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Abstract

From the first computer-based climate models to the latest general circulation
models, hardware and software development have made incredible strides.
However, the underlying physical principles of solar irradiation still date back
to the analog era, and the initial simplifications of the underlying physical
knowledge have not been sufficiently refined. The sun’s role is still reduced to
its global average value over day and night, and furthermore, the geographical
differences between the tropics and the poles continue to be neglected. Mod-
ern computer systems no longer require such simplifications. From the per-
spective of applied physics, it would be advantageous to begin climate calcu-
lations for the Earth today directly with the incident solar radiation on its day-
side. This work demonstrates that a hemispherical consideration of incident
solar irradiation, incorporating time of day, individual geographic location,
and season, could significantly improve the scientific view on the role of the
Sun more effective than miniaturizing the computational cells in digital cli-
mate models further.

Keywords
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1. Introduction

The Intergovernmental Panel on Climate Change (IPCC), an organisation founded
by WMO and UN in 1988, evaluates and regularly reports the scientific basis and
the current state of global warming, which shall be caused by an enhanced green-
house effect (GHE) due to carbon dioxide (CO,) from the anthropogenic use of

fossil fuels. Consequently, from 1988 onwards, the functioning of the so-called
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natural atmospheric GHE itself should be scientifically absolutely clear and veri-
fiable. However, the enhanced GHE does not yet appear to be fully understood, as
the IPCC [1] repeats in its Sixth Assessment Report (Working Group 1, Annex
1.A. 2021) a statement from the First Assessment Report (SPM of the FAR, 1990):
“The unequivocal detection of the enhanced greenhouse effect from observations
is not likely for a decade or more”. This quote demonstrates that the problem of
the enhanced GHE, which is said to cause anthropogenic global warming (AGW),
was already described as unresolved in the FAR report (1990) and remained un-
resolved for the following three decades until the AR6-SPM declaration (2021).
This lack of general scientific knowledge does not provide a confidence-building
perspective on the scientific climate models that incorporate AGW into future pro-
jections of the GHE model. Since the enhanced GHE shall occur on the same phys-
ical basis as the natural atmospheric GHE, the question arises consequently, whether
the natural GHE itself has been scientifically fully understood.

The constant cycle of day and night had once led climate sciences to use a single
global average value for solar irradiance that shall represent both phases in future
climate models, as, for example, IPCC models use to do to date. The outline of the
paper follows the natural atmospheric greenhouse effect being derived as a “factor 4”
from a quarter of the Solar constant and describes the spread of this factor 4 in
climate sciences. Section 4 restarts the physical perspective on temperature gen-
eration from the Earth’s dayside on, where solar shortwave irradiation firstly hits
terrestrial matter. The next section proves this hemispheric perspective to already
include a natural variety of seasonal climate variations over geographic latitudes,
being followed by open questions about energy transport within the Earth’s at-
mosphere. This analysis ends up with the natural atmospheric energy decay fol-
lowing the plain barometric formula without any additional energy generation

needed within the atmosphere.

2. Analysis of the So-Called Natural Atmospheric
Greenhouse Effect

Although it is argued by Cook ef al. [2] that 97% of scientists do agree to anthro-
pogenic global warming (AGW), the natural atmospheric GHE has not been clearly
and physically comprehensibly defined to date. Even today there exists no undis-
puted general schoolbook-model of the GHE in scientific literature but a great
variety of different GHE models. All these uncountable GHE models are based on
the difference of 33 Kelvin between a “natural” temperature (NTE) of the Earth at
minus 18 degrees Celsius, calculated from the globally averaged power of the in-
coming short wave insolation on Earth over 24 hours by an inversion of the Stefan
Boltzmann law (S-B inversion), and the globally averaged measured near surface
temperature (NST) of 15 degrees Celsius. This S-B inversion could be simplified
further by using a quarter of the solar constant with the same result. The so called
radiation altitude of the Earth is then declared to be that special part of the atmos-
phere with a local temperature of minusl8 degrees Celsius equal to the Earth’s
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“natural” temperature. From the barometric formula this part of the atmosphere
with a temperature of minus 18 degrees Celsius can be identified at an altitude of
about 5.000 meter.

A nowadays mainly well accepted model of the GHE in climate sciences origi-
nates from Trenberth ef al [3] who are starting their global description from 341
Watt per square meter for the incoming solar short wave (SW) irradiation. In fact,
the ratio between the circle area of the incoming short wave insolation and the
areal extent of the whole Earth is 1:4, referred to below as “factor 4”. The distri-
bution of the solar constant at 1.361 Watt per square meter across the entire sur-
face of the Earth is therefore one quarter, or 341 Watt per square meter. Taking
into account the Earth’s mean albedo of about 30% and following this factor 4-
approach, the net temperature-effective incoming solar irradiation on Earth re-
sults in 239 Watt per square meter and cannot explain for the measured NST of
about 15 degrees Celsius. Additional longwave back radiation from greenhouse
gases in the atmosphere with an additional longwave (LW) net radiation flow of
159 Watt per square meter towards the Earth’s surface shall then meet the need of
the measured NST at 398 Watt per square meter and allegedly ensure an outgoing
longwave radiation of 239 Watt per square meter from the top of the atmosphere
(TOA) to outer space. This article will follow these integer values from Trenberth
et al. [3] in argumentation. The factor 4, used in an S-B inversion to determine a
“natural” Earth temperature of minus 18 degrees Celsius, inevitably leads to a dif-
ference of 33 Kelvin compared to the globally averaged measured near-surface
temperature (NST) of 15 degrees Celsius and is known as the natural atmospheric
GHE, as shown in Figure 1:

Short Wave Solar Irradiation 341 W/m? Long Wave Terrestrial Radiation 239 W/m?

‘.\or\ of Ir-,.Q TOA
o S
> S
o Q
& 2

-18°C
at 239 W/m?

341 W/m? 239 W/m?

by Albedo

341 W/m? 239 W/m?

Figure 1. The incoming solar short wave (SW) irradiation (left) and the outgoing terrestrial
long wave (LW) radiation (right) from the principle of the natural atmospheric GHE fol-
lowing the values from Trenberth ez al [3].

Aside from the fact that a global average temperature should be better addition-
ally specified with its minimum and maximum values, for example, NST = 15 de-
grees Celsius (—92°C/58°C), calculating an average “natural” black body temper-

ature for the Earth from a quarter of the solar constant leads to physically ques-
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tionable results. Already on a first sight one could find a series of contradictions

against the secured laws of physics within this principle of the natural atmospheric

GHE:

e The Earth’s so called natural temperature of minus 18 degrees Celsius is de-
rived by an S-B inversion with a global averaged net value of solar irradia-
tion. The law of Stefan and Boltzmann (S-B law), however, describes strictly
a just-in-time relation between temperature and specific radiation power of
a black body. Being a fourth-power relation this physical law is not valid for
any arithmetic averaged value of temperature and this limitation is also valid
for any scalar value of specific radiation power in a physical inversion of this
law.

e The averaged incoming specific net solar irradiance power of 239 Watt per
square meter from the factor 4-division of the solar constant equals the mean
terrestrial longwave radiation of 239 Watt per square meter and ignores the
continuous change between day and night on Earth.

o The radial vector directions of the incoming solar SW irradiation in the com-
mon GHE model do not comply with the parallel nature of the factual solar
irradiation on Earth. Being one fourth of the solar constant the incoming SW
must rather keep its original vector direction or becomes even a scalar if it would
be derived from the averaged 24 h solar energy amount at the Earth’s surface
as being argued in various GHE models.

e The distance between the observation planes for a quarter of the solar incom-
ingirradiance at the top of the atmosphere (TOA) and the measured global mean
near-surface temperature is the whole atmosphere of the Earth. The difference
between two averaged temperatures, the calculated NTE and the measured NST,
is then attributed to the so called GHE caused by a long wave back radiation
out of the atmosphere in between. However, there is no evidence that the two
observation planes are physically equivalent. Rather, the temperature in the trop-
osphere follows the barometric formula.

e The laws of Thermodynamics state clearly that a body could not be further
heated up by its own radiation.

All these arguments could not be healed within the frame of the existing knowledge
in physical sciences. Gerlich und Tscheuschner [4] alone have explicitly disproved

14 different definitions of the GHE, but the GHE approach with a quarter of the

solar constant is still standard in climate sciences.

3. The Spread of the Factor 4 Approach in Climate Science

In climate science, the so-called GHE from the factor 4 approach for the incoming
solar irradiation serves as a global constant to reconcile measured temperatures
with theoretical data. There are ongoing scientific efforts to quantify the atmos-
pheric impact of CO, and water vapour more exactly by a combination of the ide-
alized radiative-convective equilibrium (RCE) and quantitatively reasonable models

for their temperature forcing. And already the basic planetary energy balance of
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such a RCE starts with a quarter of the solar constant, as described, for example,
by Jeevanjee [5]. Furthermore, Wild [6] has analysed the solar radiation budgets
from 20 general circulation models (GCMs) participating in the second phase
of the Atmospheric Model Intercomparison Project (AMIPII). The multimodel
mean average of the 20 GCMs accounts 162 Watt per square meter for the solar
SW portion absorbed at surface and 74 Watt per square meter for the solar SW
portion absorbed in the atmosphere which sum up to 236 Watt per square meter
of the solar SW irradiation being absorbed on Earth between TOA and surface.
This mean average from 20 GCMs proves that even in general circulation models
the factor 4 derivative of the solar constant, as it is defined by the GHE paradigm,
is used in the calculation of climate models and needs the atmospheric GHE to
account for the difference between calculated temperatures and the measured
NST.

Already the very starting point of the GHE paradigm, which assumes that a
globally averaged quarter of the incoming solar shortwave irradiation with parallel
vector direction can represent the radial terrestrial longwave radiation, ignores
the natural sequence of day and night on Earth. And the derivation of a tempera-
ture from a 24 h average of solar irradiation by an S-B inversion leaves the frame
of physics and becomes a pure mathematical result. From this global mathemati-
cal average there exists no interconnection back to the real existing physics at in-
dividual locations at all. Furthermore, nowhere in literature could be found a
global distribution chart for the GHE, not the contrast between day and night, nor
a global geographic distribution, and neither its development through the seasonal
succession of the year.

The Earth’s axis of rotation is not directed parallel to the normal vector of the
ecliptic of the solar system. Consequently, there are strong local fluctuations in
solar irradiation on Earth throughout the year—the so-called changing of the sea-
sons. Daily local solar irradiation at the Earth’s surface varies thus in power and
energy with latitude and seasons. During the year, the maximum solar power mi-
grates along with the vertical projection of the sun between the tropics. However,
due to the different day lengths between summer and winter, the maximum solar
energy for a 24 hour-day falls on the polar day of the respective summer hemisphere,
with its absolute maximum in the southern polar region because of the Earth’s el-
liptical orbit. This meridional distribution of incoming solar energy within 24 hours
is illustrated, for example, in a figure by Kramm and Molders [7] for an entire year
and all latitudes between 90° South and 90° North. This figure shows clearly that
the zonal solar energy, relative to a 24 h-day, increases towards the polar day, reaches
its maximum at the summer solstice, and drops to zero in the polar night around
the winter solstice.

Therefore, the GHE should also vary meridional through the geographic lati-
tudes, as it allegedly depends on the local surface temperature, which itself is caused
by incoming solar HF-irradiation. Despite enormous local temperature differ-

ences throughout the year in latitudes outside the tropics, no global distribution
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of the so-called natural atmospheric GHE could be found in the scientific litera-
ture. Information on its local and annual fluctuations or its interaction with solar-
induced local temperatures is also lacking.

The greenhouse effect of 33 Kelvin, originally presented as the difference be-
tween two globally averaged temperatures—the theoretical blackbody tempera-
ture NTE of minus 18 degrees Celsius and the measured terrestrial NST of 15 de-
grees Celsius, is consequently not quantified with its timely and geographic vari-
ations. But there is a clear statement from von Storch et al. [8] about the need to
simulate the GHE by a sole factor Tau (7) in parameterized computer models,

(quote in translation),

“If one wants to reproduce the actual globally averaged annual mean temper-
ature of approximately 288 K, one must prevent the infrared radiation ema-
nating from the Earth’s surface from leaving the system completely. One adds
a factor 7to equation (4.4), which parameterizes the effect of atmospheric
substances (radiatively active gases such as CO; or cloud water) on the trans-
mission of radiation. The factor 7'implies a reduction in the effective atmos-

pheric transmissivity, Ze., transmittance, for long-wave radiation.”

The atmospheric GHE appears to be merely a theoretical artefact from a com-
parison of two different globally averaged mean temperatures, and seems not to
be based on local physical measurements or calculations. An explaining argument

about the nature of atmospheric forcing could be found at Schwartz [9], quote,

“Because of the importance of forcing by GHGs as a driver of climate change,
and because forcing cannot be directly measured (SN5) but can be determined
only by radiative transfer calculations, such calculations assume considerable

. . »
significance.

A purely theoretically defined phenomenon that has not yet been experimen-
tally verified leaves much room for error and speculation. In the simplified solu-
tion of the radiative transfer equation presented by Kéampfe [10] solar irradiation
and terrestrial radiation are equated following the S-B law. The S-B law describes
a real-time relation for the radiation power of a black body with its temperature
Tat:

P=c-AT* (1)
where Pis the radiation power in Watt, A is the surface area of the black body in
m?® and o is the Stefan-Boltzmann constant being at 5.67 - 10® W/(m?K*). With
the specific power density §= P/A in Watt per square meter we then receive for
the S-B law:

S=0-T* )

This physical law describes a temporally exact relationship between 7* and Sof

a body with uniform temperature and its radiation in the direction of the normal
vector of its surface. In opposite, an S-B inversion gives a calculative temperature

equivalent for the incoming radiation component that incident on a body in the
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direction of the normal vector of its surface. Consequently, no temperature 7'

could be generated physically in real-time without incoming insolation at all:

T=4S/c (3)

Williams et al. [11] explicitly support such an S-B inversion for the day side of
the Moon, quote:

“The lunar regolith is highly insulating due to its low density and thermal
conductivity (Linsky, 1966, Cremers and Birkebak, 1971, Keihm and Langseth,
1973) and therefore heat flow into the subsurface during the day is small
compared to the incident solar flux (Vasavada et al, 1999, 2012). Daytime
temperatures can therefore be approximated from the balance of incoming
solar flux and outgoing thermal emission:
T(0)=[S(1- A)cos(6)/s0 |
[Formula (1) at Williams et al. corresponding here to (5)]
where S is the solar constant, A is albedo, ¢ is emissivity, and o the Stefan-

»

Boltzmann constant [with &= latitude]

Kampfe [10] equates the incoming radiation flux of the Sun hitting the Earth
(Dsun) and the outgoing radiation flux of the Earth (®g.rn). This equation is correct
for the total amount of energy. But from the circular area of the incident shortwave
solar irradiation (n&?) and the spherical surface of the Earth (4nR%) as well as the
solar constant &, the Earth’s albedo and its radius R, Kdmpfe [10] calculates then
the equilibrium temperature 7, of the Earth with an S-B inversion to be 255 Kel-
vin (—18°C) over day and night. The Earth’s “natural” temperature NTE thus cor-
responds herein to the temperature of a self-luminous star with a uniform surface
temperature of 255 Kelvin and does not represent the calculative average from the
temperature distribution of a hemispherical illuminated planet with day and night,
nor the distribution of temperature through its geographic latitudes. Due to the
simplified solution of the radiative transfer equation, the area ratio of incoming
to outgoing fluxes by a factor of 4 inevitably found its way into scientific practice
and led to the GHE paradigm. This solution ignores the natural radiation succes-
sion of day and night on Earth and directly compares the incoming solar shortwave
radiation with the outgoing terrestrial longwave radiation without considering the
natural solar temperature generation being restricted to the dayside of the Earth,
where insolation exclusively hits matter.

The so called “natural atmospheric greenhouse effect” has not yet been detected,
is theoretically bound to the fourth part of the solar constant, and is represented
by a factor 7in climate computer models. These findings could explain why no
temporal and geographic distribution of the GHE can be found in the scientific
literature. Furthermore, an extensive analysis by Kramm and Dlugi [12] challenges

the whole physical base of the so called GHE, quote,

“Based on our findings, we conclude that 1) the so called atmospheric green-
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house effect cannot be proved by the statistical description of fortuitous
weather events that took place in past climate periods, 2) the description by
AMS and WMO has to be discarded because of physical reasons, 3) energy-
flux budgets for the Earth atmosphere system do not provide tangible evi-

dence that the atmospheric greenhouse effect does exist.”

After all these physical insights and arguments, it may be helpful to start the

consideration of terrestrial temperature genesis from the ground up again.

4. An Alternative Perspective for the Terrestrial
Temperature Genesis

The permanent terrestrial change between day and night must not be neglected in
climate sciences. The solar azimuth angle represents the local solar time of the day.
And already the old Greeks knew the function of the solar zenith angle on terres-
trial climate and called it in ancient Greek “kAipa” (climate). With solar zenith
and solar azimuth angles the S-B inversion could estimate an instantaneous theo-
retical local “solar temperature” for every individual location on the day side of
the Earth at any time. There is a huge difference in the result of an S-B inversion
if the incoming solar irradiation is either divided by four in a joint global day and
night average or physically correct distributed over the dayside hemisphere.

The S-B law describes the relation between the temperature of a black body,
usually a sphere, and its radiance in the direction perpendicular to its surface.
Consequently, in an S-B inversion the incident radiation must be a directed vec-
tor, which is considered only with its component perpendicular to the receiving
surface and could never be a scalar. Therefore, the scalar factor 4 from the GHE
paradigm cannot represent the vector direction of solar irradiation on Earth. Fo-
cusing solely on the Earth’s dayside, where the SW insolation strikes matter, the
result is not a factor of 4 but rather the full solar beam striking the curved day side

of the Earth according to Figure 2.

D

—
—————

~

C

Relation of Surfaces:

G @

Figure 2. The factual geometry of solar insolation on Earth for a day in equinox and the relation between the involved areas with

Re being the radius of the Earth.
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Figure 2 represents the daytime hemispheric solar temperature derived from
an inversion of the SW solar radiation power. A parallel bundle of solar insolation
in a circle with the Earth’s radius hits the day side of the Earth. The specific power
of that insolation depends on the local solar zenith and azimuth angles. It becomes
immediately clear that the curved shape of the Earth’s day side hemisphere does
not allow for a uniform temperature from the S-B inversion of the incident solar
SW irradiation, nor may the solar radiation power be averaged over the dayside
hemisphere before the S-B inversion. In addition, because of the day side’s curved
surface, no areal average of the incoming specific solar power can be used to cal-
culate temperatures from an S-B inversion for the whole hemisphere. Following
the Stefan and Boltzmann approach for the solar temperature on Earth, the local
solar temperature (LS7}), representing the S-B temperature equivalent of a local
S-B inversion of the incoming solar irradiation, is in general only depending on
the solar constant, the Earth’s albedo, the factual solar angles ¢;, and 6, or, alter-
natively, the local coordinates A; and ¢, the day of the year (D)) and the local solar
time (Hy):

LST, =F(Ss.a,6..6,) (4)

where & is the solar constant, a the Earth’s albedo, ¢; and 6; are the local solar
zenith and azimuth angles respectively, both depending on the local geographic
coordinates A; and ¢; as well as (D)) and (H,;). Following the author’s approxima-
tion scheme, the calculation scheme for the average temperature on the Earth’s
day side hemisphere can be represented by a sequence of mantle rings with con-

stant specific solar power as shown in Figure 3.

7
7

7
/

~.
~.
~
S~——
e

3 9 (Local solar zenith Angle) R - Radius of the Earth dA =2nrds =2n R?-sin® dO
“\ 0 — centre angle of mantle ring ds=Rd0
|‘-| r —radius of mantle ring r=Rsin@
R r So — Solar constant 1.361 W/m?
(%] Direction of parallel o — albedo of the Earth ~0,3
A Insolation at equinox € — emissivity of the Earth e=(1-a)=~0,7

AS

Law of Stefan and Boltzmann for variable zenith angles of the sun
oT*=¢- S0 cosO
o — Stefan Boltzmann constant

Surface temperature distribution T(0) = 4’? -Y/cos0

Figure 3. The integration scheme for the Earth’s day side average temperature at solar equinox with spherical mantle rings (after

Markus Ott [13])—assumptions and calculation framework included

The area-averaged mean temperature of the dayside hemisphere, 7jem becomes
calculated by Markus Ott [13] from a base temperature of 0 Kelvin. The dayside’s
areal integral solution of the surface temperature distribution 716) gets then di-

vided by the areal extent of the whole hemisphere:
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1
Them = 27‘CR2 .[DaysideT (a)dA (5)

by 4 .
Them :%I /nyg—so-x/“ cosd - 2nR? -sin#d o (6)
2nR* 70 o

4. N
Toom = ‘/5650 -j0/2\4/cose~sin 0do (7)

4[¢.S0 4(00549)5/4 e So 4
Toom = 4| | sl =yE22 8)
o 5 . o 5
4 0.7-1.361ﬂ2 4
T = m__ .~ ~288K=~15C )
hem W 5
5.67x10° ———
m*-K

The integral solution from Markus Ott [13] of approximately 15 degrees Celsius
(min. = 0 K at 90°lat./max. = 351 K at 0°lat.) follows the author’s numerical ap-
proach for an S-B inversion at solar equinox. Please note that such S-B inversion
estimates the local temperature stepwise from segments of constant radiation
power as presented in Figure 3. Only then, in a final step, these calculated tem-
peratures become averaged over their day side areal contribution. This calculated
average temperature is confirmed by the calculations of Milankovi¢ [14] for the
whole Earth with 15.2 degrees Celsius being the calculated mean annual solar tem-
perature with a resting atmosphere and a uniform land cover. The above hemi-
spheric calculation determines the maximum possible solar temperature on Earth
from a basal temperature of 0 Kelvin. In reality, the night side’s average tempera-
ture, except the polar region of the winter hemisphere, can barely fall far below 0
degrees Celsius because the temperature on our 71% water planet is supported by
the mean temperature of the oceans. This global average sea surface temperature
(SST) is given for the world (60°S-60°N, 0-360°E) by the Climate Change Institute
from the University of Maine [15] at about 20 degrees Celsius for the years 1981
to 2025. Since this global mean SST, being the average over day and night, summer
and winter, spring and autumn, northern and southern hemisphere, it proves that
the Earth’s oceans between 60° South and 60° Nord have a temperature about 5
degrees higher than the NST at 15 degrees Celsius; however, the polar calottes
beyond 60°S and N have not been taken into account here. Being a steady-state
system, the atmospheric and oceanic heat storages of the Earth are already been
filled up to their possible equilibrium, according to the solar constant and the
Earth’s albedo. In a rough and reserved approach of the author with a temperature
of only 0 degrees Celsius for the whole amount of water in the Earth’s oceans the
result comes with a minimum energy content of 1.53 - 10 Joule (S. Appendix).
Thus, the energy stored within the terrestrial oceans alone, without the energy
content of the atmosphere, represents at least the energy of 400 years permanent

solar irradiation on Earth.
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5. The Hemispheric Solar Temperature of the Earth

Solar temperatures can only be generated where sunlight hits matter, and this oc-
curs exclusively at the day side of the Earth. By inverting the Stefan-Boltzmann
law (3), the solar constant of 1.361 Watt per square meter results in a temperature
equivalent of about 120 degrees Celsius. But the Earth is not a black body. Ap-
proximately 30% of the incoming solar SW irradiation gets reflected, diffracted or
bended away and does not contribute to the Earth’s temperature. All the visual im-
pressions of mankind, besides artificial illumination, are bound to this 30% frac-
tion of sunlight. Consequently, for a “gray” planet with an albedo, like for example
the Earth, the S-B law must be altered to:

S,-(1-a)=o T* (10)

with abeing the albedo at approximately 30%. The maximum temperature-effec-
tive solar radiation gets then reduced to 953 Watt per square meter resulting in a
maximum Stefan-Boltzmann temperature equivalent of 87 degrees Celsius. Con-
trary to the globally uniformly distributed factor 4 result, the true local maximum
solar temperature depends on the local solar noon and the true local solar zenith
angle for each day of the year. From an S-B inversion one can estimate the maxi-
mum S-B temperature equivalent (solar temperature) for the incoming solar SW
irradiation. The next Figure 4 shows such estimate for the temperature generating
part of the maximum solar insolation (&-&cos¢) with (¢ =1 — a) and ¢being the

local solar zenith angle at local solar noon over all days of the year for various

geographic latitudes.
100
0 T T T - T " T Day of the Year
01.Jan 01. Feb” 01. Mrz 0o1. r 01: Mai 01.Jun 01. Jul 01. Aug, 01. 01. Okt O™ Nov 01. Dez
_50 -
Geographic Latitude:
-100 —T@80°N
—T@60°N
150 —T@40°N
—T@20°N
-200 - T@0°
T@20°S
-250 T@40°S
T@60°S
T@80°S
Temperature
in °Celsius

Figure 4. The maximum solar temperature from an S-B inversion at local solar noon for the incoming net solar SW irradiation

(S-&cosg) with (&% =1.361 W/m? and =1 — a) over the whole year for various geographic latitudes.
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The displayed maximum solar temperature is not reached anywhere on earth.
Starting with sunrise and heating of the surface, energy is moved away from the
specific location by convection and evaporation. This energy remains then in the
global circulations for minutes, hours, days, years, decades or even centuries until
its released again through advection and condensation. However, the Earth’s at-
mosphere and oceans form a stationary system; therefore, a comparable amount
of energy is simultaneously available elsewhere through advection and condensa-
tion, which has been transported there by global circulations over minutes, hours,
days, years, decades or even centuries.

For any individual location “L” the specific Stefan-Boltzmann power equivalent
S; for the maximal and minimal local temperature, for example within a 24 h-day,

can be defined as:
SLmax :O-'TLAmax and SLmin :o-'TL4min (11)

We receive then for the difference of the specific power from the two extreme

temperatures at location “L”:

SLmax - SLmin

= ASL =0 (TL4max _TL4min ) (12)

where AS; being the local portion of the solar SW irradiation to increase the local
minimum night temperature to the local maximum day temperature. The calcu-
lation according to Equations (5) to (9) is based on an initial terrestrial tempera-
ture of 0 Kelvin and yields the maximum possible average temperature of the day
side. In reality, the local terrestrial temperature reaches its minimum value early
at first sunrise and its maximum value in the afternoon, with both values being
significantly above 0 Kelvin. Consequently, only the overnight energy loss between
the local minimum and maximum temperature needs to be replaced by the in-
coming solar SW radiation on a daily base, so that enough SW insolation remains
to maintain the energy content of the global circulations. This argument is even
stronger for the ocean temperature which supports the night side near surface tem-
perature, because through the night time the ocean temperature drops, different
to the land surface temperature, only by a few degrees Celsius. For an individual
location “L” the incoming hemispheric solar SW irradiation $; could then be es-

timated to be split into:

SoL (day =S, (@,6.,6, ), night = 0) =AS, +S,cn+Sico + Stk (13)

where &; is the portion of the solar constant depending on albedo, local solar az-
imuth and zenith following Equation (4), AS; being the insolation power to in-
crease the temperature of the local matter between 7iin and Trnax, Sica and Sicoare
the portions of insolation transported away as energy by convection through at-
mosphere and oceans respectively while S;z being the portion for local evapora-
tion. The individual local contribution to the global LW radiation of the Earth is
then:

SLLW = SLTM + SLAA + SLAO + SLC (14)

where S;;w is the local contribution to the LW radiation power that leaves the
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Earth to outer space and S; 7y, is the contribution of the local matter. S;44 and Sz40
are the local incoming portions from advection through atmosphere and oceans
respectively while S;cis the local portion from condensation. Figure 5 shows the

principle of the meridional energy transport as a function of geographical latitude.
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Figure 5. Estimate of the author for the meridional terrestrial transport of solar energy at the solstices as a function of latitude, based

on calculated solar temperatures according to Figure 4 and estimated latitudinal temperature means.

This figure shows that the amount of solar energy, which is locally lost in the
tropics and in the summer season of the moderate latitudes through convection
and evaporation (blue areas) gets finally transported to the polar zones where it
increases the local temperature (red areas). Héckel [16] argues with a common
global average for the annual meridional transport where all other energetic pro-
cesses are assumed to have zero mean value and gives a formula for the horizontal

exchange of energy, being:

Q+L +L,+V=0 (15)

where Qis the radiation balance, which already includes the so called atmospheric
LW back radiation, Z;is the energy transport through air and Z, through water,
and Vs the latent energy. Héckel’s [16] formula (15) represents the annually av-
eraged meridional energy transport, while the instantaneous hemispheric Equa-
tions (13) and (14) describe the specific radiant power for the same processes in
an individual moment of the year at an individual geographic location. The latent
energy V'in equation (15) would correspond to the instant sum of (—S.z + Sic) in
Equations (13) and (14) respectively. The radiation balance Qhas no direct hem-
ispheric equivalent, because Equation (13) describes the general local situation at
the Earth from a hemispheric view while Equation (15) describes the average an-
nual meridional exchange of energy for the entire surface of the Earth on a factor
4 basis.

According to the hemispheric model, represented by Figure 4 and Figure 5

respectively, three geographic zones of latitude can be distinguished, which divide
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the Earth in principle: the tropical zone as a continuous source of energy between
the tropics at 23°26'05"N and S with barely distinct seasons, the polar calottes be-
tween 66°33'55"N and S around the respective pole being characterized by a semi-
annual alternation between polar day and polar night, and in between the temper-
ate zone with poleward increasing differences between summer and winter time
from the respective tropic on. To maintain such global measured average temper-
ature of constant 15 degrees Celsius, the solar irradiation over 24 h must substitute
the Earth’s energy loss over 24 h. With the solar constant & at 1.361 Watt per
square meter and an albedo of 30% the incoming net solar energy on Earth from

a circular area of TR accounts in 24 hours:

(S, x0.7)W/m? x86.400 s x1.6677x10" m* =1.05x10% Joule ~ (16)

And the outgoing terrestrial energy content from the Earth being a spherical

surface of 4n R accounts in 24 hours to:

(S, x0.7/4)W/m? x86.400 $x 5.0671x10* m® =1.05x10 Joule ~ (17)

As the NST is being globally averaged at the same time over day and night,
summer and winter, spring and autumn, as well as northern and southern hemi-
sphere, there may not be an exact match between incoming solar shortwave (SW)
and outgoing terrestrial longwave (LW) radiation at any specific time on a daily
basis, but rather in the sense of the WMO’s 30-year climate definition [17]. Fol-
lowing the S-B law, there is a significant contradiction in this comparison: Alt-
hough the criterion of equality between the 24 h energy amount of the incoming
net solar SW radiation and the outgoing terrestrial LW radiation is met, a NST at
15 degrees Celsius corresponds to an average specific radiation of 398 watts per
square meter rather to 239 W/m?.

But the measured globally averaged NST of the Earth at 15 degrees Celsius has
remained stable over more than a whole century being reported by Arrhenius [18]
in 1906 at 15 degrees Celsius, Milankovi¢ [14] in 1941 at about 15 degrees Celsius
and NASA [19] in 2022 at 15 degrees Celsius. Kramm et a/. [20] even report aver-
aged global temperatures out of the 19% century from Schoch (1856) at 15.0 de-
grees Celsius, Ferrel (1877) at 15.7 degrees Celsius, and Spitaler (1885) at 15.1 de-
grees Celsius.

So far, the incoming SW insolation and the emergence of temperatures on
the Earth’s dayside, supported by the oceans’ energy content, have been observed
from a hemispherical view. Now, the terrestrial LW radiation must be analyzed to
solve the stated contradiction between the specific radiation power at 398 Watt
per square meter from the Earth’s surface and 239 W/m? at the so called radiation
altitude.

6. Some Unsolved Questions about the Transport of Energy
within the Earth’s Atmosphere

In scientific discussions convection and longwave (LW) radiation are used in par-

allel for energy transport in the Earth’s atmosphere. From the view of physics
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there do exist only three possibilities then. Either there is solely radiation or solely
convection or there is a combination from both, with all three possibilities repre-
senting the same amount of transported energy. This chapter digs for pure phys-

ical arguments beyond the established factor 4 mainstream knowledge, again.

6.1. Measured infrared Spectra from Satellites

The reduced infrared spectra of infrared active gases like CO,, H,0, O3, and CH,4
as being measured by satellites are considered as evidence for the GHE of the
Earth. It is undisputed that the radiation of IR-active gases occurs randomly and
in all directions. Let us imagine a surface at the so called atmospheric radiation
altitude with its normal vector being the radial direction away from the Earth. In
a rough approximation it is assumed that only the LW radiation of the IR-active
gases which is radiated away from this surface to outer space leaves the Earth’s
atmosphere. Already this simplified perspective spans a solid angle of 2x,; for the
outgoing LW radiation of the Earth. The manual for the surface based AERI in-
strument (Atmospherically Emitted Radiance Interferometer) from ABB [21], how-
ever, states that the spatial field of view of the AERI is 45 mrad full angle. Further-
more, it does not come out clearly from the “AERI Handbook” [21], weather data
are measured, calculated, or combined from both, quote with emphasis from “7.1.3

Specifications”,

“Resolution of instrument is one wavenumber (1/cm). Range of wavelengths
is 520 to 3300 wavenumbers or 400 to 3300 wavenumbers in the ER polar
detector. Data are collected only in the atmospheric windows. Maximum
range is top of atmosphere on a clear-sky day. Measurements are taken every
8 minutes in standard mode and every minute in rapid sampling mode. The
instrument views straight up into the atmosphere with a 1.3-degree field-of-

. »
VIEW.

Calibration using two internal blackbodies thus establishes a computational
plane for radiance as a function of wavenumber. Measurements are only taken in
the wavenumber range of approximately 700 to 1250 (atmospheric window), while
results between wavenumbers 520 and 3300 are output with a spectral accuracy of
one wavenumber. Assuming that the aperture determines the spatial resolution of
a radiance Interferometer, satellite instruments should be constructed quite simi-
lar to the AERI instrument. Taylor ef al [22] give the resolution of the airborne
Scanning High-resolution Interferometer Sounder (S-HIS) at 100 mrad angular
field of view. Paige et al [23] give in their description of the Diviner Lunar Radi-
ometer Experiment a Detector Geometric IFOV at 3.4 mrad cross track and 6.7
mrad in-track for the field of view. Hence, there is a great difference between the
aperture of the terrestrial LW radiation at a solid angle of 27, and the capability
of spectrometers with a full angle of about 100 mrad or less, because such instru-
ment could only measure the portion of nearly radial outgoing rays. Consequently,

the reduced amplitude spectrum of the Earth’s LW radiation could be an artefact
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of the instrument construction rather than a proof for the GHE.

6.2. About Energy Transport within the Earth’s Atmosphere

Physics clearly state that the overall amount of energy transported must not ex-
ceed or fall below its factual existing amount. A Pirani curve may help to under-
stand the mechanism of the terrestrial energy transport to outer space. The Pirani
instrument is a glass cylinder that can be evacuated and contains a filament. Over
the range of measurements at different pressures the temperature of the filament
is held constant and the electrical energy to maintain its temperature is recorded.
A typical Pirani curve shows three nearly straight parts that are connected by two
bended mixed zones to each other. Figure 6 is adopted from Jousten [24] who
shows Pirani curves for different types of gas over pressures at seven powers of ten.
The adopted curve gives a generalized impression of the kind of energy transport

for mixed air in different pressure regimes.

Electric Power Generalized Reading of a Pirani Gauge | Level depends
in Watt
10" T v
// on the Type of Gas
-
-2 s
10 z
_~~Calibration Factor
_-=" forthe Type of Gas
-
10° e
""""""""" Pressure in
102 10 10° 10’ 10% Hectopascal
Radiation and Conduction Heat Transport by Gas Convection
Comparable Air Pressure in the Earth’s Atmosphere
Top of Atmosphere Stratopause Troposphere

Figure 6. The basic course of a Pirani curve according to Jousten [24], adopted by the au-
thor to its principles and applied to the Earth’s atmosphere.

Pirani gauges are typically set to nitrogen or pure air. The manufacturer Pfeiffer
Vacuum [25] gives calibration factors for other types of gas for pressures below 1
Hectopascal in the manual of his instrument TPR 270, for example 0,9 for carbon
dioxide (CO,), and mentions “Inn the pressure range < 1 hPa the display is linear’
(translation to English by the author). The manufacturer’s calibration factor for
CO; proves that infrared-active gases do not behave basically different from IR-
passive gasses in a low pressure atmosphere. At very low pressure around 1 Pascal
there is only energy transport by radiation as Figure 6 shows. The term “conduc-
tion” there may be neglected because it stands for the energy loss through the elec-
tric connectors of the filament. And as the temperature of the filament is held
constant throughout the measurement, this energy loss will also be constant. At an
air pressure of 1 Hectopascal (about 50 km altitude) there is only energy transport

by gas, while at higher pressures above 10 Hectopascal there is only energy transport
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by convection. 10 Hectopascal air pressure is equivalent to an altitude of about 30
km in the standard atmosphere and 100 Hectopascal represent about 20 km as
shown in Figure 7.

Altitude Atmospheric Stratification with vertical Temperature Profile

km Exosphere

400 H h
ermosphere
80 : Mesopause
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50
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40 |
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Figure 7. The standard atmosphere with temperature and air pressure from different sources
[26] [27].

Figure 7 confirms the above findings. According to the Pirani curve displayed
in Figure 6 any energy transport by radiation is very unlikely within the tropo-
sphere and that seems also be true for the claimed radiation elevation of the GHE
paradigm at about 5.000 meters altitude. This result strengthens the argument in
favor of the barometric formula that the main part of the energy is transported
away from the Earth’s surface by convection. Furthermore, the adopted Pirani curve
confirms the finding from the barometric formula that no radiation transport of
energy takes place within the troposphere. The existence of a back radiation fol-
lowing the GHE paradigm as an additional source of energy for the temperature

genesis on Earth is therefore very unlikely.

6.3. About the Origin of Atmospheric Back Radiation

The so called atmospheric back radiation accounts in total to 333 Watt per square

meter and is supposed to heat up the Earth’s surface with a net portion of 159

Watt per square meter from minus 18 degrees Celsius to 15 degrees Celsius in

average. Consequently, the natural atmospheric GHE must be located between the

Earth’s surface at sea level and 5.000 meter altitude in the atmosphere. In this part

of the GHE model there is again a series of physical contradictions:

e A specific portion of energy from the Earth’s surface can only be transported
once to the so called radiation altitude, either by atmospheric convection or by
LW radiation. If a reasonable amount of energy gets transported from the sur-
face to the origin of atmospheric back radiation below 5.000 meter altitude by

LW radiation, then this portion is missing for the transport by convection.
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¢ And, in addition, this GHE-derived radiation altitude cannot exceed the ele-
vation of the globally distributed more than 5.000 meter high mountains by a
considerable margin. But such physical border should then have been clearly
identified in the past. However, not a single report could be found in literature
describing that such a measured physical boundary between convection and
radiation has been discovered anywhere about 5.000 m elevation.

e The atmosphere between the Earth’s surface and the so called radiation alti-
tude strictly obeys the barometric formula, with pressure and temperature de-
creasing continuously with increasing altitude up to the tropopause. Conse-
quently, except the LW radiation leaving through the atmospheric window di-
rectly, there can be no additional energy transport by longwave radiation from
the Earth’s surface feeding the assumed origin of atmospheric back radiation
between the sea level and the so called radiation altitude.

In addition, it would be an incredible physical coincidence if the altitude of
5.000 meters, calculated from the NST of 15 degrees Celsius at sea level using the
barometric formula, were to correspond exactly to the Stefan-Boltzmann temper-
ature of the radiation emanating from the Earth at 5.000 meters with 239 Watt per

square meter, according to the GHE paradigm.

7. The Outgoing Longwave Radiation of the Earth

The last important task is to solve the stated contradiction and to align the different
levels of observation in the GHE paradigm. Trenberth et al [3] show in their global
annual mean Earth’s energy budget that the outgoing terrestrial longwave radiation
from the Earth to outer space accounts to 239 Watt per square meter with a Stefan-
Boltzmann temperature equivalent of minus 18 degrees Celsius. The GHE-para-
digm defines this radiation altitude of the Earth at about 5.000 meters while the out-
going LW radiation from the surface accounts to 398 Watt per square meter.

The barometric formula depends on the Earth’s gravity and the air mass, which
is essentially determined by water vapor. A compilation from NOAA [26] dated
from 1976 proves that the temperatures from the U.S. standard atmosphere are
well known in atmosphere physics since more than half a century. The pressure
of the air declines with altitude and so does the density and the temperature of a
specific air volume. Rising in the atmosphere, such a specific air volume expands its
size through falling air pressure with altitude, but due to the adiabatic nature of
convection the energy content of the extended volume remains constant. The av-
erage lapse rate in the standard atmosphere accounts for 6.5 Kelvin per 1.000 Me-
ter rise and the barometric formula connects both observation levels of the GHE
in a physically correct manner, the Earth’s surface at sea level and the so called
radiation altitude in the atmosphere as shown here by NASA [28]:

T =15.04-0.00649 *h (18)

where the temperature 7'is given in Celsius degrees, and A1is the altitude in meters.
At a negative gradient of 6.5 Kelvin per 1.000 meter altitude a temperature drop

of 33 Kelvin occurs from sea level at a temperature of 15 degrees Celsius to the so
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called radiation altitude of about 5.000 m and thereby the Earth’s longwave radi-
ation temperature of minus 18 degrees Celsius is reached without involving any
additional atmospheric effect—solely through gravitational volume change. The
validity of the barometric formula itself proves that no radiation transport of en-
ergy is taking place in the lower atmosphere between the Earth’s surface at sea level
and the GHE radiation altitude. Consequently, the barometric formula sufficiently
explains the decay of the specific radiation power at 398 watts per square meter
from the Earth’s surface to 239 W/m? at the so called radiation altitude of about
5.000 meter.

8. Discussion

The conventional estimate of a global natural temperature for the Earth has been
challenged, because it depends on a geometrical factor 4 for the solar constant at
TOA and results in a “natural” temperature of minus 18 degrees Celsius for the
Earth. The resulting atmospheric GHE of 33 Kelvin from this factor 4-approach
for the solar constant, which is needed to account for the measured global aver-
aged near surface temperature of 15 degrees Celsius, does not comply with the
trusted rules of physics. The whole GHE logic is arbitrary and does not follow the
actual physical knowledge nor the S-B law or its inversion correctly. The GHE
theory neglects the difference between day and night, and therefore the author
[29] had once decided to focus on the temperature genesis of the Earth from a
hemispheric day side perspective as being presented in this paper.

The main arguments against the factor 4 GHE paradigm are the wrong imple-
mentation of the S-B inversion with a global average of solar irradiation, and the
missing of the alteration between daytime with solar temperature generation and
night time without, as well as the lack of consideration of the stored energy amount
in oceans and atmosphere of the Earth which support the night-time tempera-
tures. These shortcomings lead to a global uniform “natural” temperature of mi-
nus 18 degrees Celsius for the Earth, where the individual measured near surface
temperature is assumed to depend strongly on an atmospheric GHE. But there
exists no individual qualified dependence between the atmospheric GHE and local
geographic coordinates nor solar time but a global constant 33 K difference be-
tween this “natural” temperature of the Earth and the measured mean near surface
temperature. The hemispheric view, in contrary, assumes that the terrestrial tem-
perature is caused solely by the factual solar irradiation on the day side of the Earth
and ends up with the correctly measured global average temperature of about 15
degrees Celsius for the day side. The temperature of the night side is then deter-
mined by the energy content of the oceans, as proven by the averaged measured sea
surface temperatures and its energy content. Consequently, the hemispheric view
on the terrestrial temperature genesis does explain the measured temperatures on
Earth strictly on the path of secured physical knowledge. This hemispheric con-
vection model leaves no room for an atmospheric GHE, nor for an atmospheric

back radiation. The temperature on Earth is determined exclusively by the sun,
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the Earth’s albedo, the energy content of the oceans, and the global circulations.

9. Summary and Conclusions

The hemispheric convection model starts with the solar temperature at the Earth’s
day side. Through the daytime the factual local temperature is governed in reality
by the local loss of energy (= power x time) into the global circulations in oceans
and atmosphere. Figure 5 gives a graphic estimate for the principle of the merid-
ional energy transport on Earth from warm to cold zones, Ze. energy is trans-
ported meridional from the tropic zone and the moderate zone of the summer
hemisphere into the moderate and the polar zone of the winter hemisphere by the
global circulations. Generally, solar energy is constantly transported from warm
to cold regions of the Earth by global circulation patterns. This hemispheric view
mirrors a strict accordance with the physical basis resulting in the factual global
temperature distribution that needs no explanation through a natural atmospheric
greenhouse effect, nor an atmospheric back radiation.

And, finally, even the so called radiation altitude for the Earth’s LW radiation
from the GHE paradigm at about 5.000 meter should be reconsidered. There is a
strong contradiction between this radiation altitude and a Pirani estimate for at-
mospheric energy transport. Following these findings, the radiation altitude of the
Earth may likely to be localized at an altitude far above the atmosphere’s tropo-
pause. And, according to the arguments from the Pirani estimate, direct radiation

through the atmospheric window to outer space should also be reassessed.

Notes

In this article, averaged values are used in argumentation. It has to be emphasized
here clearly that averaged values do not meet the T*-function between tempera-
ture and the specific radiation power of a black body correctly, according to the
S-B law. But the correct argumentation, depending on a calculation with the local
solar zenith and azimuth angles, would hamper the understanding of the given

arguments heavily.
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Appendix: Estimate for the Minimum Heat Content of the Global Oceans

Radius R of the Earth 6371 km 6.371.000 m
Circle of incoming insolation (PIR?) 1.27516E+14 m?
Solar constant 1361 W/m?

Solar constant minus the Earth’s albedo of 30% 953 W/m?

Temperature-effective solar irradiation in 24 h 86400 Seconds 1.04963E+22 Joule
Water in Oceans, Seas, & Bays [30] 1.338E+9 km?3 1.338E+21 kg
Specific heat capacity of water 4.186 J/kg/K

Heat content of the oceans at 0°C 1.52904E+27 Joule
Ocean’s heat content/24 h temp.-eff. insolation 145.674 Days of 24 h 399 Years
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