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The Negative Greenhouse Effect Part 1 

    Hermann Harde, Michael Schnell 

Abstract 

We present first quantitative studies demonstrating and using the principle of a negative Greenhouse 
Effect (GH effect). The common GH effect is reversed, when air is warmer than a solid body with which 
it exchanges Infrared  (IR)  radiation.   In  this  case,  Greenhouse  Gases  (GH  gases)  contribute  to  cooling  of

 the  air  and  an  increase  in  the  outgoing  IR  radiation,  which  is  detected  by  sensors  on  a  cooled  plate.  With
 

a
 series  of  laboratory  experiments,  it  is  shown  that  the  IR  radiation  of  GH  gases  is  not  an  "ominous" 

phenomenon but quite real and can be verified also under regular pressure conditions. The results were 
recently published in the journal Science of Climate Change [1] and are presented here in a slightly 
shortened, easy-to-understand form. Since the investigations are quite extensive, the studies are divided 
into two parts. 

In this first part we consider some theoretical aspects of general  interest:  Why is  the  much  stronger  CO2  
band of 4.3 μm compared to the 15 μm band, insignificant for heat transport, why is water vapor the 
dominant greenhouse gas, and why is in a laboratory experiment – like an iceberg – only seen the tip of 
the gas radiation.  

We explain how the negative GH effect in Antarctica contributes to cooling of the planet. We also 
support the thesis that the temperature of the water planet Earth is mainly determined by evaporation, 
convection and cloud cover and not by infrared radiation. 

In addition, the general concept of experimental investigations and initial tests with the new apparatus 
are presented. It turns out that the experimental set-up can also detect water vapor radiation, which was 
not possible in our previous studies [2]. This opens up new perspectives for investigating the superpo-
sition of water vapor radiation with that of other greenhouse gases. 

In the second part, it is shown that CO2, methane and nitrous oxide spontaneously convert heat of their 
environment to IR radiation, this also at normal air pressure and depending on the gas concentration, 
while water vapor exerts a damping effect.  

Measurements and  radiation  transfer  calculations  are  in  good  agreement  when the interfering back-
ground radiation of the apparatus, and unavoidable transmission losses are taken into account. 

Most convincing, the negative greenhouse effect is demonstrated using Freon 134a, an extremely effec-
tive greenhouse gas. A strong increase in IR emissions combined with a significant cooling of the am-
bient air—even  with  small  amounts  of  freon—leaves  no  doubt:  The thesis of thermalization or radia-
tion-free deactivation is falsified according to K. Popper's definition. 

1. Introduction 

Greenhouse gases (GH gases) are well known as absorbers of thermal radiation, proven by countless 
infrared spectra. According to Kirchhoff's radiation law, however, these gases can also be IR emitters. 
But this law is repeatedly questioned because, in contrast to condensed matter, the atmosphere – apart  
from aerosols and water droplets – essentially consists of freely moving molecules. Depending on the 
molar mass, temperature and pressure, the molecules travel at sound speed or slightly above. Because 
of this speed and their enormous number of around 2.7∙1025 = 27 quadrillion molecules per cubic meter 
of air, these particles are continuously exposed to collisions of several GHz.  
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When a parcel of air is lifting up in the atmosphere, it is expanding and cooling down due to this volume 
work. As a  result  ,  less  molecules  at  lower  speed  are  found  at  higher  altitudes  in  one  cubic  meter  of  air,  so

 that  the  number  of  collisions  decreases.   

From this critics have concluded that GH gases in the lower atmosphere are only absorbers and no or 
only weak emitters. They only acquire the property of a good emitter at higher altitudes, in the tropo-
pause and stratosphere, where they contribute to the IR radiation to space.  As an explanation, they state 
that in the lower troposphere, collision processes in the form of hyperelastic collisions suppress sponta-
neous emissions. According  to  this,  the  absorbed  energy  would  be  converted  mainly  to  kinetic  energy  as

 heat,  which  is  called  thermalization  or  radiation-less  deactivation.  

This interpretation ignores that there are also inelastic collisions which have the opposite effect to hy-
perelastic collisions. These collisions extract kinetic energy from the gas mixture and use this energy to 
excite GH gas molecules to rotational-vibrational states. These processes ultimately lead to thermal ra-
diation largely independent and parallel to the superelastic collisions. This is referred to as thermal back-
ground radiation (Harde 2013 [4], Chapter 2.3). The emission is determined by the air temperature and 
thus the population of excited levels according to a Boltzmann distribution and is the main reason why 
the radiation intensity decreases significantly with increasing altitude. For example, at an altitude of 11 
km only 12 % of the CO2 intensity is  observed in a 100 m thick layer of  gas near the ground. 

In different EIKE articles, these contrary views have been colliding for several years, even though there 
are detailed  laboratory  experiments  on  the  existence  of  a  greenhouse  effect  (see  Harde,  Schnell  2024  and

 [2]).  But  perhaps  some  doubters  can  still  be  convinced  by  our  laboratory  experiments  that  the  three  
most important infrared-active gases in the atmosphere  CO2, methane and nitrous oxide  spontane-
ously generate IR radiation at the expense of the heat of their environment even at normal pressure. 

2. Theoretical Basics 

GH gases can absorb and re-emit radiation in the medium and long-wave IR spectral range. This spectral 
range extends on a wavelength scale λ from approx. 4 μm to the cm range. Within this spectral interval, 
the most important GH gases in the atmosphere such as water vapor (WV), carbon dioxide (CO2), me-
thane (CH4), nitrous oxide (N2O) and ozone (O3) have a total of 722,000 spectral lines. Many of these 
lines are very faint, but due to the long propagation paths in the atmosphere, they also contribute signif-
icantly to the interaction with radiation (Fig. 1).  

 

Fig.1: Line intensities of the greenhouse gases WV, CO2, CH4 and N2O over the spectral range from 0 – 
2500 cm-1. This corresponds to a wavelength range of ∞ - 4 μm. The values apply to a temperature of T = 
44 °C. 
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In spectroscopy, it is common to specify absorption lines by wavenumbers 𝜈෤ = 1 𝜆⁄ , the reciprocal value 
of the wavelength. They indicate how many oscillations fit to one centimeter and are expressed in units 

cm-1. As for light waves it holds c = ·  (c - speed of light,  - frequency of light), wavenumbers as 
𝜈෤ = 1 𝜆⁄ = 𝜈 𝑐⁄  or 𝜈 = 𝑐 ∙ 𝜈෤ represent a frequency scale, where 1 cm-1 is equivalent  to 30 GHz. This 
has some consequences that can be confusing: the strong asymmetric CO2 stretching vibration at 4.3 μm 
is now on the right side at 2 326 cm-1 and the weaker CO2 bending vibration at 15 μm on the left side at 
667 cm-1 (Fig. 1, red lines). 

However, the line intensity in Fig. 1 does not say too much about its share in the IR emission of an air 
parcel, which is additionally determined by the thermal population of excited states according to a Boltz-
mann distribution and Planck's law (see Fig. 2; Harde 2013, chap. 2.3 [4]). 

 
Fig.2: Emission spectra of WV, CO2, CH4 and N2O over a propagation length of 70 cm for concentrations 
of 2 %, each in air for a gas temperature T = 44 °C and a pressure of 1013 hPa. 

The red, dashed line displays the Planck distribution of a blackbody emitter at a temperature of 44 °C 
(emissivity ε = 100 %), corresponding to the temperature of the gases during the investigations. For each 
spectral line, this is the maximum possible radiation density (spectral intensity) under these conditions, 
more is not possible. This is the reason why the very strong CO2 lines (Red) in Fig. 1 around 2300 cm-1 

with only 1.3 W/m2 play an absolutely subordinate role compared to a theoretical total emission of CO2 
with 28.8 W/m2. In contrast, the relatively small CO2 emissions around 670 cm-1 with their many rotation 
lines practically coincide with the maximum and the band center already shows complete saturation over 
a propagation length of 70 cm. It significantly determines the share of CO2 to the GH effect (Red lines).  

Nitrous oxide (N2O, orange) with an own emission of 29.2 W/m2, is additionally masked by methane 
(CH4, Green) with 11.1 W/m2, and the strongest band of N2O around 2250 cm-1 has hardly any influence 
on the total emission.  

It is also clear that not CO2 but water vapor (WV, Blue) with a total emission of 42.2 W/m2 is the 
dominant greenhouse gas and superimposes larger parts of the other gases, although  same concentra-
tions were used for this comparison. While the individual contributions of the four gases add up to an 
intensity of 111.3 W/m2, the total effective intensity is only 75.8 W/m2 and is therefore 32 % lower.  

This loss occurs when the different gases are overlapping in their emission bands and are radiating on 
the same wavenumbers, as especially observed for water vapor, which has also been proven experimen-
tally (see Part 2). 

In the lower atmosphere, the concentration of water vapor on average is 35 times higher than that of 
CO2. This results in such a strong overlap that the regularly expected radiation of CO2 with 83 W/m² (at 
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a ground temperature of 15 °C) only contributes additional 22 W/m², i.e. about a quarter. On the other 
hand, WV alone already generates 281 W/m2, and together they radiate 304 W/m2 towards the surface. 
When we also consider that the increasing CO2 concentration from 280 to 420 ppm over the Industrial 
Era only contributes additional 2.2 W/m2 (increase from 301.4 to 303.6 W/m2) due to saturation effects 
on the molecular transitions, and that this fraction is further reduced to about 1.3 W/m2 (328.1 to 329.4 
W/m2) under clouds (cloud cover of 66% and cloud height of 5 km), the contribution of CO2 to the total 
back-radiation is indeed almost negligible. 

3. Experimental Concept and Analysis of Heat Flux 

It is undeniable that greenhouse gases are also emitters, because the energy input of the Sun can ulti-
mately only leave the Earth-Atmosphere-System (EASy) in form of electromagnetic radiation. The only 
point of contention is whether this also works at normal pressure. This is exactly where the idea for the 
new laboratory experiment comes in. An experiment under standard pressure conditions does not require 
any special measures. Therefore, without too much effort it is possible to investigate what can be ob-
served when some smaller amount of an IR-active gas is added to a slightly warmed air volume. 

To check this, all you need is a heated air cylinder and a cooled plate PC with a radiation detector. Both 
parts are placed vertically on top of each other to prevent convection (Fig. 3). A polyethylene (PE) foil 
between the cylinder and the cooled plate reduces direct heat conduction, so that the heat is mainly 
transferred by infrared radiation to the cooled plate. This heat flux Q is registered by two sensors, TD 
and VP, which are located on the PC disk (for a detailed description of the apparatus, see Part 2).  

 

    Fig.3: Schematic experimental setup 

The experimental setup allows for a continuous heat flow in only one direction, from the warm air 
cylinder to the colder PC disk. A possible violation of the second law of thermodynamics is thus ex-
cluded per se, which eliminates the main argument of the skeptics.  

Different to [2], the cylinder is not heated electrically, but indirectly by a jacket heater with thermosta-
tized water TW of 51°C.  Between the TW jacket heater and the cylinder wall is a 2 mm thick polystyrene 
insulation, which causes a weakened heat flow from the heating water to the inner air of the cylinder. 
Due to this insulating layer, the cylinder temperatures T1  to T5  not only depend on the heating TW, but 
also on the outgoing heat flux Q. This can be demonstrated experimentally by a gradual increase of the 

Heated cylinder with air 
of varying humidity and 
mixing ratios of GH-gases  
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TW temperature. Without heat flux Q to the PC disk, the heating temperature TW and the temperatures 
T1 to T5 would have to adapt after some delay. But it turns out that with increasing TW temperature, the 
differences become larger, which is caused by an increasing heat flux Q (Fig. 4a). Most of the heat is 
emitted at the T1 position. This interpretation is confirmed by an increasing heat flux Q, which is regis-
tered by the detectors TD and VP (Fig. 4b). 

 
Fig. 4: a) Increase of temperatures T1 – T5 with increasing jacket heating TW, b) Verification of the heat 
flux Q with increasing temperature by two sensors TD and VP and calculation of the mechanical heat 
conduction WL to the PC plate, H2O = 0.15 vol.-%. 

The heat flux Q to the PC plate consists of the radiation I0 and the outer heat conduction WL from the 
cylinder base to the PC plate. The gradual increase in TW was done in small increments with a rest period 
of 20 minutes. At the end of this rest phase, there is again an approximate thermal equilibrium. Due to 
the stationary air layers, mechanical heat conduction can be calculated according to 

𝑊୐ = 𝐴 ∙ ∆𝑇 ∙ 𝜆ୟ୧୰/𝐿 .                                                                  (1)    

Here air = 0.026 W/m/K is the thermal conductivity for air, T = T1 – TC, A = 0.086 m2 the cylinder 
cross-sectional area and L = 20 cm the distance T1 – PC. According to this, the heat flux WL accounts 
for  only about 6% of the total heat flux Q (Fig. 4b, green curve). 

So, about 94% of the heat flux Q is transferred by IR radiation I0. On the one hand, this is the desired 
energy transport, but on the other hand, it is also bad news, because this I0 radiation is the background 
radiation of the air-filled cylinder without GH gases. The background radiation superimposes and ob-
scures the radiation of the GH gases, so that only the tip of the gas radiation is visible during these 
experiments, similar to an iceberg (Chapter 4). This is the main reason why the detection of gas radiation 
is so difficult and why previous experiments have failed because of this problem. 

At  first glance, a horizontally placed polystyrene box seems to be a convenient solution, as it is com-
mercially available and easy to process. For example, Seim and Olsen [5] have tried to test our previous 
studies on the greenhouse effect [2] with such a setup. They were able to confirm that CO2 causes some 
temperature rise, but the levels were much smaller than we found. The various reasons for this failure 
are explained in Schnell & Harde (2025) [3]. 

4. Water Vapor Radiation 

For the experiment in the previous chapter (Fig. 4), dried air with a concentration of about 0.15 % was 
used inside the cylinder. Repeating this experiment with normal laboratory air at a WV concentration of 
1.1 % gave an increase of the outgoing heat flux Q of 5 – 8 W/m2 (Fig. 5).  

This increase in Q is caused by the IR radiation of water vapor. This opens up new possibilities for 
investigating the role of water vapor in the greenhouse effect (see Part 2): either the cylinder air is left 
untreated, dried or additionally moistened for a measurement. In this way, three WV concentrations of 
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0.15, 1.1 and 1.9 vol. % could be achieved in the cylinder. However, additional humidification with 1.9 
% water vapor is difficult, as water vapor condenses easily at uncontrollable thermal bridges. Therefore, 
the higher concentration was only realized for the CO2 investigation. 

 

            Fig. 5: Heat flux Q at 1.1 and 0.15% water vapor. 

Part 2 shows that concentrations of up to 8% by volume are required to detect the emission of CO2, 
methane and nitrous oxide. As explained above, this cannot be achieved with steam. Therefore, water 
vapor is not investigated as a greenhouse gas, but its influence on the other GH gases with relatively 
low WV concentrations (Part 2). 

5. Background Radiation and Transmission Losses 

The great challenge measuring the gas radiation is to detect it on the large background radiation from 
the cylinder walls. The inner surface of the cylinder is more than 10 times larger than the radiation area, 
and together with multiple reflections makes the cylinder a cavity radiator, which emits significantly 
higher intensity than a flat plate of the same material, this despite a very low emissivity of the polished 
aluminum walls of only about 5% (see cavity radiators, e.g. Atkins & Friedman 2011[6]). 
To get an idea of the gas to background radiation, Fig. 6 displays a calculation for CO2 and WV, super-
imposed by the wall radiation. The total emission of the cylinder walls can be characterized by an ef-
fective emissivity εeff  = 42 %, and the losses to the detectors – caused by a limited acceptance angle and 

the transmission of the PE foil – by  a dissipation factor of VΩ  40 %. The stronger drops at 740 cm-1, 
1,350 cm-1 and 1,400 cm-1 are caused by the transmission losses of the PE film at these wave numbers. 

 
Fig. 6: Spectral intensity as a function of the wave number for 2 % CO2, 1 % H2O, L = 70 cm,  = 42% 
and V = 40 % with a total intensity of 95.6 W/m2. 
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The emission from the walls (Grey) and water vapor (Blue) together give 90.3 W/m2. With additional  
2 % of CO2, this intensity increases to 95.6 W/m2. This increase of 5.3 W/m2 is not more than 18.4 % 
of the expected CO2 radiation of 28.8 W/m2, which would be observed without an overlap with the other 
radiation sources. Despite the optimized experimental setup, the vertical setup and the polished alumi-
num surface, only the tip of the CO2 gas radiation is visible (red lines), like an iceberg. 

6. The Negative Greenhouse Effect 

6.1 Definition of the GH-Effect and Simplified Derivative 

According to Thomas & Stamnes (1999) [7] and the actual assessment report of the IPCC, AR6 [8], the 
atmospheric greenhouse effect is defined as the difference of the radiation intensities emanating from 
the Earth’s surface FS and the upper atmosphere FTOA (Top of the Atmosphere).  

The mean surface radiation can be approximated by the Stefan-Boltzmann law:   

𝐹ୗ = 𝜀ୗ ∙ 𝜎 ∙ 𝑇ୗ
ସ,                                                                       (2)   

with S as emissivity and TS as temperature of the Earth's surface and  = 5.67·108 W/m2/K4 as Boltz-
mann constant. 

The radiation to space  FTOA consists partly of the Earth's radiation not absorbed by the atmosphere (term 
1), plus the radiation emitted by the atmosphere itself (Term 2): 

𝐹୘୓୅ = 𝜀ୗ ∙ (1 − 𝛼୅) ∙ 𝜎 ∙ 𝑇ୗ
ସ + 𝜀୅ ∙ 𝜎 ∙ 𝑇୅

ସ  ,                                          (3)   

with 𝛼஺ as absorptivity and TA as temperature of the atmosphere. 

Assuming a simple two-layer model (see also Schmithüsen et al. [9]) and replacing the absorptivity αA 
by the numerically identical emissivity εA , the greenhouse effect (GHE) can be expressed as (see [1] for 
further details): 

𝐺𝐻𝐸 = 𝐹ୗ − 𝐹୘୓୅ = 𝜀୅ 𝜎 ൫𝜀ୗ 𝑇ୗ
ସ − 𝑇୅

ସ൯ .                                              (4)   

The emissivity S includes all IR-active gases and depends on their concentrations.  

 

6.2 Different Impacts of the GH-Effect 

The temperature difference between the Earth's surface and the atmosphere determines whether the GH-
effect warms or cools, whether it is positive or negative (Eq. 4). We distinguish three scenarios: 

A) (TS > TA): Usually, the Earth's surface is warmer than the troposphere, and the temperature over the 
troposphere is declining with increasing altitude, in average 6.5 °C/km. The greenhouse effect is 
positive and has a warming effect. Under these conditions the atmosphere hinders the IR radiation 
transport to  space,  and  the  intensity  FTOA  is  less  than  the  original  Earth’s  radiation  FS.  Thus,  the  

greenhouse effect is a kind of thermal insulation of the radiative transport (here). 

B) (TS  = TA): At the same temperatures and εS = 1 there would be no greenhouse effect, as Richard 
Lindzen has aptly formulated:   
„It is an interesting curiosity that in the case convection had produced a constant temperature, there 
would be no greenhouse effect“ (here). 

C) (TS < TA): When the Earth is colder than the atmosphere, there is a negative GH-effect. In this case, 
the radiation to space FTOA is greater than that of the Earth’s radiation FS. The energy required for 
this additional radiation is taken from the atmosphere, which leads to cooling. Such a constellation 
is realized in the current experiments, on the one hand to show the emission properties of greenhouse 

Hermann Harde

Hermann Harde

https://de.wikipedia.org/wiki/W%C3%A4rmed%C3%A4mmung
https://www.eike-klima-energie.eu/2020/05/26/Globale-erwaermung-fuer-die-zwei-kulturen/


H. Harde, M. Schnell: Negative Greenhouse Effect Part 1 

 
8 

 

gases and on the other hand to prove the existence of a negative GH-effect on a model scale. 

 The negative greenhouse effect also occurs under inversion weather conditions or during nightly 
cooling, when the near-Earth’s air is warmer than the ground. 

The negative effect at the Earth's poles is climatically significant, as often the interior of the Antarctica’s 
surface is colder than the air layers above. This increases the long-wave radiation in these regions and 
intensifies the cooling of the planet (Schmithüsen, 2015 [9], see also Winter Gatekeeper Hypothesis. 

A special case is heat, released by uplifting air as sensible or latent heat at higher altitudes (around 5 km 
or more). Here, particularly CO2 causes cooling and thus a negative greenhouse effect, as the cold uni-
verse with around -270 °C is the direct radiation partner and only a small amount of water vapor exists 
at higher altitudes (see also: Harde [4], Section 3, Cooling in the stratosphere, Fig. 10). 

To avoid a misunderstanding: The recognition of the GH-effect is not a plea for a climate catastrophe, 
but merely the existence of a real atmospheric phenomenon. For the heat flows in the atmosphere, how-
ever, the greenhouse effect is of secondary importance. The Earth, 70% covered by water, controls its 
surface temperature mainly through evaporation, convection and, above all, by clouds. According to 
Vahrenholt, only 20% of global warming is caused by greenhouse gases but 80% by the man-made 
reduction of cloud cover (here).  

The formation of clouds depends critically on the existence of condensation nuclei, including the harm-
ful sulfuric acid aerosols that form sulfur dioxide. Their removal through the mandatory flue gas desul-
phurisation since 1974 has brought back the blue sky and given us more hours of sunshine and thus 
higher temperatures, but also the heat waves. Those who consider particulate matter to be the greater 
evil compared to global warming have to live with the consequences. 

But there is also a significant natural influence on the cloud cover, as this can be derived from the Total 
Solar Irradiance (TSI) data and the solar wind with its impact on cosmic rays, which also affect the 
formation of clouds (see: Svensmark et al., 2016 [10]; Harde, 2022 [11]). 

The importance of clouds or their lack can be easily demonstrated by looking at the areas with the highest 
recorded Earth temperatures so far. In these areas, there are neither clouds nor large amounts of water 
vapor. The latter is of particular importance for the CO2 GH-effect, because according to the IPCC it is 
the so-called "water vapor feedback" that makes the harmless gas a global threat. The only strange thing 
is that the warmest places in the world are not the humid rainforests at the equator, but the dry or tropic 
deserts in the subtropics. The place with the highest ground temperature of 70 – 78 °C is the Dasht-e 
Kawir Desert in Iran with an annual rainfall of < 50 mm (here).  

The Death Valley is one of the driest regions on earth. There, on  July 10, 1913, the air had a temperature 
of 56.7 °C, the highest value ever measured there (here). 

Of course, these temperatures are driven by the proximity to the equator, the clear sky with the maximum 
possible hours of sunshine and a dry soil without water evaporation. But also the downdrafts, which 
counteract cooling by convection. 

In the presence of larger amounts of water vapor, temperatures look quite different. For example, despite 
their proximity to the equator and their high humidity, the daily maximum values in the tropical rain-
forests are only about 30 °C (here). Since moist air increases convection due to its low density, this 
particularly strong buoyancy leads to climate stability in the tropics and to a so-called tropical attenua-
tion. As a result of the upwelling in the tropics, dry downdrafts are created in the subtropics. These 
create additional areas of clear skies, so that the long-wave radiation can be emitted to space more effi-
ciently (here). However, it must be admitted that in the tropics, in addition to evaporative cooling, cloud 

formation and the resulting reduced solar radiation as well as the almost daily rainfalls are responsible 
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for the moderate day-night temperatures between 25 and 30 °C.  

The oceans cannot keep up with the temperatures of the dry deserts.  The warmest of them, the Indian 
Ocean, reaches a maximum of 28 °C (as of 2021) (here). This is not only due to its enormous heat 
capacity and thermohaline circulation (ocean currents that connect warm and cold oceans, also known 
as the global conveyor belt). Above all, however, it is due to its evaporative cooling, which leads to 
cloud formation and precipitation (see, e.g., John Clauser), but also to a negative feedback for the CO2 
Equilibrium Climate Sensitivity ECS (Harde, 2017 [12], Subsec. 4.3.5). If humans intervene here, e.g. 
with well-intentioned measures for air purity, they cause more damage to the climate than through the 
release of CO2 (here, here).  

And by the way, Mr. António Guterres, pure water boils at normal pressure only at 100 °C and salty 
ocean water even a little higher. A boiling age is therefore completely out of question, even if the Indian 
Ocean should become 1 or 2 degrees warmer, physics is relentless. 
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