Temperature Target and the Evolution of the
Long-Term Goal of Addressing Climate Change—From the United Nations Framework
Convention on Climate Change to the Paris Agreement. J Engineering. 2017;3(2):272-278.
https://doi.org/10.1016/J.ENG.2017.01.022.

33. Available from: https://www.discovermagazine.com/environment/this-compelling-
visualization-shows-the-inexorable-buildup-of-climate-altering-co2-in-the-atmosphere-week-

by-week.

32


https://yearbook.enerdata.ru/total-energy/world-consumption-statistics.html
https://yearbook.enerdata.ru/total-energy/world-consumption-statistics.html
https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/statistical-review/bp-stats-review-2019-full-report.pdf
https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/statistical-review/bp-stats-review-2019-full-report.pdf
https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/statistical-review/bp-stats-review-2019-full-report.pdf
https://chem21.info/info/846685/
https://ggf.tsu.ru/content/faculty/structure/chair/meteorology/publications/Климатология/text/24.html
https://ggf.tsu.ru/content/faculty/structure/chair/meteorology/publications/Климатология/text/24.html
https://ggf.tsu.ru/content/faculty/structure/chair/meteorology/publications/Климатология/text/24.html
https://www.researchgate.net/scientific-contributions/2027295511_William_L_Smith_Jr
https://www.researchgate.net/journal/0094-8276_Geophysical_Research_Letters
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1029%2F2004GL021180
https://www.nature.com/ncomms
https://doi.org/10.1038/s41467-018-07954-9
https://doi.org/10.1038/s41467-018-07954-9
https://www.researchgate.net/profile/Ahzegbobor_Aizebeokhai
https://www.researchgate.net/journal/1992-1950_International_journal_of_physical_sciences
https://www.sciencedirect.com/science/article/pii/S2095809917303077
https://www.sciencedirect.com/science/article/pii/S2095809917303077
https://www.sciencedirect.com/science/article/pii/S2095809917303077
https://www.sciencedirect.com/science/journal/20958099
https://doi.org/10.1016/J.ENG.2017.01.022
https://www.discovermagazine.com/environment/this-compelling-visualization-shows-the-inexorable-buildup-of-climate-altering-co2-in-the-atmosphere-week-by-week
https://www.discovermagazine.com/environment/this-compelling-visualization-shows-the-inexorable-buildup-of-climate-altering-co2-in-the-atmosphere-week-by-week
https://www.discovermagazine.com/environment/this-compelling-visualization-shows-the-inexorable-buildup-of-climate-altering-co2-in-the-atmosphere-week-by-week

Figure 1. Scheme of the ,,Hot box”
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1 - black surface (surface of the Earth); 2- glass (greenhouse
gases in the atmosphere); 3 - sun rays; 4 - thermal radiation of
the Earth; 5- reflector on the surface of the Earth
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