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ABSTRACT. It isshown that alter ations of the aver age-annual temper atur e of the Earth ar e char acterized by
relaxation oscillationswith the period of 5-8 years. M or elow-frequency oscillationswith the period about 60 years
arealso observed. Relaxation processesar e connected with complex dependence of aver age annual temper atureon
changes of the Earth isalbedo, quantity of the evapor ated water, and also on the absor ption of the solar radiation by
green plants. Cyclesof solar and human activity alsoinfluencethe processes of temper aturer elaxation. Relaxation
oscillationsar e caused by the negative feedback between parameter sof the Earth and ener gy received by the Earth

from the Sun. © 2010 Bull. Georg. Natl. Acad. <ci.
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As calculations of the thermal balance of the Earth
have shown [1], about half of the solar energy falling on
the terrestrial surface is spent on the evaporation of
water from the surfaces of oceans, seas and land, part
of the energy is absorbed by green plants, but thermal
energy emitted because of human activity is by four
orders less than the energy received by the Earth from
the Sun. Also it has been noted that increase in the
concentration of CO, practically doesnot affect thevalue
of average annual temperatures of the Earth and the
infrared radiation of the terrestrial surface absorbed by
CO, cannot evoke the greenhouse effect.

Nevertheless, oscillations connected with small
changesin solar energy falling on the Earth arefound by
detailed study of the time dependence of average-annual
temperature. Itishighly significant that oscillations char-
acteristic of transient processes are observed in the de-
pendence of average annual temperatureon time (Fig. 1).
Faster ostillations have the period of 5-8 years (curve 1
inFig. 1a). Temperature oscillationswith along period of
about 60 years (curve2in Fig. 1a) are alsowell observed.
Curve 2 is the result of averaging annua temperatures

with a5 year interval. Obvioudy, in naturetherearetem-
perature oscillationswith much longer periods.

Relaxation oscillations of average annual tempera-
ture of the Earth with a 20-year interval around the
years 1920(a), 1969 (b), and 2000 ( c) and relaxation os-
cillations of the neodymium waveguide glass laser (d)
[2] areshown in Fig. 2. It isnecessary to note that the
dightest changes of light pump intensity of the laser or
efficiency of the optical resonator leads to disturbances
of theregularity of relaxation oscillations of laser radia-
tion (e) [2].

It is clear that fluctuations of such parameters as
the power of solar stream, condition of atmosphere of
the Earth, and other instabilities on the Earth hamper a
more preci se description of relaxation oscillations of tem-
perature

The cause of fast average annual temperature oscil-
lations liesin complex natural processes. Probably, the
most significant of them is alteration of the albedo of
the Earth due to changes of the cloudiness of the Earth.
Rise in temperature evokes an increase of evaporation
from the surface of oceans and seas, which increases
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Fig. 1. a - temporary changes of average annual temperature (curve 1) and five years’ averaging of size (curve 2); b - cycles of
change of solar activity (Woolf’s number); ¢ - change of intensity of the sunlight.

the overcast of the whole planet and increases the
Earth’s albedo. It is clear that an increase of albedo re-
duces the stream of solar energy falling on the terres-
trial surface and as a result decreases the evaporation
of water. Owing to reduction of evaporation the cloudi-
ness of our planet is reduced and as a consequence, the
Earth’s albedo decreases, which in turn increases the
stream of solar radiation falling on the terrestrial surface
with subsequent rise of temperature. This is the essence
of a negative feedback for our planet.

It is necessary also to bear in mind that rise in tem-
perature of the surface of oceans increases the number
and energy of tornadoes, which in turn, taking away the
thermal energy from the upper layers of oceans, trans-
forms it into the kinetic energy of destructive hurricanes.
Because of reduction of temperature of the surfaces of
oceans (especially at sites of rise of powerful tornadoes)
growth of number and energy of tornadoes, for example,
in the Atlantic Ocean, can evoke some reduction of tem-
perature of the Gulf Stream at the coast of England.

The full mathematical description of the global warm-
ing process is rather complex because of a great number
of changing parameters. Nevertheless, it is possible to
compose an equation of thermal balance for a simplified
description of the kinetics of the process.

The full albedo of the Earth is determined both by
reflection from the terrestrial surface and reflection and
dispersion of light from clouds. Hence, the full albedo
of the Earth consists of the factor of reflection from the
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terrestrial surface and the factor of reflection from clouds.
Both these factors depend on time:

a=nS+ym (D

where S is the area of a reflecting surface of the ground;
m 1is the weight of clouds. Of course, the factor of reflec-
tion depends not only on the weight of clouds, but also
on their volume and shape and also on their disposition
in space and hence, formula (1) gives a fairly approxi-
mate description of the value of albedo. Certainly, an
arrangement of clouds over the globe (to what extent
do clouds block ice and green massive) has an influ-
ence on the value of the full Earth’s albedo. Further-
more, evaporation of water and precipitations change
the values of m and S in a very complex manner). Last
measurements of the Earth’s albedo by spacecraft have
given the value near 40%.

The balance equation of thermal energy [1] as the
basic equation for the kinetic process taking place on
the Earth, so

d
7?:(1—a)P+pN+QE/t—
—k(Q+0p)/t—Am, |t —0Q/t Q)

where Q is the accumulated energy on the terrestrial
surface and in the atmosphere, determining the average-
annual temperature, « is the average factor of reflection
from the terrestrial surface and from clouds (full albedo),
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Fig. 2. Relaxation fluctuations of average annual temperature
(a, b, ¢) and radiations of the Neodymium waveguide glass
laser (d,e)

P isthe stream of power from the Sun falling on our
planet; pN isan increase in heat in unit of timedueto
human activity; Q. is the heat emitted from the bowels
of the Earth; kQ is the ground cooling due to radiation
in infrared area; Am, is cooling of the Earth due to
evaporation of water (m, - weight of evaporated water),
and oQ is the energy absorbed by green plants on the
Earth. The process of evaporation transforms thermal
energy in the potential energy of water (in clouds') and
into kinetic energy of winds, and energy absorbed by
plants due to photosynthesis produces oxygen from
absorbed CO,,. All these values by themselves are com-
plex functions of time that rather complicate more or
less exact mathematical description of the whole pro-
cess.

However, it ispossible, though rather approximately,
to describe the kinetics of changes of a by the equa-
tion:

Z—‘i‘z K- oP)m, —Am/t, )

where m, is the weight of evaporated water for a unit of
time, and Amvt isthe reduction of the weight of clouds
in a unit of time due to precipitation. The solution of a
system of differential equations(2 and 3) israther com-
plex, butthe presenceof anegative feedback and simi-
larity with the kinetic equations of generation of |aser
makes possible to assume the presence of transient pro-
cesses with oscillations similar to radiation intensity
oscillations of laser [2] (Fig.2) with obtaining the sta-
tionary value for temperature and Earth’s albedo. Such,
acycle of oscillations could come to a constant value of
the annual temperature if solar radiation were constant
over time (with the constancy of the other parameters of
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the Earth), but even well-known cycles of solar activity
(Fig 1b) showing changes of intensity of the sunlight in
time, always lead to failure of the stationary value of
average-annual temperature of the Earth.

It is clear that during the activity of the Sun the
stream of power of thelight radiation falling on the Earth
(Fig.1c) increases too. In spite of the fact that these
changesare small enough (about 0.07% of the power of
solar radiation) they may be quite sufficient for the
relaxation processto fail, especially in combination with
fluctuations of the full albedo of the Earth.

Of course there are some more reasons leading both
to the relaxation process alterationsin mid-annual tem-
perature (typhoons and tsunami, seasonal tropical down-
pours etc.) and to failure of the stationary regime of
temperature, but the principal cause probably is peri-
odic changes of the Earth’s albedo.

In accordance with [1] the growth in average-an-
nual temperature of the Earth in stationary regime is
mainly compensated by radiation of the Earth in thein-
frared area of the spectrum and evaporation of water
fromterrestrial surface. Undoubtedly, in future increase
of the stream of solar radiation will increase the mid-
annual temperature of the planet. However, in spite of
the growth of full albedo, it is possible to decrease aver-
age annual temperature artificially, for example, by the
entering of thin reflecting surfaces in the
circumterraneous orbit.

As we see, natural processes on the Earth are as-
sociated with each other by negative feedback, |ead-
ing to stability of therma processes on the planet.
We have considered the negative feedback between
the average-annual temperature and albedo of the Earth.
An exampl e of negative feedback may be the excessive
increase of the Earth’s population and related increase
in further burning of hydrocarbons (at reduction of
green plants) that can evoke an abrupt increase of the
number of destructive tornadoes, tsunamis, earth-
quakes, landdips as well as droughtsin some regions
leading to reduction of agricultural production. These
destructions by themselves can result in the reduction
of population on the Earth and in turn lead to a de-
crease of heat emission connected with human activity
and as a consequence - decrease of the average an-
nual temperature of the Earth.

In conclusion, it is necessary to note that some
warming, observedin definiteregions, and related melt-
ing of glaciers, in general, due to the negative feedback
between natural phenomena, will not result in essential
and fatal changes of climate until the point when solar
radiation increases substantialy.
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