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Abstract 

In the last decade fundamental theoretical equations were developed for describing and under-
standing the global average radiative equilibrium state of the Earth-atmosphere system. It is 
shown that using the well-established laws of radiation physics the key climate parameters of the 
planet can be deduced theoretically, from purely astrophysical considerations and some plausible 
assumptions on the material composition of the planetary surface and the structure of the atmos-
phere. It is also shown, that the Earth-atmosphere system is in radiative equilibrium with a theo-
retical solar constant, and all global mean flux density components satisfy the theoretical expec-
tations. The greenhouse effect predicted by the Arrhenius greenhouse theory is inconsistent with 
the existence of this radiative equilibrium. Hence, the CO2 greenhouse effect as used in the current 
global warming hypothesis is impossible. The greenhouse effect itself and the CO2 greenhouse 
effect based global warming hypothesis is a politically motivated dangerous artifact without any 
theoretical or empirical footing. Planet Earth obeys the most fundamental laws of radiation phys-
ics. 
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1. Introduction 

All planets in our solar system are isolated celestial objects orbiting around the Sun. Isolated 
objects can only exchange energy with other objects and the surrounding space environment by 
mains of radiation (Peixoto & Oort (1992) [64], page 104: “all exchange of energy between the 
Earth and outer space is through radiative transfer”). The exchange of shortwave (SW) and in-
frared (IR) − or long-wave (LW) − radiant energy happens through the active planetary surface 
(APS). By definition, APS is the sum of the identifiable clear and cloudy (solid or liquid) surface 
areas which contributes to the exchange of radiant energy with the atmosphere above and, − in 
case of semi-transparent atmospheres − directly with the Sun and the space environment. The 
atmosphere above the APS has its own SW and LW upward contribution to the total radiation 
leaving the planet. 

 

 

 

Correspondence: 
mis-

kolczif@gmail.com 

Vol. 3.3 (2023) 

pp. 232-289 

Klimarealistene  
P.O. Box 33,  
3901 Porsgrunn 
Norway 
ISSN: 2703-9072 



Ferenc Miskolczi: Greenhouse Effect and Climate Change https://doi.org/10.53234/scc202304/05 

 

Science of Climate Change https://scienceofclimatechange.org 

 233 

The APS may receive inward radiation from the full 4 solid angle, and emits and reflects (or 
scatters) radiation into the full 4 solid angle. Planets with semi-transparent condensing green-
house gas (GHG) atmospheres usually have complex multi-layer adaptive APS which must be 
able to configure itself to the planetary radiative equilibrium (RE) state. Some GHGs (CO2, CH4) 
are practically uniformly mixed in the atmosphere, others (H2O, O3) have vertical structures and 
diverse geographical patterns. 

Further on, we shall use the concept of a passive planet. A passive planet has negligible internal 
source of thermal energy (from non-radiative processes) propagating through the APS and the 
atmosphere above and will contribute to the top of the atmosphere (TOA) net radiation. 

Compared to the magnitude of the flux densities involved in the planetary radiative processes, the 
combined effect of the thermal energy released by geothermal flux, tidal friction, plate tectonics, 
surface erosion, volcanism, forest fires, human energy production, or other natural and non-natu-
ral sources is far too small to give a reasonable estimate of their role in the long-term climate 
change, Kandel & Viollier (2005) [1]. 

In this study any power dissipation in the system that is unrelated to the incoming solar radiation 
will be disregarded partly because it cannot be accurately quantified, and partly because later, 
when the observational evidence of their global scale net contributions will be available, it may 
be considered (as part of the net heat conduction, or the net dissipation due to latent heat transfer 
among the geological reservoirs). 

Due to the stochastic dynamical nature of the climate it is impossible to quantitatively decompose 
the thermal structure (and in fact the GHG structure) of the atmosphere showing the individual 
contributions of the processes mentioned above. For example, the 0.06 ‒ 0.086 Wm-2 heat flow 
from the planetary interior in [1] can never be associated with the global mean thermal structure 
or the surface temperature. 

However, one must acknowledge, that the real (empirically observed) atmospheric thermal struc-
ture implicitly involves all the power dissipation in the system independently of the origin. In 
other words, working with real radiosonde data one must be sure, that the nature knows very well 
how to establish the global average thermal structure as the function of the power dissipation from 
any source. For better understanding let us quote the following statement from the Science mag-
azine, Lacis et al. (2010) [13]: 

“Because the solar-thermal energy balance of Earth [at the top of the atmosphere (TOA)] is 
maintained by radiative processes only, and because all the global net advective energy trans-
ports must equal zero, it follows that the global average surface temperature must be determined 
in full by the radiative fluxes arising from the patterns of temperature and absorption of radiation. 
This then is the basic underlying physics that explains the close coupling that exists between TOA 
radiative fluxes, the greenhouse effect, and the global mean surface temperature.” 

From practical point of view working with the concept of a passive planet at the end of the com-
plete flux density simulations the planetary radiative balance will clearly show if there is a need 
for a correction term (attributed to unaccounted power dissipations in the system) to establish the 
Sun-Earth radiative equilibrium. Planets or Moons without atmosphere have limited capabilities 
to regulate their radiative budget and their equilibrium state is not discussed here. In the steady-
state RE (at the TOA of an isolated passive planet) the long term global mean radiation field must 
satisfy the next two requirements: 

• The energy conservation principle dictates that the sum of the reflected and absorbed parts 
 of the effective available (or intercepted) solar flux at the TOA must be equal. 

• According to the flux form of the Kirchhoff law at the TOA the total outgoing LW radiation 
 and the absorbed SW solar radiation must be equal.  
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Expressed in analytic equations we may write: 

 0 4 1/ ( )E A R E B B EF F F F F F       , (1) 

 (1 )A
A E BOLR F F    , (2) 

where 0F is the local solar constant, 0 4/EF F  is the effective available solar flux over a unit area 

on the Earth (at the TOA), AF and RF are the absorbed and reflected SW flux density components 

of EF , /B R EF F  is the Bond albedo (by definition), and AOLR is the total outgoing LW radia-

tion. The ¼ scaling factor of 0F  in (1) converts the intercepted solar flux to flux density available 
over a unit surface area of a planet (or any spherical celestial object). Such a planet will obey the 
energy and momentum conservation principles of the radiation field in its simplest form where 
all planetary LW flux density components are scaled with the solar luminosity. These are the top-
level constraints imposed on the radiation field of the Sun-planet system, and assures, that an 
isolated passive planet cannot change the local solar constant. Obviously, such a planet is an ab-
straction, but observations show that it is not an unrealistic one.  

It is quite reasonable to assume that after the formation and during the billions of years of plane-
tary evolution planets have always sufficient time to maintain the average quasi-static state of the 
Chandrasekhar-type radiative equilibrium (CRE), Chandrasekhar (1960) [2], page 200. Equa-
tions (1,2) are not a kind of wish-list, they are the direct consequences of the energy and momen-
tum conservation, energy minimum (or entropy maximum) principles of nature. 

Climate change (the observed, as opposed to declared) are to be investigated either as a conse-
quence of mere fluctuations between regions (which upsets at localities what was earlier regarded 
as normal) or due to external perturbations of the total energy input to the Earth-atmosphere sys-
tem. Here climate change will be regarded as deviations of the basic (radiative and thermody-
namic) global mean climate parameters from their long-term average value, due to possible inter-
nal (natural or random) fluctuations, or external perturbations of the total energy input to the 
Earth-atmosphere system (through the upper and lower boundaries). Internal fluctuations are due 
to the chaotic nature of the dissipative dynamic climate system, and they do not alter the long-
term radiative balance. Regarding the large variety of time scales of the possible internal fluctua-
tions and external perturbations that may occur one has to be careful with selecting the length of 
a characteristic averaging time interval, over which the radiative equilibrium is established, Scaf-
etta (2010) [3], Scafetta et al. (2018) [51].  

In Figure 1 the exponential increase of the atmospheric CO2 concentration in the last 75 years is 
an empirical fact, Andrews (2023) [6]. However, it is an open question how these changes in the 
GHG content of the atmosphere may alter the radiative equilibrium state of the planet, i.e. the 
validity of (1,2). The light blue regression function was established between the time differences 
from the reference year of 1948 and the Mauna Loa 63 annual mean data between 1959 and 2021. 
Although the relationship between the thermal history of the Earth and the composition of the 
atmosphere on evolutionary time scale is an interesting subject, the man-made CO2 greenhouse 
problem is only relevant to the last century.  

Planets with large amount of latent heat storage (in geological reservoirs) may moderate the in-
ternal and external fluctuations by phase pinning (Maxwell rule). In the Earth's atmosphere the 
water vapor (WV) is the only condensing GHG, therefore the triple point temperature (we call it 

phase temperature) of the H2O at 273.16Pt  K (0 oC) has a unique role in the climate system. 

Notice, that in the Kelvin scale the reference temperature 273.16ZEROt  oC, that is, Pt in K practi-

cally equal to ZEROt in  oC.  
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The purpose of this paper is to answer two greenhouse effect related fundamental questions: 

• Do greenhouse gas theories contradict energy balance equations?  

• Is the proposed greenhouse effect due to anthropogenic carbon dioxide emissions supported 
by observed atmospheric thermal and humidity structures and global scale simulations of the 
infrared absorption properties of the Earth's atmosphere?  

In 2017 these two questions were explicitly raised by the Supreme Court of British Columbia in 
the libel cases of Michael Mann vs. Timothy Ball and Andrew Waver vs. Timothy Ball. This 
paper was built on the testimony presented to the Court in the above cases, Miskolczi (2016) [4]. 
Further on we shall also address some problems of recent global radiative budget schemes and 
present a realistic planetary radiative budget by establishing new theoretical approach to the 
greenhouse effect.  

We also wish to demonstrate that the theoretical expectations are fully consistent with the obser-
vations. The special orbit of the Earth, the unique GHG composition of the atmosphere, the huge 
amount of water (in all three phases), the partial cloud cover, and the existence of the biosphere 
make our planet a very distinguished member of the solar system. Although the general constraint 
of the energy conservation principle (1) and Kirchhoff law (2) is valid for any isolated passive 
celestial object, other planets or moons have entirely different physical environments therefore, 
we shall not discuss (in details) the relevance of our new greenhouse effect related theoretical 
considerations here.  

Figure 1: Time dependence of the CO2 volume mixing ratio in the last 75 years. Our empirical 
exponential fit was based on the publicly available numerical annual mean data in the NOAA 
NCEP/NCAR Reanalysis data time series. The origin of the observed ~35 % increase is not yet 
identified. The Mauna Loa weekly data shows significant seasonal fluctuation, probably related 
to the seasonal changes of the SW radiation input.  
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In what follows, we shall introduce some definitions and present observed empirical facts on the 
radiative structure of the Earth-atmosphere system (section 2); discuss the methodology of the 
greenhouse effect validations (section 3); present relevant recently developed radiative transfer 
background information (section 4); summarize the new results (section 5); and state the conclu-
sions (section 6).   

In the Appendix the Planck radiation laws and the new (theoretical) law of radiation-temperature 
duality ‒ a relationship between the flux density and temperature ‒ are discussed in some detail. 

2. Greenhouse gas theories and radiative balance equations 

Although the use of the radiative greenhouse effect (GE) terminology associated with the Earth’s 
climate goes back about two centuries, the physically meaningful definition, and the structured 
theoretical foundation of the planetary GHG GE is still missing. 

The root of the problem is in the difficulties of characterizing the planetary climate with a single, 
properly chosen (scalar) physical quantity. It is no wonder, that humans living on the Earth’s 
surface are very much interested in the average surface temperature of their immediate environ-
ment. The variability of ground surface temperature on different time scales and geographical 
locations affect people's every day’s life. 

In case of the local thermodynamic equilibrium (LTE), the isotropic source function at the lower 
boundary of the atmosphere and the isotropic upward flux density from a perfectly black surface 
(in direct contact with the atmosphere above) are equal, Mihalas & Mihalas (1984) [48], page 
328. Accordingly, there is no discontinuity or jump in the temperature at surface, and the bound-

ary layer can be characterized with a single radiative temperature St from the source function, 
Manabe & Wetherald (1967) [5], Van Wijngaarden & Happer (2020) [57]. 

The extrapolation of the average local or regional surface temperature to global scale and longer 
periods of time leads to the concepts of global climate change, and ultimately to the CO2 related 
anthropogenic global warming (AGW). We believe the temporal and areal averages of any single 
physical quantity should be meaningful. However, in the greenhouse effect literature one may 
find articles stating (without proof) that the assumption of uniform temperature for the whole 
global surface is inadequate, le Pair & de Lange (2022) [7], Kramm & Dlugi (2011) [8]. 

2.1 Definitions of basic greenhouse parameters 

In climate science the GHG GE is arbitrarily defined as the At temperature difference between 

the ground surface radiative temperature St and the planetary SW absorption temperature At : 

 A S At t t   , (3) 

where 1/4( / )A At F  , 1/4( / )S Ut S  , US is the isotropic ground surface upward flux density, and 
85.6699833 10   Wm-2K-4 is our adopted Stefan-Boltzmann (SB) constant. Unless specified 

otherwise, all physical constants were taken from the National Institute of Standards and Tech-
nology (NIST), Mohr et al. (2007) [9]. Using the SB law, any flux density may be converted to 
equivalent blackbody temperature (EBT), which facilitates the convenient comparison of temper-
atures (instead of fluxes) without referencing to any real radiating surface. Associated with the 

local solar constant, it is customary to define the 1/4
0 0( / ) 394.117t F   K effective temperature 

which is the EBT for our adopted 0 1367.95F  Wm-2 solar constant, (see paragraph 4.2). In addi-

tion to (3), GE may also be expressed by the greenhouse factor AG , which is the difference of the 
respective flux densities from the SB law: 
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 4 4
A S A U AG t t S F     . (4) 

Raval & Ramanathan (1989) [10] introduced the normalized greenhouse factor which is the ratio 

of AG to US :  

 ( ) /A U A Ug S F S  . (5) 

For real − not perfectly black  − ground surfaces one may also define a Gt hypothetical EBT via 

the 4 4
B G B G S US t t S      equation, where B is the LW flux emissivity. Perfectly black surfaces 

will have B  equal to 1.0 , G St t , and U GS S . Here GS is the surface upward blackbody radiation 
associated with the change of thermal energy due to processes of non-radiative origin (evapora-
tion, condensation, sublimation, heat conduction, etc.). 

Apparently, AF from (2) depends only on the long term means of 0F , and B . Therefore, At may be 
written as: 

 1/4 1/4
0((1 ) / ) ((1 ) / (4 ))A B E Bt F F       . (6) 

Since in (6) At does not depend on the LW absorption and emission properties of the system, the 

arbitrarily defined At , AG , and Ag  cannot be related to the GHG content of the atmosphere. 

They are only dependent on the choice of  the global mean St , consequently, the planetary green-
house effect is not a GHG dependent observed global radiative phenomenon. 

In astrophysics textbooks the APSt  effective (equivalent)  planetary surface temperature of the 

APS used to be defined by the SB law and the EF effective available SW solar flux. APSt may be 
expressed with different astronomical quantities, Ahren (2004) [11]: 

 1/4 1/2 1/4 1/2 1/4
0 0( / ( )) / (2 ) ( / ( )) / (2 ) ( / )APS E SUN E Et L d E A d F     , (7) 

where 0L is the solar luminosity, 0Eis the solar surface emission, Ed is the semi-major axis of the 

Earth's orbit, 2
04SUNA r is the solar surface area, and 0r is the solar radius. The right side of (7) 

is the definition of APSt by the EF effective available solar flux, as it was given in (1). Using RFone 

may also define the Rt equivalent reflection temperature by the SB law: 1/4( / )R Rt F  . Similarly 

to the definitions of the climatological At , AG , and Ag , the APS and reflection greenhouse pa-
rameters are: 

 APS S APSt t t   ,   4 4
APS S APSG t t   ,   /APS APS Ug G S , (8) 

and 

 R S Rt t t   ,   4 4
R S RG t t   ,    /R R Ug G S . (9) 

The important fact is that At and AG in (3,4) are constrained by the conservation principles of radi-
ation energy and momentum, and by the SB law: 

 A APS RG G F  , 4 4 1/4( )A APS Rt t t  . (10) 

These constraints tell us that At  is not a free parameter, but the sole function of 0F , and B . Based 

on (2) AF and AOLR  must be equal, which implies the ( , )A A
A UF OLR S  functional relationship. 

Here   is the flux optical thickness representing the all-sky LW absorption properties of a global 
average atmospheric air column, computed from the all-sky global average atmospheric structure. 
This quantity can only be accessed by extremely complex radiative transfer (RT) computations. 
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Since in definition (3) 1/4( / )S Ut S  is the ground surface radiative temperature, the assumed 
equilibrium relationship is:  

 0( , ) ( , )A
A B UF F OLR S  , (11) 

which obviously violates the (1,2) RE conditions. That is, keeping the left-hand side of (11) con-

stant (no change in 0F and B ) the reduced AOLR (due to increased GHG) cannot be restored to 

the original value simply by adjusting US , without adding thermal energy to the system (from 
somewhere). Remember, that the APS of a planet with condensing GHGs (clouds) is the sum of 
the clear and cloudy areas, which is a physically (and practically) identifiable mixture of solid 

and liquid surfaces. Applying definitions (3-5) for the whole planet, US must be the A
US (scaled to 

the TOA), and AOLR must be the all-sky TOA LW radiation. 

 It is well known from mathematics that (11) type of equations hold only if the left and right sides 
are independent identical constants. The fate of the terrestrial greenhouse effect entirely depends 
on the existence of the long term radiative equilibrium state of the Earth. If the radiative equilib-
rium (independently of the GHG content) holds, then the GHG greenhouse effect does not exist, 
and definitions (3-5) are artifacts. Since the ground surface temperature is governed by CRE state 
of the planet, from the point of view of the CO2 based AGW, the (3-5) GE parameters may be 
calculated, but they are useless, and physically meaningless quantities. 

To determine At one needs to know St , 0F , B , and AOLR . All these quantities can routinely 
be measured by ground based and satellite observing systems. The most quoted textbook data of 

St , 0F , B , and AOLR are: 288 K, 1368 Wm-2, 0.3, and 239 Wm-2, subsequently, Schmidt et al. 
(2010) [12], Lacis et al. (2010) [13]. These numerical data show that the greenhouse temperature, 
and the flux density differences are about 33 K, and 151 Wm-2. In this example the planetary RE 
condition is explicitly assumed, and no surprise that the imbalance at the TOA is close to zero.  

There are several problems with the estimates above. It should be known that the assumed 288 K 
surface temperature is not an empirically measured quantity, but it is based on an international 
agreement dated back to 1924, (International Commission for Air Navigation, NOAA (1976) 
[14], therefore the real meaning of the 33 K is questionable. In fact, there is no standard, widely 
accepted definition of an empirically verified global mean surface temperature. Another serious  

mistake is the simultaneous use of At and AOLR with St and ground surface upward flux US . Be-

cause of the permanent presence of the global average cloud cover, the radiation field of US and 
AOLR are decoupled. Physically meaningful GHG GE may only be defined for clear-sky condi-

tions, that is, GHG GE only exists over clear and above-cloud air columns, or perhaps above the 

whole APS, [10]. For the fluxes from the whole APS, (and similarly for APSt ), one cannot assign 
a definite physical altitude, but using the known source function profile, an effective altitude 
maybe attributed by the SB law. 

The spectral aspects of the greenhouse effect are presented in Figure 2. In this simplified view the 
Planck equivalent blackbody spectral flux densities (EBFs) are plotted for the assumed 288 K 
surface temperature (green curve) and the 255 K SW absorption temperatures (red curve). Notice 
that in the wavenumber domain the areas under each curve are proportional with the spectrally 

integrated flux densities. The 288 255 33At    K and 151A U AG S F   Wm-2 quantities are 
just arbitrary definitions used by the climatologists to indicate that the surface emits more IR 
radiation than the absorbed SW solar radiation. The light blue curve of the ,AG  spectral green-

house factor is the EBF at 1/4 1/4( / ) (( ) / ) 227A U At G S F     K temperature. 
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According to the conservation of radiative energy the area under ,AG  must be equal to the dark 

blue shaded area, that is, 4 4 4 151s A At t G t      Wm-2. Since ,AG  does not depend on any 

GHG absorption, therefore the statement that the 33At  K is caused by the GHG absorption is 
not justified. The signatures of the spectral absorption of any GHG are not present in this figure. 
Although the maximum of the spectral greenhouse factor is close to the center of a strong CO2 IR 
absorption band (black dot on the light blue curve), this figure does not have any useful infor-
mation on the relationship between the surface temperature and the amount of the GHGs. 

 

 

2.2 Violation of the energy conservation principle 

Beside the empirical knowledge of the material composition of an average atmospheric structure, 
RT computation of the GE requires a theoretically founded functional relationship between the 

clear-sky US , OLR , and the amount of atmospheric GHGs. All of the different GHG column 
amounts must be explicitly and simultaneously involved in the computations of flux transmit-
tance, absorption, and optical thickness of a semi-transparent global average air column. 

Here we define some frequently used RT quantities and relationships. Trivially, U T AS S A   

where TS and AA are the transmitted and absorbed part of US . The flux transmittanceT , flux ab-

sorption A , and flux optical thickness are defined as: /T UT S S , ( ) /U T UA S S S  , and

ln(S / )T US  . Further on, parameters referenced to the air column above an optional cloud-
top are marked by an upper index 'c ' . 

Figure 2: Spectral greenhouse effect. The curves are the Planck spectral flux density distributions 
belonging to the equivalent blackbody temperatures. In this view the ground surface is assumed 
to be perfectly black, . 
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In the classic radiative transfer and greenhouse effect  literature a general ( , )UOLR S  function for 
semi-transparent planetary atmospheres does not exist. The first published relationship of this 
kind appeared about 20 years ago in Miskolczi & Mlynczak (2004) [15]. Later it was shown with 

sufficient mathematical rigor that the clear-sky OLR and the surface upward LW radiation US in 
clear-sky radiative equilibrium are related by the next analytical equations:   

 
2

( )
1 exp( )U UOLR S f S

 
 

  
, (12) 

where ( )f  is the newly introduced transfer function (and, by definition, ( ) 1 ( )g f   is the 
greenhouse function), Miskolczi, (2007) [16]. The theoretical derivation of (12) was the missing 
link, which − through the transfer function and flux optical thickness − connects the surface tem-
perature to the GHG content of the atmosphere. Here we should note, that in practice (12) is not 
a general requirement for an atmospheric air column. The instantaneous local or global mean 
atmospheric structures may or may not be in exact radiative balance. However, a realistic time-
averaged structure should have a close to the planetary equilibrium value, which is the solution 

of the / ( )U E EOLR S f f   equation. As an example, for the global average TIGR2 (GAT) 

atmosphere (Scott (2009) [31]) : 1.8691  , 1.8602E  , (they are close). For the US Standard 

Atmosphere 1976 (USST76) atmosphere (NOAA, 1976 [14]): 1.5092   and 1.8672E  , and, 
evidently, the USST76 structure is badly out of radiative balance, and should not be used in ra-
diative budget studies. Similarly to (12), the radiative equilibrium requirement above the cloud 
top is: 

 
2

( )
1 exp( )

C C C C C
U U C C

OLR S f S
 

 
  

, (13) 

where C
US  is the upward flux from the cloud top, C is the flux optical thickness of the air column 

above the cloud top. While (12) is closely satisfied for the clear-sky portion of the atmosphere, 
(13) does not hold, indicating that the radiative structure above the cloud top is affected by other 

dynamical processes. In particular, instead of (13) the C
A DOLR OLR A E    equation holds, 

where AA is the absorbed isotropic surface upward flux and DE is the anisotropic downward flux 
from the clear atmosphere. For more details on the theoretical RT functions see paragraph 3.3. 
We shall see later, that the radiative equilibrium condition above the cloud top may be expressed 

by the C C
DOLR E  relationship, where C

DE  is the atmospheric downward flux density arriving at 
the cloud top. As we have already mentioned, in the stochastic dissipative climate system locally 

and regionally the RE is not a constraint, and US in (12) can take any value. However, for an 
isolated planet, and on global scale the radiative equilibrium is a strict constraint. For planets with 

partial cloud cover − instead of (11) − the correct relationship between 
AOLR  and AF  must have 

the functional form of 

 0( , , , ) ( , )A C
U U A BOLR S S F F   , (14) 

where  is the cloud cover, ( )C C C
U US S h is the upward flux density from the cloud top, and Ch is 

the equilibrium cloud top altitude. Evidently B will also depend on the cloud cover and cloud 

altitude: ( , )C
B B h   . Shortly, the practical derivation of the equilibrium cloud cover is based 

on the empirical fact that the clear air column above a characteristic Ch is in a special dynamical 

equilibrium which assures the C C
DOLR E equality (black circle, shown in Figure 6).  The cloud 

top at this altitude is in thermal and radiative equilibrium with the local source function. More 
detail is given in paragraph 4.4, or in Miskolczi (2014) [17]. 
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The principle of the conservation of the radiant energy dictates that the true all-sky TOA AOLR
must be a strictly linear function of the cloud cover, it has to be the weighted sum of the clear-sky
OLR and cloudy sky COLR by the fractional clear and cloudy areas of the APS: 

((1 )A COLR sc OLR OLR    , (15) 

where sc is a spherical correction factor, necessary for the conversion of the fluxes from any ref-
erence altitude to TOA fluxes. Similar equation holds for the upward flux from the APS: 

((1 )A C
U U US sc S S    . (16) 

From (16) immediately follows the analytical relationship between the St ground surface radiative

temperature, and the 0F , sc ,  , and C
US  parameters: 

1/4
0(( / (4 ) ) / (1 ) / )C

S Ut F sc S     . (17) 

Obviously St in (17) does not depend directly on any amount of non-condensing GHGs. In a two-

level radiating system (cloud-free surface and cloud top) the At , AG , and Ag  can never be di-
rectly associated with the GHG content of the atmosphere. So far GE theories are not capable to 

predict a-priori the observed equilibrium St . The reason is that the definition (3) completely ig-
nores the radiative effect of the cloud cover, and consequently, the radiative constraint on depend-

ence of C
US  on the GHGs cannot be asked. Ignoring the radiative balance requirements represented

by (12-17), discussion on the GE and the related global climate change does not have much merit. 

Without any theoretical or experimental proofs, in the GE literature At  is simply attributed to the
absorption and re-emission of the surface upward radiation by the IR active atmospheric gases. 
In 1896 Svante Arrhenius put forward the question:  

“Is the mean temperature of the ground in any way influenced by the presence of heat-absorbing 
gases in the atmosphere?”, 

and he tried to quantify the effect of the CO2 and associate it with the ice-ages in the planetary 
climate history, Arrhenius (1896) [18]. The official − Intergovernmental Panel on Climate 
Change (IPCC) approved − CO2 greenhouse effect hypothesis states that: 

increasing CO2 content of the atmosphere will increase the absorbed upwelling LW radiation 
from the surface, will reduce the outgoing LW radiation, and will increase the downward LW 
radiation received by the surface. As a result, the surface will warm up until the top of the atmos-
phere radiative balance is restored, 

Pierrehumbert (2011) [19], Lindzen (2007) [20], Nurse & Cicerone (2014) [21], Smith (2008) 
[22]. Of course, this is not a greenhouse theory but an unproven hypothesis which poses deliberate 
constraint on the atmospheric response to increased GHG content. 

The key information badly missing here are the theoretical radiation laws governing the radiation 
climate and the long time theoretical and empirical RE state of the atmosphere. To talk about 
planetary GE is not smart without having the slightest idea of both the governing theoretical 
constraints, and the quasi-static equilibrium state of the system. In this article we shall not waste 
the time to critically evaluate the tons of supporting literature of the (climate model based) 
AGW theory, we shall quote only some (frequently referenced) representative examples from 
the well-known, world famous radiative transfer giants mentioned above.  

Climate modelers generally assume a hypothetical positive feedback process which amplifies the 
initial warming: higher surface and atmospheric temperatures will increase the water vapor con-
tent of the atmosphere, and the increased water vapor absorption will further increase the warming 
effect.  
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Since the magnitude and quantitative constraint of this effect is unknown, global climate models 
(GCMs) are stabilized with diverse ad-hoc H2O feedback parameterizations, aimed to fit model 
outputs to some expected climate scenarios, to real world empirical data, or just to set a desired 
(acceptable) GHG climate sensitivity. 

The unphysical assumption of positive feedback (known as the Simpson paradox) stems from the 
Schwarzschild solution of the RE state in stellar atmospheres, which predicts unconstrained tem-
perature grows with increasing optical depth, see for example Schwarzschild (1906) [23] (page 
28, equation 11), or in the semi-gray treatment of the runaway GE in Shaviv (2012) [37]. The 
Schwarzschild solution also predicts a large (never observed) surface temperature jump at the 
lower boundary, and at the small optical thickness limit it violates the law of conservation of 
radiant energy (an airless planet should have a surface radiative temperature equal to the temper-
ature of the APS). 

3. Quantitative validation of the CO2 greenhouse effect 

There is an on-going debate on the origin and the cause of the increase in the atmospheric CO2 
concentration shown in Figure 1. Several publications suggesting that most of the sources of the 
atmospheric CO2 are unrelated to human activity, Harde (2019) [62]; Berry (2021) [63]. Recent 
estimate of the man-made contribution to the observed ~35 % changes is only about 6 %, Poyet 
(2022) [24]. From our point of view this problem is irrelevant, and in fact we try to focus on the 
real problem of establishing the theoretical relationships between the atmospheric GHG content 
and the surface radiative temperature. It is not our purpose discuss the GE definition of (3) and 

the pretty much useless 33At   K temperature difference. To properly attribute the increase of 
GHGs to the AGW hypothesis one needs a sound physical theory, and one has to relay on relevant 
empirical facts for validation. 

3.1. The global mean picture 

The practical approach to the validation effort is to collect long term geographically diverse global 
radiosonde data sets containing information about the state of the surface and the atmosphere and 
perform high quality radiative transfer computations to obtain the true long time global average 
radiative structure of the system. Once the reliable global mean flux density components of the 
system are known, then the simple task is to compare the global mean observed surface tempera-

ture to the predicted one by the RT theory, that is, by validating the key parameters ( St , 0F , sc , 

 , and C
US  ) in (17). 

The first obvious requirement to conduct such studies are the availability of global scale primary 
radiosonde observations. Readily available sources of the vertical temperature, water vapor and 
ozone structures are the world climate data centers and the national meteorological data archives. 
In our validation efforts we frequently used the following radiosonde data sets: two archives − 
known as TIGR2 and TIGR2000 sets − of global radiosonde observations between 1976 and 1989, 
Scott (2009) [31]; 61 annual global mean soundings for years 1948-2008 from the NOAA-R1 
archive National Oceanic and Atmospheric Administration (NOAA) NCEP (2012) [32]; one full 
year of high resolution (6 second) morning and evening soundings from the former NOAA testing 
facility in Sterling Virginia (NOAA-S). Several simulations were also performed for the different 
versions of the USST76 atmosphere, and for some research grade (1 second) soundings from 
special locations and purposes. Raw radiosonde observations in their original structures are not 
suitable for direct radiative transfer computations. They must be cleaned of any thermodynamical 
inconsistencies, sensor errors, and the altitude levels should be optimized for the purpose of the 
particular applications. In Figure 3 a radiosonde observation from Barrow (Alaska) is shown with 
cleaned and re-layered structure needed for flux density computations. 
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In Figure 4 comparisons of the thermal and water vapor structures of the GAT [31], and the 
USST76 atmospheres are presented. Both of them are frequently used in radiative budget studies. 
Compared to the USST76 atmosphere the significant differences in the vertical temperature and 
H2O structures are obvious. It is not shown here, but the GAT vertical ozone structure and the 
global mean column amount of ozone are also different, the USST76 ozone amount is about 10 
% higher. 

Notice that the USST76 tropospheric lapse rate is much higher, the isothermal stratosphere does 
not exist, and the H2O column amount is about half of the global average. Unfortunately, on the 
top of the inherent uncertainties, global climatological data sets are also subject to deliberate data 
manipulations, therefore extreme care is needed to identify a suitable clean archive.  

The second obvious requirement is adequate high quality RT software. It must be quite clear that 
the accuracy of a research line-by-line (LBL) RT code should not be restricted by speed require-
ments, vertical resolution, or absorption band selections common in radiative transfer modules in 
climate models. Our choice was the High-resolution Atmospheric Radiative Transfer Code 
(HARTCODE) which was explicitly developed for extreme numerical accuracy, Miskolczi 
(1989) [25], Rizzi et al. (2002) [26]. 

 Test computations show that HARTCODE adequately responds to extremely small changes of 
the most important input parameters, for example, 1.0 ppm increase in the CO2 volume mixing 
ratio, Miskolczi (2010) [27]. Routine comparisons of RT codes from different authors and their 
empirical validations may be found in Kratz et al. (2005) [28], and Saunders et al. (2007) [29]. 

Figure 3: Radiosonde observation taken at Barrow (Alaska). The raw data has to be re-shaped to 
make it suitable for RT computations. The 140 exponentially spaced gray lines are the levels where 
the RT code computes the upward and downward fluxes. Between the lines the atmosphere 
assumed to be homogeneous.  
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Further unique features of HARTCODE are the strict preservation of the monochromatic Beer-
Lambert law, the Helmholtz reciprocity principle, and the spherical refractive computation of the 
directional transmittances through every optical path segment. The spectroscopic details of the IR 
flux transmittance and optical depth computations are presented in Miskolczi (2011) [30], and in 
[17].  

Befor using an RT software designed for directional radiance computations several other test 
requirements shoud be met. Such requirements are routinly checked through international 
validation campaigns. The ultimate test is the empirical proof, that under controlled experiments 
the simulated directional spectral radiances agree with satellite and ground based observations.  

The Helmholtz reciprocity principle is demonstrated for vertical and horizontal viewing geome-
tries in Figure 5. It is essential to observe this principle when computing hemispheric transmit-
tances from directional path transmittances. Any RT code is supposed to be able to compute the 
same directional path transmittance for the reverse trajectory (independently of the viewing ge-
ometry). 

 3.2. Flux density components 

To gain knowledge of the radiative structure of the atmosphere first, we need to compute the 
vertical distribution of all the upward and downward flux density components of a cloud-free air 
column for altitudes of sufficient vertical resolution. 

Figure 4: Comparisons of the vertical thermal and humidity profiles of the global average TIGR2 
(GAT) and theUSST76 atmospheres. Thin gray lines are the individual radiosonde data as it was 
observed by the TIGR2 global radiosonde archive. One has to notice the significant differences 
between the averages in both the thermal and humidity profiles  (blue and red lines). Such 
differences adversely affect the flux density simulations. 
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In vertically inhomogeneous atmosphere showing cylindrical symmetry flux density computa-
tions at any altitude (depending on the vertical discretization shown in Figure 3) require angular 
integration of the path radiances over both the upper and lower hemispheres, and also the altitude 
integration (both upward and downward direction) of the parts of the atmosphere above and below 
the given altitudes.  

Such computations are presented for the GAT atmospheric structure in Figure 6. Here it is as-
sumed, that at any z altitude a solid or liquid surface discontinuity (cloud layer) is present, emitting 
isotropic radiation according to the local source function (pink line). The continuous lines are the 

upward and downward boundary fluxes from the regions bounded by z km and 70TOPz   km, 
(these fluxes are marked in black letters in the legend). The dashed lines are the upward and 
downward boundary fluxes from the regions bounded by 0z  km and z km (these fluxes are 
marked in red letters at the top of the figure). The upper thin (light blue) horizontal line indicates 

the altitude where the source function ( )US z  (pink curve) is equal to the ( )OLR z (black curve). 

The lower horizontal line indicates the altitude where (z)UE and ( )DE z are equal. The small black 

circle at about 1.92Ch  km altitude marks the interception of the ( )OLR z and ( )DE z functions 

where ( ) ( )C C
DOLR h E h . At this Ch  the global average cloud cover could be in radiative equi-

librium with the COLR , and in thermal equilibrium with the local source function C
US . Of course, 

the accurate Ch cannot be determined graphically from this figure. In section 4.4 the quantitative 

procedure of the computation of the accurate Ch , B , and C
US is discussed.  

Figure 5: Helmholtz reciprocity principle requires the equal line of sight optical thickness (and path 
transmittance) for every slanted atmospheric optical paths. In this test vertical and horizontal view-
ing were considered. High resolution HARTCODE spectral optical thickness computations perfectly 
reproduce the principle. Note that the Helmholtz principle is not valid for spherically integrated 
(hemispheric) flux optical thickness. 
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There are many other interceptions of the flux curves which may increase the degree of freedom 
of the system’s response to establish its overall radiative equilibrium. The numerical details of 
the (surface referenced) flux components of the whole clear air column and the two segments of 

the same air column divided by the
Ch altitude is shown in Figure 7. This figure shows the very 

first result which revealed some numerical relationships relevant to the global average radiative 

flux and cloud structure. At Ch altitude the source function is  ( ) 333.82C C
U US S h  Wm-2 and a 

global average cloud layer at this altitude should be in radiative equilibrium with

240.142C C
DE OLR  Wm-2. It is also shown, that the C

AA absorbed part of C
US (in the blue region) 

can only leave the system as the clear-sky OLR .  

Radiosonde observations show that 286.06St  K and the physically meaningful (surface refer-

enced) t  clear-sky greenhouse effect and theGgreenhouse factor are: 27.9t  K, and 

127.9UG S OLR   Wm-2. The greenhouse effect over the cloud cover is somewhat smaller: 

21.89Ct  K, and 93.68C C C
UG S OLR   Wm-2.  

We have seen that  the average planetary radiation climate − as a set of scalar climate radiation 
parameters − assumes an extensive global average cloud cover , at a characteristic global aver-

age cloud altitude Ch , which breaks up the planetary radiation field into three (not necessarily 
continuous) major regions.  

Figure 6: Layer boundary fluxes for the GAT atmosphere. Solid lines are the cumulative upward 
and downward layer contributions from the regions bounded by the TOA and a given altitude . 
Dashed lines are the cumulative layer contributions from the regions bounded by the surface and 
a given altitude  . 
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In Figure 8 the SW and IR as well as the clear and cloudy flux density components are summa-
rized. Here the definitions and the flux density components of interest are displayed together with 
their numerical value in Wm-2. This figure is based on Figure 7, but here the flux density compo-
nents are weighted with the cloud cover, and the LW TOA fluxes are referenced to 70 km. altitude. 

(For example to obtain correct clear-sky transmitted LW flux at the TOA the TS  in Figure 7 must 
be multiplied by the (1 )  clear-sky fraction and the sc  spherical correction: 
58.57(1 0.6618)0.9789 19.39  Wm-2.) 

The SW components ( 0F and EF ) are in the top line. In the second line EF is partitioned by the 

Bond albedo into AF absorbed, and RF reflected parts. In the third line they are further partitioned 

to clear ( F and R ) and cloudy ( CF and CR ) components. Remember, that the Bond albedo is not 
the true reflection properties of the sunlit side of the planet, but ‒ as the ratio of the reflected and 
absorbed parts of the incoming SW radiation ‒ it is the characteristic of the planetary radiation 
budget. For further partition of the reflected components into surface and atmospheric origin one 
must deal with the diurnal cycle and multiple scattering problems, which is not an easy task, and 
for our purpose it is not needed. After depositing the momentum in the system anywhere, even-
tually, all scattered SW radiation will leave the system. GE by definition is a LW radiative phe-
nomenon, and more important for us the knowledge of the accurate IR flux density components, 
which can be directly related to the surface temperature and the TOA net LW flux. It should be 
emphasized, that this view is not a kind of simplified model, the LW flux density arrows are real 
global mean fluxes of the GAT atmosphere, they were derived by LBL simulations using first 
principles, without any assumptions on the thermal structure and the radiation field. Even the 
choices of  and Ch were based on empirical facts shown in Figure 6. 

Figure 7: Boundary upward and downward fluxes in the whole average clear air column (red), 
in the above  km altitude (blue) and in the below  (green) vertical regions. Without 
the accurate knowledge of the cloud cover the full global mean radiative structure cannot be 
established.  
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The IR flux density components are in and around the colored areas at the lower part of the fig-

ure. TOA fluxes are referenced to 70TOPz   km altitude; all other fluxes are referenced to the 
ground surface. The flux absorption of an air column between 70 and 120 km altitudes is less 
than 0.0005, therefore the flux density contribution from above 70 km is negligible. The numer-
ical accuracy of the flux density components are five significant digits. 

The downward upper boundary fluxes at the clear, and above cloud regions are zero. As it was 
already mentioned, surface fluxes may be referenced to the TOA by applying a spherical correc-

tion: 2 2/ ( )E E TOPsc R R z  , where 36371 10ER   m is the volumetric radius of the Earth. Due to 

refraction, the accurate computation of sc is far more complex and results in an 0.978918sc
(0.0547 % larger) value, which corresponds to an effective altitude of 68.236 km. 

In cloud-free areas the ground surface (having a global average radiative temperature St ) and the 
semi-transparent atmosphere (with an average GHG and thermal structure) above can directly and 
freely cool to space. The same is true above an average planetary cloud cover, but with different 
lower boundary conditions. 

The cloud top and cloud bottom altitudes are stochastic variables, the global means of them were 
set to the same 1.9166 km altitude. Of course, this does not mean that the average cloud cover has 
zero geometrical thickness. 

Figure 8: All-sky SW and LW radiative flux components (Wm-2). The red, blue and green 
regions represent the sum of the clear, above cloud and below cloud portions (spherical 
shell sectors) of the atmosphere. The equations in the middle show that the solar con-
stant obtained  from the SW and LW flux components agree, therefore the Chandrasek-
har-type radiative equilibrium state of the planet is empirically proven. 
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Remember, the combined lower boundaries of the red and blue areas constitute the APS. From 
the green area (below the cloud cover) the IR radiation cannot escape (to the atmosphere above 
the cloud cover, or to the space), and cannot contribute directly to the planetary RE. 

Among the flux density components the following trivial relationships must hold (by definitions):

T UOLR S E  , C C C
T UOLR S E  , Cu Cu Cu

T UOLR S E  , and Cd Cd Cd
T UOLR S E  . HereOLR is the 

clear sky, COLR is the cloudy sky, CuOLR and CdOLR are the upward and downward LW boundary 
fluxes below the cloud layer, respectively.  

The equilibrium equation (in a red box in the middle of Figure 8)  shows that the CRE state of the 

planet holds, the relative difference of 0F from the SW and LW components is 0 0.0017F  %. 

The TOA flux difference between the SW EF and the LW A A
E UOLR G S  (planetary net flux) is 

0.00584 Wm-2, indicating that the combined effect of all the computationally ignored planetary 
thermal flux contributions from non-radiative origin has to be very small indeed. It appears, that 
the net non-radiative power dissipation in the system is compensated within the system and has 
no long term observable effect on the planetary radiative equilibrium state of the Earth. 

According to the long-term steady state requirement there cannot be any accumulating direct ra-
diant energy in any of the three regions, however, unlimited transfers of thermal energy to-and-
from the global latent heat reservoirs are permitted (as it happens in the real environment through 
the phase boundaries).  

The most important conclusion of our computations is the solid empirical proof of the existence 
of the assumed steady state planetary RE. In Figure 8 the key planetary IR fluxes from the APS 
are: 

 ((1 )( ) )( )) 238.94A C C
T U T UOLR sc S E S E       Wm-2, (18) 

and 

 ( (1 ) ) 341.98A C
U U US sc S S     Wm-2. (19) 

The APS-referenced greenhouse factor is just equal to the all-sky reflected SW flux density

103.04A A A
U RG S OLR F    Wm-2. The astrophysical textbook value for the radiative temper-

ature of the APS (see [11]) 2 1/4
0(16 / ) 278.68APS Et d L   K is in perfect agreement with simu-

lated mean all-sky surface temperature of 1/4( / ) 278.68S A
APS Ut S   K from (19). Here 

26
0 3.847 10L   J/s is the solar luminosity, 111.4959789 10Ed   m is the semi-major axis of the 

Earth's orbit, NASA (2012) [47], and 8
0 6.96 10r   m is the solar radius, NASA (2012) [46].  

For further consistency check, from the fluxes from (18) and (19) the simulated S cloud cover,
S
B Bond albedo, and 0

SF solar constant were computed and compared, showing reasonably good 
agreement: 

 /
0.6615

A
S U U

C
U U

S sc S

S S
 

 


, (20a) 

 1 0.3013
A

S
B A

U

OLR

S
    , (20b) 

 0 4 1367.93S A
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3.3. Radiative transfer functions and flux optical thickness 

Radiative transfer functions (RTFs)are simple algebraic functions of the flux optical thickness of 
a semi-transparent planetary atmosphere. In section 2.2 we have already defined the flux optical 

thickness as ln( / )T US S  . One can see that the transmission, absorption, transfer and green-

house functions are explicit functions of this . In Figure 9 the fundamental radiative transfer 

functions and the normalized upward atmospheric emissions /U UE E S for about a thousand 
weather balloon observations are displayed. The black dots in the yellow-shaded area are clear 
indication of theoretical constraints exposed by the RT functions. The light grey vertical line is 
the  annual global average of all the data points. 

 

 

From extended flux density simulations (using diverse radiosonde data) we gained enough confi-
dence to conclude that the Earth's long time global mean flux optical thickness is equal to a theo-
retically predictable mathematical constant T : 1.86756T   . The theoretical T may be com-

puted either from the ( ) ( )T Tf V   (red dot) or from the ( ) 2 ( ) / 5T Tg A   (light blue dot) tran-
scendental equations. 

 The definition of the ( )V   virial function: ( ) 1 2 ( ) / 5V A   . This theoretical function takes 

care of two theoretical requirements (they are empirical facts as well). One is the 2U US E equal-
ity (stems from the Clausius virial theorem), and the other is the constraint known as the trans-

parent limit (without atmosphereOLR must be equal to US ).  

Figure 9: Basic radiative transfer functions. , , , , , and are the transmission, absorp-

tion, transfer, greenhouse, emission and virial functions respectively. By definition, the clear-sky   
 and  of an air column are: and . 
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In the Earth’s atmosphere the theoretical equilibrium optical thickness is the natural constraint on 
the equilibrium mass of the WV in the atmosphere (the WV column amount in precipitable cm). 
The average of the NOAA-R1 annual global means  (green dots) and of the GAT atmosphere 
are equal to T . 

The stability of the planetary radiation climate is controlled by the derivatives ofT , f , g , E , 

andV functions: /dT d T   , 2/ / 2df d f A   , 2/ / 2dE d f A T    , / 2 / 5dV d T   . 
Notice that all the signs of the derivatives are negative, implying a strong tendency of the system 
to return to its equilibrium state (Braun-LeChatelier principle). Considering the permanent 
changes of the state of the H2O in the system it is anticipated that the RE state of the atmosphere 
will also be affected by dynamical processes related to the condensation and evaporation, perma-

nently present in a global average air column. Our explicit definition of the D dynamical optical

thickness is: 1 2( ) /D U DE OLR   . Remember, condensation will reduce, evaporation will in-

crease D , and what actually happens will depend on the sign of the D  difference. Unfortu-
nately, in this article we cannot discuss further interesting and important theoretical questions 

related to the changes in D .

In Figure 10 the constancy of the IR flux optical thickness (light green numbers) is maintained in 
each randomly selected subset of different length from a 61-year long NOAA-R1 time series. 
Here the CO2 (red line) and H2O (blue line) normalized column amounts are plotted for the 1948-
2008-time interval. The sign of the H2Ocorrelation coefficient (blue number) is a clear indication 
of the climate stabilizing role of the water vapor. The increase of the atmospheric carbon dioxide 
is apparently coupled with the decrease of the atmospheric water vapor column amount. The time-
averaged CO2 column amounts − unlike concentrations − increase linearly. 

Figure 10: Changes of H2O (blue) and CO2 (red) column amounts in 7 different time series. At-
mospheric structures are from the NOAA-R1 radiosonde archive. The green and yellow trend lines 
(deviations from the sample mean and deviations from the theoretical value show no tendency. 
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Figure 11: The constancy of the annual mean flux optical thickness in 7-time series of different 
length (NOAA-R1 radiosonde archive). H2O column amounts are in prcm. 
 

Figure 12: Trend line correlation summary of seven NOAA-R1 time series. The last five columns on 
the right are linear regression coefficients for the top altitude of the air column, surface temperature, 
water vapor and carbon dioxide column amounts, and the flux optical thickness. The IR flux optical 
thickness has no correlation with time and the strong signal of increasing atmospheric CO2 content 
in any time series is not present in the IR flux optical thickness data. Consequently, the atmospheric 
CO2 increase cannot be the reason of global warming. 
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In Figure 11 the changes in the flux optical thicknesses and the H2O column amounts are also 
demonstrated. Notice that the random fluctuation in the IR optical thickness (red line) correlate 
well with the H2O column amounts (blue line). Again, the constancy of the flux optical thickness 
is coupled with the constancy of the water vapor content of the air column. The sample means 
(colored dots) are practically equal to the mean profile values (+ gray symbols) which is an indi-
cation that a single column average atmospheric structure can safely be used instead of the global 
average fluxes from a large data set. 

Detailed numerical data of the regression analysis of the key variables − altitude, temperature, 
H2O, CO2, and flux optical thickness − are given in Figure 12. According to Figures 10, 11, and 

12 the long-term global meanOLR and US cannot change independently, they are linked analyti-
cally to the changes in the flux optical thickness by (12) . 

The IR flux optical depth has no correlation with time and the strong signal of increasing atmos-
pheric CO2 content in any time series is not present in the IR flux optical thickness data. Conse-
quently, the atmospheric CO2 increase cannot be the reason for global warming. It is interesting to 
note, that in the individual time series the H2O does not correlate with the time, while in the mean 
values the negative correlation is quite obvious (in Figure 10).   

Based on the NOAA-R1 soundings and simulations Figure 13 shows the no-feedback response 
and the true observed changes of theOLR in the 200-1500 cm-1 spectral range. The real atmos-
phere does not follow the GHG GE hypothesis of the IPCC. The observed true change in the OLR
is positive and the atmosphere and the whole system do not resume the initial state. The fictitious 
no-feedback response is unrelated to climate change.  

Based on the NOAA-R1 soundings and simulations Figure 13 shows the no-feedback response 
and the true observed changes of theOLR in the 200-1500 cm-1 spectral range. The real atmos-
phere does not follow the GHG GE hypothesis of the IPCC. The observed true change in the OLR
is positive and the atmosphere and the whole system do not resume the initial state. The fictitious 
no-feedback response is unrelated to climate change.  

More details are presented in Figure 14 where the no-feedback responses of some other GHGs 
are also displayed. The observed 23.6 % increase in CO2 causes -0.75 Wm-2 radiative imbalance 
(red dot). In the same time period, based on the NOAA-R1 archive the real change is 3.02 Wm-2 
(blue dot). There is no such thing that theOLR remains constant and the surface warms up due to 
some incorrect GHG GE hypothesis, or because of the outcomes of CO2 doubling experiments 
conducted with never validated GCMs.  

The changes of OLR due to the pressure induced continuum absorption of N2 and O2 are negligi-
ble. The contribution to the changes of OLR from the changes of IR absorption of CH4 (red line) 
does not seems to be significant either.  

IPCC scientists ignore the fact that the clear sky OLR is governed by the unpredictable stochastic 
nature of the upper tropospheric humidity field (and also the global cloudiness and wind field) 
which cannot be modelled by any deterministic global climate model. The theoretical constraints 
governing the global mean radiation flux components are also not part of the GCMs. 

In Figure 15 the chaotic nature (in space and time) of the upper tropospheric humidity field is 
presented, McIDAS (2008) [33]. Evidently, it is impossible to give a reasonable long-term esti-

mate of the AOLR and St , therefore the long-term prediction of climate change is not an appropri-
ate task for GCMs.  
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Figure 13: Comparison of the observed and expected changes in the clear-sky spectral . The 
IPCC type no-feedback response to 23.56 % increase in carbon dioxide is negative, while the true 
observed changes are definitely positive. 

Figure 14: HARTCODE GHG perturbation study shows that at the TOA the no-feedback response 
of increased atmospheric CO2 is negative (red dot). CO2 doubling studies are not consistent with 
observations. 
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4. The scientific background 

In this section some GE related fine details are discussed. Let us list some fundamental IR flux 
density relationships and the simplest RT functions characteristics of the global mean clear at-
mosphere: 

• Atmospheric Kirchhoff law: D A AE A ( A is the anisotropy factor ‒ discussed later) 

• Law of radiative equilibrium: 2 1/ / ( )UOLR S f T     

• Virial function: 3 2 5/ ( ) /UOLR S V T    

• Greenhouse identity: U A UG S OLR A E     

• Schwarzschild-Milne equation: 2( ) /D UOLR E E   

Based on the equations above, formally, infinite number of valid RT functions may be created by 
simple (linear) combinations. The new combined functions will all satisfy the clear-sky global 
RE constraints, but the interpretation of the new equations might not be that simple. In case of the
f V equality and the T  close match the interpretation came relatively easy, but for example 

to relate the global mean wwater vapor column amount to , is not that straightforward:

0 (1 4exp( )) 2.61/w w     prcm, where 0 1.0w  prcm. 

4.1. Radiative equilibrium at the surface 

To establish the radiative equilibrium between the ground surface and the atmosphere above, the 

A spherical emissivity (or the anisotropy) of the inhomogeneous IR radiation field of the atmos-

phere has to be considered. The anisotropy of the downward LW radiation is the ,/A D D IE E 
 

ratio, where DE is the downward radiation from the real atmosphere, and ,D IE is the downward 

radiation from the isotropic radiation field of temperature St (present in the atmosphere). 

Figure 15: Satellite view of the changes in the upper tropospheric humidity field. 
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Because of the , (1 exp( ))D I U U AE S S A A     mathematical identity, A may easily be ex-

pressed as 0.96515341/A D AE A   , where US , , and ,D IE are from GAT LBL simulations. We 

shall reference this new fundamental relationship as the atmospheric Kirchhoff law. The A di-
mensionless quantity turned out to be one of the most important astronomical parameters of the 

Earth’s radiation climate. In the literature the 0 /D UE S   ratio is often termed as sky emissivity, 

which is not an independent parameter, but related to the A anisotropy factor by the 0 AA 
relationship. Large scale simulations showed that for local atmospheric structures 0 1.0   always 

holds, therefore heating of the surface by DE is impossible. To interpret the theoretical equilib-
rium global average surface temperature, the following three issues should be taken care of: ani-
sotropy of IR radiation reaching the surface from above; non-radiative energy transport processes 
at the surface; surface reflection of the downward IR radiation. In a clear atmosphere, the three 

processes may be easily considered in terms of three parameters A , B , and DE : 

 1/ ( )D A U B U B DE A S S E      , (21) 

where / / ( )B D T A U DE S A S E    ‒ expressed from (21) ‒ is the true emissivity of the surface, 

taking into account only the non-radiative processes and ignoring the IR surface reflection of DE . 

The EBT computed from the B US product defines the Tt true emissivity temperature of the surface:
1/4( / ) 271.43T B Ut S   K. Obviously, the identity of 1 ( / )A A BA T    must also hold. For 

the US isotropic radiation and the St EBT there are plenty of exact relationships similar to equations 
(21) which all satisfy the law of conservation of radiative energy. For example, we may simply 
write that  

 1( ) / ( )U A A B A BS A       , (22) 

which may suggest that US (or St ) will increase with increasing AA (due to increased CO2). This is 

not the case. Using the definition of AA , (22) will be reduced to an identity expressing the con-

stancy of the flux optical thickness: ln 1 1( ( ) / ( ( )))A B B A       . We conclude, that once the 

surface temperature St from (17) is physically defined, the equations (21,22) links this St to other 
conservative climate parameters associated with the three most important clear-sky IR radiative 
processes discussed above. 

4.2 The Sun 

It should be recognized that the Sun is a very complex object, and the solar constant has its own 

natural fluctuations. Depending on the state of the Sun 0F may vary (on different time scales) 

between min
0 1359.7F  and max

0 1376.2F  Wm-2 introducing 1.2% (quasi-periodic) changes in the 

short term averages, Berk et al. (2008) [43]. From min
0F and max

0F the av
0F arithmetic average is 

av
0 0 1367.95F F  Wm-2, which is very close to the established long term average ground based 

observations of 1368 Wm-2. It is not very wise to declare an official solar constant and continu-
ously upgrade it according to the relatively short-term satellite observations. Even NASA warns 
that their data in the factsheets, NASA (2016) [44] are approximations and they are not appropri-
ate for scientific use. The data are usually given in three or four significant digits and they cannot 
be consistent with the known physical laws of nature where the key astronomical information and 
the most fundamental constants of the theoretical physics are given with 10-50 ppm relative ac-
curacy. 
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To construct a long-term continuous satellite solar constant data base considerable effort has been 
devoted to reviewing the calibration algorithms of the radiometers involved in different satellite 
missions. In Scafetta & Willson (2013) [49] one can see largely different composite series from 
different authors which are the clear sign that the satellite solar constant problem is not yet re-
solved. Once the actual solar constant cannot be known to better than ~0.3 % relative accuracy, 
(see [49] Fig.15) climate modelers must acknowledge this fact and refer to the reason of their 
choice of the solar constant. 

Sun is the source of the observable radiative and not directly observable entropy flux densities 
and their specific intensity, radiance, or brightness counterparts. We have found that a theoretical 
solar constant may be derived from the next equation:  

 1/3 8/3 2/3 2
0( ) ( / ) /10EF d d r d    , (23) 

where ( )F d is the flux density in Wm-2, and d is the distance from the centre of the Sun in meters. 

In this universal function d may vary from inside the Sun to anywhere in the solar system. This 
equation stems from the temperature-flux density duality principle which rests on an intrinsic 
mathematical property of the Planck distribution, Miskolczi & Héjjas (2021) [45].  This analytical 
form of ( )F d is discussed in more details in the Appendix. 

Knowing the solar surface area the theoretical solar luminosity, solar surface emission, solar con-
stant and the available SW flux density may easily be computed from the ( )F d  function:

4/3 1/3 8/3 2/3
0 04 /10T

EL d r    , 1/3 8/3
0 0( / ) ( / ) /10T

EE d r  , 1/3 2/3
0 0( / ) ( / ) /10T

EF d r  , and

0 / 4T T
EF F . The theoretical solar constant and the available SW radiation over a unit area at the 

TOA are: 0 1367.95145TF  Wm-2, and 341.98785T
EF  Wm-2. The diluted theoretical solar en-

tropy flux density is 3 2 1/4 3/4
0 0(4 / 3) ( / ) (4 / 3) 10 0.31566483SUN EJ t r d      Wm-2 K-1, which 

is a mathematical constant. The 1/4
0( / ) 5778.0754T T

SUNt E    theoretical solar surface EBT is 

practically equal to 1/4
0( / / ) 5778.0738SUN Ft F d   K . The very important point here is the 

fact that the ( )F d theoretical function depends only on geometrical factors (the solar radius and 
the semi-major axis of the orbit of the Earth) and of course, independent of any short term or long-
term satellite or ground based radiation measurements. Consequently, debate on the theoretical

0
TF solar constant should be restricted to the debate on the accuracy of 0r , and Ed . Of course, the 

barycenter of the solar system and the steady state center of the Sun (as a fixed geometrical point) 
do not exist. Sun is not a fixed perfect sphere but a rotating and pulsating gas globe which is 
subject to gravitational perturbations from other members of the solar system. This physical real-
ity reflected in the singularity of the ( )F d function at 0d  where ( )F d   . 

The reference solar constant 0
TF is mathematically consistent with the radiation laws and the 

known accuracies of the Planck and Boltzmann constants from NIST. It is also consistent with 

the recent values of 0r , Ed , and the spectral solar constant in Chance & Kurucz (2010) [34]. The 
existence of the theoretical solar constant does not support the idea of introducing a kind of new 
standard solar constant (and the backward correction of previous standards) based on purely the 
newest satellite observations. The accuracy of flux density or radiance measurements will never 
conquer the accuracy of the measurements of distance, linear size or time. It looks that the extreme 

stability of the climate over millions of years is linked to the existence of the 0
TF theoretical solar 

constant. 
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In Figure 16 0
TF is compared to the observed 0

obsF (quoted under paragraph 2.3), and the satellite 

observations from Kopp and Lean (2011) [35]. The 0 0 0
T obsF F F   equality means that the planet 

is in strict radiative equilibrium with the theoretical solar constant, where in (23) 0F mathemati-

cally locked to  , 0r , and Ed . 

4.3 Greenhouse gas greenhouse effect 

Recently there is a serious problem with the use of the classic definition of the GHG GE. The 
ambiguity arises from the fact that some scientists recognized that the classic GHG greenhouse 
effect cannot be discussed without the presence of the global cloud cover and started to use the 
greenhouse effect terminology in a generalized way, including the cloud effect. For example, in 
[12] and [13] the authors attribute about ~50 % of the total GE to the H2O, only 25 % is the 
contribution of all non-condensing GHGs, and the remaining 25 % is the cloud effect This con-
fusion should be avoided, CO2 is a greenhouse gas and not a solid or liquid substance. If there is 
no cloud cover present in an air column one has to talk about the clear-sky GHG greenhouse 
effect, and in fact, that is what we are interested in. 

 To answer the question what is the contribution of the individual atmospheric layers to the total 
greenhouse effect in Figure 17 the vertical distribution of the clear sky greenhouse factor is 
demonstrated. 

Figure 16: Comparisons of the theoretical solar constant with direct satellite observations, and 

with LW flux density simulations from the TIGR2 archive. The blue dotted line is at , 

and is the all-sky global mean surface upward flux density from the APS. The  

is the indication of  planetary radiative equilibrium. All fluxes are in Wm-2. 
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Apparently, the different numerical computations of the G factors (on the right side)  gives con-

sistent results. However, RG from [10] or from Ramanathan & Inamdar (2006) [36] shows large 
discrepancy (about 20 Wm-2 overestimate). The cause is the incorrect mathematical representation 
of GF, (see for example equations 1 and 2 in the Nature article [10]). Unfortunately, despite our 
direct attempt to communicate with the authors, this serious mistake was never acknowledged or 
corrected, however, this error could effectively invalidate the whole H2O positive feedback argu-
ment in [10]. 

4..4 Cloud effect 

Celestial objects in the Solar system may have no atmosphere at all (Moon), they may have GHG 
atmosphere which is condensing on the planetary surface (Mars), they may have GHG atmos-
pheres condensing on both the surface and within the atmosphere (Earth), and they may have 
GHG atmospheres condensing only in the atmosphere (Venus). 

Planets may also have diverse set of surface materials which is generally not expected to produce 
a Bond albedo needed for the planetary radiative equilibrium, see (1,2). It is quite plausible to 
assume that condensing GHGs in the atmosphere will form an opaque layer of liquid and solid 
particles (disrupting the propagation of the IR radiation), and will change the Bond albedo in a 
way that the planetary radiative equilibrium will be established. Theoretically steady state RE of 
non-condensing semi-transparent GHG atmosphere of a passive planet cannot exist, since the 
ground surface of such planet would cool down freely to the astronomical limiting temperature 
depending partly on the local solar constant and Bond albedo, and partly on the outward diffusion 
of thermal energy from the planetary interior.  

Figure 17:  Except the different greenhouse factors  ( , , , , ) are in good agree-

ment. In case of the GAT atmosphere the maximum contribution comes from about 4-5 km altitude. 



Ferenc Miskolczi: Greenhouse Effect and Climate Change https://doi.org/10.53234/scc202304/05 

 

Science of Climate Change https://scienceofclimatechange.org 

 260 

In the special case of Earth, the astronomical limiting temperature is practically equal to the tem-
perature of the triple point of H2O. In other words, at some (sufficiently low) temperature any gas 
will become a condensing GHG, therefore, without the presence of condensing GHGs in the sys-
tem there is no atmosphere at all. 

The above concept is fully consistent with observations of atmospheres of comets and planets in 
the solar system. A comet starts to build up atmosphere when getting closer to the Sun and the 
surface materials start to evaporate. On the reverse trajectory when getting farther from the Sun 
the atmosphere condenses back to the surface and disappears. 

Atmospheres with condensing GHGs might have several internal boundaries (cloud layers) at 
different altitudes which instantly disrupt the propagation of the electromagnetic radiation, con-
sequently, the global mean cloud cover is the major factor in establishing and maintaining the 
planetary radiative balance. Note that in gas phase the spectral gas absorption is restricted to cer-
tain spectral ranges characteristic of the molecular structure of a particular GHG. 

In the interesting case of the thin Martian CO2 atmosphere − due to the lack of cloud cover − we 
can only speak of clear-sky GE. The Martian atmosphere contains 33.3 times more CO2 but the 
GE is only about ~3 K, indicating that the amount of atmospheric CO2 is not a major factor in 
creating the Martian GE. Compared to the ~2.61 prcm of water vapor in the Earth's atmosphere, 
the Martian atmosphere contains a negligible amount of water vapor (approximately 0.00155 
prcm) which is insufficient to form extensive cloud cover and significantly increase GE and GF. 
In the Martian carbon dioxide atmosphere, the planetary RE is maintained by the diurnal changes 
of the mass of the GHG atmosphere and the heat (released or received) at the lower boundary by 
the phase changes of the CO2. One must conclude that the Earth's clear-sky GE cannot be ex-
plained by the CO2 content of the atmosphere. GE are closely related to the amount of condensing 
greenhouse gases and their physical state. 

In the hot and thick atmosphere of Venus the complex, fully closed multi-layer cloud structure 
completely decouples the IR radiation field of the ground surface from the outgoing long wave 
radiation (OLR). Below the closed cloud layers, the IR radiation field is a type of cavity radiation 
in RE. The planetary RE is maintained solely by the radiation from the cloud top (at an effective 
cloud top altitude) and the atmosphere above. Due to the dramatically different roles of the at-
mospheric composition, clouds and surface characteristics, the formation and functioning of the 
greenhouse effect are quite different on the three planets. In Figure 18 the GE of the Martian 
atmosphere is compared to the GE in the Earth's atmosphere.  

In the Earth’s atmosphere (14) shows that the planetary radiative equilibrium cannot be estab-
lished without involving the cloud cover in the greenhouse problem. The concept of the numerical 
evaluation of the equilibrium cloud cover is presented in Figures 19 and 20.  

As a first step we define the ( , )A C
AF h and ( , )E C

EF h global mean cloud covers relevant to the 

TOA and APS radiative balance requirements. From a set of A and E (computed for large num-

ber of different B and Ch ) and using a multi-parameter optimization algorithm the global average

B and Ch can be calculated. In the two-dimensional optimization problem, only one global aver-

age cloud layer is assumed, and the norm of || ||A E  is to be minimized. As a computational 
detail, the accuracy of our global average cloud cover largely depends on the vertical resolution 
of the LBL code used. In our case around 2 km altitude the layer thickness was set to 40 m. 
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From a 20-year long time series data of ISCCP−D2 in Van Andel 2010 [61] a global mean of 
66.38 +/− 1.48 % was reported. In Figure 21 satellite cloud climatology data are in excellent 
agreement with our theoretical cloud cover of 0.6618  . The equilibrium cloud cover must be 

equal to the theoretical transfer function: 2 / (1 exp( ))T T      , where 1.8676T  is the the-
oretical equilibrium flux optical thickness. In the case of Earth the CRE situation holds and from 

the equilibrium equation in Figure 8 follows the A
B g  equality. Knowing the accurate  , US , 

and C
US  the Ag can be checked against the next theoretical equation  in [17]: 

/ (1 / (1 )) / (1 (1 ) / ( )) 0.30129061A C C C
U U U Ug g S S g S S          . (24) 

Figure 18: Comparison of the greenhouse effect on Earth and Mars. The clear sky GE, 

and GF ,  are not controlled by the CO2 content of the 

atmosphere. The black dashed lines are the EBFs of the two planets. 

Figure 19: Radiative equilibrium cloud cover constraints. At the TOA LW fluxes from the 
APS must be equal to  the all-sky outgoing LW radiation must be equal to ,  and the 

cloud covers from the two constraints must be equal . 
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The / (S ) / 0.30129061A A A A
B R E U UF F OLR S g      equality is evident, therefore, the use of 

(17) with the C
US  and  above is quite justified: 1/4

0(( / (4 ) ) / (1 )/ ) 286.075C
S Ut F sc S      K. 

This St is practically equal to the  global average surface radiative temperature from radiosonde
observations.  

Figure 21: The theoretical cloud cover (green dashed line) is compared with satellite 
observations in the 1983-2008-time interval (red line). The agreement is well within the 
uncertainty of the satellite observations.  

Figure 20: The multi-parameter optimization algorithm. Sharp minimum of the ||  A   E ||  

found at  B  0.3013 and hC  1.9166 km.
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4.5 Water vapor 

Compared to Mars and Venus on Earth the planetary RE situation is far more complex. Since the 
phase changes of the H2O may happen at any time and anywhere in the system the Earth has an 
extremely variable cloud, surface ice and snow cover. The combined surfaces where the water 
vapor is in direct contact with liquid water, snow, and ice will be termed as the phase boundary. 
Through this hypothetical complex surface the total amount of water vapor in the atmosphere will 
change by the release or buildup of the latent heat by evaporation, condensation or sublimation. 
In steady state the net condensation and evaporation associated with rain droplets (within the 
atmosphere) must be zero and the mass balance of the atmosphere is maintained by the evapora-
tion or sublimation from the ground surface and precipitation or deposition to the ground surface. 
These processes will result in a decrease or increase of the flux optical thickness which is coupled 
with the mass exchange trough the lower boundary.  

The total mass (or the potential energy) of the atmosphere and the flux optical thickness are con-
trolled by the virial theorem, (see [17]). The mass conservation in the hydrological cycle expresses 
indirectly the conservation of the flux optical thickness. 

The observed and theoretically predicted constant flux optical thickness (see [27]) is plain proof 
of the climate control by the water cycle. In other words, increasing or decreasing the energy input 
to the system will result in the release or storage of the required amount of radiant or thermal 
energy through the phase boundary to assure the radiative equilibrium while keeping the temper-
ature of the phase boundary unchanged.  

To clarify further the water vapor feedback problem, from the NOAA-S archive 689 high quality 
all-sky radiosonde observations were processed to show the relationship between the local mean 
layer temperature and water vapor column density. During 1992-1993 from the high resolution 
(6 second) data 654130 individual layer mean temperature and water vapor column density pairs 
were collected.  

In Figure 22 the primary measured relative humidity and the computed H2O column density pro-
files are plotted showing no correlation. The H2O column density directly enters to the LBL com-
putation of the layer flux transmittance and optical thickness. 
 

In Figure 23 the linear correlation coefficient between the temperature and natural logarithms of 
the column density is 0.99, which − considering the relevant quantitative theoretical relationships 
− is not a surprise. The light blue dot around 5 km (in the right plot) is the observed maximum 
altitude of the H2O condensation temperature at Sterling. Many climatologists mistakenly call this 
relationship as positive feedback. It must be clear that locally the temperature and water vapor 
content of the air parcels are alternative variables, and they are not connected by some ad-hoc 
positive or negative feedback parameter.  

According to thermodynamics phase transitions are controlled by the changes in the molar free 
energy and entropy. In view of the known analytical dependence of the ambient temperature on 
the water vapor content (of an individual air parcel) the whole positive H2O feedback hypothesis 
seems to be nonsense. 

In Figure 24 we show the dependence of the CO2 and H2O column amounts in 7 different NOAA-
R1 time series. The column amounts were computed in two sections: the lower part (green dots), 
the upper part (red dots), and also for the total air column (blue dots). While below about 2 km 
both the H2O and CO2 increased, above 2 km the relationship reversed. The net effect for the 
whole air column is decreasing H2O with increasing CO2 (with a sufficiently large linear correla-
tion coefficient). 
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Figure 22: High resolution radiosonde observations from NOAA Sterling, Virginia. The left panel 
shows, that the tropospheric relative humidity is a true stochastic component of the climate system. 
 

Figure 23: High resolution radiosonde observations from NOAA Sterling, Virginia. The tempera-
tures and H2O column density are highly correlated, and they follow the relevant theoretical re-
lationships.  
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The blunt statement of the IPCC on the positive water vapor feedback mechanism is probably 
based on the increasing H2O in the lower atmosphere with increasing CO2 (green dots). However, 
the response of the dynamical system evidently coupled with reduced H2O in the upper levels, in 
such a way, that the net change of H2O in the total air column is negative. One should not forget 
that this figure is not proof that increasing CO2 concentration will decrease the water vapor. Ra-
ther, it is proof that the system may adjust its IR absorption properties to the actual CRE require-
ments by restructuring the vertical water vapor distribution. 

4.6 Energy budget cartoons  

The usual way to support the idea of the classic greenhouse effect is to present planetary energy 
budget schemes where the global radiative flux density components as well as the sensible and 
latent heat fluxes in the system are estimated either from direct measurements or from radiative 
transfer computations.  

The most well-known is the Kiehl & Trenberth (1997) [39] energy budget. In Miskolczi (2014) 
[17], based on 13 years of radiosonde observations, it was first shown with high degree of accu-
racy that the Earth-atmosphere system is in the state of radiative equilibrium. The radiative im-
balances at the upper and lower boundaries of the atmosphere that appear in peer-reviewed radi-
ative budget cartoons (Trenberth et al., (2009) [40]; Stephens et al. (2012) [41]; Wild et al. (2012) 
[42]; NASA (2010) [38]) do not exist. The radiative equilibrium stems from energy conservation 
and energy minimum principles and it is the natural state of the Earth-atmosphere system. So far 
none of the published planetary energy budgets give any bearing to the origin and physics of the 
atmospheric greenhouse effect and unfortunately, almost all of them suffer from serious errors in 
the methodology and evaluation. Some of them are listed below. 

Figure 24: Changes in the CO2 and H2O column amounts in the 7 NOAA-R1 time series (presented 
in Figures 10, 11, and 12). 
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1.  Quantitative discussion of the greenhouse effect should be based on the strict, detailed, 
clear, and physically meaningful definition of the phenomenon. For example, in Schmidt et al. 
(2010) [12] and Lacis et al. (2010) [13], we see published totally misleading quantitative results 
about how the share of the present-day global GE is distributed between GHGs. They state that 
the contributions of H2O and CO2 are 50 % and 20 % subsequently. In common understanding 
these data means that the CO2 absorption in the 15μm band is about half of the absorption of the 
H2O in the whole IR, which is sheer nonsense.  

2.  Due to the heavily overlapping nature of the terrestrial spectral radiation field it is mathe-
matically impossible to decompose the flux optical thickness into the contributions of the indi-
vidual molecular species, (see [16], Appendix A). The LBL computational technique was devel-
oped to remove the uncertainties due to the spectral overlaps of the absorption coefficients of 
different GHGs.  

3. Clouds (or any kind of solid or liquid particles in the atmosphere) radiate continuous IR 
spectra and have nothing to do with the IR spectral absorption of the greenhouse gases. The cloud 
forcing approach to the greenhouse problem does not help to clarify and quantify the planetary 

radiative budget. The A
E UF S and A

AF OLR equalities show clearly that the global average at-

mosphere is in radiative equilibrium with a well-defined St surface temperature,  cloud cover and  
the equilibrium cloud top temperature. 

4.  From the confirmed A A A
U RG S OLR F   and A

E UF S equalities follow the conservation 
of radiant energy, radiative equilibrium, and they give solid empirical support to the theoretically 
introduced equivalent blackbody temperature. Because of the two-layer structure of the global 
average atmosphere the ground surface referenced GE cannot contain any dependences on the 
albedo, cloud cover, radiative temperature, LW absorption, or flux optical thickness, rendering 

the GE to observations of St , and AOLR , and leaving the greenhouse problem entirely to the mercy 
of the GCMs and their unphysical assumptions and countless ad-hoc tuning parameters.  

5.  No quantitative constraints on the shortwave system albedo, cloud cover and cloud altitude 
are established. These are key climate parameters, and some kind of theoretical expectation must 
be referenced or developed. The steady state planetary radiative balance is abandoned in favor of 
a hypothetical man-made greenhouse warming. In science the quantitative estimate of 0.6 ± 17 
Wm-2 missing heat in Stephens, 2012 [41] means that climatologists have no idea why and how 
the hidden (thermal and radiant) energy is distributed among the different latent heat reservoirs. 

6.   In the budgets the global mean thermal and GHG structure of the atmosphere is not speci-
fied. Generally, the LW fluxes relevant only to the USST76 are used as the global average. The 
most recent [38] budget (presented in Figure 25) adopted the flux density components from the 
[39] radiative budget which is obviously wrong. Transmitted flux densities from the surface (40 
Wm-2) in [39] were computed for the USST76 atmosphere and its 390 Wm-2 surface upward flux. 
15 years later, in the NASA picture the corresponding fluxes are 40.1 and 398.2 Wm-2 which is 
nonsense. About ~10 Wm-2 increase in surface upward flux and practically unchanged surface 
transmitted flux density deserves some explanations. Another problem is the net non-radiative 
flux density into the atmosphere which supposed to be zero for an isolated planet. 

7. Due to the fatal mistake of using the USST76 atmospheric model, not even one flux density 
component is close to the ones from the GAT structure. The 0.6 Wm-2 fictitious missing heat 
(white number) is meaningless and violates energy conservation principles (atmospheric Kirch-
hoff law). For reference, our simulated flux density terms are inserted (black numbers). In the 
blue and red squares are the top of the atmosphere and the surface referenced flux components.   
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8. The most serious problem with the cartoons is the ignorance of a long line of well-known 
fundamental concepts and principles of theoretical physics. Some of them are: energy and mo-
mentum conservation principles of the radiation field, Wien's law, virial theorem, energy mini-
mum principle, Maxwell rule, Kirchhoff law, Helmholtz reciprocity principle, Vogt-Russel theo-
rem, Braun-LeChatelier principle. Apart from the ignorance of the newest laws of atmospheric 
radiative transfer, one has to observe that the complexity of the climate system is not a free ticket 
for violating the first principles of physics.  

Further on, it is not apparent that climatologists have access to an accurate RT software for the 
calculation of correct atmospheric flux densities. Note, that remote sensing applications use high 
accuracy inter-calibrated LBL radiance codes developed for special applications. However, there 
is a long way to go to arrive at a correct LBL flux density software from simple directional LBL 
radiance-transmittance codes. 

4.7 Deliberate data manipulation of climatological data 

We have discovered that vital climatological data sets were deliberately manipulated. The verifi-
cation of the planetary energy budget and radiative balance require high quality primary infor-
mation from global scale radiosonde observations. If the radiosonde observations are wrong then 
no one will trust in the satellite retrievals of the temperature, humidity or ozone structures. Satel-
lite products depend on the calibration and tuning (of the instruments and retrieval algorithms) 
based on the ground truth information. 

The common mistake of the climatologists is to assume that satellite information is always cor-
rect, no matter what. This is not true; satellite information cannot ever be more accurate than the 
ground truth. 

Figure 25: All-sky energy budget of the Earth-atmosphere system, adopted from NASA. 
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It should be kept in mind that most of the vital flux density components cannot theoretically be 
measured by any instrument. For example, the so called windows radiation (usually defined in 

the 721-1260 cm-1 spectral range) is not a good representation of the true TS surface transmitted 

flux density. That is, the TS (or C
TS ) flux density component can never be accurately measured 

even by broad-band or ideal Fourier spectrometers. 

Scientists must also be aware that government research institutions may deliberately manipulate 
their databases to reflect their wild imagination on how the GE works. A good example is the 
NOAA-R1 archive which was used in our trend analysis study in Miskolczi, 2010 [27]. This 
global archive shows consistently that between 1948 and 2008 the flux optical thicknesses from 
the profiles are equal to the theoretical T of 1.867 (see Figure 9).  

However, the true equilibrium optical thickness of the NOAA-R1 time series is 1.937E  and it 

is far off from T , which is a sign that none of the annual mean profiles are close to the radiative 
equilibrium. The 0.06T

E   optical thickness difference corresponds to about 250 % increase 
in CO2 concentration. This is of course impossible; the Earth cannot be out of radiative balance 
by about 4 Wm-2 at the TOA for 61 years.  

Such a situation can only happen by altering the thermal structure (especially the close to surface 
temperature field). Much more serious is the problem with the USST76 atmosphere and the [39] 
budget, where due to the unrealistic temperature and humidity structure the imbalance in the OLR 
at the TOA is about 29.38 Wm-2. The NOAA-R1 archive may be used for trend analysis, but − 
because it violates the energy conservation principle − it is useless for global energy budget re-
search. 

Other examples are the TIGR2 and the updated TIGR2000 archives. A closer look at the 
TIGR2000 revealed that more than half (915 out of 1761) profiles are coincidental, and they are 
included in both archives. The humidity and ozone structures in those coincidental profiles were 
poorly modified in an obvious way that the original thermal structures were preserved. 

The authors of the database should have known that the H2O, O3, and the thermal structures in 
real atmospheres are highly correlated, which property is widely used in water vapor and ozone 
statistical retrievals from satellite spectral measurements.  

In Figure 26 we present one sample (out of the 915 manipulated profiles) where the increased 
H2O and ozone content resulted in increased flux optical thickness (to a value corresponding to 
CO2 doubling). The left plot shows the unchanged temperature profile, the right two plots show 
the manipulated H2O and O3 profiles respectively.  

As a result of the data manipulation the TIGR2000 archive now contains 915 unrealistic atmos-
pheric structures (mostly with increased upper tropospheric humidity and ozone amounts) which 
makes the database useless for both remote sensing and radiative budget applications. Creating 
fake radiosonde observations to support the belief in CO2 GE based global warming is not a sci-
entific approach.  

The upper tropospheric humidity problem (if there is any) will not be resolved by artificial in-
crease of the humidity data in the raw radiosonde observations. Unfortunately, there is evidence 
of extended data manipulations in other climate data sets that renders the whole climate science 
to a hiding game, and largely reduces the chances to obtain scientifically sound answers to the 
role of the GHGs in the global warming.  
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4.8 Overview of spectral flux density components 

Summarizing our quantitative results in Figures 27, 28, and 29 the spectral distributions of the 
most important flux density components are presented. The spectrally integrated fluxes are accu-

rate up to 4-5 significant digits. In these figures the meaning of the subscript 'A '  (in tA
and NASA

At
) refers to the global mean emission temperature of the Earth for the GAT atmosphere, and for 
the NASA (computed from the EBTs of the all-sky OLRs). 

In Figure 27 the ( ) ( )NASA
A AB t B t and ( ) ( )NASA

S SB t B t equalities are indications that the GAT atmos-
phere is very close to the real global average atmospheric structure. The black dotted line(over 

the yellow line) is the Planck blackbody curve of the GAT bt
et  mean color temperature showing 

the maximum entropy of the AOLR .  

While the surface referenced equilibrium clear sky GF ( 4 / 154.5S At OLR    Wm-2) has no clear 
physical meaning, in Figure 28 the APS referenced GF can easily be associated with the deposited 

momentum by the reflected radiation: 0 / 4 103.04A A
APS U BG S OLR F    Wm-2. In the figure

APS
eG (black curve) is the Planck blackbody function of the EBT of the APSG (206.47 K). This 

temperature is apparently equal to the SW effective equivalent reflection temperature:
1/4( / ) 206.469R Rt F   K. 

Figure 26: Evidences of large scale data manipulation in radiosonde observations. Comparing 
the two versions of the TIGR database shows that in more than 50 % of the profiles the upper 
tropospheric H2O and O3 mass mixing ratio were increased (red dots). In this example the changes 
resulted in 3.4 Wm-2 decrease in OLR and significant increase in the flux optical thickness. 
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Figure 27: Flux density spectra of the all-sky GAT atmosphere. The equivalent blackbody spectra

, and from GAT are equal to the equivalent spectra from , and .  

Figure 28: Spectral all-sky greenhouse effect referenced to the APS. The integrated flux densities 

from the and curves agree quite well.  
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In Figure 29 all the SW and LW equivalent effective blackbody fluxes of the Sun-Earth system 
are presented. One must recognize, that at large, the Earth-atmosphere system is nothing but a 
converter of the low entropy SW solar radiation to maximum entropy terrestrial radiation. Theo-
retically the AJ entropy flux density of AOLR may be expressed by the maximum of the spectral 

flux density of AOLR : max,e
A AJ c OLR  , where e 4.2337344c  cm-1K-1, and max, 0.338AOLR   Wm-

2/cm-1 (at max 535  cm-1). The light blue dot shows that the Earth has a special orbit where the 

Wien temperature is equal to the Pt  phase temperature of the H2O. Obviously the empirical spec-

tral AOLR  has the maximum entropy flux density. The Wien constant in wavenumber represen-
tation is w =0.50994751 K/cm-1. 

4.9 Comments on the new view of greenhouse effect 

Almost all attempts to publish the results presented in this paper failed. Articles were routinely 
rejected by the mainstream scientific journals − Science, Astrophysical Journal, Tellus, Journal 
of Quantitative Spectroscopy and Radiative Transfer, Journal of Geophysical Researches etc. − 
mostly without sending for review. For example, the review of the Hungarian Science magazine 
(Magyar Tudomány) rejected the publication of the above results saying that it should be pub-
lished first in some elite journals. Probably this is the reason why it is hard to find any useful 
critical comments on the presented quantitative results in the peer reviewed literature. 

However, the blogosphere is flooded with academically illiterate comments from self-declared 
experts. As an example, it is worth reading the comments of A. Lacis (moderated by J. Curry at 
her Climate Etc. blog) on the Miskolczi’s article [17].  

Figure29: Solar and terrestrial equilibrium blackbody spectra. The observed solar reference 
spectrum (dark cyan line) is from the Chance and Kurucz, 2010. The light blue line is the observed 

TOA  from the TIGR2 radiosonde archive.  
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The whole comment is just an ad hominem attack, probably motivated by the lack of his 
knowledge of basic radiative transfer concepts. There is a number of posts and comments on 
various websites like J. Curry, Science of Dooms and Real Climate etc.  They don’t deserve to be 
repeated in this journal.  

They do not sound very scientific. Let us have a closer look into the best rebuttal. In Spencer 2010 
[59] he wrote an executive summary on my [27] E&E article. Spencer simply ignored the im-
portant fact that in the whole article I dealt with clear sky conditions only. Since the clear and all 
sky fluxes are not directly (and quantitatively) comparable, his numerical comparisons with the 
[39] radiative budget is totally meaningless.  

He is also, in my opinion, confused in a series of radiative transfer details: does not comprehend 
what anisotropy means and how to compute it (he called the spherical emissivity a fudge factor), 
what is the flux density form of the Kirchhoff-Planck relationship, what is the Virial theorem and 
how to apply it, what is directional and flux optical thickness.  

If the blog comment above − without correct quantitative references to my well documented com-
putational results − represent the matured opinion of the global warming community on the green-
house science, then certainly the open scientific discussion must be improved on this topic.  

One should remember that real science cannot ever be settled. Planetary climate science is not an 
exception; it will eventually make its progress with or without the ‘consensus’ of the politically 
oriented IPCC. The various hypotheses and approximations must be scientifically evaluated and 
eventually rejected, accepted or improved. 

It is worth to look at what the consensus science means regarding the global mean surface radia-
tive temperature. In Figure 30 we compare theoretical and empirical temperatures (in oC) of the 
GAT atmosphere and some published temperatures in the mainstream literature in the last 30 
years. 

 The title of the figure shows the theoretical equations (17) and (21), and there are other 20 num-
bered equations (inside the figure) giving the surface upward flux density US as the function of 
different flux density components and other RT parameters. The black dots are temperatures com-
puted from the 20 equations via the SB law, the average is 12.93 oC, and the standard deviation 
is 0.87 % (of the mean).  

The red line is the GAT radiosonde observations which perfectly agrees with the (17,21) theoret-
ical expectations. The magenta line with the black ‘+’ symbols are the temperatures of the APS 
computed form EF and A

US  (5.53 oC) apparently agreeing very well.  
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The upper part of the figure shows the diverse surface temperatures published in the peer-re-
viewed elite journals by the IPCC followers. None of them are anywhere close to the observed 
reality therefore they are useless for any climate study. No one may seriously expect to quantify 
a hypothetical small GHG surface warming effect if the initial surface temperature has an error 
of a magnitude larger.  

5. Summary

The classic GH effect hypothesis is not a theory and it is unable to establish the required quanti-
tative relationship between the GHG content of the atmosphere and the planetary surface temper-
ature. In climate science the arbitrary definition of the GE is not suitable to associate the heat 
absorption properties of the atmosphere with the amount of GHGs present in the atmosphere. The 
reason it is invalid is the two-level radiative structure of the atmosphere and the unlimited supply 
of the water vapor in its three phases.  

In addition to this the strongly stochastic nature of the humidity field makes the tracking of the 
phase changes of the H2O impossible therefore the quantitative knowledge on the changes of the 
dynamical optical thickness (that is related to the phase transitions of the H2O) is unknown. The 
large number of new physical relationships − and new universal constants of radiation physics − 
converging to form a coherent picture of the planetary IR radiative processes which ultimately 
establishes the correct radiative budget of the Earth-atmosphere system. Compared to surface and 
satellite flux density observations the rigorous numerical testing of the new equations has not 
produced any contradictory results. The new equations and constants were presented in a series 
of published papers, open conference presentations, and in NASA science team meetings. So far 
neither the equations nor the numerical results were openly challenged by radiative transfer ex-
perts or wider climate science community.  

Figure 30: The global mean surface temperature from real science and from IPCC consensus. The 
published surface temperatures above 15 oC (in the upper part of the plot) are all erratic, they are 
more than 2 oC warmer than the real observed and theoretically expected ~ 13 oC. The public may 
deserve to know this information. 



Ferenc Miskolczi: Greenhouse Effect and Climate Change https://doi.org/10.53234/scc202304/05 

 

Science of Climate Change https://scienceofclimatechange.org 

 274 

The theoretically constant equilibrium flux absorption coefficient of the Earth's atmosphere 
negates the existence of the Arrhenius type greenhouse gas greenhouse effect. If there are no 
changes in the greenhouse effect, then there is no climate sensitivity to man-made increase of 
the atmospheric CO2. The excess optical thickness from increased CO2 will condense into water 
droplets and will rain out from the atmosphere without the IPCC or government permis-
sion.Alternatively, structural variations in the global wind and humidity field, or the cloud cover 
may easily restore the equilibrium flux optical thickness. Evaluating the global average flux 
density components from ground truth observations it is evident, that the Earth-atmosphere sys-
tem is in CRE with a theoretical solar constant. Some simple empirical manifestations of this 
equilibrium include: 

1. equality of the Bond albedo and the empirical normalized all-sky greenhouse factor 
 referenced to the APS: 

/ 0.3013A A A
U Bg G S    ;  

2. equivalence of the APS referenced greenhouse factor and reflected solar flux:

0( ) 103.04A A A
U R BG S OLR F F     Wm-2 ; 

3. equality of the sum of the radiative fluxes from the cloud top and cloud base and the to-
tal infrared radiation absorbed in the three regions of the atmosphere: 

653.8C C C Cu Cd
U D A A A AS S A A A A      Wm-2; 

4. constancy of the global average atmospheric equilibrium infrared flux optical thickness:

ln( / ) 1.86756T
U TS S    ; 

5. constancy of the radiative equilibrium water vapor column amount:
0 0/ (1 4 ) / (1 4 ) 2.612Tw w T w T     prcm; 

6. theoretical and empirical equivalence of the cloud cover, transfer, and virial functions:

0.661Tf V f     ; 

7. equivalence of the theoretical intercepted absorbed available solar flux density from as-
tronomical parameters and the empirical all-sky planetary TOA IR fluxes from the APS: 

0(1 ) 238.95A A A
A B T UF F OLR S E      Wm-2 ; 

8. equality of EBT of the intercepted available solar radiation over a unit area and the em-
pirical EBT temperature of the APS: 

1/4 1/4( / ) ( / ) 278.68A
E UF S    K; 

9. equality of the theoretical solar constant, empirical solar constant, and the long term ob-
served average solar constant:  

0 0 0 1367.95T OBSF F F   Wm-2; 

10. equality of the above cloud downward flux and the above cloud OLR: 

155.58C C
DE OLR  Wm-2; 

11. equality of the simulated phase temperature and the H2O triple point temperature: 
1/3 1/4( ) / 2 273.18P A St t    K.; 

12. equality of the SW and IR anisotropy factors: 

 1/2 1/4
0 0/ 2 / ( / ) 0.965153T

A D A AE A t t      ; 

13 equality of the surface radiative temperature from the Kirchhoff law, the solar constant, 
 and from radiosonde: 

 1/4 1/4( / ( )) (( / / (1 )) / ) 286.06C
S D A E Ut E A F sc S         K; 

14 equality of the SW virtual temperature and the empirical virtual temperature: 

 1/4 1/4 1/4
0 0
ˆ ( / ) ((2( / (1 )) / ) / ) 288.744A A A

Ut t S OLR g       K; 
15 equality of the SB constant from fundamental physical constants and from astronomical 
 parameters: 

 4 5 4 3/2 2 8
2 1 0 010 (2 / 3) c / c ( / ( )) 5.669833697 10E Dd r F       Wm-2K-4 
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Science is not a talk-show, all arguments and critiques against the new view of the greenhouse 
effect must be quantitative. If this situation remains for long, then the system of new equations 
will be upgraded to the only greenhouse theory which explains the observed facts and obeys the 
fundamental principles of physics. The easily verifiable numerical facts mentioned above are only 
a fraction of the infinite number of possible quantitative relationships that all ensure the stability 
of the Earth's climate.  

Scientific facts are stubborn things, they cannot be changed by fraud, misinformation, manipula-
tion of climate data, censorship or democratic voting. Unfortunately, understanding the green-
house effect phenomenon requires detailed knowledge of radiation physics, which can only be 
expressed in complex mathematical relationships, equations and formulae. Basic principles of 
radiation physics are not expected to be known by the general public, nor by climatologists, en-
vironmentalists and politicians who are boldly making statements on the subject but are not fa-
miliar even with the simplest physical concepts. 

A good example is the most recent public announcement of a Hungarian politician Orsolya 
Ferencz who recently declared in a TV show that the Miskolczi Greenhouse Theory (MGT) is 
officially invalid, Ferencz (2022) [58]. It is clear, that the only purpose of her politically motivated 
statement is the misinformation of the people and, as such, it has no scientific value. Obviously, 
her scientific background information on the atmospheric radiative transfer is missing, and unfor-
tunately, she has no idea about the falsification protocol of a scientific theory. One should remem-
ber that in the Middle Ages there was an official, government-approved view of the structure of 
solar system and how the inquisition worked to suppress new ideas. I hope climate science will 
proceed in a better way. 

6. Conclusions 

In this article all the arguments are focused on the theoretical and observational issues of the 
greenhouse effect and not on the question whether the global surface temperature is changing or 
not. The most valuable result of this research is the theoretical foundation of the observed radia-
tive structure of the Earth’s atmosphere. A long line of new radiation laws and their empirical 
validation together constitute the backbone of the physics of the greenhouse effect. Our planet 
enjoys the stable climate because the hydrological cycle forces the climate system to maintain the 
chaotic upper tropospheric humidity and wind field, the equilibrium cloud cover and precipitation, 
and moves the latent heat among the different geological reservoirs ‒ as required by the planetary 
energetics. The role of the non-condensing GHGs stems from the fact that they do not participate 
in the hydrological cycle, they cannot contribute to the entropy production, but they can regulate 
the transmitted flux density to the level required by the Milne-Eddington equations. The green-
house effect terminology of the climatologists refers to the steady state temperature difference 

between St and At . However, the 28At  K, and the related 128AG  Wm-2 clear-sky temperature 
and flux density differences are constants, they cannot violate the planetary radiative equilibrium 

and energy conservation principles. One should admit that At and AG are practically meaningless 
parameters and they cannot be related to the IR atmospheric absorption of the CO2. Any pertur-
bations to the flux optical thickness by non-condensing GHGs will force the hydrological cycle 
to restore the theoretical equilibrium state. The greenhouse effect predicted by the Arrhenius 
greenhouse theory is inconsistent with the existence of the CRE. Hence, the CO2 greenhouse ef-
fect as used in the current global warming hypothesis is impossible. Let us emphasize the overall 
conclusion: 

The Arrhenius type greenhouse effect of the CO2 and other non-condensing GHGs is an incorrect 
hypothesis and the CO2 greenhouse effect based global warming hypothesis is also an artifact 
without any theoretical or empirical footing. 
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Without scientific proof the debate on the CO2 GE based catastrophic AGW should be abandoned 
and policymakers should focus on the more urgent environmental and social issues of humanity. 
The recent worldwide energy crisis is a warning sign that the promotion of the so-called green 
energy is neither solving energy shortages nor helping to protect the environment from pollution. 
The climate does not need protection, but the clean environment does. 
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List of acronyms with the page numbers of first occurrences 
 
SW   shortwave (1) 
IR   infrared (1) 
LW   long-wave (1) 
APS   active planetary surface (1) 
GHG   greenhouse gas (2) 
RE   radiative equilibrium (2) 
TOA   top of the atmosphere (2) 
CRE   Chandrasekhar-type radiative equilibrium (2) 
WV   water vapor (3) 
GE   greenhouse effect (4) 
LTE   local thermodynamic equilibrium (4) 
AGW   anthropogenic global warming (4) 
SB   Stefan-Boltzmann (5) 
NIST   National Institute of Standards and Technology (5) 
EBT   equivalent blackbody temperature (5) 
RT   radiative transfer (6) 
EBF   Planck equivalent blackbody spectral flux density (7) 
GAT   global average TIGR2 atmospheric structure (9) 
IPCC   Intergovernmental Panel on Climate Change (9) 
GCM   global climate models (10) 
NOAA  National Oceanic and Atmospheric Administration (11) 
NOAA-S testing facility in Sterling Virginia (11) 
LBL   line-by-line (12) 
HARTCODE High-resolution Atmospheric Radiative Transfer Code (12) 
RTF   Radiative transfer function (15) 
OLR   outgoing longwave radiation (28) 
MGT   Miskolczi Greenhouse Theory (44) 
MCT   mean color temperature (48) 
ECS   equilibrium climate sensitivity (51) 
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Appendix 

Duality of flux density and radiation temperature 

1. Planck radiation laws 

Let us recall the most fundamental equations of the Planck radiation laws. The wavenumber, 
wavelength, and frequency representations are all suitable for spectral characterization of radia-
tive processes. Further on we use the wavenumber representation, usually found in IR spectros-

copy, where the ( )b t  spectral radiances are expressed in units of mW/(m2cm-1sr): 

 3 1
2 1( ) (exp( / ) 1)b t c c t      , (a1) 

where 1c and 2c are the radiation constants appropriate for the wavenumber domain, and the t color 

temperatures are expressed in K. In case of isotropic radiation field t t  is a constant, the Kirch-

hoff-Planck relationship holds and ( )b t is called the Planck (spectral) distribution of blackbody 
radiance. From (a1) follows the definition of the color (or brightness) temperature, commonly 
used in remote sensing applications: 

 3
1 2( ) / ln( / 1)t b c c b     . (a2) 

In case of gaseous materials, the spectral structure of t may be very complex, and the t average  

may not be equal to EBT. We have seen that, the mean color temperature (MCT) of the Sun is 

about 292.71 K smaller: 5778.075SUNt  , , 5485.362SUNt  K. In isotropic case t t t   . In Table 

1 some characteristic parameters of the SW solar radiation are presented. Detailed explanations 
of the symbols are given in section 2. 

 

Table 1: Radiative parameters of the Sun. 

EBT and MCT are the equivalent blackbody, and mean color temperatures 

Parameters EBT MCT Units Symbols 

  1  temperatures 5778.0758 5485.36 K t t  

  2  Wien’s law 5778.0623 5485.3524 K 
maxW  

  3  SB law 63197970 51332316 Wm-2 4t   

  4  flux density 63197967 51332316 Wm-2 ( )B t  

  5  MCT 5778.0754 5485.36 K t  

  6  virtual temperatures 565.00621 557.71036   K t̂  

  7  dual flux density 5778.0754 5485.36 Wm-2 ˆ( )B t  

  8  maximum of ( )B t
  3444.5702 2947.1405 Wm-2/cm-1 max,B   

  9  maximum wave number 11330.7 10756.7 cm-1 
max  

10  entropy flux density 14583.396 12477.415 Wm-2/K J  
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In Figure 31 the solar spectral radiance and color temperature spectra are shown. From the ν 0,Sb (t )

and
B

0,Sνb t( )specific intensity spectra ‒ in the left plot ‒ the  solar constant could be  ~18 % (257 

Wm-2) less if computed from
B

0,Sνb t( ) instead. See also row 4 and 5 in Table 1. This figure actually 

is a proof, that the solar radiation is not blackbody radiation, therefore, any equilibrium climate 
sensitivity (ECS) study of GCMs ‒ related to the variations in the solar constant ‒ cannot be based 
on the SB law or the Planck response, Shaviv (2015) [60].  

The form of the Kirchhoff-Planck relation for radiative flux densities is obtained by integrating 
(a1) by solid angle and wavenumber. The conversion of spectral radiances from units of 

mW/(m2cm-1sr) into ( )B t spectral flux densities in W/(m2cm-1) means a multiplication  by the 
310D    factor. Spectrally integrated ( )B t will result in the ( )B t flux density function in 

Wm-2, which depends only on the temperature. The wavenumber and solid angle integral of (a1) 
yields the Stefan-Boltzmann (SB) law: 

 4( )B t t . (a3) 

In the wavenumber domain the SB constant may be expressed with the 1c and 2c radiation con-

stants: 4 5 4 8
2 110 (2 / 3) / 5.669833697 10c c     Wm-2K-4, where 1 1.438786c  K/cm-1, and

5
2 1.1909596 10c   mWm-2cm-4sr-1. By definition, the t temperature obtained from (a3) is the 

1/4( / )t B  EBT, (for the Earth 1/4
0 0( / ) 394.101649t F   K).Specifically for the Earth, the 

4 2 3
0 0 0 0/ ( / ) /D D EE F d r F    relationships numerically also holds exactly. (In double-preci-

sion arithmetic ‘exact’ means a numerical accuracy up to 15 significant decimal digits.) 

The form of the SB law for the ( )U t energy density of the radiation field: 4( )U t at Jm-3, where 

4 /a c Jm-3K-4, andc is the speed of the light in vacuum. Differentiation of (a1) by wavenumber 

Figure 31: Spectral characteristic of the observed solar specific intensity (left plot) and 
brightness temperature spectra (right plot). The Sun is definitely not a blackbody radia-
tor. 
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yields Wien's displacement law: 

 max/t W  , (a4) 

where 0.50994751W  K/cm-1 is the Wien constant in the wavenumber representation, and max is 

the wavenumber of the maximum of the ( )B t function. The radiation entropy flux density may 
be expressed in different forms, Wu & Liu (2010) [50]: 

 3 3 1/4 3/4/ 3 (4 / 3) (4 / 3) (4 / 3) /J cat t B B t     . (a5) 

At a unique temperature of 1/3
Mt   K, and unique flux density of 1/3

MB   Wm-2 (a3) reduces 

to a mathematical identity of 1/3 260.301M Mt B     , and the temperature and flux density can-

not be numerically distinguished. At Mt and MB the entropy flux density ‒ from (a5) ‒ is exactly 
4/3 Wm-2/K.  

At  this point we did not pay much attention to the numerical value of 1/3  , and we just introduced 

the 1/3
M    and 1/3 38.123536778M D Mc    notions, where M and Mc quantities can equally 

have dimensions of K or Wm-2, and called this strange situation to temperature-flux density dual-

ity. We may call Mt  and MB mixing temperature and mixing flux density, and refer to the Mc pa-
rameter as dual entropy constant. 
 
However, empirical evidence shows that M cannot be discarded as a physically meaningless 

quantity. Radiosonde observations showed that 2 P S Mt t   , indicating that M , (or Mc ) is quanti-
tatively associated with the phase temperature of the H2O and the global mean surface tempera-
ture, (see [17]). Flux density simulations show that the T D A Mt E A     empirical relationship 
also holds, indicating that mixed (temperature and flux density) mathematical expressions of 
physical quantities are also associated with M . 

Using astronomical parameters of the Earth and Sun ( 0E , SUNt , 0F , 0r , Ed , Fd ) and the SB law,  
later we were running into several mathematical identities where the dimensions of the involved 
quantities did not match: 

 0 D SUNF t ,   4
0 0DF E  ,   3

0(4 / 3) (4 / 3) D FF d  . (a6) 

In the 1st equation of (a6) the left side is flux density in Wm-2,the right side is temperature in K. 

In the equivalent form of this equation 1/4
0 0( / )DF E  , where the 0E flux density virtually has 

the dimension of radiance. Taking the 4th power of this equation and multiplying with we get 

the 2nd equation, where both sides are flux densities but on the left side 0F must be temperature in 
K, as required by the SB law. In the 3rd equation the right side is a dimensionless quantity, while 

the left side (assuming that 0F is temperature in K) may be taken as entropy flux density in Wm-

2/K, see the second equation of (a5) . Perhaps the 1/4 1367.9514D SUNt   K quantity may be called 

as the t K entropy temperature of the Sun.  

Rearranging the 3rd equation of (a6) and using the 2
0 0 0( / ) /F Fd r d F E  definitions of the dilu-

tion factor, the solar constant equation (23) in 4.2 may easily be derived: 8/3 2/3 2
0( ) M EF d c d r d  . 

Obviously, for the Earth Fd d , 1/3( )E M FF d c d and here Mc is  Wm-2. Notice, that because of the
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8/3
Ed term in (23), the 4

0 / ( )DE F d  relationship ‒ from the 2ndequationof (a6) ‒ cannot be valid 
for any other planets. 

Further interesting fact is, that the radiation entropy flux density from (a5) for the t entropy tem-
perature is 193.51 Wm-2/K, which is numerically very close to the GAT clear-sky emission of

193.24UE  Wm-2, (see Figure 7). Similar coincidences, without straightforward physical expla-
nations, used to be termed as tele-connections. Such surprising numerical relationships are the 

4 1/3 4/3
0 2 1(15/ ( c d ))FF c , or 4

0 0/DE F  expressions, where 2c , 1c , and are known functions 
of the fundamental physical constants. 

All of the strange relationships just mentioned point to a hidden mathematical property of the 
Planck radiation laws, and also to the very special astronomical parameters of the Sun and the 
Earth’s orbit. Because of the mixed dimensions (a3) may not be a unique relationship between 
flux densities and temperatures. Looks like (a3) structurally represents physically meaningful re-
lationships among long lines of different RT quantities. 

2. Law of radiation-temperature duality 

Let t t be the MCT of  the spectral t over the whole wavenumber domain. Let us also define 

the 1/4ˆ ( / )t t   virtual temperature as the EBT from the flux density being numerically exactly 

equal to t .The virtual notation indicates that t̂  is a mixed physical quantity, meaning that t in K 
may formally enter into the SB law as  flux density in Wm-2.  

A very important mathematical property of equations (a1-a5) is the exact mathematical equiva-

lence of the ˆ( )B t Wm-2 integrated ˆ( )B t
 spectral flux density, and the average color(or brightness) 

temperature tK:   

 3 1/4
2 10

ˆ( ) / (exp( / ( t / ) ) 1)Dt B t c c d    


   . (a7) 

Equation (a7) is a new insight not found in the literature and will be referred to hereafter as the 

law of radiation-temperature duality. Further on, ˆ( )B t and twill be termed as dual flux density 

and dual temperature. Remember, that for ideal blackbody radiation t is the t  temperature itself. 

To prove that the law of duality holds for temperature Mt is relatively simple. Using (a1) one has 
to show quantitatively that (a7) is true: 

 3 1
2 10 0

( ) c (exp( / ) 1)M D D Mt b t d c t d     
      , (a8) 

where 1/3 1/3 4/3
2 1( )M Ct c c    , and 5 /15000C  .Substituting with the 2 1/Cx c c  new 

variable we arrive at the next equation: 

 1/3 4/3 4/3 3 1
2, 1, 2, 2, 1, 0

( ) ( / ) (exp( ) 1)C D Cc c c c c x x dx      
    , (a9) 

where the Riemann sum of the right integral is 4 / 15 , which reduces (a9) to an identity, inde-

pendent of Mt . Since any t temperature can be expressed (scaled) by Mt with a constant of propor-

tionality, our statement holds for any t temperature. 
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In Figure 32 HARTCODE GAT simulations of the all-sky A

νOLR and the relevant νt brightness tem-
perature spectra are presented. On the contrary to the solar spectra in Figure 31, the terrestrial 
radiation is a fair approximation of the maximum entropy blackbody radiation. 

 

 

The integral  flux densities of ν

eOLR  and ν

btOLR are about equal, and the SB law for ECS estima-
tions in CO2 doubling studies theoretically may safely be applied. Based on the SB law and GCM 
simulations without feedback processes, the ECS in Scafetta (2022) [52] would result in ~1 K 
surface temperature rise. 

Of course, this is a plain nonsense, the stochastic climate system is not controlled by the SB law, 
but by the random combination of the most diverse physical processes, laws, and principles of 

nature, which is ultimately able to produce the A

νOLR maximum entropy IR radiation of the Earth-
atmosphere system. On the other hand, popular CO2 doubling studies in GCM simulations are 
based on artificial atmospheric structures, therefore producing quite unrealistic results which are 
violating the Schwarzschild-Milne equations. 

The means of conversion of the incoming SW solar to outgoing LW terrestrial radiation are based 
on the stochastic processes in the global hydrological cycle, which is ‒ using the infinite supply 
of water from the oceans ‒ creating the global average equilibrium cloud cover. 

The duality of flux density and temperature is independent of the spectral structure of the radia-
tion field, should therefore be regarded as an intrinsic mathematical property of the Planck dis-
tribution. 

Figure 32: Spectral  and  (thin blue lines) of the GAT atmosphere. In the right 

plot the mean brightness temperature and the  EBT are practically equal. In the left 

plot EBF, and  flux density from  are also equal. The IR radiation leaving 

the Earth is close to ideal blackbody radiation. 
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In the context of the Planck distribution, this fact is probably not of great novelty to mathemati-
cians working on theory of the distribution functions, but it may be of some interest to physicists, 
astrophysicists or astronomers. The duality of flux density and temperature provides the theoret-
ical background for number of unexplained tele-connections.  

The SW solar radiation field must obey the law of duality. At Ed distance from the Sun a virtual
1/4

0 0
ˆ ( / ) 288.74448t t   K temperature can be computed, which will be consistent with the 0t

EBT, and the numerical identity of 4 1/4
0 0 0 0

ˆ ( / ) 394.11692B t F t     Wm-2 or K. Just like 0t

, 0̂t  is an astronomical parameter and has nothing to do directly with the St global mean surface 

radiative temperature (from (17) in paragraph 2.2). By definition, the 0̂/T
A Et t  dimensionless 

ratio is the theoretical anisotropy factor of the incoming directional SW radiation field at the Ed

distance from the Sun. The numerical value of 0.9651535T
A   may be expressed by several math-

ematical identity: 

 1/2 1/2 3/16 1/16 1/8
0 0 0 0 0
ˆ ˆ/ 2 / 2 ( / ) / ( / )T

A E M N F N Et t t t F d d r         , (a10) 

where 1/16( / 256)N D  . To establish the relationship between St  and 0t  the anisotropy of the 

solar and terrestrial radiation fields has to be evaluated. It was shown in paragraph 4.1 that the A  
IR clear-sky anisotropy factor of the GAT atmosphere practically equal to T

A :

,/ 0.96515341T
A A D D IE E    . The close agreement of A  and T

A  is a proof that the structure 

of the global mean atmosphere is such, that the SW and IR anisotropy factors are exactly the 
same. 

As a prominent example, the 0̂
obst empirical virtual temperature from GAT simulation is in very 

good agreement with the true 0̂t : 1/4 1/4
0̂ ((2( / (1 )) / ) / ) 288.74395obs A A A

Ut S OLR g      K. The 

relative deviation of 0̂t and 0̂
obst is ~1.83×10-4%. As expected, the atmospheric Kirchhoff law also 

gives a perfect match with St : 1/4( / ( )) 286.06469S D At E A   K.  

Assuming constant 0E and 0F , we can easily determine the local ( )F d theoretical solar constant as 

a function of d distance from the Sun to any point in the solar system. Let 2
0( / )r d  be the local 

dilution factor associated with the distance d , and let us use the next duality of the solar surface 

emission 4/3 8/3
0 0( / )M F M EE c d c r d   .  

By multiplying both sides with 2
0( / )r d , the left hand side will define the 2

0 0( ) ( / )F d r d E func-
tion, and the right hand side will be transformed to the next mathematical identity:

8/3 2 2/3 8/3 2
0 0 0( / ) ( / )M E M Ec r d r d c r d d   . The final form of ( )F d :  

 2/3 8/3 2
0( ) M EF d c r d d  , (a11) 

where 0r  and Ed  are the proper time averages of the Sun's radius and the semi major  axis of the 

Earth's orbit. Using the 1/3
0 M FF c d duality, and the 2/3 8/3 1/3 2

0 E F Er d d d  identity, ( )F d may be ex-

pressed in / Ead d d astronomical units: 

 2
0( )a aF d F d  . (a12) 
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The  precise determination of  the relevant 0r  and Ed is the subject of solar physics, and perturba-
tion calculations in celestial mechanics. The EBT temperature expressed from (a11) may be writ-

ten as: 3/4 1/4 2/3 1/6 1/2
0( ) 10M Et d c d r d    . The effective surface temperature of the planets in astro-

physical sense is 1/2
0( ) 2 ( )t d t d K. 

Outside the Sun, using Kepler's third law, ( )F d can also be expressed in terms of the orbital peri-
ods of the planets: 

 2/9 16/9 2/3 4/3
0(P) P PM E EF c r  , (a13) 

where Pis the orbital period in seconds of any planet, 7P 3.155941209 10E   s is the orbital period 

of the Earth, and 192.97496184 10E
  s-3m2 is the Kepler constant for the Earth. 

Equation (a11) has a singularity at 0d  ‒ at the center of the Sun or the barycenter of the solar 
system ‒ which would physically imply an infinitely high temperature and an infinitely large flux 
density, which of course cannot exist. In principle, the solar system is in constant motion and a 
static geometrical center representing its center of gravity cannot be assigned. Using (a11) at

Ed d we may formally define the 2/3 8/3 2
0 0 1367.954T

M E EF c r d d   Wm-2 theoretical solar con-

stant, which is agreeing well with 0F and 0
obsF .  

Apart from the singularity at 0d  , the distance d can vary from the Sun's interior to any point in 
the solar system. As already mentioned, the accuracy of (a11-a13) depends solely on the accuracy 
of measured geometric distances and times, and therefore it is free from the calibration problems 

often encountered in radiation measurements which makes 0
TF a real good candidate for a refer-

ence solar constant. 

Based on model calculations the temperature at the center of the Sun is 1.571×107 K, NASA 
(2012) [46]. If we wonder what equation (a11) considers to be the Sun's center, we gradually 
decrease the distance d to the hypothetical center of the Sun in our equation and find when the 
resulting flux density of the radiation temperature calculated from the SB law equals the temper-
ature of NASA's above. Our result shows that at 94.15 m from a hypothetical solar center the 
temperature is 1.5710053×107 K. This distance (in terms of astronomical distances) is a good 
approximation to the solar center, so our equation practically confirms the NASA complex model 
calculations. Further reducing the distance from a hypothetical solar center ( d in (a11) ), the ra-
diative temperature increases rapidly, reaching 1.52436097×108 K degrees at a distance of 1 me-

ter. At extremely small distances, such as the unit Planck length ( 351.61622938 10Pl
  m, 

CODATA (2018) [53]), the temperature is 379.17×1023 K, which is of course still far from infin-
ity. 

It is also worth examining the accuracy of (a11) for much larger values of d . Again, referring to 
NASA data, Jupiter has a solar constant of 50.26 Wm-2, a Bond albedo of 0.343, a distance d  of 
778.57×109 m, and an equilibrium absorption temperature of 109.9 K, NASA (2016) [54]. Similar 
data can be found in the planetary database of Willman (2012) [55]. From (a11), the theoretical 
solar constant of Jupiter is ( ) 50.504F d  Wm-2, which is about equal to the NASA data. The 

equilibrium absorption temperature of Jupiter is 1/4( ( )(1 0.343) / (4 )) 109.9804F d   K, which 

is also equal to the NASA data. The above examples show that (a11) does indeed accurately 
reproduce the wide range of solar constants in the solar system.  
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The point of our equation is not to show the trivial dependence of the flux density on distance d
, but rather to show that the solar constant of any planet depends specifically on the semi-major 
axis of the Earth's orbit. Consequently, the Earth plays a very special role in the energetics of our 
solar system. It may even be that we should reconsider our ideas about the origin and formation 
of the solar system and our heliocentric worldview. 

 The law of duality interconnected the 0F solar constant, the Stefan-Boltzmann constant and the

0r solar radius into an accurate mathematical expression for the Ed semi-major axis of the Earth’s 

orbit, where the working hydrological cycle assures  the maximum radiation entropy of the OLR 

while maintaining a stable planetary climate: 1/2 3/2
0 0( ) 1459789E Dd F r  m. To answer the 

question why it is so needs further studies of planetary evolution. 

To show the distinguished characteristics of the Earth’s orbital position in the solar system in 
Figure 33 and 34 we compare planetary solar constants and anisotropy factors of the five inner 
planets. In these figures the black dots mark the unique orbital position of the Earth where the 

duality based 0F , ( )PF d and ( )P d parameters exactly reproduce the empirical data.  

In Figure 33 the 0
TF and 0

obsF are equal and they numerically agree with the t entropy tempera-

ture. The maximum and minimum relative differences of 0
TF  and the satellite records between 

1978 and 2018 (in Scafetta [49], figure 1) are 0.44 % and -0.58 %, corresponding to about 1.0 K 

change in 0t . 

In Figure 34 the SW P were computed from the 0̂/P Et t  using the 0̂t (red dots), and from the  
1/16

P N Fd   using Fd (green dots). The black dot marks the unique orbital position of the Earth 

where the empirical IR ,/A D D IE E   and both  SW P are equal. 

Finally, returning to our prominent example, using the 1/4( / ( ))S D At E A  atmospheric Kirchhoff 

law, the 1/8
0( / )T

A N Ed r  anisotropy, and the T
A A   close agreement, the T

DE  theoretical equi-
librium downward atmospheric emission of the global average atmosphere will depend only on 

the T
A astronomical parameter, and the T theoretical IR equilibrium global mean flux optical 

thickness: 0
T T
D UE S , where 0 (1 exp( ))T T T

A     , and 0
T is the theoretical equilibrium clear-

sky emissivity. The relative differences  of T
D DE E and 0 0

T  are 0.0286 %. 

Our planetary mean climate is particularly fond of the constants T
A and T , and leaves no room 

for any greenhouse gas perturbations. The message of our equations is quite clear and does not 
require the official approval of the Hungarian Academy of Sciences, or the academically illiterate 
politicians and their IPCC. 
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Figure 33: Numerical comparisons of the planetary solar constants from the  function (red 

dots) with the entropy temperatures from dualities (green dots). The empir-

ical (black dot) from GAT simulations perfectly agrees with . 

 

Figure 34: Comparisons of the SW anisotropy factors of the planets from the law of duality with 

the IR anisotropy factor of the GAT atmosphere from the atmospheric Kirchhoff law. 

 




