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Terigi Ciccone published a whitepaper titled “REVISED, WHY CAN'T CO2 AND GREENHOUSE
EFFECTS CAUSE GLOBAL WARMING?” (2021). It’s apparently a “Top Download” on
academia.edu.

| was curious. So, | carefully reviewed it.

The paper is a nice collection of many of the arguments circulating among those skeptical of the
atmospheric Greenhouse Effect. | appreciate the work Terigi Ciccone has done gathering,
integrating, and presenting information to support greater understanding of concerns about

climate science.

Unfortunately, the whitepaper:

reflects multiple misunderstandings about thermodynamics and thermal radiation;
offers data that is frequently wrong, misinterpreted, or questionable;
e frequently relies on appeals to the logical fallacy of Arqument from Incredulity, and

II’

seems committed to the provably false belief that “small” things can’t have significant
impacts;

e refutes straw-man misinterpretations of mainstream climate science;

e presents hypothesis, theories, and claims that do not stand up to scrutiny, in light of
significant contrary evidence and/or flawed logic;

e assumes without evidence that others have not taken into account things that TC is

concerned about.

If all the seriously flawed arguments and information were taken out, regrettably, | don’t think
there would be much content of interest left over. | wish | could say otherwise.


https://climatepuzzles.org/
https://www.academia.edu/76652255/Revised_Why_cant_CO2_and_greenhouse_effect_cause_global_warming
https://www.academia.edu/
https://effectiviology.com/argument-from-incredulity/

Response to TC’s “Revised, Why can’t COZ2 and Greenhouse effects cause global Warming?”

I've addressed each section of the whitepaper on a point-by-point basis, offering analysis and
relevant references. You are welcome to consider my information and his, and come to your
own conclusions.

My conclusion is that, no, | don’t think Terigi Ciccone (who I'll refer to as TC for short) has made
a compelling case that CO, and the Greenhouse Effect can’t cause global warming.

I've done my best to give serious consideration to everything TC offered, and I've prepared an
extravagantly thorough and (I hope) respectful response.

Overview of Main Points

1. Stefan-Boltzmann Constant. TC reports on an assertion that the generally-accepted
value of the Stefan-Boltzmann constant which sets the scale of thermal radiation is
around 40 times too large.

However, the SB constant has been applied and verified on a continual ongoing basis for
over a century, by countless engineers and scientists. It’s one of the fundamental
constants of nature and is at the heart of modern physics, thermal engineering, and
many industrial processes. It is considered so fundamental to physics that it is now built
into the Sl system of units, and one couldn’t change the value of the SB constant without
changing the temperature scale itself.

It’s hard to imagine that for over a century nobody would have noticed if the SB constant
was off by a factor of 40. Observations of Earth’s thermal emission spectrum from space
are not consistent with the idea of a smaller value for the SB constant.

2. No verifiable numbers. TC asserts that there are no verifiable numbers for any thermal
radiation fluxes other than Earth’s emissions to space.

However, upward and downward radiative fluxes near the surface are routinely
measured. While those measurements might not have comprehensive global scope,
they routinely verify general consistency with the estimated global averages, and
routinely demonstrate that upward and downward thermal fluxes are on average larger
than the flux of absorbed sunlight.
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3. Geothermal heat. TC seems to be under the impression that in 2011 NOAA reported
that a “fission reactor” in the Earth’s Core generates around 163 W/m? of heat flow to
Earth’s surface which climate models are failing to take into account.

Unfortunately, that impression reflects a misreading of a summary of the study. The
numbers in that study actually mean that radioactive decay contributes a heat flux of
0.04 W/m?2, which is about half of the overall geothermal heat flux of 0.09 W/m?.

4. Gravitational heating. TC suggests gravity might be a source of significant heating, citing
Josef Loschmidt and Nikolov & Zeller.

Loschmidt’s work is incompatible with Tolman’s later findings that General Relativity
implies gravity does produce a gravitational lapse rate, but that gravitational lapse rate
amounts to about 30 trillionths of a degree per kilometer of change in altitude. Even if
Loschmidt’s theory was correct, it would only account for lapse rate, not absolute
temperature. Nikolov & Zeller’s work has numerous serious flaws which I’'ve detailed
elsewhere.

5. Other heat sources. TC suggests that human activities or decay of biomass might be
significant sources of planetary heating.

However, total human energy use averages around 0.04 W/m?2. Biomass creation via
photosynthesis absorbs solar energy, and biomass decay and animal/plant metabolism
release heat. The rates of energy absorption and release by these mechanisms are
balanced to a very high degree. As a result, on average and on a global basis, these
mechanisms are not significant factors in energy balance.

6. Size of CO, contribution to Greenhouse Effect. TC reports that water vapor is
responsible for 95% of the GHE and CO; is responsible for about 3.6%.

However, the scientific studies I’'ve found credit water vapor with around 50% of the
total GHE, and CO, with around 19% of the total GHE. Aside from those theoretical
calculations, the substantial contribution to the total GHE from CO, is directly verifiable
by examining high-altitude balloon measurements of the spectrum of Earth’s thermal

emissions to space; the area of the large dip near the middle of the emission spectrum
indicates the size of the contribution by CO,.

7. Size of human contribution to the Greenhouse Effect. TC reports that human-made CO,
is responsible for less than 0.2% of the total Greenhouse Effect.


https://www.natureasia.com/en/earth-env/research/1309
https://arxiv.org/pdf/1803.04106.pdf
https://climatepuzzles.org/2021/04/nikolov-zeller/
https://climatepuzzles.org/wp-content/uploads/2022/10/FIRST_Auto4.jpg
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However, other sources estimate human CO, emissions as seven times larger, being
responsible for 1.4% of the total GHE, with other GHGs emitted by humans raising the
total to 1.7%.

8. €O, too dilute to heat/cool air. TC says that at a CO, concentration of around 0.04%, air
has only one CO, molecule out of every 2500 air molecules, and argues that it’s
implausible that those rare CO, molecules could effectively distribute heat or produce
cooling for all those other molecules.

Yet, dye in water at a concentration 67,000 times more diluted (1 dye molecule for every
170 million water molecules) is capable of absorbing 99.99% of light within just 1 meter.

And in the case of CO,, each air molecule collides with 2500 other molecules about
every 0.4 microseconds. So, heat in air can be distributed to and from CO, very quickly
and efficiently (i.e., within 0.4 microseconds).

| also calculate that the levels of thermal radiation emitted and absorbed by CO, in the
atmosphere require each CO, molecule to absorb or emit a photon only around once
every 10 seconds. (Although each individual LW photon doesn't carry much energy,
there are an unimaginably large number of CO, molecules in each cubic meter of air,
even at a concentration of 0.04%.) These numbers indicate that what is required of CO,
molecules to support radiative heating and cooling of air is remarkably undemanding.

9. Trapping radiant heat. TC argues that radiant heat can’t be trapped by the atmosphere
because CO, and other GHG molecules radiate away photons in femtoseconds, so GHG
molecules radiate any energy they receive immediately, and there is no heat retention.

The idea that GHGs radiate photons away within femtoseconds is made-up and untrue;
it’s impossible for that to be true for any molecule emitting radiation at a wavelength of
around 15 microns (where CO, emits). In reality, once a CO, molecule has sufficient
vibrational energy, it takes the molecule about 1 second on average to emit a photon.
TC’s claim is off by a factor of around a quadrillion.

However, even if it was true, the argument is an indication of having no idea what is
meant by phrases like “GHGs trap radiant heat.” Such phrases have nothing at all to do
with keeping energy locked up in a particular bit of air and unable to leave.
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10.

11.

“Trapping” radiant heat really means that the efficiency of radiant heat transfer away
from the surface is reduced, so that for a given surface temperature, the radiant heat
flow is lower, or for a given radiant heat flow, the surface temperature needs to be
larger. It’s the same sense in which insulation with a higher R-value does a better job of
“trapping” heat inside a house. In the case of Earth’s atmosphere, all you need to do to
establish that radiant heat is being “trapped” is to notice that the radiative flux of
thermal radiation emitted by the surface (398 W/m?) is measurably larger than the
radiative flux of thermal radiation reaching space (240 W/m3).

Emission by nitrogen and oxygen. TC suggests that air can’t hold on to radiant heat
because as the (relatively rare) CO, molecules are absorbing infrared photons, other
(more numerous) air molecules are radiating that energy away.

However, the ability to absorb and emit are always equal (according to Einstein at the
qguantum level, and according to Kirchoff’s radiation law on the macroscopic level). So, if
nitrogen and oxygen could emit thermal radiation, then they would be able to absorb it
just as well. But, they can’t do either. Molecular vibrations can interact with the
electromagnetic field only if the molecule has an electric dipole moment (i.e., an
asymmetry in the molecule’s electric charge). Nitrogen and oxygen molecules don’t have
an electric dipole moment, and are considered unable to absorb or radiate thermal
radiation, for all practical purposes. Technically, they can do so, but at a rate over
100,000 times slower than that of “greenhouse” gas molecules; consequently, even
though atmospheric nitrogen and oxygen molecules greatly outnumber CO, molecules,
their net absorption and emission rates are much smaller than those of CO,.

CO, not claimed to warm air. Many of TC’s arguments seem aimed at justifying a
conclusion that CO, doesn’t have a warming effect on air, and that any radiant heat
absorbed is quickly radiated away.

However, mainstream climate science agrees that CO, doesn’t have a warming effect on
air. It’s believed that the main effect CO, has on air is to support efficient cooling of air at
higher altitudes. CO, only causes warming indirectly. CO, blocks thermal radiation
emitted by the surface from getting directly to space, reducing radiative heat transfer
away from the surface and making cooling less efficient—that’s what is meant by “CO,
traps radiant heat.” Because cooling is less efficient, heat from the Sun accumulates and
the surface gets warmer—which indirectly leads to the atmosphere getting warmer.
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12.

13.

14.

Greenhouse. TC suggests that Earth’s atmosphere is the opposite of an actual
greenhouse, because a greenhouse has physical barriers that block most forms of heat
transport to the outside, while in the atmosphere acts more like a chimney, sucking
warm surface air higher and higher.

However, the term Greenhouse Effect is a metaphor. A greenhouse and the atmosphere
don’t need to be literally the same in every respect. The similarity is that a greenhouse
reduces the efficiency of upward heat transfer (to the atmosphere, primarily by blocking
convection), and GHGs reduces the efficiency of upward heat transfer (to space,
primarily by reducing the efficiency of radiative heat transfer from the surface to space).
In both cases, the efficiency of heat transfer is reduced. That’s the basis of the metaphor.
It’s understood that the types of heat transfer affected are different in the two cases.

Over twice the power of the Sun. TC objects to the idea of the Earth’s surface emitting
thermal radiation with a flux of 398 W/m?, which is over twice the 163 W/m? of sunlight
absorbed by the surface; he wants an accounting for the “missing” heat.

However, the mistaken impression of a problem with energy conservation arises from a
lack of understanding about the difference between radiation energy flows and radiation
heat flows. The features that stimulate concern about “missing heat” among some
people when looking at an energy-flow version of Earth’s Energy Budget are absent in
an equivalent heat-flow version of the diagram. Also, many people are unaware that,
while energy can never appear “out of nowhere,” power (the rate of flow of energy)
sometimes can appear seemingly “out of nowhere” without violating energy
conservation.This doesn’t imply unlimited free energy or perpetual motion, since the
“extra” power exists only inside a recirculating energy loop and can’t be sustainably
extracted. This phenomenon of power inside a recirculation loop exceeding the power
entering (and exiting) the loop is not unique to Earth’s climate, but can happen inside
any resonator, including musical instruments, lasers, and the klystrons that power
microwave ovens—and in the radiant heat transfer happening all around us.

Back radiation. TC objects to the claim that 340 W/m? of thermal radiation, “back
radiation,” flows from the atmosphere to the surface, given that this is comparable to the
total solar irradiance of 340 W/m?, and larger than the 163 W/m? of insolation absorbed
by the surface and the 240 W/m? emitted to space.

These concerns reflect a lack of understanding of radiant heat transfer as it occurs in
every moment. A human body at a normal temperature emits around 511 W/m? (or in
TC’s framework, 1.5 times the flux of the Sun). But in a warm room, the room is returning
460 W/m? of “back radiation” back to the human body so the net radiant heat loss of a
human body is around (51 W/m?)x(2 m?) = 102 W.


https://earthobservatory.nasa.gov/ContentFeature/EnergyBalance/images/global_energy_budget_components.png
https://earthobservatory.nasa.gov/ContentFeature/EnergyBalance/images/surface_energy_balance.jpg
https://climatepuzzles.org/2022/10/power-conservation-and-loops/
https://climatepuzzles.org/2022/10/power-conservation-and-loops/
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15.

16.

This phenomenon of “back radiation” is not unique to Earth’s atmosphere or to GHGs,
but occurs in every instance of radiation heat transfer. The formula for the rate of
radiation heat transfer between two objects includes two terms: a “forward radiation”
term for the thermal emissions of the first object (as radiated in accordance with the
Stefan-Boltzmann Law) absorbed by the second object, and a “back radiation” term for
the thermal emissions of the second object (as radiated in accordance with the SB law)
and absorbed by the first object. Thermal radiation always flows in both directions, and
radiation heat transfer is calculated as the difference between those two energy flows.
Because a warmer object emits more thermal radiation (in accordance with the SB Law),
the energy flow from warm to cool is always greater than the energy flow from cool to
warm, which ensures that the net energy (i.e., heat) flow will always be from warm to
cool. The magnitude of the forward and back radiation flows is not constrained to be less
than the size of any external energy flows, but is determined by the temperatures of the
objects. Only the difference between the flows in the two directions is constrained in
steady state to be no larger than the externally supplied flow of heat.

The longwave radiative fluxes in Earth’s Energy Budget reflect normal radiant heat
transfer from a surface at an average temperature of 288K/15°C/61°F to an atmosphere
that has on average an effective radiative temperature of 279K/6°C/42F as viewed from
below.

Second Law of Thermodynamics. TC says that colder air above cannot ever warm the
earth's warmer surface with thermal radiation, and suggests that the GHE involves heat

being amplified in a way that is the equivalent of a perpetual motion machine, and which
would violate the Second Law of Thermodynamics (2nd LoT).

However, only straw-man misinterpretations of how the GHE works violate the 2nd LoT.
It can be readily seen that the mainstream understanding of the energy flows between
Earth’s surface and atmosphere don’t violate the 2nd LoT by examining the individual
heat flow diagrams for the surface and atmosphere. Belief that the GHE involves a
violation of the 2nd LoT seems to typically stem from a misinterpretation that the
“‘warming” process of the GHE is a direct process rather than an indirect process. I've
tried to address these misunderstandings in a variety of essays, including this one and
this one (though, I’'m not sure I've yet found a way of explaining it that reliably gets past
whatever communication mismatch may be present).

Heinz Hug. TC offers arguments based on the work of Heinz Hug, who argued that
doubling CO, concentrations would only increase the width of the 15-micron absorption
band by 0.17% which would be too small to allow for any possibility of doubling CO,
having an effect on global temperatures.

However, Hug’s analysis omitted two critical effects. Hug analyzed absorption but not


https://engineeringlibrary.org/reference/radiant-heat-transfer-doe-handbook
https://engineeringlibrary.org/reference/radiant-heat-transfer-doe-handbook
https://earthobservatory.nasa.gov/features/EnergyBalance
https://climatepuzzles.org/2022/11/flow-how-the-ghe-warms/
https://climatepuzzles.org/2022/08/why-some-think-ghe-violates-2ndlot/
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17.

18.

19.

20.

emission, and so did not account for changes in effective emission height, which is a
primary mechanism by which CO, concentration changes affect global temperature.
Also, his analysis of saturation issues falsely assumed thermal radiation travels vertically,
when it travels at a wide variety of angles, greatly altering the implications of varying
saturation depths. Hugs’s analysis omitted so much of importance that it can’t be taken
seriously as constraining the actual effect of doubling CO,.

Experimental evidence. TC calls for experimental proof of CO, causing warming and of
radiative forcing theory.

A study by Feldman (2015) offers direct empirical confirmation that CO, is responsible

for increases in downwelling longwave radiation, a key tenet of the radiative forcing
model. Heinz Hug and others have directly confirmed the radiative properties of CO,.
Spencer (2016) offered a table-top demonstration of a key feature of the Greenhouse

Effect. However, misunderstandings of the GHE among skeptics create a mismatch, in
which they often have difficulty recognizing the relevance of supportive experiments,
and expect experiments to be able to confirm straw-man versions of what the GHE
model asserts, rather than what it really asserts.

Historical record. TC cites ice core data indicating that historically CO, levels lagged
temperature as proving that temperature drives CO; levels rather than vice versa.

However, early ice core studies had methodological errors which, once corrected,
eliminated the lag so that Antarctic temperatures and CO, levels actually moved
synchronously. Additionally, when global temperature data was examined, it turned out

that global temperatures lagged CO, levels.

Sunspots and cosmic rays. TC asserts that solar activity affects cosmic rays which affect
Earth’s albedo, presumably through cosmic rays stimulating cloud formation.

However, data showed that what initially appeared to be a correlation between cosmic
rays and clouds disappeared in the mid-1990s.

Clouds. TC suggests that the current climate models do not consider the effect of clouds.

However, the 2021 IPCC ARG report talks about clouds on 50 pages, describes extensive
cloud modeling work, and offers modeled cloud feedback estimates for 7 different


http://asl.umbc.edu/pub/chepplew/journals/nature14240_v519_Feldman_CO2.pdf
https://www.drroyspencer.com/2016/08/experiment-results-show-a-cool-object-can-make-a-warm-object-warmer-still/
https://www.science.org/doi/abs/10.1126/science.1226368
https://www.science.org/doi/abs/10.1126/science.1226368
https://www.nature.com/articles/nature10915
http://stephenschneider.stanford.edu/Publications/PDF_Papers/Laut2003.pdf
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categories of clouds. Their modeling assesses cloud feedback as being the second-largest
feedback effect, after water vapor feedback.

More details on these and many other issues are provided in the detailed point-by-point
response.

Although |, regrettably, took issue with most of the points in TC’s whitepaper, | appreciate his
good intentions, and | enjoyed thinking about the issues he raised.

| can’t imagine it’s likely to be fun to receive so much disagreement. Yet, | hope that what I've
offered here might in some way support TC and others in refining their work.

If you’ve found this analysis helpful, I'd appreciate it if you let me know what you found to be of
value.

If you’d like to offer your disagreement about anything I’'ve written, | hope you'll do so politely,
and in the spirit of a sincere mutual inquiry into what’s true. I've tried to be respectful, and |
hope you will be too.
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Detailed Point-by-Point Response

Warning: The detailed response is ~60 pages long. | like to think it's high quality content, so it
might nonetheless be worth reading in full. If you'd like to read selectively, use the table of
contents to identify a section that might interest you, or, for discussion of core
misunderstandings about the GHE, see Section I-C9: Accidental alignment with mainstream
climate science and Section I-D3: An “Inconvenient Model”.

Part I, how the Sun Heats the Earth
I-A: Earth’s Energy Budget

TC presents (a marked up version of) NASA’s 2010 “earth’s energy budget” (EEB) diagram, and

finds it troubling.

ties and Space Administration

earth's energy budget

The Earth’s energy budget describes the
various kinds and amounts of energy that
enter and leave the Earth system. It includes
both radiative components (light and heat),
that can be measured by CERES, and other
components like conduction, convection,

reflected by
clouds & reflected by  total outgoing
. ) atmosphere surface infrared radiation
Incoming 77.0 22.9 239.9 and evaporation which also transport heat
solar radiation o - from Earth’s surface. On average, and over
340.4 the long term, there is a balance at the top
of the atmosphere. The amount of energy
coming in (from the sun) is the same as the
amount going out (from reflection of sunlight
and from emission of infrared radiation).

total reflected e—— atmospheric

solar radiation . window

99.9 emitted by —e 40.1 latent heat
atmosphere (change of state)

absorbed by

atmosphere absorbed by
77.1

atmosphere
358.2

e—— emitted by
clouds
29.9 thermals
(conduction/

greenhouse gases convection)

B absorbed by emitted by back

surface surface radiation
163.3 398.2 = 3 340.3

net absorbed

All values are fluxes in W2
and are average values based on ten years of data

www.nasa.gov

evapotranspiration

Loeb et al., J. Clim. 2009
Trenberth et al., BAMS, 2009

NP-2010-05-265-LaRC
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Figure 1. Earth’s Energy Budget (NASA 2010)

[-A1: No verifiable numbers

(p. 2) ‘there are NO VERIFIABLE NUMBERS IN THIS RED COLLECTIVE [where there are
numbers for thermal radiation fluxes at the surface and in the atmosphere].” All other
numbers in the red collective are estimates, guesses, and wishful thinking.”

It’s true that some of the values for what happens to thermal radiation inside the atmosphere
are indirectly measured, inferred, or calculated. However, that is not at the same as their being
“guesses” or “wishful thinking.”

Yet, is TC somehow forgetting that it is very easy to make measurements at the Earth’s surface?

Downwelling longwave radiation at the surface has certainly been measured. (The measured
“Downwelling Infrared Irradiance” values in this particular dataset had a daily average around
325 W/m?2. In contrast, the expected average solar irradiance in Huntsville, Alabama, in May is
6.24 kWh/m?%day = 260 W/m?, which is considerably smaller. If you don’t believe this
measurement, you’re letting your personal theories about how things “should” work get in the

way of empirical evidence. To many people’s surprise, conservation of energy does NOT forbid
this sort of “more power than the Sun” phenomenon.)

Thermal emissions from the surface are also frequently directly measured, and there is ongoing
work to improve measurement techniques. There are also buoys scattered around measuring
these quantities at sea.

“"

Many of the key values within TC’s “red collective” have, in fact, been measured, contrary to his

assertion.

* k 3k

TC cites as his source a blog post from someone named Gary Novak who alleges that “the

Stefan-Boltzmann constant is in error” by about a factor of 40.

However, the Stefan-Boltzmann constant is one of the key constants in physics. It was first
determined in 1884, and has been used and verified countless times on a daily basis ever since.

It’s used to make industrial processes work correctly, keep computers functioning properly,
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https://www.nsstc.uah.edu/atmchem/docs/DEPSCOR_progreport_9_13_07.pdf
https://footprinthero.com/solar-irradiance-calculator
https://climatepuzzles.org/2022/10/power-conservation-and-loops/
https://climatepuzzles.org/2022/10/power-conservation-and-loops/
https://www.nature.com/articles/s41598-022-12304-3
http://nov79.com/gbwm/sbc.html
https://en.wikipedia.org/wiki/Stefan%E2%80%93Boltzmann_constant
https://unacademy.com/content/jee/study-material/physics/stefan-boltzmann-constant/
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manage the temperatures of satellites and space probes, study stars and galaxies, and on and
on and on. It’s fundamental to technology and science.

Millions of engineers and scientists successfully rely on the constant every single day.

But now, a random blogger can’t figure out basic thermal radiation physics (which is explained
in every introductory thermodynamics book). He figures that if it doesn’t make sense to him,
that means we’ve all been using the wrong value for the last 138 years.

Does that sound to you like a good reason to conclude that “the Stefan-Boltzmann constant is in
error”?

I-A2: Annual global averages

(p. 2) “All values in Figure-1, outside the two blue ovals [which circle incoming solar
radiation and outgoing infrared radiation], are estimated annual global averages and
have no meaning in our physical world, like saying the average USA family has 2.78
children. All weather and climate changes are local and vary significantly depending on
geographical features, latitudes, and altitudes.”

Yes, every family and every child is different—and the US Census Bureau still publishes statistics
about families.

| take it that, if you’re going to be taken on a trip to a surprise destination, you wouldn’t want to
know if the average temperature at your destination this time of year is likely to be 0°C/32°F or
30°C/86°F? Of course not, because an average has “no meaning in our physical world.”

The idea that averages have “no meaning” is just silly. They mean what they mean, no more, no
less.

TC might not know it, but at an underlying level, all thermodynamics is based on statistics and
averages.

Likely TC has heard an argument about temperature and averages that he wasn’t able to clearly
explain. Even the better presented versions of this argument are wrong. Those versions of the
concern argue that temperature is an “intensive property”—which does mean that there are

14


https://en.wikipedia.org/wiki/Intensive_and_extensive_properties

Response to TC’s “Revised, Why can’t COZ2 and Greenhouse effects cause global Warming?”

certain specific ways that average temperatures should not be used. However, there are also
different ways of using an average temperature that are totally valid and very useful.

There is no rule in physics that averages are to be avoided. Averages are very useful in physics,
and are very frequently used—including average temperatures.

|-B: Background

TC offers some background on electromagnetic radiation. It seems generally correct, except for
the following bit about photosynthesis.

I-B1: Photosynthesis

(p. 3) “There is also a tiny amount (0.6 W) used by plants for photosynthesis and later
stored as potential energy in the plant matter.”

Energy balance diagrams often include a 0.6 W/m? term labeled “net absorbed” or “imbalance.”

TC appears to have incorrectly guessed that this refers to photosynthesis. This is wrong.

TC’s statement is based on a partial truth. Plants convert sunlight to chemical energy at a
significant rate. Algae, the most common plant, is estimated to convert solar energy to biomass
at about 450 TW. When averaged over the 5e14 m? area of the Earth’s surface, thatis about 0.9
W/m?2. However, almost all biomass eventually decomposes, releasing heat. So, although algae
might temporarily capture 0.9 W/m?, in equilibrium, there will be an equal 0.9 W/m? of heat
being released due to decomposing biomass, canceling out the energy being temporarily stored
by photosynthesis.

The 0.6 W/m? in the diagram reflects the total heat flow imbalance at the Earth’s surface. It is
believed to mainly reflect melting ice and warming oceans. If and only if the total biomass on
Earth is increasing (which TC has not provided any evidence of) then a small percentage of that
0.6 W/m? might be associated with increasing biomass.
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I-C: How is the Atmosphere Heated?

I-C1: Composition of Atmosphere

“All greenhouse gasses combined total less than 0.05%, which is a tiny fraction of the
atmosphere.”

To be correct, TC should have said “all persistent greenhouse gasses combined total less than
0.05%.”

Persistent greenhouse gasses are gasses like CO, and methane, which once they get into the
atmosphere tend to persist for decades or longer.

Water vapor is a gas that is transient and responsive. It cycles in and out of the atmosphere in
days or weeks. That rapid cycling allows water vapor concentrations to be highly responsive to
temperature and other details of climate. Water vapor is well-understood to be the single most
important greenhouse gas (GHG) in Earth’s atmosphere.

Water vapor is usually talked about separately from other GHGs because humans have no direct
control over its atmospheric concentrations, and because it is transient and responsive, rather

than persistent.

The concentration of water vapor in the atmosphere varies wildly, from 0.01% to 4.2%. Air has
roughly 0.4% water vapor (by volume) on average.

So, including both persistent and transient GHGs, the atmospheric percentage of GHGs should
be more like 0.45%.

[-C2: Contributions to Greenhouse Effect

(p. 4) “water vapor accounts for 95% of the so-called greenhouse effect, total C02 of
about 3.6%, human-made CO2 less than 0.2%, and all other gasses make up the
remaining 1.4% of the greenhouse effect.”

I’'m not sure what the origin of these widely quoted numbers is, but they are wildly wrong.
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First, it’s important to note that there is a range of values one could plausibly give to the
percent responsibility of any particular greenhouse gas (GHG). There are lots of wavelengths
which more than one GHG can absorb. When two different GHGs can absorb the same
wavelength, which GHG do you give the credit to?

That’s why, for any given gas there is the “least credit” you can give it (never giving it credit
when other gasses absorb a wavelength), the “most credit” you can give it (where you always
credit it for a wavelength even if other gasses could absorb it), or “fair credit” (where you divide
the credit if multiple gasses can absorb a wavelength).

Schmidt (2010), studied the division of responsibility for the total Greenhouse Effect (GHE)
among different gasses, for the 1980 concentration of gasses, when CO, was at 338 ppm, 18%

lower than now. Taking clouds into account, they calculated the least credit, most credit, and

fair credit for each gas. They also calculated fair credit when assuming no clouds. The results
were:

Water vapor:

® Least credit 39%

® Most credit 62%

® Fair credit 50%

e Fair credit (no clouds) 67%
CO,:

e Least credit 14%

® Most credit 25%

e Fair credit 19%

e Fair credit (no clouds) 24%

Clouds:

e Least credit 15%

® Most credit 36%

e Fair credit 25%

Summarizing: when there was 18% less CO, than now, a fair division of responsibility for the
total GHG would have been:

e water vapor 50%, clouds 25%, CO, 19%, all others 7%.

That looks nothing whatsoever like the 95% and 3.6% that TC’s source is asserting.
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* %k 3k

We don’t have to just trust the numbers provided by Schmidt et al. to know that there is
something extremely wrong with 3.5% being all that CO, is allegedly responsible for.

The quantitative impact of GHGs can be seen quite directly by examining the spectrum of
thermal radiation emitted to space, as shown below.
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Figure 3: The effect on the IR spectrum of low concentrations of COs.

Figure 2. Spectrum of Earth’s thermal radiation emissions to space (showing CO, contribution)

This particular chart is said to be “courtesy of William Happer” (who is no promoter of
anthropogenic climate change). While this particular chart is generated by a model,
high-altitude balloon and satellite observations of actual longwave emissions to space routinely
show measurements quite similar to what is shown above (though the details vary by time and
place).

In this chart, the area between the dotted curve and the lower curves is the size of the total
greenhouse effect. That area averages out to be 159 W/m? under typical skies, and 131 W/m?
without clouds.

The minimum contribution to the GHE that CO, can be credited with is inside the central notch,
between the upper gray “0O ppm” curve and the black “400 ppm” curve. Could any reasonable
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person think the area of that notch is “only 3.6%” of the area between the dotted line and the
curves below it?

Eyeballing the notch, I'd guess it’s area to be around (200 mW - cm/m?) x (120/cm) = 24 W/m?2. If
this chart is for skies without clouds, that would correspond to CO, visibly contributing 18% of
the total GHE.

The idea that CO; is responsible for “about 3.6%” of the total GHE is just plain wrong.

* k 3k

TC asserts that “human-made CO2 less than 0.2%” of the total GHE. That number is also
inaccurate, or at least, incompatible with numbers from other sources.

| know many climate skeptics are suspicious of anything that the IPCC reports. But, | still think
it’s only fair to look at their numbers.

IPCC AR6 2021 (Chapter 7, p. 960) indicates that the scientific literature indicates in 2019
anthropogenic CO, was responsible for 2.16 W/m? of radiative forcing, and total anthropogenic
gasses were responsible for 2.72 W/m?2. Relative to a total GHE of 159 W/m?, that would make
human-made CO, responsible for 1.4% of the total GHE, and all human-made gasses
responsible for 1.7% of the total GHE.

That’s 7 times larger than the number asserted by TC.

Given how many numbers that TC has supplied are easily proven wrong, there doesn’t seem to
be much reason to believe his number in this case either.

(It’s believed that water vapor and cloud feedbacks effectively double those human-caused
contributions.)

* k %k

Note that in comparing the relative effects of different GHGs, TC’s source chose to simply add

the “Greenhouse Warming Potential” (GWP) of different gasses. However, because the effects
of different gasses do not add up linearly, the results of simply adding GWP values is potentially
misleading.
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I-C3: Molecular vibrations as thermal energy

TC describes how nitrogen and oxygen are heated through the absorption of UV radiation
causing photodissociation and photoionization. I'm not sure why TC bothers to explain these
mechanisms, since neither is relevant to how H.O and CO: cause air to warm when they absorb
IR radiation.

| do want to call out one error in his descriptions:

(p. 4) “When these molecules absorb radiation energy, the additional energy is stored in
these molecular bonds, making the bonds oscillate with greater amplitudes and in many
oscillating forms, including tortional and stretching the bond lengths... But there is no
change in any of these frequencies, and the increased energy is stored in these bonds as
chemical energy and NOT THERMAL ENERGY.”

The idea that the energy of molecular vibrations is “not thermal energy” is entirely wrong.

Molecular vibrations are one of the principle types of thermal energy in a gas. The number of
vibrational modes is a critical factor when calculating the heat capacity of a gas.

Thermal energy is associated with any “energetic mode” of matter that can exchange energy
with other energetic modes.

Gas molecules are constantly colliding (around 7 billion times per second at sea level). When a
collision happens, energy is easily exchanged between different vibrational modes, and
between vibrational modes and translational and rotational modes.

To see how a vibration can be converted to kinetic energy, imagine dropping a marble onto the
vibrating membrane of a drum. The marble’s kinetic energy will be changed by a seemingly
random amount, as vibrational energy is converted to kinetic energy or vice versa. If you
imagine molecules as little balls connected by springs, it’s easy to see that one molecule
colliding with another can convert kinetic energy into vibrations.

So, molecular vibrations are absolutely considered to be thermal energy.
(Even a source TC references frequently, Gary Novak, writes “when [radiation relevant to global
warming] is absorbed the energy is instantly converted to heat as increased vibration of the

molecule. If the energy as heat is re-emitted by transforming into radiation, it is emitted as black
body radiation, which all matter emits based on its temperature.”)
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I-C4: Surface cooling

(p. 4) “The global warming alarmists claim that 79% of the surface cools by IR radiation.
At the same time, skeptical scientists estimate that it may only be about 1-3%, and the
rest of the heat dissipates by conduction, thermals, and latent heat”

That misrepresents what scientists claim. The misinformation reflects a misunderstanding of
what energy balance diagrams show.

One needs to understand the difference between energy flows and heat flows, to correctly
interpret such EEB diagrams. The difference is that, in thermodynamics, radiant heat flow is
defined as the difference between the radiation energy flows in the two directions. So, 117
units of radiation energy upward and 100 units of radiation energy downward equates to 17
units of radiation heat upward.

NASA has a page (archived from 2009) which includes both an EEB energy diagram and the
equivalent EEB heat flow diagrams.

It’s least confusing if you look at a diagram of heat flow, rather than energy flow. (Copies of the
heat flow diagrams appear below, as Figures 3a and 3b.) The heat fluxes in the diagram are in
units relative to total solar insolation; to get percent surface cooling, everything needs to be
divided by 0.48.

Looking at that diagram, you’ll see that the scientists actually say that surface cooling is about
52% evaporation (latent heat transfer), 36% radiation heat transfer, and 11% thermals (sensible
heat flow, including conduction and convection).

The claim that radiative heat flow is only 1-3% is based on a blog post which claims the
Stefan-Boltzmann constant is really 40 times smaller than the accepted value. That’s not
remotely credible. The Stephan-Boltzmann constant has been validated on a daily basis for over
a century, in both science and engineering contexts. Also, observations of Earth’s thermal
emissions as viewed from space directly invalidate this hypothesis (as I'll explain in Section /I-2) .
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I-C5: CO2 is too diluted to warm the atmosphere

(p4.) “CO2 is too diluted to warm the atmosphere... one CO2 molecule will heat up the
other 2,499 molecules by an alarming amount”

This argument is absurd. Each air molecules collides with another molecule 7 billion times per

second at sea level (and at about half that rate at the tropopause). That means that on average
each air molecule will collide with a CO, molecule every 0.4 microseconds.

Any heat that CO, acquires by absorbing a photon is easily and rapidly dispersed to all the other
molecules that make up air. And, any thermal energy that is present in air is rapidly and
frequently passed to a CO, molecule, where it can lead to a photon being emitted and heat
being lost.

This argument is a perfect example of the logical fallacy of Argument from Incredulity—believing

something “must” be false because you can’t personally imagine how it could be true. That’s
not a reliable way of assessing reality.

If there is anything that the history of science teaches us, it’s that: Human intuition and
“common sense” about the world is wrong more often than not.

In real science, it’s almost always necessary to “run the numbers” to figure out what’s true or
not true.

* k %k

Here are some examples of numbers. Do you think that CO, being 0.04% of air makes it “too
diluted” to have a significant effect?

Here are examples of situations in which it takes far less than that of something to make a big
difference. For comparison purposes, I'll start by naming how much more diluted than the
concentration of CO; in air these substances are.

e 600,000 times more diluted: For silicon used to make integrated circuits, an impurity

level greater than 0.0000001% is considered unacceptable. (For CO,, a concentration by
volume of 0.04% corresponds to a concentration by mass of 0.06%.)
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e 200,000 times more diluted: In men, a minimum testosterone level of at least 300 ng/dL
(3e-6 kg/m3) or (since blood has a density of 1060 kg/m3) a mass concentration of
0.0000003% is within the normal range.

® 67,000 times more diluted: For the commercially available water dye “Alexa Fluor 750”,

the specifications tell us that the dye concentration needed to absorb 99.99% of all light
(at the peak wavelength) in just 1 meter of water is 0.0000006%, which corresponds to
1 dye molecule for every 170 million water molecules. (Yes, any light that is absorbed
heats the water in proportion to how much energy is absorbed.)

e 7 times more diluted: If somebody added 0.008% arsenic trioxide to their diet, that
would ensure they would take in well over the lethal dose every day. That would
amount to consuming 200 mg each day, while the lethal dose is 70-180 mg.

If other substances can have important effects at concentrations up to hundreds of
thousands of times more diluted than CO, is in air, why would it make sense to believe that
CO, is “too diluted” to have a significant effect?

If one does any actual calculations related to the physics and thermodynamics of gasses, those
calculations demonstrate that the issue of CO, being “only 0.04%"” of air is not important in any
of the ways that skeptics assume it “must” be important.

I-C6: Heated by an alarming amount

And what’s this talk of things being heated up by an “alarming amount”? What is that even
supposed to mean?

The Gary Novak blog post TC references says: “Since each CO2 molecule in the atmosphere is
surrounded by 2,500 air molecules, it would have to be 2,500°C to heat the surrounding
molecules to an average temperature of 1°C, which is absurd.”

GN’s logic is absurd. Let’s pretend that it makes sense to talk about each 1°C as if it was a unit of
heat (which it’s not). Even so, rather than giving a CO, molecule 2,500°C worth of heat before
distributing that heat to the other molecules, why wouldn’t you just give the CO, molecule
0.1°C unit of heat, allow heat to spread to all the other molecules (as will happen within 0.4
microseconds), then repeat that process 25,000 times (which would take 10 milliseconds total)?
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Then your CO, molecule never needs to reach that “absurd” temperature of 2,500°C hotter than
the surrounding molecules, but would only need to be 0.1°C warmer.

For the record, temperature and heat are not the same thing. They are related through the
notion of “heat capacity,” which is different for different things. So, the same amount of heat
that could raise the temperature of pure CO, by 10°C could only raise the temperature of a
comparable amount of air by 8°C.

And, in standard thermodynamics, “temperature” is a statistical property of many molecules,
not a characteristic of a single molecule. Individual molecules have “energy”, not “temperature.”

* %k %

Let’s see if the rates of heating and photon processing associated with what CO, is said to do in
the atmosphere are actually in any way “alarming.”

The numbers will be at their most intense near the surface, where temperatures are highest. So,
I've calculated what happens near the surface. | offer the details of the calculation below, but to
avoid getting bogged down, here are the results:

o Near sea level, the CO; in each cubic meter of air processes about 14.4 W of LW
radiation: 3.6 W from the surface is absorbed, nearly 3.6 W is emitted back to the
surface, nearly 3.6 W is emitted upward, and nearly 3.6 W from air above is absorbed.

e There is a net radiative heat flow of about 3.6 mW. If this heat went into heating the
cubic meter of air, this would result in the temperature of the air increasing at a rate of
0.01°C/hour. Is that an “alarming amount” of heating? If so, not to fear: the air is also
cooled by sending 3.6 mW of radiative heat upward. In general, because there is always
at least as much cooling as heating, radiative heat transfer does not increase air
temperatures, despite all that LW radiation flowing back and forth.

e |n order to process that 14.4 W of LW radiation, on average each CO, molecule needs to
absorb or emit a photon once every 10 seconds. (Each photon may carry only 1.3e-20J
of energy, but there are 1.1e22 CO, molecules in each cubic meter of air.)

e As mentioned before, it takes only 0.4 microseconds for collisions to ensure that heat is
completely distributed among a CO, molecule and 2500 other air molecules.

e At high altitudes, there is net radiative cooling of the air. However, temperatures there
are lower, which means that that net radiative cooling is achieved using photon
processing rates even lower than what I've calculated for sea level.
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Far from there being anything “alarming” going on, each CO, has to do astonishing little work

in its role as a GHG molecule: just absorb or emit a photon around once every 10 seconds. And,

it only takes 0.4 microseconds to transfer heat to or from any other air molecule.

* k 3k

Here is the detailed calculation. You’re welcome to skip this, unless you’re interested in the

specific details.

1.

In the central part of its main 15-micron absorption band, the CO, in air absorbs
radiation within about 10-12 meters. Looking at the emissions spectrum as shown in
Figure 2, we can estimate that this means the power of the LW radiation over that 10-12
meters is about (400 mW - cm/m?)x(100/cm) = 40 W/m?2. So, 1 cubic meter of air would
absorb about 40/11 =3.6 W.

How much actual heat transfer is involved? At the standard environmental lapse rate of
6.5°C/km, air 11 meters higher should statistically only be 0.07°C cooler. This means
that the thermal radiation emitted by the CO, will be very nearly equal in size. The
difference is the radiative heat flow to the air, as mediated by CO,. Taking the derivative
of the Stefan-Boltzmann law with respect to temperature shows that fractional change
in radiative flux associated with a temperature difference ATis4- AT/T=4-(0.07
K)/(288 K) = 0.001. So, although 3.6 W of radiation is getting absorbed by that cubic
meter of air, a nearly equal amount is radiated back to the surface, yielding a net heat
flow from the surface to that cubic meter of air of only 3.6 mW.

The air another 11 meters higher will be cooler still. So, there will be a net flow of heat
upward, away from our air sample of interest, will also be about 3.6 mW. Since there are
3.6 mW of heat flowing into our air sample, and also 3.6 mW of heat flowing out, there
is nearly zero net heat flow available to change the temperature of the air. What is
happening is that radiative heat transfer from below our air sample warms the air, but
radiative heat transfer to above our sample cools it. At low altitudes, these warming and
cooling rates essentially cancel out. At higher altitudes, cooling dominates, and there is
net radiative cooling of the air.

But, how fast could 3.6 mW change the air temperature, if that heat wasn’t immediately
flowing away? A cubic meter volume of air at sea level contains 45 moles of gas,
including 0.019 moles of CO, (given a concentration of 0.04%). The specific heat
capacity of air is about 29 J/mol - K, so the total heat capacity of 1 cubic meter of air is
about 1.3e3 J/K. That means that air absorbing 3.6 mW will increase its temperature at a
rate of 2.8e-6°C/s = 0.01°C/hour.
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5. How many photons are getting processed to make all this happen? CO, molecules will be
absorbing 3.6 W from the surface, emitting nearly 3.6 W back to the surface, absorbing
nearly 3.6 W to the air above, and absorbing nearly 3.6 W back from the air above. In
total, photons associated with 14.4 W of power need to be absorbed or emitted. A
photon at a wavelength of 15-microns has energy h-v/A = 1.3e-20 Joules. So, 14.4 W
equates to 1.1e21 photons/s.

6. How many CO, molecules are available to process those photons? 0.019 moles
corresponds to 1.1e22 CO, molecules.

7. The average rate at which a CO, processes photons is therefore (1.1e21/1.1e22) = 0.1
photons/s = (1 photon)/(10 s).

That concludes the calculation.

I-C7: “Weak” photons

TC tries to describe how IR absorption works.

(p. 5) “how exactly does the CO2 molecule heat up by absorbing the low-energy IR
radiation emitted by the surface? Figure-6a [showing molecules with “5 waves emitting,
“1 wave absorbing,” and “2495 molecules unaffected”] reveals the absurdity. We are
told that one.. CO2 atom is energized by one.. weak IR photon. Then within tiny fractions
of a second, it releases a stronger/larger.. photon or may bump two adjacent molecules.
These may bump into the two adjacent... nitrogen molecules causing them to emit their
weaker photons or increase their vibrations by a tiny bit, causing a near negligible
increase in kinetic/collision heat. “

This narrative apparently comes from a blog post by Gary Novak (GN) which blends real science
with large doses of imaginative-but-unsubstantiated speculation presented as fact yet wildly
contrary to well-established science.

Let me quickly list a few of the errors in that blog post by GN:
e GN imagines 1 CO, molecule absorbing radiation while 4 air molecules are emitting
radiation. Ways this is wrong:
o The abilities to emit and absorb go together, so if those air molecules could emit
then they would also be absorbing just like the CO, molecule.
o Nitrogen and oxygen can’t emit infrared, just like they can’t absorb it.
e GN appears to imagine that a molecule capable of emitting a photon with a frequency of
12 THz = 1/(83 femtoseconds) vibrates mechanically once every 83 femtoseconds
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causing it to bump a “neighboring molecule” on each half-cycle, and then radiates away
its energy after one full cycle. Ways this is wildly wrong:

o Gas molecules at sea level average perhaps 100 nm apart while CO, is a linear
molecule less than 0.5 nm in length. Vibrations in a CO, molecule have no
influence on whether it comes in contact with another air molecule.

o Near sea level, each air molecule collides with another about every 0.14 ns,
which is fast, but 1700 times slower than GN imagines.

o The time-scale on which a vibrating molecule emits a photon is always far slower
than the vibration cycle time. It naturally takes around 1 second for CO, to emit a
photon (see Harde (2013) p. 6).

e GN imagines "all molecules in the atmosphere are emitting radiation constantly and

approximately uniformly in a localized area and acquiring energy through conduction
and black body radiation” while CO, molecules are also emitting “fingerprint” radiation
(i.e., radiation associated with particular spectral lines or bands). Ways this is wrong:
o The ONLY radiation absorbed or emitted in gasses is so-called “fingerprint”
radiation.

Ultimately, GN’s conclusions are so rooted in false premises, that there is little reason to believe
they have much relevance to reality.

* k 3k

But, let’s come back to TC’s version of the narrative.

Unfortunately, his description seems to be mostly innuendo conveyed by

n u n «u

charged-but-meaningless language: “weak”, “tiny”, “a tiny bit”, “near negligible.”

Absolutely everything that happens at a molecular level is “weak” and “tiny” in comparison to
what we are used to dealing with. But there are so unbelievably many “tiny” things happening
so unbelievably often that noticeable things happen in the macroscopic world.

TC’s arguments about things being “tiny” don’t just apply to CO,; if they apply to CO,, they
should apply to everything microscopic. But, if nothing “tiny” could produce any large effects,
then absolutely nothing about chemistry or thermodynamics would function. Arguing via vague
denigration of the smallness of things is a deeply misguided approach to trying to predict what
will happen in this situation or any other.

But, let’s go through it bit by bit.
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“One... CO2 atom is energized by one... weak IR photon.”

e There’s no need to use emotionally loaded qualitative words like “weak.” One can be
guantitative. In the atmosphere, CO, mostly absorbs and emits photons with a
15-micron wavelength. Each photon has an energy given by h-v/A = 1.3e-20 Joules.

e And we can be specific, too, about what it means for the molecule to be “energized”: it
means that the molecule is vibrating by flexing back and forth, so that the linear CO,
takes on the shape of a “V” in one direction and then a “V” in the opposite direction, in
alternation.

“Then within tiny fractions of a second, [the CO2 molecule] releases a stronger/larger... photon
or...”

e Why does it matter that something happens “within tiny fractions of a second”? Is this
another appeal to Argument from Incredulity? In the molecular realm, essentially
everything happens within a tiny fraction of a second.

e Where does TC get the idea that a CO, might emit a “stronger/larger” (presumably
higher frequency and energy) photon? This absolutely never happens. CO, will always

either emit another 15-micron photon, or not emit a photon.

“These may bump into the two adjacent... nitrogen molecules causing them to emit their
weaker photons or increase their vibrations”

e Molecules in a gas are never “adjacent.” They are zooming around at enormous
velocities (generally faster than the speed of sound), crashing into one another briefly
and frequently.

e What’s this about nitrogen’s “weaker photons”? Presumably TC thinks nitrogen emits
photons with less energy / lower frequency / longer wavelength than the CO, 15-micron
photons? Why would TC think that nitrogen has “weaker” photons, or emits any
photons at all? For all practical purposes, nitrogen and oxygen almost never emit
photons when at atmospheric temperatures. (Technically, N, and O, very rarely emit a
photon; but they emit photons so over 100,000 times less frequently than molecules like

H,O and CO.,. It’s so rare that, in simple conversations, it’s easiest to pretend that it
never happens. As to whether their photons have more or less energy than the photons
of CO,, it’s not clear why that should matter.)

“bump into... nitrogen molecules causing them to...increase their vibrations by a tiny bit,
causing a near negligible increase in kinetic/collision heat.”
e What’s this talk of “a near negligible increase in kinetic/collision heat”? This seems like
more Argument from Incredulity.

28


https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2012GL051409

Response to TC’s “Revised, Why can’t COZ2 and Greenhouse effects cause global Warming?”

Each photon may not carry much energy, but there are an unbelievably large number of
photons, and an unbelievably large number of molecules.

So, what does it matter that each individual transaction involves a tiny amount of
energy?

As mentioned above, to handle the LW radiative fluxes that exist in the atmosphere,
each CO; molecule would only need to absorb or emit a photon about once every 10
seconds or so.

I-C8: Atmosphere doesn’t trap or hold IR heat

TC argues that the atmosphere can’t possibly “trap or hold” IR heat:

(p. 5) “this process prevents the atmosphere from trapping or holding any IR heat, and
ALL THE ENERGY ABSORBED DURING THE DAY FROM THE SUN IS LOST TO SPACE DURING
THE NIGHT. So ultimately, all heat must be changed to this longwave radiant energy form
for it to exit the earth. “

TC clearly has no idea what is meant by “trapping or holding” IR heat.

It’s said that clouds and greenhouse gasses “trap radiant heat.” What this means is that clouds

and GHGs reduce the efficiency of radiant heat transfer from the surface to space.

In the case of Earth, this can be explained either in terms of radiation heat flows or radiation

energy flows:

In terms of radiation energy fluxes: When radiant heat is being “trapped” that means
that the flux of thermal radiation reaching space is smaller than the flux of thermal
radiation emitted by the surface.

In terms of radiation heat flow: Radiative heat being “trapped” refers to thermal
resistance being increased, so that radiation heat flux up from the surface (58 W/m?)
is smaller than the the power of thermal radiation emitted by the surface (398
W/m?)—since this would be the radiation heat flux up from the surface if nothing in the
atmosphere could interact with thermal radiation (and if the surface was at the same
temperature). [The radiation “heat” flux away from the surface is defined as the
radiative flux (i.e., energy flux) in the upward direction minus the radiative flux in the
downward direction.]
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It should be obvious that if something is capable of absorbing thermal radiation, it’s capable of
“trapping radiant heat” in this sense.

Look at any chart of the spectrum of Earth’s LW emissions to space vs. the curve for black-body
radiation at the Earth’s surface temperature. The fact that the black-body curve has a larger
area under it than the curve for actual emissions is direct evidence that radiant heat is being
“trapped” in the above senses.

Increases in “radiation heat trapping” can be understood as follows. If the degree of “radiation
heat trapping” is increased then:

e For fixed thermal emissions from the surface, less thermal emissions will reach space; or
e For fixed thermal emissions reaching space, the thermal emissions from the surface will
need to increase.

These definitions might seem rather technical. But, that’s what “trapping radiation heat”
means.

It’s analogous to the way that insulation “traps” heat inside a house. Insulation reduces heat
flow, for a given temperature drop across the wall. Clouds and GHGs reduce heat flow to space,
for a given heat drop between the surface and space.

* %k 3k

As for “all the energy absorbed during the day from the sun is lost to space during the night”,
I’'m guessing TC has never noticed that how cold it gets at night depends on whether or not
there are clouds?

Clouds “trap” more radiant heat than a clear sky does. How much heat is lost at night depends
on how much “heat trapping” is going on.

Clouds trap heat more efficiently than CO, does, but both clouds and CO, absorb and emit IR,
making it harder for thermal radiation to get to space.

I-C9: Accidental alignment with mainstream climate science

I've been thinking about the big picture, regarding the argument that TC and Gary Novak (GN)
are making.
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I've just realized that both TC and GN are arguing towards the “wrong” conclusion if their
intention is to falsify mainstream climate science. They’ve got what mainstream climate science
says backwards, so they are trying to justify conclusions that accidentally align with
mainstream climate science.

If 1 understand correctly, it seems they are trying to justify a conclusion that “CO, doesn’t heat
up air, and air is so good at cooling that heat doesn’t stick around.”

However, this refutes a straw-man misinterpretation of what climate scientists say. | imagine
the logic is that GHE-proponents:

® say “CO, warms the planet” so that must mean they think “CO, heats up the air when
CO, molecules absorb radiation”;

® say “CO, traps heat” so that must mean they think “once CO; heats up then the air has a
hard time cooling and the heat is stuck there”;

But, GHE-proponents don’t think either of those things. What GHE-proponents actually think
includes the opposite of both those things. What mainstream climate science says is:

1. “CO; cools the air by helping air radiate heat” to space, especially at high
altitudes—CO; does not have any direct warming effect on air;

2. “CO, blocks thermal radiation emitted by the surface from getting directly to space”,
reducing radiative heat transfer away from the surface and making surface cooling less
efficient— that’s what is meant by “CO, traps radiant heat;”

3. “Because surface cooling is less efficient, heat from the Sun accumulates and the
surface gets warmer”—which leads to the atmosphere getting warmer because the
surface and the atmosphere have their temperatures linked together by convection and
the environmental lapse rate.

So, the conclusions that TC and GN seem determined to justify seem at least vaguely aligned
with point #1 of what mainstream climate scientists believe.

I-D: How is the Surface/Atmosphere Heated?
I-D1: Other heat sources

TC suggests that there are “other heat sources” that contribute to warming the Earth.
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(p- 5) “Fires, cars/trucks, factories/industrial machinery, power plants, ships, airplanes,
nuclear and fossil plants, etc.”

Seriously? Human energy release does not significantly heat the Earth. This is not something
we need to guess about.

In 2020, humanity produced and consumed 168.000 terawatt-hours of energy. Spreading that
out over a year, that's an average energy release rate of 19 TW. Diving that by the area of the
Earth’s surface (5e14 m?) yields 0.04 W/mZ.

“Also ignored is the warmth of fermentation by the earth's biomass and animal
respiration.”

This is not “ignored.” It cancels out, rather precisely, the energy that photosynthesis temporarily
stores in biomass. That’s why it’s not necessary to explicitly include either of these in the
diagram.

Some amount of that sunlight, call it X (maybe a bit over 1 W/m?) gets converted by plants into
biomass. However, the world is largely in steady state. So, to a good approximation, biomass is
getting metabolized by animals and generating heat, or rotting and turning into heat, at a very
similar rate, X. So, an amount X comes out of sunlight, and an amount very close to X goes
back into surface heating.

The only way this can fail to be true would be if we were in a phase where the total biomass was
significantly increasing or decreasing, or getting sequestered somehow.

* % %

The “other” heat sources that TC is mentioning here and elsewhere have been looked at by
climatologists, and have been determined to be relatively small. A lecture on climate modeling,
by Brian E. J. Rose at the University at Albany, includes this list:

“Minor terms in the surface energy budget
All of these terms are small globally but can be significant locally or seasonally.

Latent heat of fusion required for melting ice and snow

Conversion of the kinetic energy of winds and waves to thermal energy

Heat transport by precipitation, if precipitation is at a different temperature than
the surface

Biological uptake of solar energy through photosynthesis

Biological release of energy through oxidation (respiration, decay, fires)
Geothermal heat sources (hot springs, volcanoes, etc.)
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e Anthropogenic heat released through fossil fuel burning and nuclear power
generation.”

So, TC is not bringing up possible sources of heat that climatologists have never considered.
These factors have been evaluated and found to be relatively unimportant. They’re well-known
considerations, and are included in what is taught about climatology.

[-D2: Geothermal heat

“Why are they omitted? But most strange IS THE MISSING HEAT RELEASED BY THE
TENS OF THOUSANDS OF ACTIVE VOLCANOES AND VENTS, of which about 85%
are unseen and unaccounted for at the bottom of the darkest and deepest oceans and
under ice sheets and glaciers.”

Again, this has not been “omitted.” It has been investigated and the heating involved was found
to be negligible. Heat emerging from the Earth’s interior contributes only 0.09 W/m? to the
surface according to Davies (2010). A volcanic eruption might momentarily make this rate a little
higher, but volcanic eruptions and all other types of geothermal heating average out over time
and place to this relatively small value.

(p. 5) According to NOAA (2011) “more than half of all the heat that keeps planet earth
from freezing in the cosmos comes from the fission reactor at the earth's core... the
earth's nuclear furnace should be adding about another 163.3 W to the surface.”

This is a major misinterpretation of the study being cited.

The quote is from TC’s source inaccurately paraphrasing the study, not from NOAA or the study
authors. (The study authors were not from NOAA.)

That study says that radioactive decay (not a “fission reactor”, they’re not the same thing)
contributes “about half of the total outgoing heat, implying that the remainder of the heat flux
results from continued cooling of the Earth since its birth.” While the authors worded that in a
way that led to misunderstanding, their words were not referring to the total heat Earth
radiates to space from all sources, only the outgoing geothermal energy.

We can tell this, because the study offered specific numbers.
The total thermal energy Earth radiates to space is 12,000 TW. In comparison, the study found

that radioactive decay contributes 20 TW of the 44 TW “outgoing” energy; 20 TW of radioactive
decay is nearly half of 44 TW of geothermal heat flux. However, when these are averaged over
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the entire Earth (with a surface area of 500 trillion square meters), that amounts to only 0.04
W/m? which is nearly half of the 0.09 W/m? of total geothermal heat flux. This 0.09 W/m? is
smaller than the 163.3 W/m? that TC’s source assumed was being reported by a factor of over
1800. The reported radioactive decay and geothermal heat flux are negligible factors in the
Earth’s overall energy budget.

[-D3: An “Inconvenient Model”

This is probably the most important section of my commentary.
TC once again complains about the radiative heat fluxes in Earth’s energy budget.

TC presents a diagram which shows:
e 239.9 W/m? of solar radiation being absorbed by Earth,
e 398.2 W/m? of thermal radiation being emitted by the surface
e 239.9 W/m? of thermal radiation reaching space

He comments:

“Now in Figure-7 [with the 3 values above], we have an inconvenient simplified model of
Figure-1 [the NASA EEB diagram]. | say "inconvenient model" because there are no
accurate and repeated measurements to show that the earth's surface radiates to the
atmosphere 398.2 W.”

This is a made up untrue “fact.” There have been countless measurements of the thermal
energy radiated by the Earth’s surface.

Does TC imagine that nobody has every measured the thermal emissions from objects at
Earth’s average surface temperature before? (That's about 288 K/ 15°C / 59°F.)

The Stefan-Boltzmann (SB) constant is not an obscure, seldom-considered thing from the
dimly-lit fringes of science, or something that nobody paid any attention to until climatologists
started doing their work. To the contrary, it is so central to modern physics that the SB constant
is defined as an exact combination of three other physical constants which are themselves so
fundamental that they are used as the basis for defining the S| measurement scale. The value
of the SB constant couldn’t be changed without changing the definition of the temperature scale
that is used as the basis for modern thermal science, astronomy, and thermal engineering.

The Stefan-Boltzmann Law is applied on a daily basis, often with objects around Earth’s surface
temperature. An enormous variety of materials have been tested for their emissivity, which tells
you how much thermal radiation it will emit at a given temperature. Many of those tests were
conducted at temperatures similar to the temperatures of Earth’s surface.
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TC appears to be alleging there aren’t “accurate and repeated” measurements simply because
he doesn’t personally understand how the measured values could be correct.

An individual’s ability to understand something is not a reliable indicator of whether or not
something has been observed to be true.

* % %

That is more than double the heat the surface receives from the sun; 326.6 W (163.3 x
2)... This 398.2 W is one of the outputs of the MISLEADING STEFAN-BOLTZMANN
CONSTANT discussed in greater detail below.”

Many people don’t understand that energy (which is a conserved quantity) is a different thing
than power (the rate of flow of energy).

Energy is conserved, and can’t be created or destroyed. It will never appear out of nowhere.

However, while many people might find it very surprising, in certain types of systems, power (the
rate of flow of energy) can and does appear seemingly “out of nowhere.” This is entirely real,
and is not forbidden by conservation of energy.

No, this does not mean that “free unlimited energy” is possible. That “power from nowhere” can’t
sustainably be extracted.

I've written a separate essay to explain this phenomenon.

This phenomenon is unfamiliar and surprising to many people. But, it’s totally compatible with
the laws of physics, and is happening around us fairly often.

Power appearing seemingly “out of nowhere” occurs when we somehow “recirculate” energy in
a closed loop.

This happens commonly in the many types of “resonator” devices that exist. The power level
which exists inside a resonator can be larger than the power that enters (or leaves) the
resonator.

So, this power-seemingly-from-nowhere is not an exotic phenomenon. It's happening all around
us: inside musical instruments, inside lasers, and inside the klystron in our microwave oven.

And, as | describe in my essay that | linked to, as well as below, this sort of
power-from-seemingly-nowhere is continually happening between every two objects
capable of exchanging thermal radiation; it'’s in no way specific to Earth’s surface and
atmosphere.
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So, believe it or not, there is nothing wrong with the power of radiation emitted by the Earth’s
surface being “more than double the heat the surface receives from the Sun.”

* % %

So why is all this missing heat not mentioned or unaccounted for? IS IT THE MISSING
HEAT THAT THE ALARMISTS CLAIM IS THE "GREENHOUSE EFFECT?" “

There is NO “missing heat not mentioned or unaccounted for.”

It's extremely important to understand that we’re talking about extra POWER, not extra
ENERGY or extra HEAT.

As | said above, power can seemingly appear from nowhere, but energy (and heat) can'’t.

That “extra power” contributes ZERO HEAT, if one understands how the word “heat” is used in
thermodynamics. Heat is NOT the same thing as energy or power.

“‘Heat” is always and only a spontaneous “net” flow of energy from one place to another.

When “extra power” appears, it's always because energy and power are traveling in a closed
loop. When energy and power are moving in a closed loop, they contribute zero net energy flow
from one place to another. There is no “heat” flow involved.

What the seeming “extra” power actually does is reduce the flow of radiative heat

Let’'s examine a version of the Earth’s energy balance (EEB) diagram which shows radiation
heat flows instead of radiation energy flows. Shown below is an older NASA version of EEB,
divided up into atmospheric heat flow (Figure 3a) and surface heat flow (Figure 3b). This is
exactly equivalent to the more familiar energy flow version (Figure 4), except that it's divided into
two parts and shows radiative heat flows instead of radiation fluxes. (The units are in percent of
Total Solar Insolation.)
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Figure 3a. Atmospheric Heat Flows (as percent of 340 W/m?)
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Figure 3b. Surface Heat Flows (as percent of 340 W/m?)
When you look at a heat flow diagram, instead of an energy flow diagram, you’ll see that the
amount of heat that leaves the Earth’s surface (47 units) is marginally less than the sunlight

absorbed by the surface (48 units), not more.

Suddenly, there’s no longer any question about whether energy is being properly conserved or
not.

Below, in Figure 4, is the equivalent energy flow diagram.
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Figure 4. Surface and Atmosphere Energy flows (as percent of 340 W/m?)
How are the different diagrams equivalent?

In the energy flow diagram, 117 units of radiation are emitted by the surface, and 100 units
return to the surface. The difference between these is 17 units, and that's the amount of thermal
radiation “heat” flow shown in the heat flow diagram.

I imagine that TC saw the large values corresponding to “surface radiation” and “back radiation”
and assumed this represented a violation of energy conservation. But, it doesn’t. To track
energy conservation (and heat flow), one needs to subtract those two numbers from one
another. When you do that, any imagined failure of energy conservation is shown to have been
mistaken. It might still seem peculiar, and if you think that, | do encourage you to check out my
essay on how power can seemingly “just appear.”

* % %

That 17 units of thermal radiation cooling from the surface is much smaller than the rate of
radiative cooling (117 units) that would be present (because of the Stefan-Boltzamann Law) if
there weren’t that weird (but real) business with power going in a loop happening.
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The Greenhouse Effect is a phenomenon that reduces the efficiency of radiative heat transfer
away from the Earth’s surface. (More surface emissions are needed to get the same radiant
heat out to space.) This reduction in cooling efficiency (i.e., increase in thermal resistance) leads
to the surface getting warmer, as a way of getting rid of enough heat.

That’'s what the Greenhouse Effect is really all about.

* % %

“But the Energy Budget also shows a heat source called the "Greenhouse effect of
340.3" W reinjected from the atmosphere to the surface shown inside the dark red
collective in Figure-1 [ the NASA EEB diagram]. This 340.3 is suspiciously close to the
NASA inferred number of 326.6 W (163.3 x 2.) So, what is the source and composition of
this mysterious 340.3 W?”

340.3 might be close to 326.6, but that really is just a coincidence. (TC’s 326.6 number arose
from a misinterpretation of the paper on radioactive decay in the Earth’s core, so it's not even a
number that anyone else would be interested in.)

As far as | can tell, in the EEB diagram that TC is talking about, the 340.3 W/m?2 number is not
labeled “Greenhouse effect”; it's labeled “back radiation.” The label “Greenhouse gases”
appears in the diagram as where that “back radiation” originates from. Aside from the question
of whether the diagram is labeled the way TC says it is, he’s not entirely wrong in that it's
possible some people might refer to back radiation as the “Greenhouse Effect.”

There is really nothing particularly “mysterious” about this quantity. It's part of the way that all
“radiation heat transfer” always works, and has been understood to work for more than a
century.

Take a look at the standard formula for the rate of radiation heat transfer from Object 1 to Object
2:

dQ/dt= (f-o-A T)- (fo A T

In this formula, dQ/dt is the rate of heat transfer, T: and T. are the temperatures of Object 1 and
Object 2, respectively, o is the Stefan-Boltzmann constant, A is the surface area of the first object,
and f is a dimensionless “radiation configure factor” with a value between 0 and 1.

What this formula says is that, to calculate the radiation heat transfer between two objects, you
calculate the amount of “forward radiation” emitted by Object 1 and absorbed by Object 2, and you

subtract from this the amount of “back radiation” emitted by Object 2 and absorbed by Object 1.

All radiation heat transfer involves radiation flowing in two directions. “Heat flow” is the result of
subtracting the power flowing in one direction from the power flowing in the other direction.

40


https://en.wikipedia.org/wiki/Thermal_resistance
https://en.wikipedia.org/wiki/Earth%27s_energy_budget#/media/File:The-NASA-Earth's-Energy-Budget-Poster-Radiant-Energy-System-satellite-infrared-radiation-fluxes.jpg
https://engineeringlibrary.org/reference/radiant-heat-transfer-doe-handbook

Response to TC’s “Revised, Why can’t COZ2 and Greenhouse effects cause global Warming?”

That is what is depicted in the diagrams of Earth’s energy balance. The part of the diagram that
concerns TC simply depicts radiation heat transfer between the Earth’s surface and the atmosphere.

The way that the energy diagram looks (with thermal radiation going in both directions) has

nothing to do with greenhouse gasses being “magic.” Every diagram of radiation heat
transfer between any type of matter (be it solid, liquid or gas) looks like that.

“The truth is, it's the battleground for the CO2/greenhouse effect debate.”
Not really.

Among scientists who know anything about thermodynamics, there is no issue at all, with regard to
the existence of “back radiation” more powerful than the sunlight absorbed by the surface.

It's not even an issue among all climate skeptics.

There are two tiers of climate skeptics: those who have a reasonable degree of understanding of the
relevant science, and those who are from unrelated fields or are struggling to make sense of it all.

This issue is a central rallying point for people in the latter group.
But, among the former category of climate skeptic, those who are scientifically well-educated, more

often than not they fully accept the reality of the Greenhouse Effect. They are more likely to focus
their skepticism on debating the magnitude of human-caused climate change.

I-E: How is the Surface/Atmosphere Cooled?

I-E1: Cooling details

TC for some reasons assumes that climate scientists don’t take into account phenomena that
are familiar to almost everyone.

(p. 6) “at the boundary between the surface and atmosphere, there is substantial
conduction heating that NASA does not address, nor factors in the cooling effect of
winds”

These effects are accounted for in all serious climate models. They are an aspect of what
scientists call “sensible heat transfer.” In informal diagrams for the public, all “sensible heat
transfer” is lumped together and summarized using a familiar-seeming label like “thermals” or
“convection” so as to not bog people down with details.
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(p. 7) “Thermals are the heat from the warm surface warming the air above it, forming a
warm rising air column up to the cooler and less dense air. It makes a hot air balloon rise
and causes smoke to go up a chimney. Does NASA show where this heat goes, or how it
ever exits the planet? THE ANSWER IS NO!”

This is nonsense. NASA shows exactly where the heat goes.

The diagrams (Figures 3 and 4 above) show that the same amount of heat that enters the

atmosphere leaves it via outgoing heat radiation emitted to space.

What enters the atmosphere is 25 units from latent heat transport, 23 units from
sunlight absorbed in the atmosphere, 5 units from “convection” (i.e., “thermals”), 5
units from radiation heat transfer to the atmosphere, for a total of 58 units absorbed.
What leaves the atmosphere is 59 units as thermal radiation emitted to space from the
atmosphere. (The difference between 58 and 59 is a rounding error.)

So, TC has created a mystery where none exists.

I-E2: Opposite of a Greenhouse

(p. 6) “THE EARTH'S ATMOSPHERE IS THE OPPOSITE OF A GREENHOUSE, where the roof
and walls function to block this warm air from rising.”

There are ways that the Earth’s atmosphere is like a greenhouse, and ways that it isn’t. It's a
metaphor, not an exact match.

The way that a greenhouse and the Earth’s atmosphere are similar is that:

In both a greenhouse and the Earth’s atmosphere, there is a mechanism that reduces
the efficiency of heat loss.

In a greenhouse, the walls and window block heat loss through convection, reducing the
efficiency of heat loss.

In the atmosphere, greenhouse gasses and clouds reduce heat loss from thermal
radiation, reducing the overall efficiency of heat loss.
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I-E3: Colder air above cannot ever warm the earth's warmer surface

"The colder air above cannot ever warm the earth's warmer surface with physical heat.
And it is the same with radiation photons. Radiation photons will only travel from a
higher energy state to a lower energy state and ultimately to space.”

I’'m guessing that, when TC refers to “physical heat,” he is talking about “sensible heat” and
“latent heat.” He's right that these forms of heat can’t cause heat from the “colder air above” to
“warm the Earth’s warmer surface.” And, neither can radiation heat transfer.

However, TC is wrong when he writes “Radiation photons will only travel from a higher energy
state to a lower energy state and ultimately to space.”

The problem is that TC is failing to distinguish between the flow of radiation or radiation energy,
and the flow of radiative heat.

As | mentioned previously, as the formula for radiation heat transfer tells us, thermal radiation
always flows in both directions, though radiative heat (the net power when one flow is
subtracted from the other) only flows in one direction, from warm to cool.

So, contrary to what TC says, thermal radiation photons can and will travel from the cooler air
above to the Earth’s warmer surface. It’s just that there will always be more thermal radiation
flowing in the opposite direction (from the Earth’s surface upward), so that the flow of thermal
radiation net energy (i.e., radiant heat) is upward.

|-E4: More complaints about back radiation and too many emissions from
the surface

(p. 6) “THE MANUFACTURED NUMBER OF 340.3 W, cannot be SENSIBLY EXPLAINED by
the laws of physics, thermodynamics, nor reconciled with the 163.3 W of solar input into
the surface. Moreover, this 340.3 W cannot be reconciled with the measured incoming
net solar irradiance of 340.4 W, nor the 239.9 W of measured outgoing radiation from
the atmosphere to space. Therefore, this 340.3 W must be scientifically and
guantitatively challenged.”
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It’s ironic: the only people who complain that these things “can’t be explained by the laws of
physics or thermodynamics” are those who have never bothered to look at how physics and
thermodynamics explain these things.

Ill again cite the well-establish formula for the rate of radiation heat transfer from Object 1 to
Object 2:

dQ/dt= (f-o A T#) - (f-o A T2
This formula includes a “forward radiation” term and a “back radiation” term.

Both terms are allowed to be individually arbitrarily large, as long as their difference, the total
heat transfer rate, dQ/dt, is small enough to conserve energy.

In the case of radiation heat transfer between the Earth’s surface and the atmosphere, both the
forward radiation term (emitted by the Earth’s surface) and the back radiation term (emitted by
the atmosphere) are allowed to be larger than the power of the sunlight absorbed by the
surface.

It’s only the difference of these two terms that is required to be no larger than the power of
absorbed sunlight.

So, that which “can’t be explained by physics or thermodynamics” is readily explained by a
standard thermodynamic formula which has been successfully used for over a century.

I-F: How is the Atmosphere Cooled?

I-F1: Latent heat and precipitation

(p. 7) “The Latent heat of condensation loses a part of its heat, but [the earth’s energy
balance diagram] does not address this. So, what is the latent heat of condensation?
When water vapor condenses in the atmosphere, most of its heat is lost in complex
ways. First, some of this heat is radiated to space. Secondly, the condensed water vapor
takes several forms... rain or ice, or snow. Then, as these products fall towards the
surface, the atmosphere loses some additional heat by conduction as they interact with
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the atmospheric gasses. And finally, when these condensed products reach the surface,
they also cool the surface.”

There isn’t any major problem with what TC writes here, just some fine points to be clarified.
The only erroneous claim is that the Earth’s energy balance diagram doesn’t address these
issues.

There are two issues raised in TC’s comment:
e what happens to the latent heat of condensation?
e thermal energy transport via precipitation

The answer to the first question is easy: all the latent heat of condensation eventually is
radiated to space (though it first warms colder parts of the atmosphere). Thermodynamically,
there is no other possibility since heat flows always and only from warmer to cooler.

The diagram of Earth’s energy balance does address this, although it is clearest in the heat flow
diagram (Figure 3a above) rather than the energy flow version of the diagram (Figure 4). It
shows that all heat leaving the atmosphere leaves as thermal radiation to space.

* k 3k

The case of falling precipitation is interesting, since it involves a flow of something from the cool
atmosphere to the warm surface.

® Because precipitation cools the surface, it is actually part of a heat flow away from the
surface. Oddly, heat (as a mathematical abstraction) flows upward, in the opposite of the
downward direction in which precipitation (the physical embodiment of the heat flow)
travels.

e In that way, the fall of cool precipitation is entirely analogous to the way that convection
brings cool air back to the surface to cool it, before the air warms and rises again. (The
number given for “convection” or “thermals” in an energy budget diagram includes the
heat transport from the air flows in both the upward and downward directions.)

Falling condensation does cool both the atmosphere and the surface, as TC describes.

However, the amount of cooling provided is not large enough to make surface cooling by
precipitation a major factor in Earth’s energy budget. A college lecture on climatology lists

cooling by precipitation as a known “minor term” in the global energy budget, which is a small
factor overall.
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INTERIM CONCLUSION

TC summarizes his concerns from above. I'll summarize some of the responses.

IC1: Missing heat sources

(p,7) “How much heat is missing from the Earth's Energy Budget from human-activities,
nature activities, chemical reactions, and especially the earth's nuclear furnace?”

The effects of human energy release and radioactive decay inside the Earth are both known to
be negligibly small. I’'m not sure what chemical reactions TC imagines might alter the energetic
balance. Photosynthesis and the metabolism and decay of biomass are certain to almost
entirely cancel out to result in little if any net energetic effect.

“What is the source and accuracy of the 340.3 W of reinjection heat inside the red
collective?”

Back radiation is a normal, mandatory feature of all radiation heat flow from warmer matter to
cooler matter.

IC2: Atmospheric cooling rate needed

“What is the atmospheric cooling rate needed to turn the warmed-up gasses' thermal
heat, especially in the Nitrogen, Oxygen, to longwave IR radiation and sent to space?”

This is an ill-formed question that seems to be based on a misunderstanding of
thermodynamics.

One nuance is that it makes no sense to think about warming or cooling of the individual
molecular species that make up air. Temperature is a characteristic of air as a whole, not

something associated with any constituent gas as if it was somehow thermally separate.

Taking that into account, the question seems to read “What is the atmospheric cooling rate
needed to turn the warmed-up air’s thermal heat to longwave IR radiation and sent to space?”
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There is no “atmospheric cooling rate” needed for this to happen. Air at a finite temperature
(like all matter at a finite temperature) always emits thermal radiation at a rate proportional to
o -T* when T is its temperature. If cooling isn’t fast enough to keep up with warming, then the
air temperature increases, and the rate of thermal radiation emission increases correspondingly.

“We also need to know what lag time is required for variations due to clouds, water
vapors, aerosols, and circulation patterns?”

| can’t make sense of what TC means by “lag time”, or why that would be important. I'm
guessing that some misconception about thermodynamics is implicit in this question.

IC3: Oceans and currents

“The oceans have an enormous capacity to store heat and exchange it with the
atmosphere. So then, how do the oceans absorb the excess heat of the sun and
atmosphere during a warming cycle, and how does it release it to the atmosphere
during a cooling cycle?”

There is nothing difficult or mysterious about this. At any given point in time, the Earth’s energy
flows will be in balance, or there will be an excess of energy coming in, or an excess of power
leaving. In these cases, respectively, the ocean temperatures will remain the same, or get
warmer, or cool. The sea-water warming and cooling processes can take centuries to millennia.

The role of the oceans as a thermal reservoir is well-known and accounted for in all climate
models.

“Why does the Earth's Energy Budget remain silent on the atmospheric warming effects
of the Pacific Ocean's El Nino's or the Atlantic Meridional Overturning Circulation
(AMOC) current system that may be even more significant than the El Ninos?”

The Earth’s Energy Budget is just a single diagram, and it isn’t meant to address all of climate
science.

It’s a diagram that deals in long-term time averages. El Nino and AMOC create periodic transient

effects on Earth’s climate. Any calculations that deal in long term averages simply averages over
these transients, allowing the transients to affect the numbers in subtle non-obvious ways.
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IC4: Physics, mathematics, thermodynamics

“The greenhouse effect is not scientifically explainable in terms of physics, mathematics,
or thermodynamics. But if this alleged GHE is ever scientifically verified, it might only
contribute a tiny fraction of the missing heat.”

The greenhouse effect is completely explainable in terms of physics, mathematics, and
thermodynamics—to anyone who is willing to learn the actual principles involved and follow
the mathematics. (Understanding the formula for radiation heat transfer between two objects
would be a good start, since that’s exactly what’s happening between the surface and the
atmosphere.)

It’s only a mystery to those who have a distorted understanding of the thermodynamic
principles and are unable or unwilling to follow the mathematics.

IC5: Sunspots and albedo

“Direct causation has scientifically validated the number of sunspots and the 11-years
solar cycle that causes an increase or decrease in cosmic ray flux, which will
increase/decrease the atmospheric albedo by several percent. Yet, why does NASA fix the
albedo at a static 30% and let it remain a major unknown?”

TC doesn’t seem to offer a reference for this, so it’s hard to be sure exactly what data he is
referring to. However, typically this argument asserts that increased solar activity leads to a
stronger solar wind, which reduces the number of galactic cosmic rays (GCRs) reaching earth,
which stimulates fewer clouds to form, which reduces the Earth’s albedo.

This is an interesting hypothesis, but at least one study, Laut (2003), has demonstrated it to be
false. The rate of GCRs is directly measurable. For a while, it looked like GCRs and clouds might
be correlated, but the apparent correlation disappeared.

Climate scientists don’t fix the albedo at a static 30%. Variations in albedo (“albedo feedback”) is
an important aspect of mainstream climate models.

However, the Earth’s Energy Budget diagram is just a simple tool, involving time averages, and it
is not intended to convey all of climate science.
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IC6: Terms and concepts

“The term and concept of "Radiative Forcing" or "greenhouse effect" do not exist in any
physics, chemistry, or thermodynamics studies. Instead, these terms appear uniquely
used and aligned only in the alleged and self-defining field of "climate change." This is
not science, but science deception.”

This is like complaining that the “term and concept of black holes does not exist outside of
cosmology” or the “term and concept of endothermic reaction does not exist outside of
chemistry.”

Every technical field has unique concepts and terminology that are helpful for work in that
specific context. Why would TC expect climate science to be any different?

IC7: Role of gravity in warming

“What role does gravity have in warming the atmosphere? Is it an addition to the
greenhouse effect, an alternate to the greenhouse effect, or a combination?”

Pretty definitely, gravity has no role in warming the atmosphere. Every proposal I've seen
claiming that gravity can explain planetary temperatures violates fundamental thermodynamic
principles.

Regarding the work of Nikolov & Zeller:

e Even Douglas Cotton, who advocates Loschmidt's theory, argues that N&Z misinterpret
the results of the Ideal Gas Law (IGL) confusing cause and effect, and in general mistake
correlation for causation.

e |'ve extensively investigated the work of Nikov & Zeller on this topic, and written a
thorough critigue explaining the very serious flaws in that work.

LT also references “Josef Loschmidt's Gravito-Thermal Effect.” This theory from 1876 claims that,
in thermodynamic equilibrium, an atmosphere will be cooler at the top and warmer at the
bottom, even without convection. In other words, it claims the atmospheric lapse rate is caused
by gravity, not convection. A lapse rate consistent with the lapse rate in Earth’s troposphere is
predicted (more or less).
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Loschmidt's theory is on shaky ground:
® A more modern thermodynamic analysis from Richard Tolman (1930) concluded that
General Relativity does predict a lapse rate induced by gravity alone, but the
gravitational lapse rate is extraordinarily small. In particular, the lapse rate is predicted to
be about 1e-13/km or 3e-11 K/km. In other words, the effect amounts to only 30
trillionths of a degree per kilometer of change in altitude.

However, even if Loschmidt's theory was entirely correct, that wouldn't help with explaining
Earth’s temperature:

e The lapse rate only says that an atmosphere’s temperature profile will have a form like T
=To-I'-zwhere T is temperature, z is altitude, and I' is the lapse rate. Even if the
controversial claim that gravity alone determines the lapse rate I" was true, this wouldn’t
seem to in any way dictate the value of To. Thus it wouldn’t tell us anything about the
absolute temperature.

There are simple, rigorous (somewhat mathematical) thermodynamic arguments which

establish that, unless the known laws of physics are fundamentally wrong, a planetary
temperature as high as what Earth is experiencing absolutely could not exist (given Earth’s
current albedo and emissivity) in the absence of substances in the atmosphere that absorb or
reflect thermal radiation. In other words, the math and basic physics say the greenhouse effect
must be a significant part of the explanation of Earth’s temperature. | see no potential loopholes
in that verdict.

Part Il, arguments against CO2 caused global
warming

[1-1. Common sense items

When | see an argument labeled as “common sense”, | know there is likely nonsense ahead.
There is a good reason why appealing to “common sense” is known as both a psychological
fallacy and a logical fallacy.

Modern science is what has remained after immense amounts of incorrect “common sense” has

been proven to be wrong. Very little modern scientific knowledge aligns with naive “common
sense.”
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Are quantum mechanics or General Relativity aligned with “common sense”? Is it common
sense that by adding energy to a machine that converts that energy to heat, things can be made
colder (as happens in refrigeration)? Is it “common sense” that by introducing patterns of trace
elements into a crystal of silicon one can creating seemingly magical devices (integrated
circuits) that form the basis of most modern technology?

lI-1a. A small amount of something cannot heat a large amount of anything

(P. 8) “A SMALL AMOUNT OF SOMETHING CAN NOT HEAT A LARGE AMOUNT OF
ANYTHING without extreme differences in temperature, which cannot and do not exist
in the atmosphere.”

This argument reflects a serious lack of imagination.

Here is an example. Suppose we have in a vacuum (a) a 1 m? flat electric warming pad
thermostatically controlled to stay at 20°C, and separated from that pad by 1 mm of vacuum
there is (b) a 1 m? by 2.5 m thick slab of aluminum initially at 0°C. Then we add a 1 mm thick
layer of copper to fill the gap between the warming pad and the iron slab.

There is 2500 times as much aluminum as copper.

With the vacuum gap, only radiative heat transfer is available. The initial rate of heat transfer
will be 103 W.

With the copper filling the gap, conduction is the heat transfer mechanism, and copper has a
thermal conductivity of 385 W/m - K. The initial rate of heat transfer through the copper will be
7,700,000 W (if the warming pad is capable of keeping up with that). That’s about 75,000 times
larger than the heat flow when the gap was present.

Adding 0.04% copper by volume increased heat flow by a factor of 75,000, when the copper
was positioned so as to mediate heat flow into an aluminum block.

This is quite analogous to the role of CO, in warming air, in its role of mediating radiative heat

transfer. Greenhouse gasses acts to “fill the gap” between a source of radiant heat and the air
that would otherwise be unable to receive that radiant heat.
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TC is offered only verbal logic so vague that it’s impossible to confirm or falsify his statement.
Actual math shows that 0.04% of something can make an enormous difference to heat
transport with solids. The math yields analogous results with gasses.

[I-1b. Ratio of molecules

For every single molecule of a greenhouse gas and water vapor, there are about 1,400
molecules of other non-greenhouse/water vapor gasses.

That’s not a realistic number. It assumes the absolute minimum amount of water vapor found
anywhere on Earth. Water vapor has a global average concentration of around 0.25% of air by
mass, equivalent to 0.4% by volume. Even if other greenhouse gasses only made up 0.05% by
volume, that would still be an average GHG concentration of 0.45%. That’s about 220
molecules of IR-non-absorbing molecules for every 1 IR-absorbing molecule.

lI-1c. Spreading heat from absorbed radiation

“Let us assume that one molecule of CO2 increased its atmospheric temperature by, say,
0.5 C. Even if we could somehow spread that 0.5 C from one molecule over the other
1,400 molecules and get an average atmospheric temperature increase of these 1,4000
molecules by 0.00036C, a trivial and immeasurable increase?”

As mentioned earlier, each molecule experiences up to 7 billion collisions per second. That
means it takes any given molecule 0.2 microseconds to collide with 1,400 other molecules. So,

spreading heat from one molecule to 1,400 other molecules doesn’t present the slightest
difficulty.

As for 0.00036°C being “trivial and immeasurable”, what’s to stop this from happening 1,400
times, resulting in a 0.5°C increase for all the molecules? There is absolutely nothing to prevent
this. And, given how fast things can happen among molecules, that could potentially happen
rather quickly.

None of this is the way anyone knowledgeable would analyze the heating of air. Anyone familiar
with the subject would just say: What’s the net rate, P, at which thermal radiation is absorbed
by air (given a particular GHG concentration), and what’s the thermal capacity, C, of air? Then,
we know that the temperature of the air will increase at a rate dT/dt = P/C. It’s that simple. TC is
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obsessing about details that anyone familiar with the subject would know make no practical
difference.

(As an aside, it’s worrying that TC seems to use temperature and heat as interchangeable
concepts, which they are not. Failing to understand that leads to wrong answers. In this case, it
would actually turn out that if you warmed CO, molecules by 0.5°C, let the heat spread out
through the air, then repeated this 1400 times, the air would only be warmed by 0.4°C. That’s
because the heat capacity of CO, is 20% smaller than the heat capacity of air. Heat capacity
comes into play when one converts between temperature and heat.)

lI-1d. Radiating heat to space

“Then almost immediately, all those 1,400 molecules would radiate that spread heat to
space, ending the threat of CO2 global warming concerns.”

That’s not the way thermal radiation works.

1. First of all, the molecules of the primary gasses in air (nitrogen and oxygen) find it nearly
impossible to emit thermal radiation. (This is because these diatomic molecules are
completely symmetric, with no asymmetry in their electrical charge distribution. They
are “nonpolar” molecules. This makes it almost impossible for the electromagnetic field
to interact with the molecules.)

2. Also, by Kirchoff’s radiation law, the ability of any material to emit radiation (its
emissivity) is equal to its ability to absorb radiation (its absorptivity). So, it makes no
sense whatsoever to imagine that only water vapor and CO, molecules can absorb
thermal radiation, but all gas molecules can emit it.

3. If one parcel of air had a high ability to emit (and absorb) thermal radiation, the nearby
parcels of air would have a similar high ability. So, instead of the air suddenly radiating
away all its heat, it would mostly just swap radiative energy with the neighboring parcels
of air.

TCis indulging in sloppy verbal logic based on no understanding at all of how thermal radiation

works. There is no chance whatsoever that that sort of reasoning is going to lead to correct
answers.
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lI-1e. Heat trapping

“Alarmists tell us that atmospheric CO2 lasts for over a century, giving the uninformed
public the impression that once the CO2 warms up, the heated air lasts for a long time.”

Only extremely uniformed members of the public would think that, since it’'s completely
illogical.

It’s not heat that sticks around for a century. It’s CO, itself.

It’s exactly like saying house insulation lasts for a century, so if | add an extra 10 inches of
insulation to my house, my house will stay warmer in winter (or require less energy for heating)
for the next century.

“Heat cannot be trapped by the atmosphere because these CO2/GHG molecules radiate
away photons in femtoseconds. This means that molecules of these greenhouse gasses
are constantly absorbing and emitting photons continuously. As shown in Figure-9
[which shows all air molecules emitting and only CO, absorbing], the GHG molecules
radiate away from the absorbed energy almost immediately after it's absorbed, so there
is no heat retention.”

TC is debunking a straw-man version of “heat retention.” He seems to have no idea what that
phrase is actually intended to mean.

To say that something causes heat to be “retained” or trapped doesn’t literally mean that
energy can’t go anywhere. What it means is that the heat transfer required for cooling becomes
less efficient.

What does it mean for heat transfer to be less efficient? It means that, for a given temperature
differential (between the heat source and the heat sink), the rate of heat flow is decreased. Or,
to achieve a given rate of heat flow, a larger temperature differential is required.

This is exactly the same sense in which house insulation “traps heat” inside a house. Adding
insulation increases the R-value, which increases the thermal resistance, which means either

reduced heat flow for the same temperature difference, or a greater temperature difference for
the same heat flow.

Greenhouse gasses have an analogous effect, but with respect to radiative heat transfer.
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* %k %

As for the claim that CO, and GHG molecules in general radiate away photons within
femtoseconds, that’s fictitious nonsense. How do | know? The CO, 15-micron absorption
wavelength corresponds to a frequency of 20 THz, i.e., one cycle every 50 femtoseconds.
Quantum transitions simply don’t ever have emission timescales (natural lifetimes) nearly as
small as their cycle times. Thus, the actual emission timescale must be much larger than that. In
the case of the CO;, 15-micron emission line, the “natural lifetime” for emission is around 1
second (See Harde (2013), just after Eq. 37).

lI-1f. Heinz Hug: Effect of increasing CO: concentration

TC goes to some effort to explain why increasing the concentration of CO; in the air couldn’t
make any difference to thermal radiation propagation through the atmosphere.

TC talks about saturation near the center of the CO, 15-micron absorption band, correctly
reporting that most radiation at these wavelengths gets absorbed after traveling a short
distance. At these wavelengths, increasing CO, concentrations doesn’t change thermal radiation
propagation (except in the upper atmosphere).

He also correctly acknowledges that there are wavelengths on the “shoulders” of the absorption
band where absorption is much less, so that increasing CO, concentration does make a
difference.

But then TC slides into vague, unfounded assertions that focusing on the shoulders “would not
stand up to criticism, as we see by the saturation heights of the shoulder frequencies.” | have
personal expertise on electromagnetic radiation, and | have no idea what TC thinks should be
self-evident by looking at the saturation heights of the shoulder frequencies.

TC seems to be parroting the words of another blog post by Gary Novak. However, although
Gary goes into slightly more detail, much of his explanation remains incoherent, seemingly
based on vague false assumptions about how things work.

So, | went down another layer, to an analysis by Heinz Hug. Hug is competent enough that it’s

actually clear what he’s saying. And that clarity makes it possible to understand where his
analysis went seriously wrong.
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The biggest problem is this: in the GHE the emission effects of CO, are at least as important as
the absorption effects, and Heinz Hug only analyzed the absorption effects.

An absorption analysis to some degree addresses changes in the transmission of thermal
radiation emitted by the surface. But, it completely fails to address changes in the “effective
emission height” of thermal radiation emitted within the atmosphere. More sophisticated
analyses than the one that Hug did reveal this effect to be one of the primary mechanisms by
which changes in CO, concentration change the thermal radiation characteristics of the
atmosphere. Thus, Hug ignored a critical aspect of the radiative response to changing CO,
concentration.

The other major issue that Hug failed to take into account is that most thermal radiation doesn’t
travel straight up. It travels at all sorts of angles. At different angles, radiation sees the
atmosphere as having different thicknesses. So, if at one wavelength the saturation depth is too
short or long for a concentration change to make a difference, there will be another angle that
is just right for concentration to make a difference in what happens. And, at directions of travel
far from vertical, even wavelengths with very small absorption coefficients can emit strongly. If
you don’t consider all the different angles for thermal radiation, you'll get an answer that has
nothing to do with what occurs in the real world. Hug failed to take any of that into account.

You don’t get to “falsify” a theory by ignoring key ingredients in how the theory functions.
That’s what Hug did.

lI-2. A real greenhouse versus the greenhouse effect.

TC revisits the difference between a greenhouse, which restricts cooling by blocking convection,
and the atmospheric greenhouse effect, which restricts cooling by reducing radiation heat
transfer from the surface to space.

This time, TC again seems to want to resort to the fallacy of Argument from Incredulity. He
mentions that the Earth’s Energy Budget shows:

(p. 9) “Thermals of 18.4 W, Latent 86.4 W rising, and radiation escaping to space, which
they call the "Atmospheric Window" of 40.1 W. What they would have us believe is the
notion that greenhouse gasses that make up about 0.05% of the atmosphere, are
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powerful enough to act as a barrier roof/enclosure walls for the earth's atmosphere and
surface.”

Yep, | would have you believe that, because it is observably true, in the sense that those gasses
measurably act as a “barrier” in that they restrict heat flow to space.

(Though, the 0.05% figure mistakenly only includes persistent greenhouse gasses, omitting
water vapor. Water vapor has a global average concentration of around 0.25% of air by mass,

equivalent to 0.4% by volume; so in practice, air is on average 0.45% GHGs.)

As I've mentioned, from a heat flow perspective, the surface emits 58 W/m? of radiant heat
from the surface. Evaporation sends 86 W/m? units of latent heat upward, while
thermals/convection send 18 W/m? upward.

However, what would happen if you could magically and instantaneously remove the GHGs
from the atmosphere?

The surface, at a temperature of 289 K (16°C/61°F) would continue radiating 398 W/m?. But, in
the absence of GHGs, there would be no absorption in the atmosphere, and that would be the
actual radiation heat flux reaching space. The Earth’s surface would suddenly be losing heat at
an initial net rate of 340 W/m? (until eventually latent heat transport and convective cooling
shut down, reducing the net cooling rate to “merely” 158 W/m?). The temperature would start
falling very fast.

* ¥ %

| get that my argument is based on premises (like the Stefan-Boltzmann constant being valid)
which TC might not accept.

But, maybe this will become more convincing if we take a look at the measured spectrum of

thermal radiation reaching space. Below is actual spectral data as measured by a high-altitude
balloon.
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Figure 5. Measured spectrum of Earth’s thermal radiation emissions to space

The dark ragged curve with blue underneath shows the measured intensity of outbound
thermal radiation.

The upper dotted line labeled “320 K” reflects the spectrum of radiation expected to be emitted
by the Earth’s surface. (The indicated surface temperature is higher than Earth’s average,
because of the particular location where the data was taken.)

Note that the x-axis is “wavenumber”, which is just frequency divided by the speed of light.

Blogger Gary Novak claims that the value people are using for the Stephan-Boltzmann constant
is 40 times too large. What would happen to the chart if Gary was right? The top curve would
have to drop 40 times lower. But, that would be a problem: it would mean that at most
frequencies the measured thermal radiation coming out of the atmosphere would be much
higher than the amount of thermal radiation being emitted by the surface. That’s impossible.

So, decreasing the Stefan-Boltzmann constant is ruled out by the measured data.

* %k k

Where does that leave us? It goes back to my original argument being valid: magically removing
all the GHGs would instantaneously lead to the surface cooling at an enormous rate.
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This can be seen by looking at the chart above. Take away the GHGs, and the intensity of
emissions would jump from the dark ragged curve to the top dotted line. The area under the
curve represents the rate of cooling. When emissions were at the black level, the surface
temperature was in balance. If emissions to space jump up to the level of the red curve, that
create a massive imbalance, with a huge excess in cooling.

The measurements in that chart offer direct evidence that GHGs have a huge influence on
Earth’s temperature.

lI-3 The Greenhouse Effect theory violates the second law of
thermodynamics.

lI-3a. The second law of thermodynamics has never been violated

(p. 9) “There has never been a case where this fundamental law was broken anywhere in
the universe.”

Agreed. And, there has never been anyone who actually understood the Greenhouse Effect who
thought that the GHE violates the Second Law of Thermodynamics (2nd LoT).

I've written several essays that explain how the GHE doesn’t violate the 2nd LoT and why
people mistakenly think otherwise See:
e Why do some people think the atmospheric Greenhouse Effect violates the Second Law
of Thermodynamics?

e Did Gerlich and Tscheuschner prove there is no atmospheric greenhouse effect?
e What would you say to someone who says “The greenhouse effect can’t be real because

the Second Law of Thermodynamics says something cooler can't raise the temperature

of something warmer”?

Those essays might not be as accessible as I'd ideally like. I’'m still learning how to explain the
GHE in a clear and simple way. | hope to soon have greatly improved explanations available on
climatepuzzle.org.

[1-3b. Heat is not additive
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Response to TC’s “Revised, Why can’t COZ2 and Greenhouse effects cause global Warming?”

“heat is not an additive property. The heat from one 100 F brick cannot be added to the
heat of another 100 F brick to raise its temperature to 200 F”

No, that’s wrong—or perhaps too unclear to be either right or wrong. A correct statement
would be “ You can add heat, but not temperatures.”

TC’s statement is an example of the muddled thinking that comes from sloppy use of technical
terms. In the example that TC offers, there are some thermodynamic quantities that can be
added, and some that can’t be. But, because TC isn’t keeping the terms straight, it’s unclear
what you can add and what you can’t.

Here are the relevant technical terms:

e Thermal energy (Internal energy / Enthalpy) - this is the energy in an object

® Heat - this is the net energy that is spontaneously moving from one object to another as
a result of a temperature difference

e Temperature - this is a measure of the amount of thermal energy per internal “degrees
of freedom” or “energetic mode” within an object

® Heat capacity - is a measure of how much thermal energy it takes to change the
temperature of an object. (this is really a measure of how many internal “degrees of
freedom” or “energetic modes” the object has)

Energy, in the form of thermal energy or heat, is certainly additive. You can add the energy in
two different objects to figure out how much total energy there is in the system. And you can
add the heat that flows into an object to its internal energy, to determine a temperature change
(with the help of the heat capacity).

Temperature is not additive. You can’t add the temperatures of two objects to get a third
temperature which is physically meaningful. That’s what TC’s example illustrates.

Adding heat is routinely done, in all thermodynamic analysis. Take a look at any text on thermal
analysis.

TC’s comment muddles together the issues of whether you can add heat and whether you can
add temperature.

If you don’t get the technical distinctions right, you’re almost certain to reach false conclusions
about what happens in thermodynamic systems.

60



Response to TC’s “Revised, Why can’t COZ2 and Greenhouse effects cause global Warming?”
lI-3c. As the UN/IPCC proposes

“A body cannot heat itself. So, as the UN/IPCC proposes, the warm earth radiates heat to
the colder greenhouse gasses in the air, then the greenhouse gasses warm, then
somehow amplify this warmth, and then re-radiate it back to earth, and the earth
warms to a higher temperature. That would be the thermal equivalent of a perpetual
motion machine. If it did, the earth would eventually be in a runaway temperature
increase until it melts or vaporizes itself, which is nonsensical. “

That’s not at all what the UN/IPCC proposes. It’s a straw-man misunderstanding of what is
proposed.

There are multiple valid descriptions of how the GHE works, but what TC describes is not one of
them. For different valid descriptions, see the three Quora answers of mine that | listed in
section 3a, above.

[1-4. Infrared radiation cannot break the CO2 molecular bonds.

Having read this section and responded to it, I'm still not sure if TC is saying anything
significant.

It's unclear to me whether TC might be operating under the misconception that absorbed
photons need to lead to the breaking of molecular bonds in order to create heating? This
process is called “photodissociation.” It's only one of many ways that photon absorption can
lead to heating. It's not the way that IR photons heat water vapor or CO,.

With water vapor and CO,, the way it works is this: when an IR photon is absorbed, it starts the
molecule vibrating. That molecular vibration is a form of thermal energy. That thermal energy
can be transferred to another molecule when there is a collision, which happens billions of
times per second.

Here’s what TC says:

“Infrared radiation cannot break the CO2 molecular bonds... that puny IR absorbed
energy [from a 15-micron photon] does not get locked up in those molecular bonds and
then keeps on accumulating additional energy until the bonds finally break to create the
kinetic energy needed to generate the warming atmosphere as done by nitrogen and
oxygen when they absorb the powerful UV radiation.”

That’s true, it doesn’t keep accumulating until the molecular bond breaks. It doesn’t need to.
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Response to TC’s “Revised, Why can’t COZ2 and Greenhouse effects cause global Warming?”

“All molecules, including CO2, constantly vibrate, which causes them to EMIT
RADIATION WITH GREATER ENERGY AS ABSORBING NEW ONES.”

What is being described sometimes happens: multiple photons get absorbed, each with specific
possible different energies, raising a molecule to a higher energetic state, which allows it to emit
a new photon using the sum of the absorbed energies. This is a “multi-photon process”, which is
typically much rarer than single-photon processes.

I’'m not aware of any multi-photon processes that are relevant to water vapor, CO,, and their
thermal radiation.

“That type of radiation is called infrared, black body radiation.”

Infrared radiation and black-body radiation are different things in general. (But, I've probably
already overwhelmed people with details.)

“SO, EVEN WHILE CO2 IS ABSORBING IR RADIATION AT ITS TINY RESONANT
FREQUENCIES, IT IS ALSO EMITTING RADIATION (LOSING ENERGY) JUST AS
FAST AS IT ABSORBS IT”

Whether or not that is true completely depends on the relative temperature of the matter
nearby.
e The above statement is only true if nearby matter (which is also emitting and absorbing
IR radiation) is at the same temperature.
e |[f nearby matter is warmer, CO, will emit photons less often than it absorbs them; it will
warm the air it’s in.
e |f nearby matter is cooler, CO, will emit photons more often than it absorbs them; it will
cool the air it’s in.

It’s just silly to call the resonant frequency “tiny.” A 15-micron wavelength corresponds to a
frequency of 20 trillion Hertz. Does that seem “tiny” to you? If it’s the energy (1.3e-20J) that is
being called “tiny”, then why? Everything on the atomic scale is “tiny” compared to the
macroscope world. That doesn’t mean it can’t have large effects.

Most radiative cooling or heating effects that we’re familiar with rely on photons just as tiny as

what we're talking about here. The size of individual photons is unimportant, given the
enormous numbers of them.
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Response to TC’s “Revised, Why can’t COZ2 and Greenhouse effects cause global Warming?”

[I-5. Radiative energy is not additive.

TC critiques a chart a chart of percent absorption for each of several gasses, and an addition
curve of “total scattering and absorption for all gasses”:

“In Part-1, we discussed how thermal energy (heat) is not additive at the material level.
We cannot take the 80 C heat from one brick and add it to another 100 C brick and raise
its temperature to 180 C. The same principle applies to electromagnetic energy. Let us
look again at Figure-11 [a chart like this with various curves of percent absorption]. We
see that the areas under the curve of the various constituent gasses have been added
together into a summary curve called "Total absorption and scattering." In other words,
which is what the UN/IPCC has done. They have integrated (added) together each
frequency's energy component, which is nonsensical.”

TC apparently thought of something nonsensical someone might have done, assumed they did
it, and then pointed out that what he assumes they did is nonsensical.

But, they didn’t do what TC assumes they did. How can | tell?

e The quantities being added aren’t “electromagnetic energy” (as TC claims), they are
“percent absorption.”

e At many wavelengths, more than one gas has 100% absorption. Yet, for those
wavelengths, the “Total absorption and scattering” curve only has a value of 100%, not
200% as would be the case if the values had been added.

e The correct way of combining curves for percent absorption is as follows: (a) convert
each value from percent absorbed to fraction transmitted (by dividing by 100 and
subtracting from 1), (b) multiplying together the curves for different gasses, and (c)
converting the result from a transmittance back to percent absorbed (by subtracting from
1 and multiplying by 100). Looking at the chart, | see no indication that the authors of the
chart failed to combine the curves in the correct way.

The text following what | quoted above seems rather questionable. But it's moot, given that TC
was wrong about what the creator of the chart did.

lI-6. The historical perspective shows that increased global CO2
does not lead to a temperature increase.

TC offers a chart of temperature and atmospheric CO, levels over the last 400,000 years,
apparently showing CO; levels lagging slightly during fast temperature rises, and lagging a lot
during declines in temperature.
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Response to TC’s “Revised, Why can’t COZ2 and Greenhouse effects cause global Warming?”

(p. 11) “Therefore, we must conclude that, based on the geologic record and the
scientific explanation of water/gas solubility changes with temperature, atmospheric
levels of CO2 depend on and follow atmospheric and ocean temperature and thus do
not cause global warming or global cooling.”

Strangely, TC cites as a source for the chart an analysis which debunks TC’s interpretation of that
chart. That analysis concludes:
e “Overall, about 90% of the global warming occurred after the CO2 increase.”

The idea that ice core samples prove “CO, lags temperature” and that this disproves CO,
causing warming is popular in climate skeptic circles. However, that idea is based on obsolete
incomplete data and some shaky logic.

How is the data obsolete and incomplete?

Ice core data from Antarctica, Greenland and elsewhere relies on measuring the contents of
small trapped bubbles and examining the isotopes of oxygen and hydrogen in the ice.
Atmospheric CO,, temperature, and year are inferred based on complex logic and assumptions
about the physics involved in ice sheet formation.

Since the early ice core work was done, it has been discovered that some of the assumptions
about ice formation physics used in those inferences weren’t quite right. After_correcting for
that in 2013, CO, levels and temperature in Antarctica tracked together much more closely than
had been suggested by prior analysis.

In addition, those studies only looked at temperatures in Antarctica. Shakun (2012) examined

temperature data from all over the world and compared it to ice core data. They found that,
based on global temperature data, temperature typically lagged increases in CO, levels.
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Figure 6. CO,, Antarctic and Global Temperatures (from Shakun 2012)

In the chart, yellow dots are CO;, levels, the red curve is Antarctic temperature, and the blue

curve is global temperature.

This data indicates global temperature lagging atmospheric CO, levels.
k sk sk

How is the logic of skeptics interpreting this issue shaky?

Even if CO, had lagged temperature changes (indications are they mostly didn’t), this would
only have meant that sometimes (even usually) a change in global temperatures is initiated by

something other than CO; (e.g., an increase in insolation) and then CO, released by the oceans

amplifies that temperature change. It wouldn’t mean that, other times, CO, couldn’t be what

initiates a temperature change.

In many systems, influence can and does flow in both directions. Just because A causes B in
some situations, doesn’t mean B can’t cause A in others. For example, people’s bodies usually
get cool after they die; death usually causes cooling. That doesn’t mean that getting cold

(hypothermia) can’t kill you.
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Response to TC’s “Revised, Why can’t COZ2 and Greenhouse effects cause global Warming?”

The other way that the logic of claiming “CO, lags temperature” is shaky, is that the initial
interpretation of the data created a situation in which case it’s hard to find any physics that
could explain the observed temperature changes. Changes in solar insolation couldn’t explain

the observed pattern of temperature changes. Nor could any other explanation scientists
examined.

It’s fine for data to cast doubt on one explanation. But, the ice core data initially seemed to cast
doubt on all explanations consistent with known physics.

So, it was a relief when methodological errors were found which, when taken into account,
allowed some version of the physics to start making sense. It would have been fine if CO, ended
up not being the cause of temperature changes. But, logically, there had to be SOME valid
explanation found.

* k 3k

The bottom line is, no, the historical record does not indicate that CO, can’t cause warming.

[I-7. CO2 radiation absorption Peaks

“Several decades ago, before global warming was a social issue, scientists concluded
that carbon dioxide blocked about 8% of the infrared radiation from going through the
atmosphere”

TC’s source says this “8%” was determined in the 1950s, but doesn’t offer any reference.While
the 1950s might have been before global warming was a social issue, it was also before we had
computers to do complex radiation propagation calculations, and before there were high-altitude
balloon and satellite instruments to measure the actual infrared radiation reaching orbit.
Between a number without any traceable origin and the limitations of the period.

I’'m not sure what to make of the claim. It doesn’t agree with modern numbers, whose origins |
can trace, nor does it agree with what is directly visible from balloon and satellite

measurements.

As | reported earlier, studies have shown that at the least CO, is responsible for around 19% of

the total GHE. And high-altitude balloon measurements (Figure 5) confirm the presence of a

large dip in the emission spectrum caused by CO,, with an area consistent with this number.
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Response to TC’s “Revised, Why can’t COZ2 and Greenhouse effects cause global Warming?”

| want to name that the illustration TC uses in this section is absolutely awful. It purports to
show Earth's Black Body Radiation and CO, absorption lines. It isn’t actually a plot, but a highly
misleading schematic illustration. It has a number of problems:

e The shape of the black-body spectrum isn’t right.

e The peak of the purported black-body spectrum corresponds to a planet with a
temperature of around 100 K / -73°C / -99°F, not one around like Earth’s surface
temperature of around 288 K / 15°C / 59°F.

e The width of the CO; absorption bands is unrealistically narrow, compared to what is
actually seen in the thermal emissions to space (Figure 5).

The inference TC makes, that “the amount of CO2 warming is and will remain trivial,” is
completely unjustified by any valid facts.

[I-8. Even if the human-made CO2 hype is true, its impact is
trivial.

[I-8a. Trivial Impact

“Even if the human-made CO2 hype is true, its impact is trivial. In Table-1, CO2 and the
listed greenhouse gasses must compete with the much more abundant nature-made
water vapor for this limited IR energy. Dr. F Singer estimates HUMAN-MADE CO2 MAY
ACCOUNT FOR ABOUT 0.117% OF THE GREENHOUSE EFFECT.”

Singer may say that, but that doesn’t make him right.

Singer’s number is lower than Hug’s number for doubled CO,. That suggests the possibility that
Singer might have used equally flawed analysis methods.

As | described before, the mainstream assessment is that human-made CO, is responsible for
1.4% of the total Greenhouse Effect (GHE).

Claiming this number is “trivial” once again relies on the Argument from Incredulity logical
fallacy. You can’t know whether a number is “trivial” or not until you actually do the calculations
to see what effects are the end result.
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Response to TC’s “Revised, Why can’t COZ2 and Greenhouse effects cause global Warming?”

“Perhaps this is why the NASA-UN/IPCC Radiative Forcing theory had to invent the
concept of "water vapor amplification." By comparison, nature-made CO2 accounts for
about 3.5% of the GHE, and NATURE MADE WATER VAPOR ACCOUNTS FOR 94.999% OF
THE GREN HOUSE EFFECT.”

As | reported before, credible studies estimate that CO, is responsible for about 19% of the total
GHE. One can confirm that this sort of number is in the right ballpark by examining any chart of
the spectrum of Earth’s thermal emissions to space.

It’s misleading to attribute all climate science to NASA-UN/IPCC. The UN/IPPC create reports on
science; they don’t do the science. You can argue about whether or not their reporting is
biased, but they are not the ones doing the science or inventing concepts. Only a very tiny
fraction of climate research is done by NASA.

Rejecting the idea of “water vapor amplification” just because it doesn’t support one’s preferred
narrative is not a fair or objective way of assessing reality.

The important question about “water vapor amplification” is whether or not this concept is
scientifically valid and has an effect large enough to make a significant difference.

At a math and physics level, the idea that “feedback” can cause one effect to “amplify” another
is well-established. “Amplification” and “feedback” are understood to happen in many areas of
science and technology. So, the idea that such amplification could happen in climate should be a
no-brainer.

The only question is whether or not feedbacks do significantly amplify the effects of persistent
GHGs.

Currently, the scientific evidence suggests that amplification by water vapor and clouds together
roughly doubles the impact of other GHGs.

That assertion might annoy some people. It might seem “implausible” that it could be true.
However, emotional or intuitive reasoning tends to lead to false conclusions. It’s worth it to

carefully examine the scientific evidence before deciding.

[I-8b. Laboratory Experiments
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Response to TC’s “Revised, Why can’t COZ2 and Greenhouse effects cause global Warming?”

“THERE HAS NEVER BEEN DATA derived from laboratory experiments that substantiated
that this CO2 absorption causes warming of any kind.”

Some things require a certain scale to happen in their most recognizable form.
e You can’t demonstrate how a bee flies with a 100 pound flying robot.
e You can’t demonstrate in a laboratory how a star achieves nuclear fusion via
gravitational compression.
e You can’t demonstrate how a hurricane works in a laboratory by using normal air.

Those sort of phenomena are generally demonstrated by doing related experiments, which are
practical to do and which demonstrate key pieces of the phenomenon.

The atmospheric Greenhouse Effect (GHE) requires a full atmosphere for the effect to happen in
its most recognizable form.

There are atmospheric studies like Feldman (2015), which I'll talk more about later, that

demonstrate key aspects of the GHE using the real atmosphere.

There are also laboratory-scale related experiments that demonstrate key pieces of the GHE
phenomenon.

Heinz Hug's experiments confirmed that CO, absorbs 15-micron radiation, and once energy is
absorbed and not re-emitted, energy conservation demands that the absorbed energy turns
into heating. Experimental values for the thermal emissivity of CO, were published in the 1950s,

and are used in the design of things like gas turbines.

The problem is that many climate skeptics misunderstand the GHE so badly that they often
aren’t able to recognize that those laboratory-scale experiments have any relevance to the GHE.

Dr. Roy Spencer is generally regarded as a climate skeptic, but he is clear on the reality of the
GHE. In 2016, Spencer offered an experiment (also described here), suitable for a

laboratory/home setting, which demonstrated that “a Cool Object Can Make a Warm Object
Warmer Still.” At some level it’s equivalent to the type of warming that CO, does in the GHE,

though the experiment uses painted cardboard instead of CO,.
Unfortunately, if you misunderstand how the GHE works, you might think Spencer’s experiment

has nothing to do with the way the GHE works. So, you might not find the experiment
convincing.
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Response to TC’s “Revised, Why can’t COZ2 and Greenhouse effects cause global Warming?”

There is plenty of experimental support for all the aspects of physics that collectively lead to the
GHE.

But, in the absence of shared reality about what the GHE is and how the GHE functions, it’s
unlikely that those skeptical of the GHE will understand how those experiments confirm the
foundations of the GHE.

When | talk to GHE skeptics, they frequency say things like “Where’s the experiment that proves
CO; can to X?” where X is a straw-man misunderstanding of how the GHE works. They think it’s
a “gotcha” that CO, can’t do X, but GHE-proponents never claimed that CO, could.

Scientists are never going to be able to satisfy that sort of request. But the problem is with the
request, not with any lack of scientific evidence.

[I-9. The Stefan-Boltzmann Constant (S-BC) is wrong and wrong
by a lot.

(p. 12) “The Stefan-Boltzmann Constant (S-BC) is wrong and wrong by a lot... the NASA
earth energy budget, shows is about 40 times too much radiation at ambient
temperatures. For example, the S-BC says that matter emits 459 watts/m2 of infrared
radiation at a room temperature of 27°C. That is like saying that A SMALL KITCHEN TABLE
IS EMITTING AS MUCH ENERGY AS FIVE 100-WATT LIGHT BULBS. It tells us that a BLOCK
OF ICE RADIATES 315 W/M?. That equals three 100- Watt light bulbs per cubic meter of
ice, and the Earth's Surface radiates 398.2 W. Nothing like this is happening in the real
world.”

What TC and his source fails to understand is that we aren’t capable of sensing thermal
radiation, but only radiation heat transfer. Radiation heat transfer is the difference between

what is emitted and absorbed.

So, yes, a table emits perhaps 459 W/m?, but it is also absorbing 459 W/m? received from
everything around it. The heat transfer rate is the difference, which is (459-459) = 0 W/m?.
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Response to TC’s “Revised, Why can’t COZ2 and Greenhouse effects cause global Warming?”

At a normal skin temperature of around 35°C and with an emissivity of 0.97, we emit about
511 W/m?. Atypical body surface area might be 2 m2. With the 27°C/81°C environment around
us emitting 459 W/m?, that means our radiative heat loss if naked is around (2 m?)x(511-459

W/m?)=104 Watts. Since our bodies easily produce that much heat, that’s a comfortable rate of
heat loss.

Ice at 0°C emits 315 W/m?2. If a person is trapped naked inside a cavity inside an enormous
block of ice, they would experience a radiative cooling rate of (2 m?)x(511-315 W/m?)=392
Watts. That’s around 300 Watts of excess cooling, relative to a person’s normal internal heating
rate. Someone trapped naked inside a block of ice would surely feel cold.

Is TC seriously telling us numbers like these are crazy, and that “Nothing like this is happening in
the real world”?

Note that the 398 W/m? of thermal radiation power emitted by Earth’s surface and the 340
W/m? emitted downward by the atmosphere, each of which baffle TC because there are much
larger than the power of the Sun, are manifestations of exactly the same phenomenon which
leads to 459 watts/m? being emitted by a table, or 315 watts/m? emitted by a block of ice,
which baffle TC with their seeming to be “too much radiation.”

This bafflement reflects a lack of understanding of the way that thermal radiation and thermal
radiation heat flows work together. Radiative heat flows, which are the difference of the
radiation flows in the two directions, are constrained to less than the power of the Sun (in the
case of our atmosphere) or at levels congruent with what human experience (in the case of
tables and blocks of ice). But the power of thermal radiation flowing in a particular direction is
an indication of the temperature of the source, and is not dependent on anything else.

As I've said before, the S-BC has been ridiculously well-verified. The problems TC is talking about
are problems that result if one misinterprets the significance of the Stefan-Bolzmann formula.

[I-10. My wine cellar.

“1 built an underground wine cellar adjacent to my basement in my home in
Massachusetts... well insulated, deep underground, accessed from my below-ground
basement, covered by earth and my deck and snow and ice in winter. The cellar was
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Response to TC’s “Revised, Why can’t COZ2 and Greenhouse effects cause global Warming?”

heated and airconditioned to about 70 F year-round... the wine cellar temperature...
was in the mid-50s F and varied by a few degrees warmer in the summer and a few
degrees colder in the winter.... this is ample evidence that heat is conducting up from
the earth's nuclear core to keep the wine room at a constant temperature in the
mid-'50s, year-round, night and day, and the water in the pipes from freezing. And |
submit that this is the heat from the earth's nuclear furnace, which NOAA addressed,
but is unaccounted for in the earth's energy budget.”

| enjoyed the story. Both my parents grew up in Massachusetts.

However, | don’t think the wine cellar is evidence at all of heat from “earth's nuclear furnace,”

let alone “ample evidence.”

1-11.

TC’s source misinterpreted what NOAA said about energy from Earth’s core. TC has been
repeating that misinterpretation. What NOAA reported was 1800 times smaller than
what TC has been asserting. The average geothermal flux is too small (0.09 W/m??) to
keep the wine cellar warm.

| used to spend time exploring caves. In that community, it’s well-known that, typically, a
short distance below the surface, the earth and stone maintains a consistent
temperature close to the area’s annual average temperature. Being underground just
evens out the temperature variations. Mid-50’s as an average annual temperature
sounds roughly in the right ball-park for an average temperature in much of
Massachusetts. (Without knowing more, | don’t know if there might have been any
slight warming from the basement.)

Effect of clouds.

(p. 13) “The current climate models do not consider the effect of clouds because clouds
are not well understood by scientists and are impossible to model. The IPCC admits this
openly.”

This is simply false, at least with respect to the last few reporting cycles. (I haven’t checked the

historical record to see if TC's statement about not considering cloud feedback was ever true.)

IPCC models absolutely consider the effect of clouds, even if cloud modeling continues to be

refined

There has been an enormous amount of modeling work related to clouds. Look at the 2021 IPCC

ARG Physical Science report. Cloud feedback is mentioned on 50 different pages, and is
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extensively addressed (especially in Chapter 7), breaking things down according to seven
categories of clouds. The issue was also addressed in prior IPCC reports. The models indicate
that cloud feedback is the second largest feedback, after water-vapor/lapse-rate feedback.

Part Ill TC's Summary and recommendations.

[1I-A: All the heat sources

1. “The Earth's Energy budget can be used only as a conceptual representation and not
as a quantitative mathematical expression of what is going on in the earth's atmosphere.
It fails to identify all the heat sources for the planet, especially its nuclear furnace and
gravitational induced warming.”

The evidence is that none of those purported additional heat sources are significant.

2. NASA/NOAA must give a detailed clarification on the statements in 2011 that the
earth's nuclear furnace supplies as much heat to the surface as the sun. In addition, it
must provide the data that led them to that conclusion, and if further research is
necessary, then fund it and get it done.

The study authors were not from NASA/NOAA. And, no clarification is needed because what the
original study said was specific: radioactive decay in the Earth’s core is responsible for 20 TW of

heating. The Earth emits 120,000 TW to space. So, 20 TW is insignificant; it is only 0.04 W/m?
when averaged over the surface of the Earth.

[1I-B: Experimental confirmation

TC calls for, among other things:

“Experiments to prove or disprove the radiative forcing theory”

Observations in Eeldman (2015), seems to offer a remarkably direct empirical confirmation of

radiative forcing theory.

They examined seasonal and decade-timespan variations in insolation, water vapor, CO.,

temperature, and downwelling longwave radiation (DLWR), in two very different locations (the
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Southern Great Plains and the North Slope ofAlaska). They analyzed the data to tease apart the
different factors

A core claim of the GHE is that increasing CO: levels leads to increasing levels of DLWR (which

inherently reduces radiative cooling of the surface).

The researchers looked at CO:'s contribution to DLWR flux in two different ways (trend from
2000-2010 , and seasonal variations during each year) and in two different locations, leading two
four different estimates of CO: effect on DLWR.

The four tests yielded compatible estimates for the component of DLWR variation caused by
variations in CO:, and the results were statistically significant. It demonstrated that CO. causes

increased DLWR and provided a direct empirical estimate of the size of the effect.

| see the study of Feldman et al. as providing direct empirical confirmation of a central claim of

radiative forcing theory.
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