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Figure 15. Absorption ratios for the two strong CO: absorption bands [11].

An increase from 400 to 800 ppm in CO, shows no measurable increase in IR
absorption for the 15 p and 4.3 p bands and therefore total saturation. Other elab-

orate studies [14] estimate the total terrestrial long wavelength absorptivity aLw.
[,1.(0)-a,(L)d2
'[071 (0)dA

and obtain the following results for different latitudes.

x100% (16)

a(L)=

Table 2. Calculated aiw from Harde [14] for various CO: concentrations.

absorptivities £ (%)

CO: (ppm)
tropics mid-latitudes high-latitudes average 3 zones global mean

0 81.90 69.44 58.98 74.68 77.02
35 83.80 74.48 67.04 78.43 80.08
70 84.18 75.35 68.32 79.10 80.62
140 84.65 76.31 69.80 79.86 81.29
210 84.99 77.00 70.77 80.40 81.76
280 85.28 77.51 71.52 80.83 82.14
350 85.53 77.95 72.14 81.19 82.45
380 85.65 78.12 72.38 81.34 82.58
420 85.76 78.33 72.68 81.51 82.74
490 8591 78.67 73.16 81.80 83.00
560 86.16 78.98 73.61 82.06 83.24
630 86.35 79.29 74.02 82.32 83.46
700 86.52 79.58 74.41 82.56 83.68
770 86.69 79.85 74.78 82.79 83.88
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The next figure (Figure 16) shows the global mean values of the table above.
While our previous model neglected the layered structure by assuming an isobar
atmosphere, Harde [14] was taking the barometric effects into account.
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Figure 16. Influence of doubling CO: concentration on total absorptivity [14].

This study shows an upper limit of additional ATE by 1.5%. Average surface
temperatures of 75 = 288°K correspond to 390 Wm? black body radiation. From
the foregoing considerations, we learned that doubling CO, atmospheric concen-
trations from 400 to 800 ppm amounts to a maximum 1.5% change of energy ab-
sorbed in the atmosphere, i.e. a maximal 3 Wm™ of back-radiation increase. Using
the Stefan-Boltzmann formula we then obtain a first estimation of a correspond-
ing temperature increase or GH contribution of 0.5°K by having 800 ppm atmos-
pheric content compared to the current 400 ppm. This also corresponds very well

with the results from Wijngaarden and Happer [2].
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Figure 17. Total atmospheric absorptivity changes by CO. increases calculated by
Wijngaarden and Happer [2].

Ground measurements fall in line with Figure 17 and indicate almost complete
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saturation of IR absorption in our atmosphere. We were therefore interested in
designing a simple and independent low-cost experimental setup to demonstrate
this saturated behavior. This setup and the results obtained will be described in

the following section.

2. Experimental Methods

The aim of this work was therefore to demonstrate in a simple manner that an IR-
active gas can indeed influence the heat radiation of a body. Another aim was to
demonstrate that CO, back-radiation is limited by saturation of absorbance. This
was realized by two different experimental setups.

The measurements should allow us to learn if the saturation behavior meas-
ured by others and discussed in the foregoing sections of this work are indeed
correct and draw conclusions towards the question of CO,-induced global
warming.

According to the second law of thermodynamics, heat flows from hotter to
colder objects (“downhill”), unless energy in some form is supplied to reverse the
direction of heat flow or there is a medium that absorbs part of the energy and
remits it isotropic, like greenhouse models describe the radiation household
within our atmosphere. Our test atmospheres were studied against a —25°C cooled
black disc (“Lab Mode”) or a cloudless night sky (“Outdoor or Field Mode”) using

the natural IR source of surface and atmospheric back radiation.
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Figure 18. experimental setup for (a) “Lab Mode” using a cooling
compressor and (b) “Field Mode”.
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Translating these setups into energy flow diagrams like in Figure 3 & Figure 4
we first analyze Figure 18(a).

As shown in Figure 19 the “Lab Mode” IR sensor response is solely determined
by the back-radiation from Test Atmosphere 2 with increasing CO, concentrations.
The cold plate on the other side of the test cylinder allows thermal flow according
to the second law of thermodynamics. Inside the volume of the test cylinder, a CO,
detector and a low-power ventilator are mounted and run by a combined power
pack. The communication with the CO, detector is performed via Bluetooth. S is
the intensity ratio = A, sin’@ for an IR detector with numerical aperture &
within the cylindrical test column and the detector area Ap of 1 cm?® & solely
depends on the GH gas concentrations in the test tube and the intensity

§51520'T14 is measured by a Thermopile IR detector from Thorlabs®.

. T
//’ Black Surface (cooled) //

Y

. N 3
Test Atmosphere 2 i /Ei\ 1R
o EBEIEZ _Tlé
\—‘l—

Lab Atmosphere 1

Figure 19. “Lab Mode” test bench with cooled black disc.

In the “Field Mode (Figure 18(b)) the test cylinder is rotated by 180°, the cool-
ing compressor is removed and replaced by the clear night sky. The temperature
gradient in this case is the difference between T and 7. ,where 7, isderived
from (7)

(1+KC2)'8 78.10713 . 75852 . Ry 007195
T, = = o (17)

The down-dwelling radiation through the test chamber into the IR detector is
determined by

P=ﬁelestE4 (18)

Using the parametrization of Howard [11] we obtain for CO, test atmospheres
power densities below the detection limit of the IR sensor of 10 uW/cm? in this setup.
Using stronger GH gases would significantly increase &, as we have tested in our
experimental series. This would prove that CO; is a relatively weak greenhouse gas
even when increasing its concentration into the percentage region, compared to

other GH gases, which would be detectable already at relatively low concentrations.

3. Results

The 7-liter test cylinder in Figure 18(a) was filled up with pure nitrogen. CO, was
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added in 50 ml steps. Simultaneously the CO, detector was used to measure the
concentration while the ventilator was trying to homogenize the gas volume ad-
mixture. In Figure 20 the obtained power values of the IR detector are plotted.
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= 16
=
£
£ 1
o
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Figure 20. Run 2.2 and Run 2.3 in the Lab Mode mixing CO: into a pure nitrogen
atmosphere.

From previous considerations, we can estimate the back-radiation by the para-
metrization of Howard [11] (Equations (14)-(15)).

Low values of absorption length are outside the fit and measurement range of
Howard but serve as extrapolations to estimate orders of magnitude. The trend in
Figure 21 is indeed very similar to the measured values in Figure 20 and confirms

the logarithmic behavior of the absorption.
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Figure 21. P calculated from Howard [11].

Using the values plotted in Figure 20 we can estimate the fractional absorbance

Affor varying CO, concentrations in N, atmospheres

ln(1—°j=s-c-d (19)

1
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where cis the molar concentration (mol-m™) and d air column length (m). We
use the Beer-Lambert law (13) function, where & is the absorption coefficient of

our test atmosphere to obtain

A, =———=(1-e") (20)

Using (20) it is possible to calculate the back-radiation for a given air column
length (Figure 22) at ground-level conditions for saturation at a given ppm CO,.

Backradiationat RT
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250 ‘
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2 =] <] =1 & 2 3 3 ] 8 =]

5] 8 8 8 8 8 8 5] 5] §
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Figure 22. Calculated back-radiation for different long air columns at room
temperature (RT).
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Figure 23. Calculated effect of CO: doubling on backscattered power in two air columns.

In Figure 23 we calculated the corresponding atmospheric thermal enhance-
ment (ATE) when doubling the actual CO, concentration for a homogeneous at-
mosphere of 100 m thickness at 1 bar. The result shows a rapid reduction in ATE
with increasing the length of the air columns. Applying this result to the real world
means saturation in CO, concentration with respect to measurable thermal ef-
fects. This will be discussed in more detail in the next chapter.

Figure 24 was the result obtained in the so-called Field Measurements against

a black cloudless night sky. There is a clear indication that no measurable
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Absorbance

backscattering is observable when adding CO, from 0 to 5000 ppm to the system.
Equation (9) with &-0.2, & < 0.2 and £-0.02 gives Se & < 0.0004 and therefore P=
PeeoTs <3 x 107 W/m?* = 3 uyW/cm? The working power of the used Thermo-
pile Thorlabs detector with 1 cm? active area starts at 10 uW. For stronger GH
gases it would be possible to exceed the detection limits and obtain a response.
This was shown by using the Freon gas C,H,F; as shown in the next figure.
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Figure 24. Field Mode comparative measurement CO; and Freon (C;HF4).

The detector was indeed reacting when C,H,F, Freon was added up to 1400
ppm. The measured absorbance of C,H,F, by NIST [15] (Figure 25) is indeed,
up to 100 times stronger than CO, measured by the same institution [16] (Fig-
ure 26).

Freonll4
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Figure 25. Absorbance of Freon (C.HzF4) [15].
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Figure 26. Absorbance of carbon dioxide (CO2) [16].

4. Discussion

Atmospheric windows, especially the optical and infrared, affect the distribution
of energy flows and temperatures within Earth’s energy balance. The windows de-
pend upon clouds, water vapor, trace greenhouse gases, and other components of
the atmosphere.

Out of an average of 341 watts per square meter (W/m?) of solar irradiance at
the top of the atmosphere, about 161 W/m? reaches the surface via atmospheric
windows and through clouds (albedo). IR absorption by the atmosphere and cor-
responding atmospheric heating leads to an equilibrium of 333 W/m? of back-
radiation and outgoing LW surface radiation of 396 W/m? latent heat from evap-
oration (80 W/m?) and other thermal losses (17 W/m?). Our measurements align
with limitations to an increase of maximum 3W/m? back-radiation by doubling
the CO; content from 400 to 800 ppm. This minor contribution should not exceed
a temperature increase of more than 0.5°K a value, which is not within the range
of significant impact for climatic changes and much lower than annual tempera-

ture variations in all regions of the earth.
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Figure 27. “The Atmospheric Window”, NOAA [17] [18].
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From Figure 27 it should be obvious that only minor contributions can be ob-
tained from the edges of the two prominent CO, windows. Water vapor is indeed
the major absorber and other GH gases are not relevant at their current concen-
trations. Increased water vapor should also lead to cloud coverage at constant aer-
osol concentrations. Slight variations of solar constants and cosmic rays using bal-
anced feedback loops should allow for long-term thermal equilibrium. Fluctua-
tions are often due to unnatural time scales, long-time constants, and statistical
noise. In a simplified picture, where we consider an atmosphere with uniform
density corresponding to the surface density p = 1.2225 kg-m™ we obtain an at-
mospheric air column weight of 10,300 kg-m™ at a length of 8425 m. From our
measurements and a simple Beer-Lambert model of such an air column, we found
(Figure 13) already at 200 m complete saturation at current CO, concentrations,
without significant contributions to further ATE. Schildknecht [19] using similar
arguments finds that doubling of the CO, content in air from 380 ppm to 760 ppm
in one century is an increase of AT = 0.5°C, which corresponds well with the ex-
pected values of this and other works.

Our results should therefore contribute to previously accepted findings which
do not indicate any reason to cause climate run-aways by increased CO, contents.
Ekholm [20] introduced the idea of fictitious atmospheric radiation levels due to
CO; increase. According to him secular cooling of the earth is the principal cause
of variation in the quantity of carbon dioxide in the atmosphere. He explained
how carbon dioxide is a key player in the greenhouse effect and how his conclu-
sion was based on the earlier work of Fourier, Pouillet, Tyndall, and others. Ac-
cording to their estimations, a tripling of carbon dioxide levels will raise global
temperatures by 7°C to 9°C. An increase in carbon dioxide should heat high lati-
tudes more than the tropics and create a warmer more uniform climate over the
entire Earth. Hansen [21] testified this before Congress and raised public aware-
ness of climate change. Hansen was claiming “The most powerful feedback is pro-
vided by water vapor”. While this argument seems strong it must be questioned
considering paleoclimatic facts e.g. higher temperatures in the Eemian interglacial
period 120,000 years ago and the Holstein interglacial period 5,000 to 15,000 years
ago did not trigger a tipping point or a galloping greenhouse effect. Sarker [22]
mentions correctly that 0.24 gigatons of carbon were emitted into the atmosphere
for 50,000 years to cause this severe warming known as the PETM. In comparison,
humans emit 10 gigatons, or approximately fifty times that amount of carbon an-
nually, into the atmosphere. There is no doubt that a warming climate has nega-
tive impacts on various important properties, such as the aridity index for rivers
[23]. Even just studying rivers there are many other anthropogenic impacts not
related to CO, which dramatically influence their current and future environmen-
tal integrity [24] [25]. Current global warming can be natural and/or anthropo-
genic. To be sure, we must understand how it was possible to obtain 100 m higher
sea levels or to end up by glaciation over large areas of landmasses without an-

thropogenic CO, emission triggers. Additional energy or energy loss was due to
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natural forces which must be fully understood before drawing wrong conclusions.
Ice core data do not indicate fundamental different temperature variations over
the last 10,000 years. We also need a better understanding of the validity of power
flow diagrams as published by the IPCC. It would be a great success of our efforts
if such questions could be reconsidered also considering the results presented in

this work.

5. Conclusion

Experimental evidence in this work confirms earlier work that increasing levels of
CO; at current levels in the atmosphere cannot significantly contribute to warm-
ing by more back-radiation. We also demonstrated that increasing greenhouse
spurious gases like Freon show a strong response in back-radiation when added
into our atmospheric test chamber. Climate models and their CO, forcings should
be revised and much more experimental evidence about the IR radiation response
of greenhouse gases should be collected before appointing current warming trends

and climate change mechanisms monocausal to greenhouse gas theories.
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