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Abstract: A molecule of oxygen absorbing solar ultraviolet-C radiation is photo-dissociated into two atoms of oxygen that fly 
apart at high velocity, converting kinetic energy of oscillation of the molecular bond directly and completely into kinetic energy 
of linear motion of the oxygen atoms. This increases air temperature. Two oxygen atoms can then collide forming a new oxygen 
molecule that can then be dissociated again as long as sufficient ultraviolet-C radiation exists. This continual dissociation of 
oxygen molecules is the primary reason for the stratopause being 30-40 degrees warmer than the tropopause and for all 
ultraviolet-C radiation being absorbed before reaching the lower stratosphere. Furthermore, an oxygen molecule and an oxygen 
atom can collide to form a molecule of ozone, which is photo-dissociated by solar ultraviolet-B radiation. Normally, 97-99 
percent of ultraviolet-B radiation is absorbed in the ozone layer, warming the lower stratosphere. By 1970, however, humans 
manufacturing chlorofluorocarbon gases caused up to 70% depletion of ozone, cooling the ozone layer and allowing more 
ultraviolet-B to reach Earth where it photo-dissociates ground-level ozone pollution, raising air temperatures, especially in the 
most polluted areas. Ultraviolet-B also penetrates oceans tens of meters, efficiently raising ocean heat content. Earth’s surface 
warmed 0.6°C from 1970 to 1998 with warming twice as great in the northern hemisphere containing 90% of global population. 
In 2014, Bárðarbunga volcano in central Iceland extruded 85 km2 of basaltic lavas in six months, depleting the ozone layer and 
warming Earth another 0.3°C by 2016. Throughout Earth history, basaltic lava flows covering areas of up to millions of square 
kilometers are contemporaneous with sudden global warming—the larger the lava flow, the greater the warming. Large explosive 
volcanic eruptions, on the other hand, typically form aerosols in the lower stratosphere that spread throughout the world, 
reflecting and scattering sunlight, cooling Earth approximately 0.5°C for two to four years. Computer modelling shows the 
effects of this global cooling can still be observed in ocean temperatures a century later. Several large explosive volcanic 
eruptions per century, continuing for millennia, cool oceans incrementally down into ice-age conditions. Detailed measurements 
of air temperatures in ice cores at Summit Greenland over the past 122,000 years show that the footprints of climate change are 
sudden warming within years, followed by slow, incremental cooling over millennia, in highly erratic sequences averaging only 
a few thousand years in length. Ozone depletion and aerosols are particularly effective because they occur worldwide. 
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1. Introduction

Photochemistry is the study of the chemical and physical
processes occurring when solid matter, liquids, gases, or 
plasmas absorb thermal energy in the form of electromagnetic 
radiation. Earth is showered with solar electromagnetic 

radiation consisting primarily of infrared frequencies that 
provide warmth, visible frequencies that power 
photosynthesis, enable sight, and heat Earth’s surface, 
ultraviolet-A frequencies that heat Earth’s surface, 
ultraviolet-B frequencies that heat the stratospheric ozone 
layer, ground-level ozone pollution, and Earth’s surface, 
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ultraviolet-C frequencies that heat the stratosphere and 
mesosphere, and extreme ultraviolet, X-ray, and gamma ray 
frequencies that ionize and heat the ionosphere and 
thermosphere. 

Humans thrive on Earth only because essentially all 
high-energy, DNA-damaging, solar radiation, including 
ultraviolet-C, extreme ultraviolet, X-ray, and gamma ray 
frequencies are absorbed in the stratosphere, mesosphere, and 
the upper atmosphere. The true Goldilocks balance, however, 
is centered on how much solar ultraviolet-B radiation reaches 
Earth’s surface. The skin of humans must absorb just enough 
ultraviolet-B to manufacture sufficient vitamin-D, crucial for 
healthy bone growth and for healthy immune systems. Just 
enough ultraviolet-B is also required for healthy plant 
development [1]. But too much ultraviolet-B causes 
photodegradation, sunburn, premature aging of skin, skin 
cancer, cataracts, and disruption of DNA, killing or 
inactivating microorganisms and causing mutations in plants 
and animals. Too much ultraviolet-B inhibits animal and plant 
growth [2]. And too much ultraviolet-B reaching Earth’s 
surface, as discussed in this paper, causes heating of Earth’s 
surface above the Goldilocks ideal temperature that life on 
Earth has adapted to. 

Human skin evolved to absorb just enough ultraviolet-B 
radiation long before clothes were available. The dosage of 
ultraviolet-B radiation reaching human skin is greatest in the 
tropics, least around the poles, and varies with climate change. 
Around 1.2 million years ago, in response to climate change 
killing trees, hominins moved out of tropical rainforests into 
sunny savannas where they lost body hair, evolved more 
efficient perspiration, and evolved short, curly, Afro-textured 
hair to protect the thermosensitive brain from bright sunshine 
[3, 4]. The loss of body hair led to heritable increases in 
melanin, a pigment that blackens the skin and darkens the eyes 
of people living in intense sunlight in equatorial regions. Our 
species, Homo sapiens, evolved in Africa and was originally 
dark skinned. As humans migrated out of equatorial Africa to 
higher latitudes, where sunshine is less intense, they evolved 
over hundreds of generations lower levels of melanin, leading 
to lighter skin and lighter eye color so that they could absorb 
adequate ultraviolet-B radiation to have healthy levels of 
vitamin D. Humans evolved straighter hair that provided 
increased warmth. Eskimos in the Arctic kept dark skin 
perhaps because of nearly 24-hour sunlight half the year and 
because they absorb large amounts of vitamin D from their 
diet primarily of fish, seals and other animals [5]. 

Thus, the existence, health, and even skin color of humans 
living on Earth is determined by having just the right 
Goldilocks balance between how much solar ultraviolet-B 
radiation is absorbed by the ozone layer versus how much 
reaches Earth’s surface. The fact that 97 to 99 percent of 
ultraviolet-B radiation is absorbed within the ozone layer, 
protecting life on Earth from this generally harmful radiation, 
has been known and understood for a long time [6]. In 1974, 
Molina and Rowland discovered that manufactured 
chlorofluorocarbon gases (CFCs) were depleting the ozone 
layer [7]. In 1985, Farman, Gardiner, and Shanklin [8] 

discovered the Antarctic ozone hole showing that ozone 
depletion was much more significant than had been realized. 
In 1995, Molina, Rowland, and Crutzen shared the Nobel 
Prize in Chemistry for their work “concerning the formation 
and decomposition of ozone” [9]. 

What has not been understood, and is the primary subject of 
this paper, is that this Goldilocks balance of solar ultraviolet-B 
radiation also determines the average temperature of air at 
Earth’s surface. Ultraviolet-B radiation, with frequencies 
around 1176 trillion cycles per second, has enough kinetic 
energy of oscillation, around 4.86 electronvolts, to 
photo-dissociate ozone (O3). When a gas molecule is 
dissociated, one of the bonds holding the molecule together is 
broken, causing the molecular pieces to fly apart at high 
velocity. According to the kinetic theory of gases, air 
temperature is proportional to the average kinetic energy of 
linear motion of all atoms and molecules making up the gas. 
The average kinetic energy of linear motion is proportional to 
the average velocity of linear motion squared. 

As discussed below, radiation is the result of oscillation of 
all the bonds holding matter together. Photo-dissociation 
converts the kinetic energy of oscillation of a bond directly 
and completely into kinetic energy of linear motion, which is 
proportional to temperature. Absorption of ultraviolet-B 
radiation, dissociating ozone, heats the ozone layer. When 
more ultraviolet-B radiation than usual reaches Earth’s surface, 
it photo-dissociates ground-level ozone pollution, warming air. 
Ultraviolet-B also penetrates oceans tens of meters, directly 
causing substantial increases in ocean heat content. 
Ultraviolet-B has the greatest effect on global temperatures at 
Earth’s surface because it is the most energetic, “hottest” solar 
radiation with the greatest temperature difference from Earth. 
Flux of heat, as discussed below, is a function of difference in 
temperature. 

The other photochemical process important for determining 
Earth’s surface temperature is the reflection and scattering of 
sunlight by aerosols. Essentially all major explosive volcanic 
eruptions have been observed to form sulfuric-acid aerosols in 
the lower stratosphere that spread worldwide within months 
and last several years, reflecting and scattering sunlight, 
cooling Earth’s surface approximately 0.5°C for a few years. 
Several large eruptions each century continuing for millennia 
are observed to cool oceans incrementally down into ice-age 
conditions. 

Global warming caused by depletion of the ozone layer and 
global cooling caused by formation of aerosols have the 
dominant effects on global climate because they both 
modulate how much of Sun’s most energetic radiation reaches 
Earth and they both occur worldwide, modulating all solar 
radiation reaching Earth. To understand why this is so 
important and why photo-dissociation of oxygen and ozone 
are so important, we need to step back and reevaluate our 
understanding of what thermal energy, electromagnetic 
radiation, temperature, and heat actually are physically and 
how they flow over time. We need to clear up several 
misunderstandings about the physics of heat. 



64 Peter Langdon Ward:  The Photochemistry of Gas Molecules in Earth’s Atmosphere Determines the 
Structure of the Atmosphere and the Average Temperature at Earth’s Surface 

Figure 1. Oscillation of a molecular bond between forces of repulsion and 

forces of attraction. The molecule is dissociated when the frequency, which is 

also kinetic energy of oscillation, is equal to EMAX.

In physics, the closest things to truth are direct observations 
of what is physically happening in Nature. The first half of this 
paper is based on direct observations of the flow of heat. The 
second half of this paper is based on direct observations of the 
footprints of climate change throughout the geologic record. 

2. Thermal Energy in Solid Matter Is

Sub-microscopic Kinetic Energy of

Oscillation

According to Grossman [10], “by measuring temperature,
we’re measuring how fast the atoms in the material are 
moving. The higher the average velocity, of the atoms, the 
higher the temperature of the material.” 

In a gas, atoms and molecules are free to move independently 
in any direction until they collide with another atom, molecule, 
or the walls of a container. Then they typically move 
independently in another direction. Each atom or molecule can 
be thought of as “possessing” a kinetic energy of linear motion 
(EKL) that is quantified as one-half its mass (m) times its 
velocity of linear motion (v) squared: EKL=½mv2. It makes no 
physical sense to add these kinetic energies together because 
each kinetic energy applies only to one discrete, individual 
atom or molecule. We observe a distribution of kinetic energies 
that we typically summarize by thinking in terms of a statistical 
average. We observe that temperature of a gas increases directly 
proportional to the statistical average of this distribution of 
kinetic energies. It makes no physical sense to add kinetic 
energies of individual molecules together. These kinetic 
energies are not additive—they are averative, a word I am 
coining to emphasize the fundamental distinction in physical 
reality between adding and averaging when dealing with 
thermal energy, heat, or temperatures. Averative will be 
described in more detail below. 

In solid matter, physicists observe that all bonds holding 
matter together oscillate back and forth at trillions (1012) of 
cycles per second over amplitudes measured in picometers 

(10-12 meters). Physicists think of these oscillators as being 
driven by the electrodynamic forces of repulsion of like electric 
charges and the electrodynamic forces of attraction of unlike 
electric charges as approximated by the Morse potential [11] 
shown in Figure 1, or by the more detailed Morse/Long range 
potential [12]. These frequencies of oscillation are more than 
ten million times higher than what we humans can perceive as 
oscillations [13]. We perceive them as temperature of solid 
matter. Electrodynamic forces act like perfect springs, recoiling 
without energy loss from repulsion or attraction. Plus, they are 
frictionless, allowing these molecular-bond-scale oscillators to 
continue to oscillate for exceptionally long periods of time. 

Each oscillator is oscillating at some frequency of 
oscillation with some amplitude of oscillation. Physicists 
observe that each oscillator on the surface of a piece of solid 
matter transmits into air and space its frequency of oscillation 
and its amplitude of oscillation in the same physical manner 
that a radio transmitter transmits its frequency of oscillation 
and its amplitude of oscillation by oscillatory motion of charge 
on the transmitter’s antenna. The orientation of the axis of 
oscillation of each bond will vary, but as with a radio antenna, 
the resulting electromagnetic field will be greatest 
perpendicular to the axis of oscillation, as observed. 

3. Electromagnetic Radiation Is

Physically a Very Broad Spectrum of

Frequencies of Oscillation

In this way, thermal radiation, which is defined as radiation
emitted by a body of matter because of the body’s temperature, 
is observed to consist of a very broad spectrum of frequencies 
of oscillation known as the electromagnetic spectrum (Figure 
2) [14]. A spectrum or continuum is a continuous sequence of
values in which adjacent elements are separated by differences
too small to be recognized at a given scale of measurement.

Figure 2. The electromagnetic spectrum extends from radio frequencies of 

cycles per second to gamma rays with frequencies greater than 300 Exahertz 

(3x1020). Oscillators with a shorter length emit higher frequency, higher 

energy radiation associated with higher temperatures. 

Today, physicists measure electromagnetic radiation with 
frequencies of oscillation ranging from extremely low 
frequency radio signals oscillating at less than one cycle per 
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second to gamma rays oscillating at more than 300 exahertz 
(3x1020 cycles per second). As shown in Figure 2, the shorter 
the length of an oscillator, the higher the frequencies of 
oscillation, the greater the energies of oscillation and the 
greater the associated temperature. 

Furthermore, there can be many modes of oscillation for 
each oscillator and each mode can have numerous overtones 
or harmonics of oscillation, each with a unique frequency of 
oscillation. Thermal radiation from even a very small piece of 
solid matter is the result of simultaneous oscillation of trillions 
of bonds holding solid matter together. Simultaneous 
oscillation of a very large number of physically tiny oscillators 
is the primary link between the sub-microscopic world and 
macroscopic temperature. 

Each mode of oscillation of each frictionless 
molecular-bond-scale oscillator can be thought of as 
“possessing” a kinetic energy of oscillation (EKO), which 
Planck [15] postulated in 1900 is equal to the frequency of 
oscillation (f) times a constant of proportionality (h), now 
known as the Planck constant. This constant is simply the 
kinetic energy of oscillation contained within a frequency of 
one cycle per second. The Planck constant, the slope of a line 
through the origin of a plot of kinetic energy as a function of 
frequency, can be estimated easily in a high-school physics 
laboratory using several different light-emitting diodes 
oscillating at different frequencies [16]. What EKO=hf tells us 
is that frequency of oscillation (f) is physically the same thing 
as kinetic energy of oscillation (EKO) divided by a scaling 
constant (h) and that kinetic energy of oscillation (EKO) is 
physically the same thing as a scaling constant (h) times 
frequency of oscillation (f) as calculated for all frequencies in 
the electromagnetic spectrum [14]. The higher the frequency 
of oscillation, the higher the velocity of motion of the atoms 
relative to each other, the higher the kinetic energy of 
oscillation, and the higher the related temperature (Figure 2). 

It makes no physical sense to add these kinetic energies of 
oscillation (EKO) together because each kinetic energy applies 
only to one discrete, individual, molecular-bond-scale 
oscillator. We observe a distribution of kinetic energies that we 
can summarize by calculating a statistical average. We 
observe that temperature of solid matter increases proportional 
to the statistical average of this distribution of kinetic energies 
of oscillation. Kinetic energy of oscillation is not additive—it 
is averative. 

4. Temperature of Solid Matter Is the

Result of This Broad Continuum of

Frequencies of Oscillation

In the late 19th century, many physicists used a glass prism
to spatially separate visible light from various sources into a 
spectrum or continuum of colors. They then moved various 
sensors through each band of color, carefully measuring 
changes as a function of the temperature of the source of the 
radiation. For infrared radiation, which does not have enough 
energy to penetrate glass, they utilized prisms made of halite. 

Figure 3. Planck’s empirical law calculating the intensity or amplitude of 

oscillation at each frequency of oscillation as a function of the temperature of 

the radiating body. A is amplitude of oscillation, T is absolute temperature, h 

is Planck’s constant, f is frequency of oscillation, c is the velocity of light, and 

kB is the Boltzmann constant. A replacement for c2 will need to be calibrated in 

the laboratory.

In 1900, Planck [15, 17] was able to devise an equation that 
calculates accurately the observed measurements at each 
frequency of oscillation as a function of the temperature of the 
emitting body, plotted in Figure 3 for Earth at 15°C (green), 
the filament of an incandescent light bulb at 3300oC (yellow 
and green), and Sun at 5500°C (red, yellow, and green). This 
equation, now known as Planck’s empirical law, was 
determined by trial and error to explain extensive observations. 
It was not based on theory.  

In the 1890s and still today, physicists thought their sensors 
were measuring energy of radiation flowing per second, so 
Planck plotted flux of energy in watts per square meter on the 
y-axis. What is fascinating, however, is that Planck, in order to
satisfy dimensional analysis for his equation, postulated that
energy of radiation (EKO) is equal to the Planck constant (h)
times frequency (f), EKO=hf, something he called “energy
elements,” traditionally written E=hν, where ν is the Greek
letter nu. In 1905, Einstein [18] called them “energy quanta”,
and in 1926, Lewis [19] called them “photons”. But if energy
(EKO) equals a constant (h) times frequency (f), then energy
should be plotted parallel to frequency on an alternative x-axis
as shown at the top of Figure 3.

In 1900, Planck considered EKO=hf to be a “mathematical 
trick or convenience” and his empirical law to be a “fortunate 
guess” [20]. There is no evidence in the literature that he ever 
wondered about what energy of radiation is physically. 
Nevertheless, in 1918, Planck earned the Nobel Prize in 
Physics for “his discovery of energy quanta” [21]. In 1931, he 
admitted that introducing the “energy element” in 1900 was “a 
purely formal assumption and I really did not give it much 
thought except that no matter what the cost, I must bring about 
a positive result” [22]. In other words, Planck, a theoretical 
physicist, was obsessed with the mathematics rather than 
thinking carefully about what was actually physically 
happening in Nature. He did think mathematically in terms of 
tiny oscillators, which he called resonators, but he was 
confused by the widespread assumptions that energy should 
be plotted on the y-axis and wavelength on the x-axis. 
Wavelength and wave frequency assume the wave theory of 
light. What we measure in Nature is frequency of oscillation 
(Figure 3), which has nothing to do with waves. 
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There are two ways to look at the equation EKO=hf. First 
that EKO is a level of kinetic energy contained in a single 
frequency—the minimum level of energy (EMAX in Figure 1) 
required to break the bond of an electron in the photoelectric 
effect or to break a bond of a molecule causing 
photo-dissociation. For example, a molecule of oxygen is 
observed to be dissociated into two atoms of oxygen when it 
absorbs a frequency close to 1237 terahertz (1012 cycles per 
second), an energy close to 5.11 electronvolts [23]. In this case, 
EMAX can be thought of as the minimum level of energy 
required to cause a photochemical reaction, something 
Einstein called a “light quantum” [18]. 

The second way to look at the equation EKO=hf is to 
recognize that frequency (f) is a very broad continuum of 
frequencies—the electromagnetic spectrum as shown in 
Figure 2 [14]. A constant times a continuum must equal a 
continuum. Therefore, kinetic energy (EKO) is a broad 
continuum of energies, the physical opposite of a “light 
quantum” or “photon.” 

 

Figure 4. Heat flowing per second is proportional to the difference in 

temperature at that moment. 
Frictionless oscillators have two primary physical 

properties: frequency of oscillation and amplitude of 
oscillation. Thus, at the sub-microscopic level, Planck’s 
empirical law calculates amplitude of oscillation plotted on 
the y-axis as a function of frequency of oscillation or kinetic 
energy of oscillation plotted on the x-axis. At the macroscopic 
level, our eyes perceive amplitude of oscillation as intensity or 
brightness. Intensity of radiant energy is currently defined as 
power transferred per unit area in units of watts per square 
meter, a flux, so that needs to be changed. Brightness is 
defined as an attribute of visual perception. 

I simply plot orders of magnitude on the y-axis in Figure 3 
because I think it would be best for the absolute values of 
amplitude of oscillation measured in picometers (10-12 meters) 
to be calibrated in the laboratory by adjusting the constant c2 
in Planck’s empirical law. The amplitudes of oscillation could 
vary in detail with chemical composition. 

All frequencies throughout the electromagnetic spectrum 
(Figure 2) coexist at all times and at all locations. What we 
observe varies in time and space is the intensity of oscillation 
caused by the amplitude of oscillation at each frequency of 
oscillation ranging on a logarithmic scale from completely 

insignificant to dominant. 

5. Heat Physically Is a Two-Dimensional 

Continuum of Frequencies and 

Associated Amplitudes of Oscillation 

Planck’s empirical law not only shows the physical properties 
of thermal radiation and the physical properties of oscillators on 
the surface of solid matter, but also the physical properties that 
must exist throughout a body of solid matter at thermal 
equilibrium for that body to “possess” a temperature. Note from 
Figure 3 that the higher the temperature of the radiating body, the 
higher the observed amplitude of oscillation at each and every 
frequency of oscillation and the higher the observed frequencies 
with the greatest amplitudes of oscillation. 

Heat can be defined most fundamentally as that which a 
body of solid matter must absorb to get warmer and must emit 
to get cooler. In Figure 3, Earth (green) must absorb the 
physical properties shaded yellow to become as hot as the 
filament of an incandescent light bulb. Heat, physically, is thus 
a two-dimensional continuum of values quantified by 
subtracting at each and every frequency the amplitude of 
oscillation as calculated by Planck’s law for the cooler body 
from the amplitude of oscillation for the warmer body. This 
explains why a body of solid matter can only be warmed by 
absorbing radiation if that radiation comes from a warmer 
body, and why the rate that heat flows per second is 
determined by the difference in temperature (Figure 4) 

6. Thermal Radiation, Heat, and 

Temperature Are Each Not Additive—
They Are Each Averative 

All curves of warming or cooling of solid matter are 
observed to be asymptotic to the final temperature as shown in 
Figure 4 for warming. The black curve plots the warming 
measured per unit time when shining a light on a small piece 
of thin black metal. The red line shows the warming calculated 
by multiplying a constant times the final temperature minus 
the current temperature. The greater the difference in 
temperature, the greater the flow or flux of heat, and the faster 
the body is warmed. The greatest temperature difference is in 
the beginning. As the temperature difference approaches zero 
asymptotically over time, it takes a very long time to 
completely warm the body. 

You get this same asymptotic shape when approaching a 
wall by moving the average distance between you and the wall 
during each unit of time. You get very close to the wall soon, 
but you will never theoretically reach the wall, although the 
difference in distance gradually becomes insignificant. 

If you take two bodies of solid matter that are identical 
except for temperature and place them so that heat can flow, 
the resulting temperature under ideal conditions will be the 
average of the initial temperatures, not the sum. Temperature 
is not additive; temperature is averative. 
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Figure 5. Sets of three cones in your eyes respond in slightly different ways to 

Red, Green, and Blue light as shown by the solid lines. The dashed lines show 

the frequencies absorbed by chlorophyll A and chlorophyll B. 
At each moment in time in Figure 4, the temperature of the 

absorbing body is averaged with the ultimate temperature, 
which is determined by the temperature of the emitting body. 
This averaging is done in Nature by resonance, as described 
below. The resulting temperature is either the average of the 
two initial temperatures, or, in the most general case, is 
somewhere between the two initial temperatures depending on 
the physical properties of both bodies of solid matter and the 
boundary conditions. 

Averaging instead of adding occurs because temperature is 
an intensive physical property, which means temperature does 
not depend on the size or amount of matter involved [24]. 
Temperature is the result of oscillations at the 
sub-microscopic level that are spread evenly throughout the 
body of matter. Therefore, you can divide a body of matter up 
into as many macroscopic pieces as you wish. Each piece will 
initially have the same temperature. There is no such thing as a 
physical amount of temperature. Temperature is simply the 
result of a level of thermal energy that quantifies how hot we 
perceive the body to be. Since heat is temperature in transit, it 
makes no physical sense to think of heat macroscopically as a 
physical amount of anything. Note in Figure 4 that the rate 
heat flows per second, the flux, is determined by the difference 
in temperature. 

7. Heat Flows by Resonance, a 

Fundamental Physical Property of 

Oscillatory Systems 

Temperature in solid matter, as described by Planck’s 
empirical law (Figure 3), is the macroscopic result of the 
simultaneous oscillation of all the sub-microscopic bonds 
holding a piece of solid matter together. The most important 
physical property of oscillating systems beyond frequency of 
oscillation and amplitude of oscillation is resonance, also 
known as sympathetic oscillation. When two discrete 
molecular-bond-scale oscillators are oscillating at the same 
frequency and are within line-of-sight of each other or 
mechanically connected in some way, they are observed to 
share amplitude of oscillation essentially instantly. The 

oscillator with the largest amplitude of oscillation loses 
amplitude of oscillation to the oscillator with the least 
amplitude of oscillation. In the simplest case, both oscillators 
end up with the average of the initial amplitudes of oscillation. 
Each oscillator can then absorb more amplitude from an 
oscillator oscillating at the same frequency but at a higher 
amplitude of oscillation or lose amplitude to an oscillator 
oscillating at the same frequency but at a lower amplitude of 
oscillation. When all oscillators oscillating at the same 
frequency and within line-of-sight or physically connected in 
some way are oscillating at the same amplitude of oscillation, 
then resonance can no longer occur, amplitudes of oscillation 
can no longer “flow”. 

When this sharing of amplitude is done simultaneously 
across all frequencies of oscillation between two pieces of 
solid matter, Planck’s law (Figure 3) shows us that the 
macroscopic temperature of the hotter body becomes a little 
cooler and the macroscopic temperature of the cooler body 
becomes a little warmer. For solid matter, when we measure 
temperature, we are measuring the macroscopic effect of 
sub-microscopic amplitude of oscillation at each and every 
frequency of oscillation as calculated by Planck’s empirical 
law. The higher the temperature, the higher the dominant 
frequencies of oscillation, the higher the amplitude of 
oscillation at each and every frequency of oscillation, and the 
higher the average velocity of oscillatory motion. What is 
“flowing” in an averative manner, which means by averaging, 
is amplitude of oscillation at each and every frequency of 
oscillation. When the two pieces of solid matter reach the 
same temperature, there is no difference in amplitude of 
oscillation at any frequency, so that no amplitude can “flow”. 
The two pieces of matter are then said to be in a state of 
thermal equilibrium. 

It is extremely important to realize that because all of these 
sub-microscopic oscillators are frictionless, the only known 
physical way to increase or decrease the amplitude of 
oscillation of any molecular-bond-scale oscillator is via 
resonance. Therefore, the only way for heat to physically flow 
is by resonance. 

Resonance is all around us. We see by resonance. Each of 
our eyes contains six to seven million cone cells [25] in sets 
of three that respond to or resonate with visible light in 
slightly different ways shown by the solid lines in Figure 5 
labelled Red, Green, and Blue. Our brain processes the three 
slightly different neurological signals to detect ten million 
different shades of color. All cone cells resonate 
simultaneously, each with a single oscillating molecular 
bond within your field of view, allowing you to see a whole 
scene in full color. 

The color that an object displays is also related to 
resonance in an interesting way. For example, a leaf appears 
green because chlorophyll A and chlorophyll B absorb most 
red and blue light as shown by the dashed lines in Figure 5, 
leaving only oscillations in the frequency range of green on 
the surface of the leaf to resonate with the cells in your eyes 
[26]. 

We hear by resonance when the tiny hair cells [27] in our 
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inner ear resonate at different frequencies of air pressure, 
transmitting that precise frequency to our brains. Scientists are 
beginning to realize, similarly, that a small number of sensor 
types involving resonance may be what enables animals to 
recognize a very wide range of smells and tastes [28-31]. We 
feel temperature by resonance. Resonance appears to be the 
primary way living things interact with their physical and 
social environments. 

Frequency of oscillation (f), which is the same physical 
thing as kinetic energy of oscillation (E=hf where h is a 
constant), is well observed not to change with distance, even 
galactic distances, except for Doppler effects. Amplitude of 
oscillation or intensity of radiation, on the other hand, is well 
observed to decrease with the square of the distance travelled. 
This decrease can be understood in terms of the apparent 
density of molecular-bond-scale oscillators on the surface of 
near and distant bodies. Over short distances, there is a 
one-to-one correspondence between oscillators. As distance 
increases, the distant object looks smaller and smaller. Fewer 
and fewer molecules on the distant surface are able to resonate 
with each molecule on the near surface. Thus, the amplitude 
transferred by resonance must then be shared by conduction 
with more and more similar oscillators on the distant surface 
as they reach thermal equilibrium. In this way, the rate of 
amplitude transfer decreases with the square of increasing 
distance while each frequency of oscillation and its associated 
amplitude of oscillation based on Planck’s empirical law do 
not change with distance. 

 

Figure 6. The narrow bands of frequencies of oscillation of the 

electromagnetic spectrum absorbed by greenhouse gases. Each frequency 

band is made up in detail by spectral lines similar to those shown in Figure 7 

for carbon dioxide. The red line shows the thermal energy (EKO=hf). Note that 

ultraviolet-B energy at 0.962x1015 hertz (red circle) is 3.98 electronvolts while 

the infrared energy at 14.9 micrometers 20.1x1012 hertz (blue circle) is only 

0.0832 electronvolts, about 50 times less. 

At least since Maxwell in 1865 [32], physicists have 
thought of electromagnetic radiation as an electromagnetic 
field, a physical three-dimensional entity located in some 
way between source and receiver whose values can be 
mapped out by moving an appropriate sensor to different 
locations. When thinking in terms of resonance, oscillating 
bonds on the surface of the sensor, which is at some 
temperature, simply resonate with the oscillating bonds on 

the surface of the source of the radiation. There does not need 
to be any physical field. 

 

Figure 7. Spectral lines of absorption by a molecule of carbon dioxide in the 

frequency range of 17 to 23 terahertz, commonly referred to as centered 

around 14.9 micrometers wavelength. 
Resonance is what Einstein called “spooky actions at a 

distance” [33] where something over here interacts with 
something over there but we cannot see any physical link 
between them. Thus, what the concept of quantum 
entanglement seeks to explain may simply be resonance, a 
fundamental property of oscillating systems. 

Resonance provides a physical explanation for how, 
physically, a warming system “knows” the final temperature 
as plotted in Figure 4, how, physically, amplitudes of 
oscillation and temperatures are averaged, and how, physically, 
Planck curves (Figure 3) keep their shape. Resonance explains 
why heat can only flow from hot to cold. Resonance shows 
that a body of matter does not emit the same radiation in every 
direction as commonly assumed. Resonance is point to point. 
For example, Earth, on sides looking at Sun, absorbs heat, 
amplitudes of oscillation, from a hotter Sun, but on sides not 
looking at Sun, Earth loses heat at the same time to much 
colder deep space. 

We have a lot to learn about the details of the physics of 
resonance including how it physically happens over all 
distances, how rapidly amplitudes are changed, how 
resonance functions continuously, how resonance in the 
immediate presence of solid matter explains reflection, 
refraction, and interference of light, and the effects of the 
physical properties of the materials involved. But resonance as 
used in this paper is simply the observation that two 
sub-microscopic oscillators within-line of sight of each other 
or mechanically connected in some way share amplitude 
where the oscillator oscillating at the greatest amplitude of 
oscillation loses amplitude of oscillation to the oscillator 
oscillating at the least amplitude of oscillation. Resonance is a 
fundamental physical property of all oscillating systems 
contained within matter. Resonance occurs simultaneously at 
all frequencies of oscillation throughout the very broad 
spectrum of frequencies that make up electromagnetic 
radiation at any temperature as shown by Planck’s empirical 
law (Figure 3). 
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8. Molecules of Gases Absorb Only the 

Resonant Frequencies of the Bonds 

Holding the Molecule Together 

Extensive laboratory measurements [34] document spectral 
lines of absorption for all frequencies of all modes of 
molecular vibration [35] and their overtones that are so unique, 
they can be used to identify the chemical composition of any 
gas from close at hand to deep in space. These spectral lines 
occur in narrow bands of absorption shown in Figure 6 for 
major greenhouse gases. An example of the individual spectral 
lines is shown in Figure 7 for the main absorption band of 
carbon dioxide, commonly referred to as centering around a 
wavelength of 14.9 micrometers (20.1x1012 cycles per second) 
shown in Figure 6. Water absorbs the majority of infrared 
frequencies radiated by Earth, but carbon dioxide absorbs less 
than 16 percent of the frequencies as reported by Ångström in 
1900 [36]. In the steady state, the bonds holding gas molecules 
together can only resonate with the frequencies of oscillation 
that they absorb. Figure 8 shows Planck’s empirical law with 
frequency on the x-axis plotted logarithmically so that we can 
resolve the black vertical black lines showing the 16% of all 
the frequencies of oscillation radiated by Earth (green) that are 
absorbed by carbon dioxide and that could then resonate with 
other matter. Planck’s empirical law shows for a body of solid 
matter to be warmed, it must absorb radiation from a hotter 
body that contains an increase in amplitude or intensity at each 
and every frequency of oscillation. Clearly the limited spectral 
lines of radiation emitted by carbon dioxide could not warm an 
absorbing body even to the temperature of Earth. 

Thus, thermal radiation is absorbed into the bonds holding 
gas molecules together. In fact, greenhouse gases are simply 
gases in Earth’s atmosphere that have bonds holding three or 
more atoms together—the greater the number of atoms, the 
greater the number of bonds, the more “potent” the 
greenhouse gas as currently calculated. But oscillation of 
molecular bonds has no direct effect on the temperature of a 
gas. Temperature of a gas, according to the kinetic theory of 
gases as discussed above, is proportional to the average kinetic 
energy of linear motion (EKL), which is equal to one-half the 
average mass (m) of all gas molecules times their average 
velocity of linear motion (v) squared: EKL=½mv2.  

For greenhouse gases absorbing infrared radiation from 
Earth to cause warming of air, you must assume that myriads 
of collisions cause kinetic energy of oscillation of the bonds to 
be converted to kinetic energy of linear motion according to 
the law of equipartition, which assumes that during collision, 
energy should be shared equally among all nine degrees of 
freedom. Plus, the kinetic of oscillation absorbed into the 
bonds of one molecule of carbon dioxide would then, after 
conversion to kinetic energy of linear motion, have to be 
shared with 2500 other gas molecules making up a unit of air, 
assuming a concentration of 0.04 parts per million. It has 
never been shown by experiment, a cornerstone of the 
scientific method, that carbon dioxide molecules absorbing 
terrestrial infrared radiation can heat air in any significant way 

as explained at JustProveCO2.com and at Physically-Impossible.com. 
Experiments on Internet claiming to show such warming, use 
infrared heat lamps more similar to incandescent light bulbs 
shown in yellow in Figure 3 with filament temperatures 
around 3300°C than to Earth shown in green at 15°C. 

 

Figure 8. Planck’s empirical law with frequency plotted logarithmically. The 

vertical black lines are the frequencies absorbed by carbon dioxide. The 

heights of these lines are scaled relative to each other, but the absolute height 

is simply chosen to make the figure clear. 

9. Photo-Dissociation Converts Kinetic 

Energy of Oscillation Completely and 

Efficiently into Gas Temperature 

Gases are observed to be heated when they absorb 
ultraviolet radiation with energies that are high enough to 
cause photo-dissociation—to cause the energy of oscillation to 
exceed EMAX in Figure 1—to cause a bond to come apart. 
When the bond breaks, the molecular pieces fly apart at high 
velocity, much like the ends of a rubber band that breaks. This 
recoil efficiently and completely converts the kinetic energy of 
bond oscillation into kinetic energy of linear motion of the two 
molecular pieces, increasing the temperature of the gas—the 
higher the bond energy, the higher the frequency required for 
dissociation, the higher the velocity of the molecular pieces, 
the greater the warming of air. 

A molecule of oxygen (O2) is dissociated into two atoms of 
oxygen (2O) when the molecule absorbs ultraviolet-C solar 
radiation with frequencies of oscillation around 1237 terahertz 
(5.11 electronvolts) [23]. A molecule of ozone (O3) is 
dissociated into a molecule of oxygen (O2) and an atom of 
oxygen (O) when the ozone molecule absorbs ultraviolet-B 
solar radiation with frequencies of oscillation around 1176 
terahertz (4.86 electronvolts) [23]. A molecule of nitrogen 
dioxide (NO2) is dissociated into nitrogen oxide (NO) and an 
atom of oxygen (O) when the nitrogen dioxide absorbs violet 
light with frequencies of oscillation around 714 terahertz (2.95 
electronvolts) [23]. 

Earth’s atmosphere is observed to be warmed daily by tens 
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of degrees as shown in Figure 9 [37, 38]. The troposphere is 
warmed from below when air comes in physical contact with 
Earth’s sun-warmed surface and then convects upward. 
Everything above the tropopause, on the other hand, is 
warmed from above by photo-dissociation. What makes 
photo-dissociation so effective for warming the stratosphere is 
that the molecular pieces can recombine when they collide in 
air, forming a bond with energies less than EMAX in Figure 1 
and then can be dissociated again as long as the required 
ultraviolet-C or ultraviolet-B radiation is still available. 
Furthermore, photo-dissociation occurs simultaneously 
everywhere during the day—only varying slightly as a 
function of time of day and of latitude. 

 

Figure 9. Average temperature, density, and mid-latitude ozone concentration 

of Earth’s atmosphere based on the U. S. Standard Atmosphere (1976). 

For ozone and oxygen, this constant dissociation followed 
by recombination is known as the ozone-oxygen cycle or the 
Chapman cycle [6]. It is primarily the photo-dissociation of 
oxygen by solar ultraviolet-C radiation that keeps the 
stratopause approximately 35°C warmer than the tropopause 
(Figure 9) [37]. All solar ultraviolet-C radiation is absorbed 
above the tropopause. It is photo-dissociation of ozone by 
solar ultraviolet-B radiation that warms the lower stratosphere 
[38]. Most ultraviolet-B radiation is absorbed in the ozone 
layer. But if the ozone layer is depleted, more ultraviolet-B 
radiation than usual is observed to reach Earth. 

While atmospheric chemists talk about endothermic and 
exothermic reactions, it is not widely recognized that the 
energy stored in matter is the kinetic energy of oscillation of 
all the bonds holding matter together. Photo-dissociation 
breaks a bond, converting kinetic energy of oscillation into 
kinetic energy of linear motion, causing increased gas 

temperature—an exothermic reaction. Recombination, 
however, is not endothermic. Recombination happens when 
atoms collide, putting the atoms close enough together so that 
the bond can be reestablished (Figure 1), allowing oscillation 
of the bond to resume. In this way, the ozone-oxygen cycle 
causes warming without reciprocal cooling. 

 

Figure 10. Amplitude or intensity of solar radiation as a function of frequency 

of oscillation at the top of the atmosphere (red line), and at altitudes of 50, 40, 

30, 20, and 0 km. The vertical dashed blue line shows the frequency of 1237 

terahertz required to dissociate molecular oxygen (O2). The dashed black line 

shows kinetic energy of oscillation in electronvolts where energy equals the 

Planck constant times frequency of oscillation (E=hf). 

10. The Highest Energy Solar Radiation 

Is Absorbed in the Upper Atmosphere 

Earth’s dry air contains by volume 78.09% nitrogen, 20.95% 
oxygen, 0.93% argon, 0.042% carbon dioxide, and tiny 
amounts of other gases. Air also contains a highly variable 
amount of water averaging around 1% at sea level, but only 
0.4% over the entire atmosphere. Argon is a noble gas that 
undergoes almost no chemical reactions. Therefore, the 
structure of the atmosphere is determined primarily by the 
photochemistry of nitrogen and oxygen making up 99% of all 
atoms and molecules in Earth’s atmosphere. Since molecular 
nitrogen (N2) has a very strong molecular bond and oxygen 
(O2) has a relatively weak molecular bond, it is primarily the 
photochemistry of oxygen (O2) and ozone (O3) that 
determines which frequencies of solar radiation reach and 
affect Earth’s surface.  

Actinic flux is a traditional measure of the total intensity of 
the light available to be absorbed by a molecule in air. The 
actinic flux of solar radiation at several altitudes is shown in 
Figure 10 plotted in units of photons cm-2 s-1 nm-1 from 
Figure 7 of DeMore, Sander, Golden, Hampson, Kurylo, 
Howard, Ravishankara, Kolb and Molina [39] but labeled 
intensity or amplitude of oscillation to be consistent with the 
frequency model of radiation described in this paper. As in 
Planck’s law (Figures 3 and 8), only orders of magnitude are 
shown. The y-axis scale will need to be changed based on 
new experimental data. 

The red line in Figure 10 shows intensity for solar 
radiation observed at the top of the atmosphere [40]. The 
black line shows intensity at an altitude of 50 km near the top 
of the stratosphere, the blue line at an altitude of 40 km, the 
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yellow shaded area is the main part of the ozone layer 
between 20 and 30 km, and the green line shows intensity at 
Earth’s surface. It is clear in Figure 10 that most frequencies 
of solar radiation greater than 1650 terahertz are absorbed 

above the stratopause at 50 km (black line) and most 
frequencies greater than 1050 terahertz are absorbed above 
the tropopause at an average altitude of 17 km above 
equatorial regions and 9 km above polar regions [41]. 

 

Figure 11. The amount of absorption of solar radiation by oxygen (solid lines) and by ozone (dashed lines) as a function of frequency is low in the Herzberg 

continuum, just to the right of the 1237 terahertz blue dashed line, explaining the minimal absorption by an altitude of 20 km between 1350 and 1600 terahertz 

shown in Figure 5. 

High frequency solar radiation, including far ultraviolet 
from 1500 to 2465 terahertz and extreme ultraviolet from 
2465 to 30,000 terahertz, ionize most gas species, forming 
and heating the ionosphere from 1000 km down to 60 km 
above Earth (Figure 11, which is based on the figure on page 
74 of Liou [42]). For example, the F layer of the ionosphere, 
extending from an altitude of 500 km down to 150 km, 
contains the highest electron density in the ionosphere 
formed primarily by ionizing nitrogen and oxygen when they 
absorb solar radiation in the frequency range of 30,000 to 
3000 terahertz [41]. The Lyman alpha solar radiation peak, 
centered around 2465 terahertz, ionizes nitric oxide (NO), 
forming the D layer of the ionosphere at altitudes of 90 to 60 
km. The Lyman-Birge-Hopfield absorption bands for 
nitrogen in the frequency range from 2141 to 1763 terahertz 
and the Schumann-Runge absorption continuum for oxygen 
in the frequency range from 2221 to 1703 terahertz (Figures 
10 and 11) photo-dissociate nitrogen and oxygen primarily 
above the mesopause at 85 km [23]. 

The stratosphere is warmed primarily by oxygen 
molecules absorbing solar ultraviolet-C radiation causing 
photo-dissociation at frequencies in the vicinity of 1237 
terahertz (vertical dashed blue line, Figures 10 and 11) and 
ozone absorbing and being dissociated by ultraviolet-C and 
ultraviolet-B in the Hartley bands from 1500 to 1000 
terahertz but peaking from 1250 to 1150 terahertz. 

Note in Figure 10 the valley in the blue curve for intensity 
as a function of frequency at an altitude of 40 km. This 
implies that molecular oxygen (O2) is not photo-dissociated 
by absorbing frequencies greater than 1237 terahertz as 
commonly assumed but is most strongly dissociated when 
molecular oxygen absorbs solar radiation with frequencies in 

the vicinity of 1237 terahertz, at the peak in the Harley bands 
shown in Figure 11, possibly causing large resonant 
amplitudes of oscillation sufficient to break the molecular 
bond. Thus, EMAX in Figure 1 may not be a minimum level of 
kinetic energy or frequency but rather a frequency that 
resonates with the bond increasing amplitude enough to 
break the bond. 

The sequential photo-dissociation of oxygen and ozone 
over and over in the ozone-oxygen cycle reproduces about 12% 
of the ozone layer each day [43]. This implies that the 
average lifetime of a single molecule of ozone is only 
approximately 8.3 days. There is more than enough oxygen 
to absorb all available solar energy with frequencies in the 
vicinity of 1237 terahertz. This continual photo-dissociation 
of oxygen, formation of ozone, and photo-dissociation of 
ozone is what primarily heats the stratosphere.  

It is commonly argued [44] that the warming effect of 
greenhouse gases is proven by the fact that surface 
temperatures on Earth without an atmosphere should be 
around -18°C, which is 33°C colder than the 15°C we enjoy 
today. Yet -18°C is very close to the average temperature at 
the stratopause, the top of the stratosphere, the main radiative 
surface for the Earth-atmosphere system back into space [45]. 
Clearly Earth is kept warm by the stratospheric blanket 
heated by absorbing solar ultraviolet radiation. 

It is also commonly argued that the surface temperature of 
Venus is kept at 464°C because carbon dioxide, making up 
96.5% of the gases in its atmosphere, absorbs radiation 
emitted by Venus. It is much more likely that the stratosphere 
of Venus is heated by photo-dissociation of carbon dioxide at 
frequencies around 1910 terahertz (7.90 electronvolts) [46].  

Figures 10 and 11 show that the highest frequencies 
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(energies) of solar radiation are the first to interact with the 
upper atmosphere, forming the ionosphere. The maximum 
frequency (energy level) of solar radiation reaching a given 
altitude generally decreases with altitude controlled primarily 
by the absorption curves of nitrogen and oxygen that make 
up 78% and 21% of the atmosphere, respectively. General 
climate models, based on equations by Maxwell [47] and 
Arrhenius [48], however, currently assume that the level of 
thermal energy is the same for every frequency. They assume 
that amount of radiant energy should be on the y-axis of 
Planck’s empirical law and then integrate this amount of 
energy as a function of frequency, adding microscopic kinetic 
energies that are not additive. These are the fundamental 
physical reasons why greenhouse-warming theory is 
mistaken. 

11. When the Ozone Layer Is Depleted, 

More Ultraviolet-B Radiation Is 

Observed to Reach Earth 

Nearly all ultraviolet-C (1071 to 2998 terahertz) and 
ultraviolet-B (952 to 1071 terahertz) solar radiation has been 
absorbed by atmospheric gases before penetrating down to an 
altitude of 20 km above Earth (Figure 10), forming the 
ionosphere, mesosphere, and stratosphere. Under 
atmospheric conditions that were normal before the Antarctic 
ozone hole began forming around 1970, 97 to 99 percent of 
ultraviolet-B radiation was absorbed by the ozone layer 
(yellow shaded area) with the greatest concentration of ozone 
extending from altitudes of 30 km down to 15 km (Figure 9). 

 

Figure 12. Percent increase in ultraviolet radiation (green) reaching the 

lower troposphere when the ozone layer is depleted by 1%. These frequencies 

between 900 and 1000 terahertz are the most energetic solar radiation to 

reach Earth. 

When the ozone layer is depleted, there is less ozone to 
absorb ultraviolet-B radiation—there is less 
photo-dissociation taking place in the ozone layer. That is 
why the temperature of the ozone layer has decreased 
approximately 2°C since 1956 [49, 50]. More ultraviolet-B 
radiation is then observed to reach Earth [51], warming Earth. 
Figure 12 shows the predicted increase in actinic flux 

reaching Earth when the ozone layer is depleted by 1% (3 to 
4 Dobson Units, DU) as calculated and discussed by 
Madronich [52-54]. Note that the frequencies involved are 
primarily between 900 and 1000 terahertz, with a peak near 
967 terahertz. These are the most energetic, “hottest” 
frequencies of solar radiation that reach Earth’s surface. 

 

Figure 13. The increase in tropospheric chlorine (green line), caused by 

manufacturing of chlorofluorocarbon gases, led to increased ozone depletion 

(black line), which led to increased temperature (red bars). 

Planck’s empirical law (Figure 3) shows that, in general, 
the higher the frequency of the radiation, the higher the 
energy of the radiation, the higher the temperature to which 
the absorbing body can be raised, and the greater the 
difference in amplitude or intensity at each frequency 
between solar radiation and Earth’s surface, which means the 
greater the flux or flow of amplitude per second as shown in 
Figure 4. In this way, ultraviolet-B radiation warms Earth 
more effectively than ultraviolet-A radiation, which warms 
Earth more effectively than visible light, although all three 
are important. An increase in ultraviolet-B radiation reaching 
Earth’s surface is observed to increase Earth’s surface 
temperature, to increase photodegradation, and to increase 
your risk of sunburn, premature aging of skin, skin cancer, 
cataracts, and disruption of DNA. 

12. Ozone Depletion Caused by Humans 

Appears to Have Warmed the World 

0.6°C from 1970 to 1998 

The red vertical bars in Figure 13 show global surface 
temperature anomalies relative to a base period from 1971 
through 2000, based on NOAA analysis [55]. The three other 
major compilations of global temperature data show very 
similar annual averages [56-58]. Note that temperatures did 
not change much from 1945 to 1970, rose sharply beginning 
around 1970 to 1998, did not change much from 1998 
through 2013, a period known as the global warming hiatus 
[59], and rose sharply again beginning in 2014, making 2016 
the warmest year on record. Meanwhile concentrations of 
carbon dioxide at Mauna Loa (dashed blue line) [60], rose at 
ever increasing rates, showing no direct relationship to the 
sudden changes in temperature trend around 1970, 1998, 
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2014, and after 2016. 
In the late 1960s, humans began manufacturing large 

volumes of chlorofluorocarbon gases (CFCs) for use as 
refrigerants, spray-can propellants, solvents, and foam 
blowing agents. CFCs were safer to use than alternatives 
because of their low toxicity, low reactivity, and low 

flammability. Emissions of these human-manufactured, 
chlorine-bearing gases began increasing by 1965 as shown by 
the green line for total tropospheric chlorine [61]. By 1970, 
total column ozone measured at Arosa Switzerland [62] 
began decreasing as shown by the black line smoothed with a 
five-point, centered, running mean (y-axis inverted). 

 

Figure 14. Mean annual total column ozone above Arosa, Switzerland (black line), anthropogenic tropospheric chlorine (green line), ocean heat content (dashed 

red line) and lower stratospheric temperature anomaly (purple line). Note that the y axes of the green and dashed red lines are inverted. The dashed gray line with 

blue data markers shows, for 1964 to 2009, the annual mean area-weighted total ozone deviation from the 1964 to 1980 means for northern mid-latitudes. 

In 1974, Molina and Rowland [7] discovered when CFCs 
reach the stratosphere, these very inert molecules can be 
broken down by solar ultraviolet radiation, releasing atoms of 
chlorine [7]. They estimated that one atom of chlorine at very 
cold temperatures could lead to destruction of 100,000 
molecules of ozone [7]. 

When the Antarctic ozone hole was discovered in 1985 [8], 
scientists and political leaders worked effectively together at 
the United Nations to frame and pass the Montreal Protocol on 
Substances that Deplete the Ozone Layer in 1987, mandating 
cutback in CFC manufacturing beginning in 1989. By 1993, 
concentrations of chlorine in the troposphere stopped 
increasing. By 1995, ozone depletion stopped increasing. By 
1998, average global temperatures stopped increasing. 

Humans, by manufacturing CFCs, appear to have caused 
the world to warm 0.6°C from 1970 to 1998. Humans, by 
passing the Montreal Protocol appear to have stopped this 
increase in warming by 1998, completing the most definitive 
experiment ever done concerning the effect of changing 
concentration of any gas on global temperatures. It is expected 
to take many decades for the ozone layer to recover to 
pre-1970 levels [61]. Because CFC concentrations continue 
to decrease slowly, further increases in global mean 
temperatures due to CFCs are not anticipated. Without the 
Montreal Protocol, average global temperatures today would 
probably be at least 0.5°C warmer [63]. 

Annual mean ozone concentrations remained depleted 
from 1998 through 2013 by approximately 4% (13 DU) in 
northern mid-latitudes compared to pre-1970 concentrations. 
The resulting increased influx of ultraviolet-B radiation 
continues to increase ocean heat content (fuchsia double line) 
[64] because ultraviolet-B radiation penetrates tens of meters 

into the ocean [65], from which depth the energy cannot be 
radiated back into the atmosphere as infrared energy at night. 
Thus ocean heat content [64] will continue to increase until 
ozone levels return to levels typical before 1970, widely 
thought to be many decades in the future [61]. 

There are many reasons to conclude that global warming 
from 1970 to 1998 was caused by depletion of the ozone 
layer. Ozone depletion ranges from zero in the tropics to 
more than 50% during late winter-early spring in Antarctica. 
Similarly, global warming also ranges from zero in the 
tropics to many degrees in polar regions. The greatest global 
warming ever recorded by thermometers, 6.7°C, was of 
minimum temperatures measured in winter from 1951 to 
2003 on the Antarctic Peninsula [66], and this was the 
greatest warming observed for this region in 1300 years [67]. 
There was also significant warming in West Antarctica [68] 
and in the Arctic [69]. Amplification of warming 
temperatures in polar regions, which has been widely 
observed, is fully consistent with ozone depletion theory 
because the greater the ozone depletion, the greater the 
warming. It is difficult to explain Arctic amplification, which 
is widely observed, with greenhouse warming theory [70]. 

The most interesting observation in Figure 13 is that 
surface air temperature anomalies only rose from 1970 to 
1998 as long as the amount of ozone depletion was 
increasing. When ozone depletion was no longer increasing, 
a new equilibrium appears to have been established between 
the amount of ultraviolet-B reaching the lowest atmosphere 
and the amount of ozone pollution available to be dissociated. 
Three years after ultraviolet-B radiation stopped increasing in 
1995, surface temperatures reached this new equilibrium, 
remaining nearly constant from 1998 through 2013 during 
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the global warming hiatus. Global mean surface air 
temperatures, therefore, appear to be a function of both the 
amount of ultraviolet-B radiation reaching Earth and the 
amount of ozone pollution available to be dissociated. Global 
warming from 1970 to 1998 was twice as great in the 
northern hemisphere [56] containing 90% of world 
population together with most global ozone pollution [71, 72], 
explaining the urban heat island effect [73, 74]. Similarly, 
global warming in late 1991 and early 1992 following the 
1991 Pinatubo eruption, discussed below, was greatest in 
industrial areas of central North America and Europe [75]. 
This implies that the principal increase in air temperature is 
by photo-dissociation, not by increased ultraviolet-B 
radiation warming the ground and thereby keeping surface air 
temperatures warmer at night. 

 

Figure 15. Total column ozone in 2010 plotted as a function of latitude and 

month of the year. Data from Solar Backscatter Ultraviolet Radiometers 

(SBUV) flown on several satellites. Vertical dotted line shows the latitude of 

Arosa Switzerland. 

 

Figure 16. A decrease in yearly total column ozone at mid-latitudes of the 

northern hemisphere by 30 Dobson Units (DU) corresponds to a 0.9°C 

increase in temperature anomaly in the northern hemisphere. Numbers are the 

years of observations. 

13. How Annual Mean Total Column 

Ozone and Temperatures Have 

Changed Since 1927 

The first routine measurements of total column ozone 
looking up vertically from Earth began in Arosa Switzerland 
in 1927 [62]. Ozone concentrations vary substantially by the 
second, the minute, the hour, the day, and the month. 
Furthermore, measurements can only be made several times 
per day under certain conditions. On some days, no 
measurements can be made. Annual mean ozone observations, 
the black line in Figure 14, however, show many distinct 
changes in trend. 

The dashed gray line with blue data markers shows, for 
1964 to 2009, the annual mean area-weighted total ozone 
deviation at all stations in northern mid-latitudes (30oN to 
60oN) compared to 1964 through 1980 means scaled from -8% 
at the bottom of the figure to 10% at the top [76]. Years of 
increasing or decreasing ozone are nearly identical for Arosa 
and for this area-weighted mean with small differences in 
amplitude. Thus, the Arosa data provide a reasonable 
approximation for annual mean total column ozone throughout 
northern mid-latitudes since 1927. 

Total column ozone measured at Arosa averaged 331 
Dobson Units (DU) from 1927 through 1974, fell 9.4% to 
300 DU by 1993, began generally rising again until it 
suddenly fell again to 300 DU in 2011 and has generally been 
recovering since. The long-term decrease in ozone from 
around 1970 to the 1995 appears caused by humans as 
discussed above. The sudden decreases appear caused 
primarily by volcanic eruptions discussed below.  

The purple line in Figure 14 shows cooling of the lower 
stratosphere while the ozone layer was being depleted. A 
depleted ozone layer absorbs less ultraviolet-B radiation, 
causing less warming of the ozone layer. This cooling 
occurred mostly “as two downward ‘steps’ coincident with 
the cessation of transient warming after the major volcanic 
eruptions of El Chichón and Mount Pinatubo” [49] and a 
similar downward step following the 1963 eruption of Agung 
volcano [50]. The transient warming was most likely caused 
primarily by absorption of solar radiation by megatons of ash 
and gases injected into the lower stratosphere by these 
explosive volcanic eruptions, the largest since 1912. 

The dashed red line (y-axis inverted) shows the increase in 
ocean heat content [64] most likely due to increased 
absorption of ultraviolet-B radiation made available by ozone 
depletion as discussed below. 

The variation of total column ozone as a function of 
latitude and month is shown in Figure 15 based on data from 
Solar Backscatter Ultraviolet Radiometers (SBUV) flown on 
a number of NOAA weather satellites [77]. Note the high 
values in late winter and the major ozone depletion south of 
60oS in September to November. 

Annual mean global warming in the northern hemisphere 
from 1927 through 2013, based on HadCRUT4 temperature 
anomalies [56], is plotted in Figure 16 on the y-axis as a 
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function of annual mean total column ozone measured at 
Arosa Switzerland [35] on the x-axis, updated from Ward [78]. 
These data show a clear, long-term trend of temperature 
increasing approximately 0.5°C as a result of a decrease in 
ozone of approximately 10 Dobson Units (DU). The numbers 
in the plot are the last two digits of the years. 

There are many reasons for the scatter among the data 
between the two dashed lines. First warming was not constant 
since 1927 but was concentrated from 1927 to 1940, from 
1970 to 1998, and from 2014 to 2016 (Figure 13). Secondly, 
the ozone data have many peaks and troughs around a mean 
ozone curve (Figure 14). Thirdly, volcanic aerosols are well 
observed to cause cooling of approximately 0.5°C for two to 

three years after major explosive eruptions. I have added 
0.4°C in 1992 and 1993 following the 1991 eruption of Mt. 
Pinatubo, the largest volcanic eruption since 1912, 0.2°C in 
1983, 1984, and 1985 following the 1982 eruption of El 
Chichón, and 0.3°C in 1964 and 1965 following the eruption 
of Agung in 1963, based on conservative estimates of the 
cooling observed [58]. There were more than 60 smaller 
volcanic eruptions during this time large enough to cause 
some cooling, but the data are not clear enough to apply 
corrections. Data point “a” suggests 0.2°C cooling associated 
with the eruption of Avachinsky in 1926, but documentation is 
insufficient to apply a correction.  

 

Figure 17. The geologic footprints of global climate change. Twenty-five Dansgaard-Oeschger events of sudden warming of air in Greenland followed by slow, 

incremental cooling in highly erratic sequences. The black line is air temperature at Summit Greenland during the time the ice formed determined from isotopes 

of oxygen measured in air bubbles. The red line shows deep ocean temperatures based on oxygen isotope measurements of the shells of foraminifera in deep-sea 

cores collected at 57 globally distributed sites. 

Fourthly, there are many sudden and unexplained increases 
in ozone. As shown in Figure 14, there was a well observed 
but poorly understood major release of ozone in 1940, 1941, 
and 1942 during World War 2 (points w in Figure 16), in 1952 
(point i) during the first full-scale atmospheric test of a nuclear 
fusion device, code named Ivy Mike, and in February 2010 
(point e) when a major emission of ozone was observed from 
satellite data to be emitted from the volcano Eyjafjallajökull in 
southern Iceland [79, 80]. Typically, ozone levels the year of a 
volcanic eruption are higher than the previous year (Figure 14), 
but the amounts vary, and the observations are not detailed 
enough to apply any corrections. Plus, the reason for this 
increase is not well understood. We still have much to learn 
before we can explain the details of the 25 DU spread in ozone 
at any temperature between the dashed lines in Figure 15, but 
these data do suggest that global temperatures increase 
approximately 0.5°C when there is a 10 DU decrease in total 
vertical column ozone. 

14. Large Basaltic Lava Flows Are 

Contemporaneous with Major, 

Sudden Global Warming 

On August 29, 2014, Bárðarbunga volcano in central 
Iceland began extruding basaltic lava over an area of 85 km2 in 
six months [81], the greatest volume of basalt extruded from 

any volcano since the eruption of Laki in 1783 [82, 83]. Global 
warming increased rapidly 0.3°C from 2014 to 2016, more than 
five-times faster than the warming caused by CFCs from 
around 1970 to 1998 (Figure 13). The hottest year on record is 
still 2016. In 2018, the lower Puna eruption [84] in Hawaii, an 
unusually large eruption for Kilauea volcano, covered an area 
of 38.5 km2 in just over three months, appearing to cause 2019 
and 2020 to be warmer than 2017 and 2018. 

This type of effusive volcanic eruption, common in the rift 
zones of Iceland, Ethiopia, and Hawaii, extrudes primitive 
basaltic lava for days, months, centuries, and even 
hundreds-of-thousands of years [85], emits 10 to 100 times 
more volatiles per cubic kilometer of magma than major 
explosive volcanic eruptions [86-89], emits large amounts of 
chlorine and bromine gases, and heats air to 1200°C, 
enhancing convection of chlorine and bromine up into the 
ozone layer.  

Over the past 10,000 years, the seven greatest peaks in 
global warming were contemporaneous with the seven major 
peaks in basaltic volcanism covering areas of 700 to 950 km2 

in Iceland and in Craters of the Moon National Monument of 
south-central Idaho [90]. At the end of the last ice age, rapid 
warming from 15,000 to 14,000 and from 12,000 to 9500 
years before present (Figure 17) was contemporaneous with 
the greatest amounts of volcanic sulfate in ice cores from 
Summit Greenland and with the best dated major basaltic 
volcanic centers under glaciers in Iceland [91, 92]. All of the 
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25 Dansgaard-Oeschger sudden warmings (Figure 17) 
documented in Greenland ice, when local air temperatures 
rose 10 to 16°C in less than 40 years [93], appear, where 
adequate data exist, to be contemporaneous with basaltic 
volcanism [91, 94]. 

Throughout Earth history, extensive extrusion of basaltic 
lava flows covering areas ranging from tens, to thousands, to 
millions of square kilometers were contemporaneous with 
major global warming, the larger the flow, the greater the 
warming [78, 95-99]. Ernst [99] documents 211 large igneous 
provinces (LIP) [85] which, where well documented, are 
typically contemporaneous with major warming, highly acidic 
oceans, major mass extinctions, and times of sudden change in 
types of sediments and fossils [98]. For example, between 251 
and 250 million years ago, basaltic lavas covered an area in 
Siberia of 7 million km2, the size of the 48 contiguous United 
States less Texas and Montana. Oceans were warmed to hot 
tub temperatures [100] with massive depletion of the ozone 
layer [101-104]. This was the time of the greatest mass 
extinction known in Earth history. 

Extensive evidence throughout Earth history for sudden 
warming contemporaneous with extrusion of basaltic lavas 
over large areas and associated ozone depletion is described in 
detail at OzoneDepletionTheory. info. More than 75% of all 
volcanism on Earth occurs on mid-ocean ridges and other 
submarine areas where eruptive gases do not reach the 
atmosphere. The submarine eruptions have no direct effect on 
global climate, although they do cause acidification and 
warming of oceans. 

15. Major Explosive Volcanic Eruptions 

Form Stratospheric Aerosols that 

Cause Slow Global Cooling 

The greatest, sudden depletion of ozone shown in Figure 
14 was in 1992 and 1993, following the June 1991 eruption 
of Mt. Pinatubo in the Philippines, the largest volcanic 
eruption since 1912. Pinatubo ejected 491 to 921 megatons of 
water vapor and 17 megatons of sulfur dioxide [105] into the 
lower stratosphere where these gases circled Earth and spread 
to 30oN and 10oS within 21 days [106], spreading worldwide 
within months and lasting for a few years. 

Some sulfur dioxide may have been dissociated by 
ultraviolet-C frequencies of solar radiation in the vicinity of 
1500 terahertz, 6.20 electronvolts, [107] (Figure 10) leading 
to sudden warming of the lower stratosphere as observed 
(purple line, Figure 14). Plus, volcanic ash in the lower 
stratosphere absorbing solar radiation probably increased this 
one-year spike in warming. 

The main effect of the water vapor and sulfur dioxide, 
however, was to form a sulfuric acid aerosol that spread 
around the world, whose particle sizes grew large enough (up 
to 0.5 µm [108]) to reflect and scatter solar radiation 
attaining a mid-visible optical depth of 0.3 within months 
[109], causing cooling of surface temperatures by 0.4 to 
0.6°C through 1993 [105]. 

From December 1991 through February 1992, when ozone 
concentrations would normally be increasing during Arctic 
winter, as shown in Figure 15, warming of up to 3°C was 
observed in the lower troposphere over Canada, northern 
Europe, and Siberia [75], suggesting ozone depletion. 
Pinatubo erupted 3 to 16 megatons of chlorine [110] plus 
bromine and fluorine as high as 35 km into the middle of the 
stratosphere [105]. 

Tabazadeh and Turco [111] argue that chlorine is water 
soluble in the form of HCl and would, therefore, primarily be 
rained out of the eruption cloud, leaving only the ~1% 
increase in stratospheric chlorine observed [112, 113]. But 
not much chlorine may be needed because the aqueous 
surfaces of the aerosol particles provide the chemical 
conditions for heterogeneous reactions observed to cause 
ozone depletion [114] where one atom of chlorine can 
destroy 100,000 molecules of ozone [7]. Tabazadeh and 
Turco conclude that chlorine in the stratosphere is caused 
more by manufactured CFCs than by volcanoes. The data in 
Figure 14 show, however, that depletion at mid-latitudes 
following the eruption of Mt. Pinatubo within two years was 
in addition to and slightly more than the depletion caused by 
CFCs that cumulated over the previous 21 years. Plus, 
bromine erupted by volcanoes would likely play a major role 
in ozone depletion [115, 116]. This volcano-caused ozone 
depletion appears in Figure 14 to recover in less than ten 
years, while CFCs, which are highly inert except when 
broken down by ultraviolet-C, are expected to remain in the 
atmosphere for many more decades [61]. 

The second largest depletion of ozone was of a similar 
amount in 2011 and 2012, following the much smaller 
eruptions in Iceland of Eyjafjallajökull during March-April 
2010 and Grímsvötn during May 2011. 

The years with the other large eruptions plus a few smaller 
basaltic effusive eruptions in Iceland are labeled in red 
together with their Volcanic Explosivity Index (VEI) [117] in 
Figure 14. An eruption with VEI equal to or greater than 5 
usually forms a major aerosol layer, cooling Earth. It is clear 
in Figure 14 that volcanic eruptions deplete the ozone layer 
especially during the two years following the eruption. 

Note also in Figure 14 that the year of eruption typically 
shows an increase in ozone, while the next two years show a 
much greater decrease. Ward [79, 80] documents from 
satellite data a 70% increase in total column ozone beginning 
on February 19, 2010, northeast of Eyjafjallajökull, precisely 
at the time when earthquakes and deformation data suggest 
magma started moving toward the surface from a dike at a 
depth of 4.5 to 6.5 km [118]. The origin of this ozone is not 
understood. There are also ozone peaks in the years of major 
nuclear tests labeled in black and a very large and enigmatic 
peak during World War 2.  

We still have much to learn about the detailed chemistry of 
ozone depletion as a function of latitude and time of year. 
The mechanism for ozone depletion proposed by Molina and 
Rowland [7] caused by CFCs appears to be very important 
for forming the Antarctic ozone hole in late winter and early 
spring, but may not explain ozone depletion at mid-latitudes 
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and throughout the year. Aerosols formed by major explosive 
volcanic eruptions appear to provide the aqueous surfaces 
that promote ozone depletion. But how, in detail, does the 
chlorine and bromine emitted by effusive, basaltic lava flows 
cause observed ozone depletion? Is it simply by enhanced 
convection over these very hot lavas? 

In Figure 14, nearly all major explosive volcanic eruptions 
in recorded history [119] with VEI equal to 5 or greater, are 
followed by cooling of global surface temperatures by 
approximately 0.5°C for two or more years. Modelling shows 
that this short-term cooling of the whole ocean surface 
following the eruption of Krakatoa in 1883 penetrated into 
deeper ocean layers, where it persisted for more than a 
century [120]. Modeling also shows that several explosive 
volcanic eruptions each century cool the oceans 
incrementally [121]. When such activity persists over tens of 
thousands of years, the oceans are cooled incrementally 
down into ice-age conditions [95] (red line in Figure 17). 

16. The Geologic Footprints of Global 

Climate Change 

The most detailed and accurate measurements of changing 
air temperatures over the past 122,000 years have been made 
by analyzing ice cores from 3-kilometer deep holes through 
Greenland ice [122]. The black line in Figure 17 shows a 
proxy for air temperatures at Summit Greenland. Temperature 
is estimated by measuring oxygen isotopes in air bubbles 
trapped when compacting snow turns to ice. The temporal 
resolution of each sample ranges from yearly near the top of 
the core to twenty years near the bottom of the core. 

The black line in Figure 17 documents twenty-five 
“dramatic climatic fluctuations known as Dansgaard- 
Oeschger (D-O) events, during which oceanic and atmo- 
spheric conditions alternated between full glacial (so-called 
stadial) and relatively mild (interstadial) conditions [123, 124]. 
Ice-core records resolve the most recent of the D-O events in 
sub-annual detail, and analysis of these high- resolution 

records suggests that fundamental atmospheric circulation 
changes took place in just a few years [125-127]. About 25 
abrupt transitions from [colder] stadial to [warmer] 
interstadial conditions took place during the Last Glacial 
period and these vary in amplitude from 5°C to 16°C, each 
completed within a few decades” [122]. 

Each of these highly asymmetric events starts with sudden 
warming typically within years, followed by slow incremental 
cooling over millennia, in erratic sequences that average a few 
thousand years in length. These sequences are not cyclic. They 
are asymmetric (saw toothed) and they are highly erratic. It 
appears that basaltic eruptions cause rapid warming of air and 
rapid warming of the mixed layer just below the surface of 
oceans. Not long after these eruptions stop, deeper, colder 
ocean water appears to cool the mixed layer and air back into 
ice-age conditions. 

The red line in Figure 17 shows average deep-ocean 
temperatures determined by stacking data from 57 globally 
distributed drilling sites where oxygen isotopes measured in 
shells of foraminifera record the temperature of the water at 
the time the animal was living [128]. It takes millennia to 
change deep ocean temperatures because of the very large heat 
content of oceans and because of slow mixing vertically 
between thermal layers and horizontally by ocean currents. 
The red line shows quite clearly the slow, incremental, but not 
linear cooling over the last 120,000 years. While ocean 
temperatures (red line) are changing over millennia, air 
temperatures (black line) are changing radically every few 
thousand years. Climate has been changing far more rapidly 
than most climate scientists realize. 

The black line shows air temperature only at Summit 
Greenland while the red line shows global deep-sea water 
temperatures. The sudden warming out of the depths of the 
last ice age approximately 18,000 years before present is 
contemporaneous with extensive eruptions of Mount Takahe 
basaltic shield volcano in Marie Byrd Land, Antarctica, 76oS, 
and other eruptions in the southern hemisphere [129].  

 

Figure 18. Climate record for the past 5.5 million years based on a stack of 57 globally distributed benthic cores where oxygen isotopes of foraminifera shells. 

ONHG is the onset of northern hemisphere glaciation. MPT is the Mid-Pleistocene Transition. The yellow shading shown the most recent 135,000 years plotted 

in Figure 17. 

The red line in Figure 18 shows this same dataset of stacked deep-ocean temperatures extending back to 5.32 million years 
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ago. The onset of northern hemisphere glaciation (ONHG) 
began soon after 3.5 million years ago in the Pliocene. In the 
mid-Pliocene, however, global temperatures were 2 to 3°C 
warmer than today, global sea level was 25 meters higher, and 
concentrations of carbon dioxide were similar [130]. Ice sheets 
in the northern hemisphere began growing much larger 2.588 
million years ago at the beginning of the Pleistocene ice age. 
Temperatures decreased gradually until 18,000 years before 
present (red line in Figure 17), while the amplitude of 
oscillation in temperature increased from a range of around 2°C 
in the Miocene to nearly 10°C during the depth of the 
Pleistocene ice age. The lower the temperature of the ocean, the 
greater the extent of continental glaciation, and the greater the 
difference in temperature between stadial and interstadial times.  

The most widely accepted hypothesis for the cause of ice 
ages and for the apparent cycling of global temperatures into 
and out of ice-age conditions is that variations in Earth’s orbit 

around Sun cause cyclic variation in how much solar radiation 
reaches Earth’s surface [131]. These so-called Milankovitch 
cycles [132] vary over a period of approximately 100,000 
years due to changes in the eccentricity of Earth’s orbit, over a 
cycle of 41,000 years due to changes in Earth’s axial tilt, and 
over a cycle of 26,000 years due to precession of Earth’s axis. 
There has been considerable effort to look for these specific 
periods of oscillation in the data. Even the data plotted in 
Figures 17 and 18 have been “minimally tuned” to these 
periods where possible within known errors [128]. But an 
advanced method for singular spectrum analysis suggests 
“that orbital forcings did not have a major role in guiding the 
Plio-Pleistocene climate system response” [133]. Plus, as 
shown in this paper, the footprints of climate change, in detail, 
are not cyclic. Climate change clearly consists of erratic 
sequences of sudden global warming followed by slow 
cooling that average only a few thousand years in duration.  

 

Figure 19. A) Conditions normal before 1965. Most UV-B absorbed in the ozone layer. B) CFCs release atoms of chlorine that deplete the ozone layer allowing 

more UV-B to reach Earth. C) Effusive volcanoes emit chlorine and bromine, which deplete ozone, leading to global warming. D) Explosive volcanoes similarly 

deplete ozone, but form globe-encircling aerosols that reflect, scatter, and absorb solar radiation, causing net global cooling. 

While this rapid sequencing of air temperature is best 
documented only in the past 122,000 years, there is no reason to 
think such sequences have not been dominant throughout Earth 
history. Surdam [134] documents sequences of sudden 
warming followed by slower cooling averaging about 5000 
years in the very finely layered Eocene Green River Formation 
in Wyoming. Giles [135] documents very rapid changes 
throughout most of the Paleozoic, but these older data cannot be 
resolved to within a few thousand years. The delicate balance 
between these two types of volcanism is observed throughout 
Earth history and is, most likely, determined by the detailed 
motions of tectonic plates [136]—explosive volcanoes are 
more common where plates are converging, effusive volcanoes 
are more common where plates are spreading apart. 

Any theory proposed to explain global climate change must 

provide a clear and direct explanation for these 
clearly-observed footprints of climate change: 1) sudden 
warming within years, 2) slow, incremental cooling over 
millennia, 3) in highly erratic sequences averaging a few 
thousand years in length, 4) in glacial cycles often lasting 
50,000 to 100,000 years [133, 137, 138]. 

The photochemistry of these sequences is summarized in 
Figure 19. Part A): Under normal conditions, 97 to 99 percent 
of ultraviolet-B solar radiation is absorbed in the ozone layer 
and Earth is heated primarily by ultraviolet-A and visible 
radiation. B): When CFCs are manufactured, the chlorine they 
release depletes the ozone layer, so that more ultraviolet-B 
radiation reaches Earth, cooling the ozone layer and warming 
Earth. C): Effusive volcanic eruptions of basalt release 
chlorine and bromine that can similarly deplete the ozone 
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layer causing rapid global warming. D): Explosive volcanoes 
similarly release chlorine and bromine that deplete the ozone 
layer causing warming during the first winter, but also form 
sulfuric-acid aerosols in the lower stratosphere that reflect and 
disperse sunlight causing net global cooling of around 0.5°C 
for several years. Several such large explosive eruptions per 
century increment the oceans cooler and cooler over millennia 
down into ice-age conditions.  

The length of the few-thousand-year sequences appears 
determined by how frequently major basaltic, effusive 
eruptions occur. This may vary over geologic time scales 
depending on the configuration of tectonic plates and how 
many regions of rifting there are containing active sub-aerial 
basaltic eruptions. One possible explanation for the length of 
glacial cycles is that it takes approximately 100,000 years to 
store enough water in glaciers on land and lower sea level 
enough so that more basaltic volcanism becomes sub-aerial. 
There were a few times in the Precambrian known as 
Snowball Earth when glaciers covered all continents before 
major rifting most likely warmed the world again [139, 140]. 
Another possibility is that as the thickening ice layer increases 
pressure on shallow magma systems, it takes approximately 
100,000 years to accumulate enough shallow magma in the 
system to have extensive enough eruptions to completely melt 
the ice sheet. 

17. Changes in Concentrations of Ozone 

Affect Weather 

Daily maps of total column ozone [141] and their 
animations [80, 142] show that ozone concentrations vary 
substantially every day over areas of thousands of square 
kilometers, especially at mid-latitudes and in polar regions, 
and especially in winter and spring. Typically 12% of the 
ozone layer is photo-dissociated and re-created every day 
through the ozone-oxygen cycle [43]. Photo-dissociation 
increases air temperature. Thus, the presence of ozone 
implies that the air containing the ozone is warmer than 
nearby air at the same altitude containing less ozone. But 
these relationships are complicated by observations that air 
masses can travel around the globe at least once during the 
average lifetime of only 8.3 days for an ozone molecule. 
Furthermore, the presence of ozone means that more 
ultraviolet-B solar radiation is absorbed in the atmosphere so 
that less ultraviolet-B radiation reaches Earth, cooling Earth’s 
surface. In these ways, regional changes in ozone 
concentrations are highly likely to be linked closely with 
regional changes in weather.  

Increased ozone depletion is observed to make the polar 
vortex stronger, colder, and more persistent [143]. Changes 
in ozone concentrations cause changes in the shape and 
extent of the polar jet streams that can cause changes in 
regions where excessive Arctic cold dips south into the 
eastern United States, Northern Europe, and Russia and 
changes in the latitudes where drought and excessive 
precipitation occur.  

Ozone concentrations also change vertically, affecting the 
height of the tropopause, the boundary between air heated 
from below by a sun-warmed Earth and air heated from 
above by solar radiation causing photo-dissociation. For 
example, on June 19, 2004, the height of the tropopause 
above Montreal, Canada, was observed to drop from 13 to 8 
km in 12 hours as total column ozone concentrations rose 
from 300 to 380 DU [144]. 

In 1950, Reed [145] described the role of vertical motions 
in ozone-weather relationships. He noted that “maximum 
positive deviations of daily values [of temperatures] from the 
monthly means are generally found to the rear of surface 
low-pressure areas, while maximum negative deviations are 
found to the rear of surface highs,” and that “for many 
occlusions, the maximum positive deviations occur directly 
over the surface low rather than to the rear.” With the advent 
of satellite systems, it is now possible to observe these 
variations with great precision. 

During March 2020, one of the largest ozone holes ever 
observed in the Arctic opened up over an area about three 
times the size of Greenland [146]. Temperatures from 
December to February were 3.2°C above average south of 
this hole, especially in northern Europe and northern Russia 
[147]. 

Regional changes in ozone concentrations may also play 
a key role in teleconnections, causing “recurring and 
persistent, large-scale patterns of pressure and circulation 
anomalies that spans vast geographical areas” [148] 
affecting such things as the El Niño-Southern Oscillation. 
There is much detail to work out, but we need to start with 
the recognition that because of photo-dissociation, regional 
differences in concentrations of ozone in the troposphere 
and lower stratosphere affect air temperatures and, therefore, 
weather. 

18. Conclusions 

All the bonds holding solid matter together are not rigid. 
They are observed to oscillate at frequencies of trillions of 
cycles per second (Figure 1). Thermal energy contained 
within solid matter is the simultaneous existence of kinetic 
energy of oscillation of all these bonds at all frequencies of 
oscillation in the electromagnetic spectrum (Figure 2). 
Thermal energy in electromagnetic radiation is the 
simultaneous existence of kinetic energy of oscillation 
transmitted through air and space by a plethora of these 
molecular-bond-scale oscillators through motion of charge in 
the same way, at each frequency, that a radio transmitter 
transmits its single frequency of oscillation. 

Planck’s empirical law (Figure 3) calculates the observed 
amplitude of oscillation at each frequency of oscillation as a 
function of the temperature of the radiating body of solid matter. 
The higher the temperature, the higher the amplitude of 
oscillation at each and every frequency of oscillation and the 
higher the frequencies of oscillation with the greatest amplitudes 
of oscillation. All frequencies throughout the electromagnetic 
spectrum coexist at all times and at all locations. What we 
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observe varies in time and space is the amplitude of oscillation at 
each frequency of oscillation ranging on a logarithmic scale from 
completely insignificant to dominant.  

Heat is what a body of matter must absorb to become 
hotter or lose to become colder. The physical properties of 
heat are defined by Planck’s empirical law based on the 
temperature of the radiating body minus Planck’s empirical 
law based on the temperature of the absorbing body. The 
amount of heat that flows is directly proportional to the 
difference in temperature (Figure 4). 

What “flows” is amplitude of oscillation by resonance, also 
known as sympathetic oscillation. When two discrete 
molecular-bond-scale oscillators are oscillating at the same 
frequency and are within line-of-sight of each other or 
mechanically connected in some way, they are observed to 
share amplitude of oscillation essentially instantly. The 
oscillator with the largest amplitude of oscillation loses 
amplitude of oscillation to the oscillator with the least 
amplitude of oscillation. In the simplest case, both oscillators 
end up with the average of the initial amplitudes of oscillation. 
Thermal energy, heat, and temperature are each averaged 
together, they are each averative, not additive as currently 
assumed in physics and in climate science. Since these 
oscillators are frictionless, the only way we know to decrease 
or increase the amplitude of oscillation of these oscillators is 
via resonance. Resonance is a fundamental property of 
oscillating systems and is the primary way that living things 
appear to interact with their physical and social environments. 

A body of solid matter can only be warmed by 
increasing the amplitude of oscillation at each and every 
frequency of oscillation as specified by Planck’s empirical 
law (Figure 3). Such warming can only be done by 
absorbing radiation if that radiation comes from a warmer 
body of solid matter that contains higher amplitudes of 
oscillation at each and every frequency of oscillation. Heat 
only flows from greater amplitude of oscillation to lesser 
amplitude of oscillation, which is from greater temperature 
to lesser temperature. A body of matter cannot be heated 
in any way by absorbing its own radiation, as assumed by 
greenhouse-warming theory, because its own radiation 
does not contain the higher amplitudes of oscillation 
required for heat to flow. 

Every day, air is heated when it comes in contact with 
Earth’s sun-warmed surface and convects upward, heating 
the troposphere from below (Figure 9). Air in the stratosphere, 
on the other hand, is heated every day from above when 
high-energy, solar ultraviolet radiation causes 
photo-dissociation of oxygen, ozone, and many other gas 
species. Upon dissociation, the molecular pieces fly apart at 
high velocity, converting kinetic energy of oscillation of the 
bond immediately and completely into kinetic energy of 
linear motion, which is proportional to temperature of a gas. 

Depletion of the ozone layer caused by humans 
manufacturing CFC gases (Figure 13) and by volcanic 
eruptions (Figure 14) is observed to cause rapid global 
warming. This warming is greatest in the most populated 
regions where ultraviolet-B radiation photo-dissociates 

ground-level ozone pollution. Major explosive volcanic 
eruptions are observed to form sulfuric-acid aerosols in the 
lower stratosphere that reflect and scatter sunlight, cooling 
the world approximately 0.5°C for a few years. When several 
major explosive volcanic eruptions occur per century and 
continue for millennia, they are observed to cool oceans 
slowly, incrementally down into ice-age conditions (red line, 
Figure 17). These aerosols and ozone depletion have the 
primary effects on climate because they cause changes in 
temperature globally. 

 

Figure 20. The Intergovernmental Panel on Climate Change (IPCC) predicts 

several degrees of warming by 2100 (red line). They predict that if major action 

is taken immediately to reduce greenhouse-gas emissions, warming might be 

kept to only one an additional degree (blue line). Ozone depletion theory, on the 

other hand predicts gradual cooling of climate over the next several decades 

unless there is a major new source of ozone depletion (green line). 

Greenhouse-warming theory assumes that greenhouse 
gases absorbing infrared radiation emitted by Earth cause, in 
one way or another, average air temperatures at Earth’s 
surface to get warmer. But no surface can get warmer by 
absorbing its own radiation. Furthermore, infrared radiation 
from Earth absorbed most strongly by carbon dioxide has 
around 60 times less energy than the energy required to 
photo-dissociate oxygen or ozone. Infrared radiation is 
absorbed into the bonds holding the greenhouse-gas 
molecules together, which has no direct effect on the 
temperature of air. Greenhouse-warming theory is based on 
the assumption that heat, radiative forcing, is a flux that is 
additive. But temperature, heat, and thermal energy are each 
not additive—they are each averative. 

Climate models based on greenhouse-warming theory 
predict major warming by 2100 as shown by the red line in 
Figure 20. The Intergovernmental Panel on Climate 
Change (IPCC) is urging world leaders to spend trillions 
of dollars immediately to reduce greenhouse-gas 
emissions to prevent major warming and hopefully limit 
temperatures to the blue curve. If ozone depletion is the 
primary cause of global warming as described in this paper, 
global temperatures should slowly cool as shown by the 
green line, provided there is no unexpected increase in 
ozone depletion. 
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