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1. Introduction

he participation of the greenhouse effect in the en-

ergetic balance of our planet was understood two

hundred years ago . Then atmospheric emission
in the infrared spectrum range increases the radiative flux
to the Earth and increases the global Earth’s temperature
which is the Earth’s surface temperature is averaged over
the globe and time. Three basic greenhouse components
are H,0O and CO, molecules, as well as water microdrop-
lets which constitute clouds.

Starting from the Arrhenius paper ” in 1896, connec-
tion between the concentration of atmospheric carbon
dioxide and the Earth’s climate causes the main attention
to the greenhouse problem, especially, if this results from
the human activity. The contemporary version of infrared
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Atmospheric radiative fluxes are evaluated for the line-by-line model of
spectral lines in considering the atmosphere as a weakly nonuniform plane
layer and altitude profiles of its parameters are taken from the model of
standard atmosphere. Concepts of molecular spectroscopy are combined
with the local thermodynamic equilibrium for greenhouse gases and with
information from HITRAN data base for parameters of radiative transitions.
In addition, the energetic balance of the Earth allows one to determine the
radiative flux from clouds. As a result, the algorithm is worked out for eval-
uation of the atmospheric radiative flux toward the Earth depending on its
composition. We below concentrate on the change of atmospheric radiative
fluxes as a result of doubling of the concentration of CO, molecules. It is
shown that the change of the global temperature in this case according to
the above algorithm in 5-6 times exceeds that followed from climatolog-
ical models which are based on old spectral data, rather than those from
HITRAN data base. These codes ignore overlapping of spectral lines of
atmospheric radiators.

(IR) atmospheric emission for outside radiation was pre-
sented in " that considers emission and absorption of
atmospheric molecules. Recently "' the author formulated
the problem of IR atmospheric emission toward the Earth
with accounting for cloud radiation. We below consider
the theory of IR atmospheric radiation to the Earth and
connect its results with those of adjacent problems.

2. Methods

We now consider methods which allow us to compose
the algorithm to calculate the radiative flux from the at-
mosphere to the Earth. For the analysis of emission of
molecular components, it is necessary to modify the clas-
sical molecular spectroscopy which was constructed as
a direction of quantum mechanics at the beginning of 20
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century (for example *”). Classical molecular spectrosco-
py considers infrared radiation of molecules as transitions
between some vibration and rotation molecular states,
so that selection rules determine the connection between
initial and final vibration and rotation states for radiative
transitions of a given molecule symmetry.

In molecular spectroscopy, rates of radiative transitions
in molecules are expressed through the Einstein coeffi-
cients of these transitions. Spectra of molecules have the
discrete character, but spectral lines for each radiative
transitions are broaden due to interactions in gases where
radiative molecules are located. Contemporary molecular
spectroscopy is based on data banks, as HITRAN data
"%l Then the rate of a given radiative
transition is expressed through four molecular parameters,
namely, w;, the frequency of the center of a j-th transition,
S, the intensity of this transition that is proportional to the
first Einstein coefficient, v;, the width of the spectral line,
and E;, the excitation energy from the ground molecule
state to a lower transition state !'").

Considering the atmosphere as a weakly nonuniform
flat gaseous layer located over the Earth surface, and com-
bining classical molecular spectroscopy with local thermo-
dynamic equilibrium at each point of this layer, one can
calculate the radiative fluxes to the Earth for the line-by-
line model "', i.e. for each frequency, at a given mixture
of emitted molecular gases and a given altitude profile for
the density of each greenhouse gas and the temperature.
In this case we use the model of standard atmosphere *!
for the space distribution of carbon dioxide molecules and
water molecules. But this algorithm is suitable for any
space distribution of emitted components and is useful in
meteorological codes where atmospheric radiation may be
added to transport of mass, temperature and humidity. In
this case the altitude profiles of the temperature and densi-
ty of radiative components are required also.

One can model atmospheric radiation toward the Earth
as emission of a flat layer. If this gaseous layer is optically
thick and its temperature is independent of an altitude, the
partial radiative flux through its boundary is given by the
Planck formula

bank for molecules !

P m

If the optical thickness of the layer is restricted, the ra-
diative flux at a given frequency is given by "®

1,(T)=

S, (1) =1,(T)g(u,) 2)

In this way the opaque factor g(u,) is defined for a given
optical thickness %, of the layer according to formula !
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where @ is an angle between the direction of photon
motion and the boundary perpendicular. In the limit of
optically thick layer u, >>1 the opaque factor is g(%,) =1,
and formula (2) is transformed in formula (1).

It is necessary to take into account that the temperature
varies, as an altitude is changed. For this one can divide
the troposphere in some layers with an identical tempera-
ture and account a nonuniformity of the layer by numeri-
cal evaluation, as it is made in . In our approach """ we
expand the total radiative flux over a small parameter and
reduce the radiative process to that of an equilibrium layer
with the temperature 7, of an effective layer that is locat-
ed at an altitude %, , that is

T,=T(h,) “4)

In particular, in the case of an optically thick layer the
effective layer is defined such, that its optical thickness is
2/3 [17,18]

u(h,)= [k, (=2 ®)

Here k,(h) is the absorption coefficient at a given fre-
quency and an indicated altitude. The procedure of deter-

mination of the radiative temperature 7,, in a general case
is described in "' in detail.

The above analysis relates to molecular components of
the atmosphere. Then, considering emission of molecules
to be noncoherent, we summarize radiative fluxes from
all the molecules and obtain the radiative temperature 7,
for the total radiative flux of a molecular gas. The separate
problem is insertion in this scheme clouds or small atmo-
spheric particles that is absent in climatological codes.
Among models of cloud emission, we choose finally such,
that clouds on a certain altitude absorb infrared radiation
entirely. This means that the optical thickness of clouds
is high, and they emit infrared radiation. As a result, we
have for the radiative flux from the atmosphere "

J,=1,(T,)ew,)+1,(T)H[1-g,)], (6)

where T, is the cloud temperature.

For realization of formula (6), it is necessary to use
profiles for distribution of atmospheric radiators. As for
radiating molecules, this information follows from the
model of standard atmosphere or other similar sources.
But it is difficult to obtain the same information for clouds
consisting of water microdroplets because they are not
formed in motionless air. Therefore determination of the
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amount of condensed water in the atmosphere is problem-
atic.

In order to solve this problem within the framework of
the model of standard atmosphere, we add to the above
information the energetic balance of the atmosphere
which was composed at first by NASA "', In particular,
the NASA data for the Earth’s energetic balance was pub-
lished in the author book ®” of 1975. Subsequently other
versions of the Earth’s energetic balance were represented
by World Meteorological Organization (WMO) *'**. But
these fluxes coincide with previous ones within the limits
of a few percent.

The total flux of infrared radiation toward the Earth
integrated over frequencies must coincide with that fol-
lowed from the energetic balance of the Earth and its
atmosphere. This requirement allows one to determine the
position of clouds. In particular, for the model of the stan-
dard atmosphere, the effective altitude of cloud location
is approximately 3.4 km, and the effective temperature of
cloud emission is T, =266K | whereas the temperature
of the Earth’s surface is equal 7; = 288K for this model.
Thus, the above scheme allows one to determine the pa-
rameters of the radiative flux from the atmosphere to the
Earth.

3. Results

We use the above scheme to determine various radiative
fluxes of the atmosphere. The connection between direct
and reverse radiative processes is governed by the Kirch-
hoff law ! or the principle of detailed balance for these
processes. This allows one to use the absorption coeffi-
cient k, as the parameter of the absorption process in the
analysis of atmospheric emission. The absorption coeffi-
cient of molecules of a given type is given by

k,=N ZS" Ma,.,, (7)

Here N is the total number density of molecules of a giv-
en type, S; is the intensity of the spectral line for a given
transition, and the distribution function of photons over
frequencies for air at atmospheric and nearby pressures is
determined for the impact mechanism of broadening of
spectral lines

“

foey :27r|:(a)—a)/)_+(v]/2)z:| ’ (8>

where @; is the frequency of the spectral line center, and
V; is the spectral line width. Next, the intensity of spectral
lines is given in the HITRAN tables for a certain tempera-
ture. The transition to another temperature proceeds on the
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basis of formula

S,(1) = S_/(n)-exp[‘;f—‘;"] ©)

0

Table 1. Radiative fluxes of greenhouse atmospheric com-
ponents to the Earth and their contributions to the total
radiative flux absorbed by the Earth !

Component Flux, W/m? Portion, %
H,0-molecules 166 51
H,O-droplets (clouds) 96 29
CO,-molecules 58 18
CH,-molecules 4 1
N,0-molecules 3 1

Thus, these formulas with using the HITRAN data
allow us to determine the absorption coefficient and then
the atmospheric radiative fluxes to the Earth according
to a described scheme. The values of the radiative fluxes
toward the Earth are presented in Table 1. In addition,
atmospheric molecules and clouds are sources of infra-
red emission in a different frequency range. According
to evaluations within the framework of this scheme ",
approximately 95% of the radiative flux at frequencies be-
low 800cm™ is created by water and carbon dioxide mole-
cules, while 84% of this flux at frequencies above 800cm’'
is due to water microdroplets of clouds.

Let us consider the greenhouse effect which consists
in change of the global temperature as a result of varia-
tion of the atmosphere content. Usually as the measure
of this effect is taken the doubling of the concentration
of CO, molecules, and below we compare variations of
radiative fluxes as a result of this variation. We denote
by AJ the variation of the total radiative flux as a re-
sult of doubling of carbon dioxide concentration, and by
AJ(H,0), AJ(CO,), AJ,, the corresponding changes of
the radiative fluxes created by water molecules, carbon
dioxide molecules and clouds correspondingly. From the
definition of the total radiative flux the following equation
is fulfilled
AJ =AJ(H,0)+ AJ(CO,)+AJ, (10)

Table 2 contains the changes of these radiative fluxes in
indicated frequency ranges.

Table 2. Changes of radiative fluxes from the standard
atmosphere to the Earth as a result of doubling of the
concentration of CO2 molecules in the infrared spectrum
range'”. These changes are defined in the text and are
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expressed in W/m’

Frequency range, Ao AJ(CO2) | AT(H20) | Alcl | Alt
580 - 600 0.96 -0.89 -0.04 | 0.03
600 - 620 0.81 -0.74 -0.03 | 0.04
620 - 640 0.63 -0.61 0 0.02
640 - 660 0.15 -0.14 0 0.01
660 - 680 0.18 -0.18 0 0
680 - 700 0.21 -0.20 0 0.01
700 - 720 0.12 -0.03 -0.03 | 0.06
720 - 740 0.64 -0.05 -0.39 | 0.20
740 - 760 1.07 -0.10 -0.68 | 0.29
760 - 780 0.56 -0.02 -0.40 | 0.14
780 - 800 0.25 -0.02 -0.17 | 0.06
800 - 850 0.15 -0.03 -0.08 | 0.04
900 - 950 0.20 0 -0.16 | 0.04

950 - 1000 0.76 -0.01 -0.53 | 0.22
1000 - 1050 0.18 0 -0.13 | 0.05
1050 - 1100 0.37 0 -0.26 | 0.11

total 7.24 -3.02 -2.90 | 1.32

As it follows from Table 2, doubling of the concen-
tration of atmospheric carbon dioxide causes an increase
of the radiative flux due CO, molecules by 7.2W/m”’,
whereas radiative fluxes due to water molecules and
water microdroplets decrease by 3.0W/m’ and 2.9W/m’
correspondingly, and the change of the total radiative flux
is 1.3W/m’. In addition, the contribution of 30% to the
change of the radiative flux due to CO, molecules is creat-
ed by vibration transitions at wave lengths near 9.4pum and
10.6pm which are used in CO, lasers. The contribution of
this frequency range to the total radiative flux due to car-
bon dioxide molecules is about 2%.

In addition to Table 2, we give in Figurel the average
radiative flux AJ, which is created by CO, molecules at
frequencies below indicated ones and the corresponding

total fluxAJ,. These fluxes are defined according to for-
mulas

A =[" AI(CO)dw, A= Ado, (10)

where AJ(CO,) and AJ are defined in formula .
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Figure 1. Change of the radiative fluxes as a result of
doubling of the concentration of CO, molecules up to an
indicated frequency due to emission of CO, molecules
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(AJ,) and the change of the total radiative flux (AJ,)

Figure 1 includes the frequency ranges which are
responsible for formation the flux changes under consid-
eration. The change of the radiative flux due to CO, mole-
cules AJ ¢ 1is formed mostly (approximately 80%) inside
the absorption band of the CO, molecule (mostly near
the boundary of this absorption band) that ranges from
580 cm™ up to 760cm™. The frequency range near the left
boundary of the absorption band of the CO, molecule
does not give the contribution to the change of the total
radiative flux toward the Earth AJ, because of a strong
absorption by water molecules at such frequencies. Hence,
an increase of the radiative flux due to carbon dioxide
molecules is compensated by the decrease of the radiative
flux due to water molecules at these frequencies.

One can transform the change of the total radiative flux
as a result of doubling of carbon dioxide concentration
AJ =13 W/m? into the change of the global tempera-
ture AT in the standard method through the climate sen-
sitivity *. As a result, one can obtain

AT =(0.6 + 0.3)K (11)

A large error results from a high sensitivity of this
change to variation of parameters. In addition, there is an
uncertainty in determination of shift of the cloud tempera-
ture as a result of an increase of the global temperature.

4. Discussions

We now analyze the above results. In spite of a low accu-
racy, the change of the global temperature due to doubling
of the atmospheric concentration of CO, molecules (11)
differs dramatically from that obtained on the basis of cli-
matological computer codes !

AT=3.0 £ 15K (12)

We show the reason of this description. Climatological
codes are based on studies before a middle of 20 century
(326281 when information about radiative parameters was
restricted. Then interaction between spectra of carbon di-
oxide molecules and other greenhouse components (water
molecules and clouds) was ignored. As a result, the change
of the radiative flux due to carbon dioxide molecules was
equated with the change of the total radiative flux from the
atmosphere. In reality, an increase of the carbon dioxide
concentration, which leads to an increasing radiative flux
due to CO, molecules, causes simultaneously a decreasing
radiative flux owing to water molecules and water micro-
droplets of clouds. Under the contemporary atmosphere
content, the ratio of changes for the flux due to carbons

DOI: https://doi.org/10.30564/jasr.v2i4.1838



Journal of Atmospheric Science Research | Volume 02 | Issue 04 | October 2019

dioxide and the total one is 5-6. Correspondingly, climato-
logical models with such computer codes give the change
of the global temperature which exceeds the real one in 5-6
times.

A certain contribution to the error of the global tem-
perature change (11) follows from model assumptions in
the scheme used. In order to estimate this error, we com-
pare in Table 3 values of change of the global temperature
AT for model approaches which are used by the author
in the course of construction of the above algorithm. The
first model ®*” where it is used the average absorption co-
efficient of water molecules and water microdroplets over
the total spectrum, and the average absorption coefficient
of carbon dioxide molecules over oscillations, the second
model ®"** takes the same water parameters and the accu-
rate absorption coefficient is used. In the third model ™"
the accurate absorption coefficient of water molecules on
the basis of HITRAN data base is used, and the altitude
distributions for water molecules and water microdroplets
are taken identical. In the above scheme ™
clouds to be located starting from certain altitudes. The
values of AJ coincide for these four approaches with the
accuracy of 20%.

Note one more peculiarity of Table 3. For first three
models we restrict by the frequency range below 800 cm™
only, because this range gives the main contribution to the
total radiative flux due to CO, molecules. But we convince
subsequently that the range of laser spectral lines above
900cm™ gives the contribution of 30 % to the change of
the radiative flux due to CO, molecules. Therefore we use
in Table 3 the factor 1.3 for results of first three models.

we account for

Table 3. Change of the global temperature at doubling of
the carbon dioxide concentration

Model AT, °C References
1 0.5 129, 30]
2 0.4 [31,32]
3 0.5 [33, 34]
4 0.6 7]

The physical picture of evolution of the global tempera-
ture may be added by NASA monitoring of atmospheric
parameters. Careful measurements of the concentration
of atmospheric CO, molecules in Mauna Loa observatory
(NASA) in Hawaii ">’ show the variation of this value
from 316ppm up to 411ppm starting from 1959 up to now
7% Because this observatory is located far from sources
and absorbers of carbon dioxide, and a time of residence
of a CO, molecule in the atmosphere is (4-5) years, these
measurements may be considered as the global variation
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of the concentration of atmospheric carbon dioxide.

One more parameter of the atmosphere, that characteriz-
es its state as a whole, is the global temperature that is the
temperature of the Earth surface which is averaged both
over time and globe. The problem is that fluctuations of
global temperature at each point of the Earth as a result of
such averaging over time are measured in degrees. How-
ever, it is possible to reduce the fluctuations in the case of
comparison of the temperature differences at the same point
and time of day and season, but in different years, and with
subsequent averaging. This concept ! allows one to reduce
the temperature fluctuations up to (0.1-0.2) K.

The change of the global temperature from 1985 up
to now, where the correlation is observed between the
change of the global temperature AT and the change of

the concentration of atmospheric carbon dioxide, we have
[40-42]

AT =(0.6 £ 0.)K (13)

In spite the temperature evolution for oceans and land,
as well as for the Northern and Southern Hemispheres,
are different !, one can take (13) as the global tempera-
ture change for last 35 years. This leads the change of the
global temperature as a result of doubling of carbon diox-
ide concentration in the real atmosphere "

AT =(2.5 £ 03)K (14)

Comparing this with formula, one can find that the
contribution to the change of the global temperature due
to accumulation of carbon dioxide in the contemporary
atmosphere is approximately 25%.

We also summarize the results of evaluations under
consideration. We represent the algorithm of calculation
of the radiative flux from a weakly nonuniform gaseous
layer toward its surface. This algorithm is used for calcu-
lation the radiative flux from the atmosphere to the Earth’s
surface for the model of standard atmosphere. We use a
local thermodynamic equilibrium for atmospheric air and
its molecular admixtures, as well as clouds which provide
a high optical thickness of the atmosphere and are located
at a certain altitude. In addition, we assume radiation to be
noncoherent, so that the radiative flux at a given frequen-
cy is a sum of fluxes from individual radiators. As a result,
the total radiative flux at a given frequency is expressed
through the radiative temperature of molecular radiators,
the opaque factor for molecules and the effective altitude
of emitting clouds or the radiative temperature of water
microdroplets which constitute clouds. The cloud tem-
perature follows from the requirement that the total radia-
tive flux toward the Earth summarized over frequencies is
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equal to that from the Earth’s energetic balance.

In calculation the molecular radiative parameters, we
combine molecular spectroscopy with information fol-
lowed from HITRAN data base. This algorithm allows us
to determine the partial radiative flux at each frequency
and the contribution of each greenhouse component. The
contribution to the total radiative flux for the real (stan-
dard) atmosphere is 51% due to water molecules, 29% due
to water microdroplets (clouds), 18% due to CO, mole-
cules, and 2% due to CH, and N,O molecules. In addition,
98% of the flux of infrared radiation at wavelengths below
12.5 pm is created by H,O and CO, molecules, whereas
85% of the radiative flux at wavelengths above 12.5 pm is
due to clouds.

If the concentration of atmospheric CO, molecules is
doubled without a change the other atmospheric param-
eters, the change of the radiative flux to the Earth due to
CO, molecules is 7.2 W/m’, whereas the change of the
total radiative flux with accounting for screening fluxes
from other components is 1.3 W/m” that corresponds to
the global temperature change of 0.6 + 0.3 K. Usually
climatological models do not account for the interaction
between greenhouse that leads components to a six times
larger temperature change. One can compare the latter val-
ue with results of NASA programs for the analysis of evo-
lution of the carbon dioxide concentration and the global
temperature. From this it follows that doubling of the con-
centration of atmospheric CO, molecules is accompanied
by the change of the global temperature according to (14).
Thus, in the real atmosphere only a forth part of the global
temperature change occurs due to variation of the con-
centration of CO, molecules results from the greenhouse
effect involving these molecules.

5. Conclusion

In this paper we apply the algorithm "’ for evaluation of
atmospheric radiative fluxes toward the Earth to the prob-
lem of the change of the global temperature as a result
of doubling of carbon dioxide concentration in the atmo-
sphere. This algorithm includes the combination of ther-
modynamics and molecular spectroscopy of atmospheric
air with usage the contemporary data for radiative IR tran-
sitions in molecules from HITRAN data base within the
framework of the line-by-line model, as well as the ener-
getic balance of the Earth and its atmosphere for radiative
fluxes of clouds. Though we apply this algorithm to the
global temperature on the basis of the model of standard
atmosphere, it may be applied to the analysis of radiative
fluxes from a local atmosphere if altitude profiles of the
atmospheric temperature and number densities of green-
house components are known. In this paper we take this

26 Distributed under creative commons license 4.0

algorithm for evaluation of the global temperature due to
doubling of the carbon dioxide amount in the atmosphere.

The main conclusion of the above analysis is the impor-
tance of interaction between greenhouse components (H,O
and CO, molecules, water microdroplets of clouds), since
elementary radiators of the atmosphere are simultaneously
absorbers. Hence, an increase of the amount of one green-
house component which leads to growth of the radiative
flux due to this component, causes simultaneously the
screening for radiation of other components, i.e., the radi-
ative flux owing to other components decreases. This fact
was not taken into account in first studies of this problem
[32628 because of restricted information about radiative tran-
sitions in molecules, though it was discussed *"**.

In particular, the analysis on the basis of information
of fifties 7** gave that overlapping of spectra of H,0 and
CO, molecules leads to a decrease of the global tempera-
ture by 20%. The above evaluations on the basis of infor-
mation from HITRAN data base show that this change is
in 5-6 times. Unfortunately, some climatological codes do
not account for this fact and suggest strongly heightened
values of the change of the global temperature due to an
increasing amount of carbon dioxide in the atmosphere.
Just these values are used in the Paris agreement of 2015
on climate **). We above determine the above change of
the global temperature according to which the greenhouse
effect due to CO, molecules is approximately 25% of the
total change of the global temperature under contempo-
rary atmospheric conditions. As it follows from this, the
basis of the Paris climatic agreements "' is wrong.

It would note indicate the danger of a wide propaganda
about the role of carbon dioxide in the future climate. In
particular, the propaganda of European media in interest
of some financial groups convinces European habitants
that the most danger in futures follows from injection of
carbon dioxide in the atmosphere as a result of combus-
tion of fossil fuels. Indeed, a contemporary increase of
the carbon dioxide amount in the atmosphere is a result
of human activity which changes the carbon equilibrium
between the atmosphere, land and oceans. The careful
investigations are required, as the above NASA programs
for atmospheric carbon dioxide and global temperature,
which allow one to understand a real state of affairs in or-
der to conserve our planet for the man.

References

[17 J. B. J. Fourier. General remarks on the temperatures
of the terrestrial globe and planetary spaces. Annals
of Chemistry and Physics, 1824, 27(136).

[2] J. B. J. Fourier. Memory on the temperatures of the
terrestrial globe and planetary spaces. Memoirs of

DOL: https://doi.org/10.30564/jasr.v2i4.1838



Journal of Atmospheric Science Research | Volume 02 | Issue 04 | October 2019

the Royal Academy of Sciences, 1827, 7(569).

[3] S. Arrhenius. On the Influence of Carbonic Acid in
the Air upon the Temperature of the Ground. Phil.
Mag., 1896, 41(237).

[4] R.T.Pierrehumbert. Principles of Planetary Climate.
New York, Cambr.Univ.Press, 2010.

[5] R.T.Pierrehumbert. Infrared radiation and planetary
temperature. Phys.Today 2011: 35.

[6] W.Zhong, J.D.Haigh. The greenhouse effect and car-
bon dioxide. Weather, 2013, 68(100).

[7] B.M.Smirnov. Infrared Atmospheric Spectroscopy.
Berlin, de Gruyter, 2020.

[8] G.Herzberg. Molecular Spectra and Molecular Struc-
ture. Princeton, Van Nostrand Reinhold, 1945.

[9] L.D.Landau, E. M. Lifshitz. Quantum Mechanics.
Oxford, Pergamon Press, 1965.

[10] I.LE.Gordon, L.S.Rothman, C.Hill et.al. JQSRT, 2017,
203(3).

[11] M. Simeckova, D. Jacquemart, L. S. Rothman et.al.
JQSRT, 2006, 98(130).

[12] http://www.hitran.iao.ru/home

[13] http://www.hitran.org/links

[14] R.M. Goody. Atmospheric Radiation: Theoretical
Basis. London, Oxford Univ.Press, 1964.

[15] U.S. Standard Atmosphere. Washington, U.S. Gov-
ernment Printing Office, 1976.

[16] Ya. B. Zel’dovich, Yu. P. Raizer. Physics of shock
waves and high-temperature hydrodynamic phenom-
ena. New York, Acad.Press, 1966.

[17] B. M. Smirnov. Physics of Weakly Ionized Gases.
Moscow, Mir, 1980.

[18] B. M. Smirnov. Physics of lonized Gases. New York,
Wiley, 2001.

[19] Understanding Climate Change. Washington, Nat.
Acad.Science, 1975.

[20] B. M. Smirnov. Introduction to Plasma Physics.
Moscow, Nauka,1975. (in Russian). English version:
Moscow, Mir, 1977.

[21]J. T. Kiehl, K . E. Trenberth. Bull. Am. Meteorol.
Soc. 1997, 78(197).

[22] K. E. Trenberth, J. T. Fasullo, J. T. Kichl. Bull. Am.
Meteorol. Soc. 2009, 90(311).

Distributed under creative commons license 4.0

[23] G. Kirchho, R. Bunsen. Annals of Physics and Chem-
istry, 1860, 109(275).

[24] M. L. Salby. Physics of the Atmosphere and Climate.
Cambridge, Cambr. Univ. Press, 2012.

[25] Intergovernmental Panel on Climate Change. Nature,
2013, 501(297): 298.
http://www.ipcc.ch/pdf/assessment?report/arS/wgl/
WGIARS-SPM-brochure-en.pdf

[26] G. S. Calendar. Weather, 1949, 4(310).

[27] G. N. Plass. Tellus VIII, 1956, 141.

[28] G. N. Plass, D. I. Fivel. Quant. J. Roy. Met. Soc.
1956, 81(48).

[29] B. M. Smirnov. EPL, 2016, 114(24005).

[30] B. M. Smirnov. Microphysics of Atmospheric Phe-
nomena. Switzerland, Springer Atmospheric Series,
2017.

[31] B. M. Smirnov. JETP, 2018, 126(446).

[32] B. M. Smirnov. J. Phys. D. Appl. Phys. 2018,
51(214004).

[33] V. P. Krainov, B. M. Smirnov. Atomic and Molecular
Radiative Processes. Switzerland,Springer Nature,
2019.

[34] B. M. Smirnov. High Temp. 2019, 57(609).

[35] Ch. D. Keeling. Tellus. 1960, 12(200).

[36] C. D. Keeling, R. B. Bacastow, A. E. Bainbridge
et.al. Tellus, 1976, 28(538).

[37] https://en.wikipedia.org/wiki/Mauna-Loa-Observa-
tory

[38] http://www.esrl.noaa.gov/gmd/ccgg/trends

[39] J. E Hansen, D. Johnson, A. Lacis et al., Science.
1981, 213(957).

[40] J. Hansen, M. Sato, R. Ruedy. Temperature. 2013.
http://www.columbia.edu/ jehl/mail-
ing/2014/20140121

[41] https://en.wikipedia.org/wiki/Global-temperature-re-
cord

[42] https://data.giss.nasa.gov/gistemp

[43] C. Le Quere et. al. Earth Syst. Sci. Data. 2018,
10(2141).

[44] B. M. Smirnov. Physics of Global Atmosphere. Dol-
goprudnyi, Intellect, 2017. (In Russian)

[45] http://unfccc.int/resource/docs/2015/cop21

DOL: https://doi.org/10.30564/jasr.v2i4.1838 27



