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Abstract: The current state of the unique atmosphere-Earth system is influenced both by the composition of constituent gases in the
atmosphere and by the accumulation of polluting gases as a result of human anthropogenic activity. A number of scientific forums have
found empirically that the anthropogenic accumulation of carbon dioxide in the atmosphere leads to a further increase in the average
temperature of the atmosphere due to of the increasing of the green-house effect. The processes of photosynthesis consume amounts of
carbon dioxide with the subsequent restoration of the necessary oxygen in the atmosphere. At the current stage, the situation is characterized
by a decrease in the amount of oxygen in the atmosphere due to of its great consumption for the burning of fuels used in various industrial
fields. The result of the burning of fuels leads to excessive accumulation of carbon dioxide in the atmosphere. The deforestation processes of
the terrestrial surfaces decrease the global process of photosynthesis and respectively the amount of oxygen decreases. Deforestation has
another negative effect on the ecosystem in general, such as increasing the albedo values of the Earth's surface. Ocean water also has
albedo values that increase over time due to of the accumulation of carbon dioxide absorbed by ocean water. The albedo values are
described by an empirical expression suggested in this study. This empirical expression is based on the heat calorimetric method which
includes the amount of solar energy together with the energy supplement accumulated in the atmosphere due to of the anthropogenic activity
as well as the thermal emission model of the Earth's "absolutely black body". as the result of the increase of the atmospheric temperature
due to of the accumulation of carbon dioxide in the atmosphere, the albedo values are calculated over time and their subsequent increase is
ascertained. Finally, knowing the albedo values, the values of the effective temperature of the Earth's surface are calculated which decreases
over time. The linear decrease of the thermal emission energy is demonstrated depending on Earth's albedo values. It is shown that the
degree of darkness (dimming) of Earth depends on more and higher values of the infrared wavelength of the emitted thermal energy.
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1. Introduction

The state of the unique Atmosphere-Earth system is influenced Table 1. The Albedo’s values of various samples

by the presence of anthropogenic pollutant gases in the atmosphere.

Modern anthropogenic activity is characterized by the increasing of Samples Albedo values
the concentrations of gaseous pollutants that have a green house
effect. One of the major green house components is carbon dioxide Open ocean 0.06
which has a ratio of 75% in comparison to other pollutants. It is
known that the continuous accumulation of these gases in the Worn asphalt 0.12
atmosphere leads to an increase in the average value of the
atmospheric temperature. The processes of deforestation and the Conifer forest(Summer) 0.08; 0.09 to 0.15
accumulation of carbon dioxide in large quantities lead to high
values of Albedo. Some papers and scientific publications show that Deciduous forest 0.15t0 0.18
the surface Earth’s albedo is increasing with time. Last time NASA
observatories have recorded a permanent increasing both of the Bare soil 017
average temperature of Earth's atmosphere and the excess
concentration of the majqr green house car_bon dioxide gas that Green grass 0.25
comes from anthropogenic activity. A major factor beside the
emissions of carbon dioxide which is an anthropogenic pollutant of Desert sand 0.40
the atmosphere that leads to the increasing of the average '
temperature of the Earth's atmosphere comes from Earth’s albedo.

[based on 2;3;4;5;6].

The climatic state last time is influenced by the changeable value of

Earth’s albedo. . .
The next Fig. 1 shows the maps of global deforestation.

The thermal emission of this thermodynamic system in the
approximation of the "absolutely black body" with the application We can see from the maps of Fig. 1 that the areas of

of Albedo values leads to the increase of the values of the  geforestation are increased with time. The places of bare soil have
wavelengths of outgoing long wave radiation of Earth-Atmosphere  the values of albedo higher than of forests area.

system.
Another scientific paper [7] states that:" Starting with
2. The actual state of the description of Earth's carbon dioxide concentration of 380 ppm and the increasing at the
albedo rate 0.2% /year within 100 years gives 456 ppm. The albedo will

increase respectively from 0.3 till 0.36 within 100 years".

The global surface Earth’s albedo is actually defined as the
amount of solar energy that is reflected from the Earth's surface.
This value is of order 0,3 (30%) [1]. Lately, the processes of
deforestation of the terrestrial surface lead to the increasing of the
albedo value of the land. The average value of the albedo of the
forest surfaces is of the order of 0.15. The other values for various
terrestrial components are presented on the Table 1.

There is an interconnection between albedo’s value and the
carbon dioxide concentration. So, the scientific paper [8] states the
following:"Since the pre-industrial period, changes in the soil cover
caused by human activities, resulted in both net CO, release
contributing to global warming (high degree of reliability) and an
increase in the global albedo of the Earth, causing surface cooling
(average degree of reliability)."
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Fig. 1 The maps of global deforestation [9]

The registrations of NASA are shown on the diagram of the
Fig. 2 and the linear trend states in general that Earth's albedo is
increasing with time.
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Fig. 2. The increasing of Earth's albedo with time [10]

The current state of the atmosphere and of the biosphere in
general presented in the above mentioned scientific works does not
show any clear quantitative relation that links the albedo values and
the concentrations of carbon dioxide in the atmosphere. Each result
for both albedo and carbon dioxide and oxygen concentrations is
presented separately and is described mostly only from a statistical -
informational point of view. It is mentioned only that the
temperature rises, but the reasons that lead to the temperature rise
are not presented very clearly in the scientific literature.

The albedo values vary over time, but the reasons of these
variations are also not clearly discussed. The processes that take
place in the atmosphere are really complex and remain a complex
study problem. But the most important aspect is that the current
state of each parameter of the atmosphere is influenced by the
values of other parameters. For example, how does the variation of
atmospheric temperature influence albedo values? It is known that
the increasing of the concentration of carbon dioxide leads to an
increase in the average temperature of the atmosphere. In its turn,
the logical question is: how does the increase in the concentration of
carbon dioxide influence the albedo values? These major questions
are the problems of the study of this current scientific research.

This paper aims to obtain such quantitative empirical
expression of Earth’s albedo that depends on the temperature
variation of the atmosphere and of the masses of carbon dioxide
excess and oxygen depletion.

The interconnection between important parameters such as
the values of the masses of carbon dioxide, oxygen, the temperature
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of the atmosphere and the albedo values is a key issue of the study
of this paper.

Taking into consideration that the Earth's atmosphere is a
huge thermodynamic system and the temperature of this system is
dictated mainly by the solar radiation then the current study aims at
the following research issues: 1) application of calorimetric
expression of the amount of heat necessary to maintain the current
average atmosphere temperature; 2) by the application of this
suggested calorimetric expression it is necessary to take into
consideration that the amount of additional heat AQ accumulated in
the atmosphere as a the result of anthropogenic activity and of the
complex processes of photosynthesis and respiration of the
biosphere together with the human population leads to the
subsequently increases of the ambient temperature; 3) as the result
of the interaction of the Earth with the solar radiation, it is
necessary to take into consideration the own thermal radiation by
the approximation of "black body" radiation and how the effective
temperature of this radiation depends on the values of planetary
albedo; 4) The combination of the suggested calorimetric method
with the expression of thermal radiation. The actually known value
of the Earth's emitted thermal energy must be compared with the
calculated results of the suggested thermal quantitative expressions.

The Earth’seffective temperature which is related to the
Earth's own radiation is calculated by the expression from paper
. l.-1-A
[11]: 1, =il A M)
4-0

Where I,— Sun constant (1,=1367,7 W/cm?); A- Earth’s albedo;
o - Stefan-Boltzmann constant. The substitution of numerical values
into the expression (1) gives the result T = 255 K, meaning that
the atmosphere must be cold. But the average temperature of Earth
atmosphere is 288K. The difference of temperatures of the order 33
K is related to the greenhouse effect.

The suggested calorimetrical method in this paper is
described by the expression that contains the mass of the
atmosphere — m; the depletion of the quantity of oxygen from the
atmosphere - Am(O,) due to of the consumption for the burning of
fuels and the accumulated excess of carbon dioxide in the
atmosphere Am(CO,). Then, this suggested calorimetrical empirical
expression in this paper is written as:

0+ AQ(1) = c(m - Am(0,) + Am(CO,))-(T - T, + AT(1)) @

Q is the quantity of Sun energy for the maintaining of the
average global temperature T of Earth’s atmosphere; AQ is the
accumulated quantity in the atmosphere due to of the burning of
fuels; c is the specific thermal capacity of atmosphere; AT is the
increasing of the atmospheric temperature due to of the
accumulated excess of the energy from the anthropogenical activity
of the burning of fuels. The value of effective temperature from the
expression (2) is written as:

n,,:rmr—{ 0+A0 ]

c(m—Am(0, )+ Am(CO,)

®3)

Then, the expression of Earth’s albedo with the consideration of
the expressions (1) and (3) is written as:

Q+AQ @)
m—Am(0, )+ Am(CO,)

SC

A(t):l-‘”’.(T +AT—[
[ e

So, the value of albedo A depends on time due to of the fact
that the respective values of AT; Am(O,); Am(CO,); 4Q are
changeable with time. The Earth absorbs mostly the Sun energy
reaching its surface and the small quantity from the initial energy is
reflected. Approximately 70% of incoming Sun radiation is
absorbed by the atmosphere and by the Earth’s surface while around
30% is reflected back to space and does not heat the surface. [12]
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The Earth’s climate is a solar powered system. Globally, The calculated values of effective temperatures are of the
over the course of the year, the Earth system—Iland surfaces, orders of the values that are calculated in the paper [15]. The results
oceans, and atmosphere—absorbs an average of about 240 watts/m? from Fig. 4 and Fig. 5 must be validated by the global real values.
(annual input of 2 x 10? joules of solar energy), which is about The approximation of thermal radiation of “black body” of Earth is
70% from the incoming solar energy of about 340 watts/m? (3.1x related to the values of effective temperatures of Earth. We obtain
10? joules - annual total Sun energy that strikes Earth). The that higher albedo gives smaller values of effective temperatures.
absorbed sunlight drives photosynthesis, melts snow and ice, and The respective emission capacity of “black body” of Earth is

warms the Earth system. [13] calculated by the expression of paper [16]:
E=o- T} (6)
Results and discussion where 6=5,67-10% is the constant of Stefan-Boltzmann. The

average global effective temperature of Earth is 255 K. Then, the
calculation the expression (6) of the thermal emission capacity is:

Taking into the consideration the mass of atmosphere
5,148-10" kg and the thermal capacity of the atmosphere C,=1005
(J/(kg-K), then the necessary quantity of Sun radiation to maintain
the difference of temperatures of the order 33 K is calculated as:

E=0-Tf =239.74W /m?) @)

The calculated value of the thermal emission capacity is of
the order of the value from the paper [16]. The maximum of thermal
Q=c,, -m-(T —T,)=1005-5148-10" - (288 — 255) = ©) emission capacity of Earth is from the range of longwave infrared

radiation with the wavelength of the order 10 um. (Fig. 5) [17]

//7 " /7
\ / \

=0,1707-10*(Joule)

This value of Q is applied for the calculation of T by the
expression (3).

Wavelength (i

The value AQ=3,05-10%(joule/year) represents the resultant
accumulated heat in the atmosphere as the result of the main

complex processes as: 1) burning of fuels; 2) global photosynthesis; : i

3) repspirariion of Land E%iota together with )tr?e 7-8 %illion)s/ human Fig. 5 The emissions peaks of Sun and Earth. [17]

popul_ation and_this r}aqdy value of AQ=3,05-10%(joulelyear) is According to Wien's displacement law the smaller effective

explained more in detail in the source [14]. temperatures give higher values of wavelength radiation as follow
The values of the depletion of oxygen from the atmosphere  [18]: A-T=b

is of the order Am(O,)=18 (gigatons/year) and the accumulation of ®)

the carbon dioxide in the atmosphere is Am(COy)=15 where b=2,898x107° m-K is the Wien's constant. It is expected

(gigatons/year). The respective increasing of AT of the average  that higher values of Earth's albedo give higher values of Earth's

temperature of Earth’s atmosphere is of the order 0,02 °Clyear [14]. long wavelength thermal radiation. But the higher values of

wavelength thermal radiation A give smaller values of the Earth's

The calculated values of Earth’s albedo with time by the thermal emission capacity - EQW/m?).

table from [14] are represented on the Fig. 3.
s ) The Fig. 6 represents the values of emission capacity (longwave
0 | e radiation) as the function of the values of planetary albedo. The
graphics from Fig. 7 show that if the value of planetary albedo is
increasing as the dependence of various geographical locations,
then the wavelength radiation (W/m?) is decreasing. This is the
same form of the dependence both for January and August.

0324 |

4
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Fig. 3 The increasing of Earth’s albedo with time (starting year = %03
1980). [source: the recent paper based on the data from [14]]. g
3
The respective calculated values of effective temperatures of : Rt
Earth are represented on the Fig. 4. §
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from [14]]. Fig. 6 The dependence of Earth's thermal emission capacity as

the function of planetary albedo [16].
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The connection of the data from Fig. 6 with those from
Fig. 3 and 4 gives the same statement: Higher is the value of albedo
then smaller is the value of the effective temperature and in its turn
the smaller is the value of the emission capacity.

Taking into consideration the expression (6) and the
values of T the following dependence E=f(A) is represented on
Fig. 7.

26 . E; Wm?2
Yy =-341.93x + 341.93

R’=1

235

234

A = albedo values

0.31 0.312 0.314 0.316 0.318 0.32 0.322 0.324 0.326 0.328

Fig. 7 The decreasing values of Earth’s emission thermal
capacity as the function of Earth's albedo [source: the recent paper
based on the data from [14]].

The linear form of the dependence E=f(A) from Fig. 7 is similar
to the same dependence which is represented on the Fig. 6.

The combinations of the expressions (3), (4) and (6) give the

Eote _te p ©)
4 4

The expression (910) is a linear function of E=f(A)

following:

In fact this linearity of the expression (10) is proven by the
dependence E=f(A) of the Fig.8. The correlational calculations of
the Fig. 8 show the best fitting with the linear dependence (R*=1)

The coefficients of linear depndence y = - ax+b of the
expression (9) are:

a=—te, p=le. g 34103 b-34103
4 4
Then: % =34193 = 1 _=1367,72 (10)

The obtained result of the Sun constant | =1367,72 validates

in general the correctitude of the suggested calorimetrical method
which is described by the expressions (2) and (5).

So, the Earth’s albedo is increasing with time and the
effective temperature is decreasing respectively. The decreasing of
the effective temperature can be explained by the decreasing of the
irradiation of the Earth's surface. In its turn, the reduction of
irradiation of the Earth's surface is explained by the higher degree
of the absorption of solar energy by the polluting green house gases
with higher concentrations. The fact that the recalculation of the
solar constant by the application of the suggested calorimetric
method coincides with that theoretical one denotes the validity and
correctness of the suggested method. A very important result is
obtained which shows that the increase of albedo values leads to the
decrease of the thermal emitted radiation capacity E(W/m?) and in
its turn to the increase of the wavelength of the Earth's thermal
radiation. The calculated values of the wavelengths by the Wien’s
displacement law allows to represent the graphic of the dependence
of the wavelengths as the function of albedo values - A=f(A) (Fig.
8)

The maximum of the emission according to the Wien's
displacement law moves in the direction of longer values of
wavelengths as the albedo values increase. The degree of darkness
(dimming) of Earth depends on the value of the infrared
wavelength. The longer is the wavelength (A>10 pm), then the

greater the degree of darkness (dimming) of Atmosphere-Earth
system.

11.49 s pm
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Fig. 8 The outgoing wavelength radiation as the function of
albedo

The interconnection between the wavelengths and albedo values
can be seen on the Fig. 9.

Fig. 9. The interconnection of outgoing longwave raditation
and albedo values [19]

The extracted values of albedo and energy (W/m?) are
represented on the Table 2.

Table 2. The outgoing longwave radiation of Earth

E; Ew;
A wim? | T K | wim? A; pm
0.2 280 | 270.696 | 304.444 | 10.7020
0.6 160 | 227.627 | 152.222 | 12.7269
0.3 270 | 261.808 | 266.389 | 11.0653
0.7 110 | 211.831 | 114.167 | 13.6760
0.35 270 | 257.002 | 247.361 | 11.27227
0.15 300 274.83 | 323.472 | 10.54107
0.7 120 | 211.831 | 114.167 | 13.6760
0.25 230 | 266.363 | 285.417 | 10.8761

The values of energies of otgoing longwave radiation E(W/m?)
as the function of albedo is represented on the Fig. 10.

350 ¢ 5 W/m?2
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Fig. 10 The values of energies of outgoing longwave radiation
as the function of Albedo (based on the data from the Table 2)
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The known values of effective temperatures T from the Table
2 allow again recalculating the values of energies of outgoing
longwave radiation Ey, and to compare with the real ones.

The representation of the dependence Ey,=f(E) is represented on
Fig.11. The correlational calculations show the strong link between
data and the calculated values of Ey, are of the same order as E.

380 ¢ Eyy; Wim? y = 1.0602x - 4.116

R®=0.9583

300
250
200
150

100

E; Wim2

0 50 100 150 200 250 300

Fig. 11 The reciprocal interconnection of the data E and Ey,
(based on the data from the Table 2)

According to Wien’s displacement law the wavelengths are
calculated (Table 2). The dependence of A=f(A) is represented on
Fig. 12.

b3 pm y = 5.8314x + 9.448

R’ =0.9829 hd

=
o
]

.

Albedo

0.1 0.4 05 0.8 0.7

Fig.12 The dependence of wavelengths of outgoing radiation as
the function of Albedo (based on the data from the Table 2)

There is a following statement about the global dimming:
"Global dimming is the reduction of global direct irradiance at the
Earth's surface that has been observed since systematic
measurements began in the 1950s. The effect varies by location, but
worldwide it has been estimated to be of the order of a 4-20%
reduction”[20]. The recent study of global dimming states the
following: “Scientists have noticed the planet becoming
increasingly dark for several decades now, and it's only recently
been connected to climate change."[21] From physical point of view
the degree of the dark is related to the notion of effective
temperature. Higher is the effective temperature then higher is the
degree of the dark.

Another study also states that the global dimming is related
by the presence of aerosols in the atmosphere: "It is thought that
global dimming is probably due to the increased presence of
aerosols particles in Earth's atmosphere, caused by pollution, dust,
or volcanic eruptions." [22] It means in general that the process of
global dimming and global warming exist at the same time
concomitantly. This concomitant existence is stated by the
following: "Some scientists now consider that the effects of global
dimming have significantly masked the effect of global
warming and that resolving global dimming may therefore lead to
increases in future temperature rise".[23]

Another research states some main peculiarity: "The 2001
study by researchers at the Scripps Institution of Oceanography
concluded that the imbalance between global dimming and global
warming at the surface leads to weaker turbulent heat fluxes to the
atmosphere. This means globally reduced evaporation and hence

40

precipitation occur in a dimmer and warmer world, which could
ultimately lead to a more humid atmosphere in which it rains less."
[24] In general the aerosol pollutants have higher capacity of the
reflection of Sun radiation which is stated as follow: "The particles
reflect and absorb sunlight, less sun rays reach Earth surface layers,
thus resulting in cooler water and land surface temperatures, and
also less cloud formation, subsequently dampening the development
of hurricanes." [25] In general, the capacity of emissions and
reflections are various for various geographical locations. Globally,
it is observed that with the increasing of the albedo values, the
emission capacity of Earth decreases.

The results obtained by the application of the suggested
quantitative method generally check the state which is presented in
the above mentioned literature about the dimming process, albedo
effect and in connection with it the results are checked by the state
of climatic processes in the atmosphere as well as by the examples
of the presence of pollutants aerosols in the atmosphere.

Conclusions

The World is living in a critical period of the atmospheric
change due to of the variations in the concentrations of green house
gases. The large scientific societies and the annual socio-political
congresses are focused on the solving of the global problem of the
annual increase in the average temperature of the atmosphere. One
way out of this situation is to reduce carbon dioxide emissions. The
first steps are already being taken with great effort, nevertheless that
the economies of the countries will cost millions of losses.

This paper has applied the thermodynamic calorimetric model
of the quantitative expression that contains the values of the
variations of the masses of carbon dioxide and oxygen and this
model is connected to the expression of the effective temperature of
Earth. The dimming process of Earth is related to the decreasing
values of effective temperatures of Earth. The dependence is
obtained from physical point of view, that if the values of planetary
albedo is increasing then the emission capacity of Earth is
decreasing and in its turn the effective temperatures are decreasing.

Thus the suggested calorimetric method describes both the
greenhouse effect and the dimming processes which is described by
the albedo value with the results coinciding with the real ones. If the
amounts of pollutants decrease then the green house
anthropogenical effect will be within the normal limits as well as
the dimming processes.

The obtained values of the effective temperature of Earth's
thermal radiation by the application of the suggested calorimetric
method are real and the validity is confirmed by the check of the
calculation of the solar constant that coincides with that theoretical
one. The dimming processes which are described in the mentioned
literature are explained exactly with the phenomenon of the thermal
radiation of the Earth by the approximation of the "black body".
The most important moment is the explanation of these phenomena
by the suggested calorimetrical method, namely with the increase of
the global values of albedo, then the dimming effect of the Earth is
increased.

The practical importance of this suggested method consists in
the application of the quantitative calculation of the effective
temperature for various geographical regions by the known value of
the emitted energy which is measured by technical means. In its
turn, the measured value of the energy by technical means of the
thermal radiation of the Earth E (W/m?) allows to calculate the
albedo values for the respective geographical place and then can be
compared with the real albedo that can be measured by technical
means. It is clear that the values of effective temperature, thermal
radiation energy and albedo vary from one geographical location to
another. This quantitative relation of the effective temperature can
be successfully applied to the process of measuring the thermal
energy (W/m?) emitted by the respective geographical place.
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