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Foreword
Who am I to stick my nose into this discussion? I have, until recently, been teaching
physical science and mathematics in the form of technical seminars for the semiconductor
industry and online courses as a faculty member of SemiZone, a partnership with the
Stanford University Center for Professional Development, all since 1994. My career in
semiconductor manufacturing began in the early ’80s. I worked as a Process Engineer,
Applications Engineer, Materials Scientist, Technical Instructor and Manager. I was a
teaching assistant in graduate school at the University of Denver, Physics Department,
prior to entering semiconductor manufacturing.
I am the author of Demystifying Chipmaking with Michael Heynes and Anne Miller,
Newnes (Elsevier Books), 2005, as well as a dozen technical courses and countless
research and R&D papers and reports over the last thirty years.
I am currently the Chief Technical Officer and a founder of RTE Water, Inc., a maker of
machinery for the cleaning and recovery of industrial wastewater. My patented invention
is called “Staged Rotational Wet Solids Extractor for High Volume Wastewater
Processing”. I am, obviously, very interested in clean technology.
I work in the real world of science and engineering, taking science principles and making
useful devices out of them. Mother Nature rules my life with an iron fist. If I make the
slightest oversight, the proverbial “bridge” that I designed will come crashing down. So I
check myself constantly and get other people to check me, too. It’s a constant Reality
Check, making sure the inventions will work as intended.
Truth be told, it’s not possible to avoid Reality Checks for most workers in the sciences
and engineering. It’s called Peer Review and everything that is published in a proper
journal is checked by at least one person and often by a whole panel of experts. It’s not
perfect, and good science has been rejected at times. But eventually new ideas that are
valid become a part of the body of knowledge used by the mainstream of the community.
What is not supposed to happen is the publication of junk science, work that has not
satisfied the same rigorous standards long ago established by the profession. The reader
may remember the familiar example of Cold Fusion. Two researchers mistakenly thought
that they had discovered a revolutionary energy source but rather than go through the
peer review process and publish their findings in the conventional manner, they went
straight to the media. It turned out that they had made an oversight that peer review
probably would have caught. Their impatience badly damaged their professional
credibility.
People are forever at risk of being persuaded by poorly substantiated arguments. The
overwhelming political and financial pressures pushing the global warming “catastrophe”
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have caused some of the scientific community to forget its skepticism. It is time to pull
out Occam’s Razor and check the scientific validity of these claims.
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Reality Check: CO2
I. Introduction
There are dozens of good reasons to reduce and eventually eliminate the burning of fossil
fuels. The best one is that they are going to run out anyway. It would be crazy to be
caught without a bunch of replacement energy sources when that happens. Then there is
the financing of terrorists that is so closely tied to oil money. Air and water pollution are
ongoing problems, and the list goes on.
Energy and water are major concerns in my home state of California, and we are not
alone. Restoring fisheries to viability closely links to the water and pollution issues.
Proper conservation solutions will take a lot of good scientific work and a lot of money.
Global warming is getting a large amount of attention internationally and has been tied to
carbon dioxide production from burning fossil fuels, the “anthropogenic” or humancaused factor. The new research work is dominated by computer modeling, highly
sophisticated mathematical techniques, often using super-computers. These models are
predicting a variety of negative impacts on the environment if fossil fuel use continues to
grow. Many researchers predict major disasters in the near future.
Is carbon dioxide the villain that it is made out to be? Are the predictions of computer
models reliable? Is the high cost of continuing that high priced research likely to produce
valuable strategies that will benefit the management of Earth’s resources? These
questions will be discussed here.
Support for the disaster hypothesis is found in several high-profile organizations and in
governments around the world. The reader may ask: “How can the UN’s
Intergovernmental Panel on Climate Change (IPCC)1 be wrong?” The same could be
said for the American Association for the Advancement of Science or the Fraunhofer
Institute in Europe or the Union of Concerned Scientists.
What proof is available to convince everyone that a particular issue should be high on the
scientific priorities list? Where should we put our research dollars? There are certainly
many important problems that must be addressed. What is the best way to keep priorities
straight?
Let’s do a Reality Check.

1

www.ipcc.ch
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Reality Check
What is a Reality Check? When a lot of people follow a shared line of reasoning for a
long period of time, the trees can begin to obscure the forest. Stepping back to reexamine
the fundamentals is a great way to see if the original question is still relevant or even the
right one.
Why do a Reality Check? Constant vigilance – and skepticism - are as important today
as ever. Almost all of the money for pure research comes from the federal government.
Congress budgets much of America’s research grant money through the National Science
Foundation (NSF)2. The 2009 award was $6.49 billion. Dividing that sum between all
the researchers at all the universities in the country, covering all the topics imaginable, is
no easy task.
Currently, the climatologists doing computer modeling are awarded over $2 billion
dollars of our tax money annually. That discipline formerly attracted only some few
millions of dollars, so it is important to keep the players honest. Some of that money
undoubtedly comes from the NASA budget and some might also come from military
research dollars but the impact on the research community is still dramatic. Many dollars
are diverted from valuable efforts, ranging from conquering AIDS and cancer to finding
higher temperature superconductors to charting the flow of runoff pollutants that cause
dead zones in the Gulf of Mexico.
Science only moves forward by building upon earlier work. Mistakes and oversights are
injected into the process all the time. The faster the data is cleaned up, so to speak, the
better.
At least as important as the above, there is a very large economic elephant in the room.
The carbon credits legislation moving through Congress right now has serious
implications for our economy, especially when laid on top of the worst recession since
the 1930s that the country is digging itself out of at the moment. Everybody should be
checking the data, the calculations and the conclusions, just to make sure.
How do you do a Reality Check? Asking only the most fundamental questions and using
only established, well accepted facts to answer those questions is the best way to get our
bearings, to plant our feet on the firm footing of known facts so the way forward can be
clarified.

2

www.NSF.gov
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Science calls this process “returning to first principles”. If an argument does not hold
up under the scrutiny of basic principles then it is incorrect.

II. Preliminaries
The Carbon Question
•

Is carbon dioxide (CO2) a significant factor in global warming?

This question will be examined using facts that are readily available to everyone. Many
of the principles will be familiar to readers who have studied high school chemistry or
physics. All the science is taken directly from freshman level college texts and references
that are universally recognized and widely used. The internet has been explored, as well,
but after finding two or three incorrect science write-ups it cannot be recommended as a
primary source of facts without broad cross-referencing.
The Reality Check Strategy
An examination of the basic principles of heat transport within the atmosphere is a great
place to start. The major player in this game is water, which dominates the movement of
heat throughout the troposphere, the lowest layer of the atmosphere and the place where
all the weather happens. The properties of carbon dioxide in the troposphere can then be
compared to those of water and some conclusions may be drawn.
It is also important to look at the Earth’s surface, a place geologists like to call the
lithosphere, to keep a perspective on heat transfer in the environment where living things
exist. At least half of the Sun’s energy heats the surface so a large supply of energy to
heat the lower atmosphere is coming from the surface.
The air is composed of a number of gases. Not all of them play a large role in the
temperature that we experience on the surface of the earth. Just a few do most of the
work. Water is by far the dominant player, doing 70% to 90% of the heat carrying job,
depending on the source of reference, with carbon dioxide in second place3 . Therefore it
is meaningful to see if the effects of water on the temperature of the troposphere can be
influenced to a large degree by carbon dioxide. The upcoming section on “Air” will add
more details.

3

Based upon actual total heat transfer in atmosphere. Methane has a higher heat capacity
but is only 0.3% of the atmospheric concentration of CO2.
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The Methodology Question
•

Is computer modeling a good tool for global warming science?

Computer modeling is used broadly in the sciences today. Computer skills are required
to do most research. Modeling is often the only way to gain insight into processes that
cannot be taken into the laboratory, such as the explosion of a super nova. There are
limitations on its applicability, however, which will be addressed.
III. Get the Science Right
The first rule is to be rigorously correct when describing and using science principles.
Misunderstandings have become common in the global warming discussion and incorrect
information has become common knowledge.
The Greenhouse Effect
Case in point: in an effort to describe what some researchers think is an overheating of
the planet and the atmosphere, comparisons have been made to greenhouses and their
ability to trap infrared radiation, the radiant heat with which everyone is familiar.
Greenhouses are interesting inventions. Common window glass is opaque to infrared
(IR) wavelengths of light so no IR enters the greenhouse. Wait a minute... How can that
be? Isn’t the whole idea to trap the IR inside the greenhouse to keep it warm? Yes, that
is what is referred to as “the greenhouse effect”. But only sunlight of shorter
wavelengths passes through the glass. That energy is what heats up the interior surfaces,
the air and the ground inside the greenhouse, which then give back some of the heat as IR
radiation. That’s where the IR comes from – the inside not the outside.
There are no physical laws or theories that link atmospheric physics with “glass
houses”. The use of the greenhouse analogy is a misnomer, is misleading and is
scientifically incorrect.
It is not acceptable to use an analogy for a physical concept that misleads and
misinforms under the guise of making the ideas more easily understood.
The term “Greenhouse Effect” is an incorrect analogy for the actions of carbon dioxide in
the atmosphere and will not be used in that context for this discussion. The atmosphere
does not act like a greenhouse. The gas molecules in the air predominantly absorb and
re-radiate energy and they also transfer energy through collisions with each other.
Reflections by the clouds is an additional factor but cannot make the atmosphere behave
like a greenhouse, either.
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Plenty of infrared radiation from the Sun reaches the surface of the Earth4, another
invalidation of the greenhouse analogy. In Figure 1 below, the frequencies of light that
come to the earth from the sun are shown. The light spectrum that reaches the surface of
the earth is the line underneath the one representing the total spectrum that the sun emits.
The visible spectrum of light is shown as the large orange hump to the left of the graph
between the wavelengths read on the x-axis between about 469 nanometers (nm) and 858
nm. Everything to the right of that is the infrared (IR) frequency band.
It is interesting to see on this graph the numerous low points where the gaseous H2O and
CO2 in the atmosphere are absorbing those wavelengths of light, reducing the amount of
energy that reaches the earth’s surface to varying degrees.
The IR radiation from the sun is very important to keeping the earth warm, so there is no
problem with it reaching the surface. The main point here is that a real greenhouse does
not admit any IR, so the greenhouse analogy is shown to be incorrect.

Figure 1: Spectrum of light emitted by the sun and that reaching the earth’s
surface 5.

4

CRC Handbook of Chemistry and Physics, 76th Ed., 1995, pg. 14-22

5
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“Heat-trapping gas” is also incorrect as a descriptor of the characteristics of gases in the
atmosphere. Gases do not “trap” energy, they absorb it and emit it. “Absorbing” might
be called “trapping” in some contexts but in this case the term is used to conform to the
greenhouse analogy. The incorrect implication is that trapped heat is not ever released, a
violation of the Second Law of Thermodynamics.
There is no such thing as a “greenhouse gas”. A greenhouse is made of glass, a solid,
which is opaque to infrared radiation. As mentioned above, materials in the gas phase do
not behave that way, as we will see in more detail shortly.

A Note on Greenhouses
R.W. Wood, a favorite historical figure in science, did an interesting experiment
around the year 1910. His experiment showed that the heating of the interior of
greenhouses comes mostly from the confinement of the warm air and moisture
inside the “glass house” rather than trapping the IR. The IR trapping does
contribute, of course, but to a lesser extent than had been believed up to that time.
Another example of sloppy science is found in the Union of Concerned Scientists online
site. Their position paper on global warming is called “Global Warming 1016” which was
posted in 2004. I quote paragraph 2:
“When too much global warming pollution is released into the air, it acts like a
blanket, trapping heat in our atmosphere and altering weather patterns globally
and here in the U.S. We need to deeply reduce the heat-trapping emissions
causing this effect if we are to address global warming.”
The above statement is incorrect. There are no principles or theories of science that can
make the atmosphere into a heat-trapping blanket, any more than it can be made into a
greenhouse. The atmosphere does not act like a trapping mechanism. More specifics of
atmospheric characteristics will be addressed in the next section.
The Science of Moving Heat
This analysis uses arguments taken from Thermodynamics, the study of heat transfer in
bulk materials and large quantities of gas, one of the oldest and most interesting topics in
science.

6
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Heat moves only one direction: from a hot place to a cold place. The exchange between
heat and mechanical work, as in a car’s engine or a refrigerator, is an important part of
the topic and plays a role in atmospheric heat transfer. The connection between work and
heat will be clarified shortly.
There are only three ways to transfer heat:
1. Conduction: by direct physical contact
2. Convection: heating gases (fluids) which expand, become less dense and rise,
carrying heat away. Cooler fluid then moves in and gathers heat in turn.
3. Radiation: through infrared (IR) emission
Infrared (IR) radiation is especially interesting in the atmosphere as a way for some of the
gases to be heated up. Of course, there are plenty of inter-molecular collisions that
transfer heat, but throughout the volume of the atmosphere IR is important, too.
The Three Laws of Thermodynamics
There are three laws of thermodynamics. The law that is first in the list is called the
Zeroth Law of Thermodynamics. In one of history’s oddities, this so-called “logical
afterthought” was written down in the 1930s, long after the first and second laws were
formalized. The Zeroth Law says that if bodies are in thermal equilibrium then they will
have the same temperature. The concept of temperature is considered so fundamental
that the idea of calling this critical law the Third Law was rejected and it was put first in
line.
The First Law of Thermodynamics7 (1847) is also called the Law of Conservation of
Energy. It says that energy and mechanical work can be exchanged. If the gases in the
cylinder of an automobile are ignited, they react by burning rapidly (get real hot),
expanding and pushing on the piston; the energy produces mechanical work. On the
other hand, if a compressor forces gas into a bottle, the gas heats up, turning the
mechanical work done by the compressor into energy (heat).
The Second Law of Thermodynamics (1850) is of special interest to this discussion. It
observes that heat can only move in one direction, from hot to cold, unless mechanical
work is involved to add energy to the system. It also says, in essence, that there has to be
some loss, some waste, in every process 8. One hundred percent efficiency is impossible.

7

Halliday, Resnick, Walker, Fundamentals of Physics, pg. 467

8

IBID, Chapter 21. There is a special case for “closed systems” where all the lost heat is
gained back from doing work on the system.
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It is not possible to get back quite all of the energy from any process. In essence, the heat
cannot travel backwards, from the colder place back into the hotter place.
A familiar example helps to clarify this idea. If children warm their cold hands on cups
of hot chocolate on a winter day, the heat leaves the cup and warms the hands − but the
reverse never happens. The cup could only be warmed by the hands if the cup is at a
lower temperature than the hands holding it.
Remember the Perpetual Motion Machine, the clock that only needs a little nudge to start
and never runs down? Well, it’s impossible to make one. Some energy is always
consumed by friction or lost to heat leaks or otherwise disappears in every natural
process.
The earth gains heat from the Sun and human activities. Heat also moves outward from
earth’s hot core. The earth loses a lot of heat, too, radiating it into space. A dynamic
balance is established by countless complex mechanisms.
The Earth cannot trap heat in quite the way that some computer modelers are suggesting.
Some models ignore heat loss and conclude that the Earth’s temperature will rise
indefinitely − which is not to say that human activities are having no effect on the
planet’s temperature. It’s just that you can’t discount the energy radiated into space, too.
Life on earth depends on the balance of heat flow.
The Greenhouse Analogy: Truly Incorrect Science
The greenhouse analogy hides a subtle but important violation of scientific principles.
Heat can only move from a hot place to a colder place, as discussed in the previous
section. It is possible to move heat in the opposite direction (sort of) by doing
mechanical work, such as that done by the compressor in a refrigerator.
The point is this: the proposed heat trapping that is being done by the greenhouse gases is
happening higher up in the atmosphere. The regions higher up in the troposphere and
into the stratosphere are very cold compared to the ground and lower down in the
troposphere. In fact, the air temperature typically drops below the surface temperature
only a relatively few meters above the ground and continues to drop for kilometers of
increased altitude after that. Heat cannot come back down to the earth’s surface by any
means because the ground (or ocean surface) is warmer than the temperature of the air at
higher altitudes.
The Second Law of Thermodynamics is violated by claiming that heat can move from a
colder place high in the atmosphere to the much warmer surface of the earth.
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Figure 2: Atmospheric Density and Temperature Change with Altitude
Figure 2 Caption: The troposphere is 8-12 km thick. The stratosphere extends above
that to about 50 km, the mesosphere goes to about 88 km and the thermosphere to 120
km. Above that is the exosphere and outer space.
The temperature variations are interesting high up in the atmosphere. At the very top of
the stratosphere the temperature comes back up to roughly the earth’s surface temperature
then plummets again. Far, far up (the thermosphere) the gases get very, very hot – there
is nothing much blocking the sun’s energy. That high up, the density of gas is one billion
times lower than in the troposphere and up to one thousand billion times less. There is
very little gas there. The space between molecules is so large that there is almost no
chance of two of them colliding. So the heat content in a given volume is also extremely
low when compared to the troposphere. The temperature of an individual molecule is
high but the heat content in the bulk of the gas is low.
Another point must be made: although there are hot places high up in the atmosphere,
that heat cannot reach the surface because there are very cold regions in between. The
overall average of the atmosphere’s temperature is a composite of all of these regions.
But the heat transfer only goes from hot to cold. So the net affect of all that heat higher
up is that it is radiated into space. There is some warming of the lower layers of
atmosphere, too, but that effect is easily detected by measuring the temperature of the
layers of atmosphere.
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How does the sun’s energy get to the earth then? The sun’s surface temperature is
6,000oC (11,000oF). The heat is moving from a very hot place to a colder one, no doubt
about it.
The earlier reference to mechanical work is meaningful in the movement of the air. Work
is being done in the troposphere and, to a lesser degree, higher up: wind and the
movement of air masses. Wind moves the atmospheric gases around, creating more
collisions and heat transfer opportunities, sometimes pushing gas molecules rapidly to
different altitudes. Colliding particles generate static electricity and make lightning
(electrical energy), too.
If the mechanical work in the atmosphere were sufficiently large to move lots of heat
backwards then it would show up in the temperature measurements at the effected levels.
The temperature data seen in Figure 2 shows the net effect of all thermodynamic forces
working on the atmosphere.
Already it can be seen that this topic is tricky to discuss. However, it is possible to keep
it fairly simple and still accomplish the goal of a better understanding of the role of
carbon dioxide and human activities in global warming.

IV. The Atmosphere and Atmospheric Heat Circulation
The Air and the Atmosphere 9
The earth’s atmosphere is made up of several of gases. Figure 3 graphically shows the
proportioning.

9

CRC., pg. 14-14
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Figure 3: Atmospheric Gases
Atmospheric gases and percent by volume (rounded)
1.
2.
3.
4.
5.

Nitrogen (N2)
Oxygen (O2)
Argon (Ar)
Carbon Dioxide (CO2)
Other trace gases*

78%
20.9%
0.9%
0.03%
0.17%
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*Neon (Ne), Helium (He), Krypton (Kr), Xenon (Xe), Methane (CH4), Hydrogen (H2),
Nitrous Oxide (N2O)
The reader may have noticed that water is not listed as an atmospheric gas. That is
because water exists in all three common phases in the atmosphere: solid, liquid and gas.
Air transports water around, mainly within the troposphere, as it distributes heat
throughout the troposphere. The water content of the atmosphere varies a lot but an
overall average will be used for a simple calculation shortly.
Infrared Absorbing Gases
These gases absorb some energy in the IR spectrum.
1.
2.
3.
4.
5.

Water Vapor (H2O)
Carbon Dioxide (CO2)
Ozone (O3)
Methane (CH4)
Nitrous Oxide (N2O)

Water vapor will be compared to carbon dioxide by checking some different humidity
levels in different situations.
There is so little of the other trace atmospheric gases in the air that their contribution to
this analysis of atmospheric heating is nearly nonexistent and so will not be included.
What’s going on with nitrogen, oxygen and argon that make up most of the atmosphere?
They are transparent to a huge part of the spectrum of light and almost all infrared. So
any warming of the air from incoming or reflected IR is taken up by water vapor, liquid
water, ice and CO2 with tiny contributions from the trace gases listed above.
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Figure 4: The Earth’s Energy Balance10
The Heat
Figure 4 above attempts to summarize a very complex relationship among many
interacting elements in the atmosphere and on the ground.
Heat Sources
1. The Sun
2. The Earth’s Interior
3. Burning Stuff (Oxidation)
A continuously changing face of the Earth is being heated by the Sun, one-half of the
globe at a time. The dark side is radiating some of that heat away into space.
10

www.physicsworld.com
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The interior heat from the Earth’s mantle does not move outward very rapidly because the
earth’s crust is a poor conductor of heat. But there is still outward movement of heat,
defining a minimum surface temperature. Volcanoes are direct pipelines for heat but
cover very little of the surface of the Earth. Without the atmosphere’s heat-gathering
ability the planet would be too cold for life.
Burning fossil fuels is a large heat source. Burning wood, peat, manure and so forth, is
also adding heat to the atmosphere. It’s easy to forget that all living things are “furnaces”
in their own right. People eat and oxidize nutrients for energy to power their bodies, just
like every other living thing. So life also heats the atmosphere.
Cooling Mechanisms
1. Radiation into space
2. Reflections by clouds, ice, reflective surfaces
The radiative heat loss during the night is as important as the heat gain from other
sources. Reflections vary a lot and are hard to quantify.
Without the natural heat retention of the atmosphere, the Earth’s average temperature11
would be only about -18oC or - 0.4oF. As it is, the estimated year-round average
temperature is 14oC to 17oC or 57oF to 63oF. Cooling is clearly a strong influence on
global temperatures.
The above figures for average global temperatures are broad estimates and have large
margins of error. Still, it is useful to have a rough general idea of a global average
temperature to make qualitative arguments.
Interestingly, there is no figure for an average global temperature of the earth in any of
the text references found in the Bibliography. It is only within the last few years that a
workable figure has been obtained using satellites. Truth be told, the very notion of an
“average temperature of the Earth” is pretty farfetched. The temperature is constantly
changing, seasons change, the Earth rotates, the Earth’s orbit is elliptical and there are not
a bunch of thermometers set up, say, one in every square mile all over the Earth.
NASA has launched several satellites over a twenty-plus-year period but they still can
only view a defined patch of ground or atmosphere for a limited amount of time. There
are limitations on the ability of satellite instruments to make some measurements, too. It
is a help but it does not produce an average global temperature that is as accurate as the

11

www.nasa.gov
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scientific community would like it to be. But measurements and instruments continue to
improve, so the science will just keep getting better.

Heat Movement
The magnificent complexity of the behavior of the atmosphere is the inspiration for many
scientists. Naturally it is the source of some controversy, too, in how to characterize it.
The magnitude of carbon dioxide’s contribution to planetary warming is one such
controversy.
The two largest mechanisms of moving heat around the planet’s surface are weather and
ocean currents. The primary interest is in the atmosphere for now so the focus will be on
talking about the weather and, by extension, the climate.
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Figure 5: Atmospheric Circulation
Definition: Weather is the process of moving heat from the earth’s surface to the upper
levels of the troposphere. Weather cells then link up to distribute heat all over the globe,
as shown in Figure 5. The process leaves the surface a little cooler and the upper
troposphere a little warmer.
This definition is probably not the one used by the National Weather Service. It is a good
statement of the physical principle that creates the conditions that we call “weather”.
Water is vaporized from the surface of the Earth. It transports that energy upwards where
it gives it back as it condenses into water droplets or ice crystals. Atmospheric gases also
warm, expand, collide with neighbors or reradiate their energy as they cool higher up in
the atmosphere.
It could also be said that weather is the condition of the outdoors where you live at any
moment in time. Is it raining? Windy? Warm?
Definition: Climate is just average weather over the long haul. Are winters generally
hard or mild? Is there a monsoon season?
Weather patterns are all linked. A high pressure region is always connected to other
neighboring low pressure systems that move across the globe (see Figure 5).
One of the big surprises in learning about weather is that hot, humid air makes high
atmospheric pressure and colder air is low pressure. The experience of high humidity
often gives folks the opposite impression. But a gas that is heated becomes more
energetic; it vibrates faster, bounces off surfaces and other molecules more energetically,
takes up more space. Also, water is a rare molecule in its ability to vibrate in lots of
different ways; it is also one of the best carriers of heat in nature. Gas pressure is simply
the measure of the impact of molecules against a surface, so a more energetic gas will
always produce a comparatively higher pressure measurement. Hence, warm
temperatures with higher humidity create higher atmospheric pressure.
How Weather Works 12
Almost all of the heat movement in the troposphere is done by water. Most estimates put
the level at 70% to 90% of the total. The simple calculations that will be done shortly
will shed light on these estimates.

12

I highly recommend Climate Confusion by Roy W. Spencer, Principle Research
Scientist at the University of Alabama, Huntsville. He explains weather beautifully.
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All of the water on earth is continuously recycled.13 How can you tell? After all, every
molecule is identical. Couldn’t one or two have escaped the rat race of freezing and
thawing and retired to Tahiti? It is true that some water is stuck deep within an aquifer or
an ocean trench and hasn’t seen the upper troposphere for a long, long time. No problem.
There is plenty of water circulating, recycling, in the atmosphere, moving heat up and
down in the troposphere and making the weather (see Figure 6).

Figure 6: The Water Cycle
The sun shines on the Earth. Some energy is absorbed by atmospheric gases and
reradiated back into space. Clouds reflect some energy away. Particulates also block a
little energy. Shiny surfaces on the ground, such as ice, reflect some energy away.
Surprisingly, the ocean is not a good reflector at all. The ocean’s temperature is balanced
mostly by evaporating water that carries away excess heat.

V. A Closer Look at Carbon Dioxide
What, Exactly, is the Trouble with Carbon Dioxide?

13 A tiny

amount of water escapes into space but that’s another story.
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Carbon dioxide is an infrared (IR) absorbing gas. It has been described as a greenhouse
gas and as a heat trapping gas because it is one of the few components of the atmosphere
that will absorb IR, as has already been pointed out in the section on atmospheric gases.
The worry is that too much of it will accumulate in the atmosphere and the temperature
will rise to a level that will threaten life.
The data offered as justification for the claims of “crisis” is principally the increase of
carbon dioxide in the atmosphere since the industrial revolution and, even more
importantly, the growth of fossil fuel use since the beginning of the last century.
As everyone remembers from school, the products of complete combustion, when
combining a carbon-containing substance like wood, coal or gasoline with oxygen, are
CO2 and water vapor. Pollutants and trace gases like methane, ozone and carbon
monoxide are also produced in the imperfect real world of burning.
Global Temperature Correlated with Carbon Dioxide Concentration

Figure 7: Vostok Ice Core Data
Figure 7 is the famous Antarctic Vostok Ice Core data that shows how the planet’s
temperature has varied right with the CO2 concentration in the atmosphere over the last
425,000 years. This data was assembled over many years of hard work by melting
samples from ice cores drilled from deep in the Vostok glacier and trapping the gas inside
the microscopic air bubbles in the ice. Radioactive isotopes allowed the age of each
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sample to be determined and the relative amount of CO2 in each sample was also
measured.
Although this is data from only one spot on earth it is a wonderful accomplishment and
several things can be learned from it. However, the data in Figure 7 above is not easy to
sort out. There is too much information stuffed onto one graph. One thing is clear,
however: there appears to be a good correlation between the two sets of data over the
long term.
Figure 8 will aid the interpretation of the data. It is a carefully done statistical averaging
of both of the data sets to show the overall relationship on a common timeline. The x and
y scales on the graph are confusing, but the following explanation should clarify things.

Figure 8: Consolidated Vostok Ice Core Data14

14

Temperature is given in Kelvins. Zero degrees Celsius equals 273 Kelvins. A change
in temperature of one Kelvin equals a change of one degree Celsius.
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There are many sources of the data in Figure 8, in tables and other published analyses, so
pulling numbers from Figure 7 can be avoided15. Care must be taken to limit the
interpretation of this data to that which is actually contained on the graph. Both data sets
share the same timeline so the timing of events may be compared.
But...
These two data sets have been expanded or shrunk in the vertical dimension to fit onto
the same graph. Temperature data and gas concentration data are two independent
quantities. To wit:
1. The temperature of the planet began to rise and to fall about 800 years before any
reaction was seen in the CO2 concentration in the atmosphere; i.e., at the maxima
and minima, the temperature change leads the CO2 change by hundreds of years.
2. There is a strong correlation in the rate of rising data values. The temperature and
CO2 concentration rise rapidly and at the same rate (same slope).
3. The correlation is poor with falling data values. Falling temperatures begin to
change rapidly then moderate slightly. CO2 concentrations lag, fall much more
slowly and remain fairly high by comparison for thousands of years after
temperatures return to the lowest levels.
Conclusions:
1. The cause of the planet’s temperature change cycles cannot be determined from
this data. That information is not on the graph.
2. The cause of the change in CO2 concentration in the atmosphere cannot be
determined for the same reason as above.
3. CO2 concentrations in the atmosphere did not cause changes in the planet’s
temperature at the inflection points. The time lag eliminates a causal relationship;
i.e., the changes did not happen at the same time, or even close to it.
4. The CO2 concentration change could not have caused the temperature to drop
from its peaks. The temperature began to drop and continued to do so for some
centuries while the CO2 concentrations were still rising or stable. The
comparatively high concentration and heat carrying ability of CO2 could only

15

The complete data set may be downloaded from www.ncdc.noaa.gov; NOAA is the
National Oceanic and Atmospheric Administration
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have worked against the temperature drop; it never could have enhanced it, let
alone caused it.
5. The known properties of CO2 allow an inference to be made: that the increased
temperature on the rising side may have been enhanced to an unknown degree by
more CO2 in the atmosphere and the dropping temperatures may have been
slowed or moderated to an unknown degree.
6. A link between changes in gas concentration and atmospheric temperature does
exist. Because CO2 dissolves readily in water, an increasing global temperature
might affect the rate of removal of the gas from the atmosphere. Warmer water
holds less carbon dioxide. It could also cause the ocean to give back some small
amount of CO2 that was previously dissolved.
Carbon Dioxide Solubility in Water
Some clarification of that last point is needed. Carbon dioxide is removed from the
atmosphere by plants and by dissolving it in water. Figure 9 shows the relationship of
carbon dioxide solubility and water temperature. The graph shows that the solubility
drops by almost 50% as the temperature rises by 20oC.

Figure 9: Temperature Dependence of CO2 Solubility in Water
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However, the geologic global temperature changes are only a few degrees C. Over 5,000
years or so the swing can be five to seven degrees C. That means the variation in
removal of carbon dioxide changes really slowly and only changes by about 10-15% over
thousands of years.
The ocean is very large, however, and if the surface warmed such that the average
temperature changed only a little, the normal equilibrium at the ocean’s surface could be
changed and a difference in the amount of gas entering and leaving the water could be
noticed.
The chemistry of carbon dioxide in water 16 is very interesting and a bit complicated.
Unfortunately, it is beyond the scope of this discussion, but references are easy to find.
Sources of Error in Interpretation of Ice Core Data
The problem with this data set is that only two quantities are plotted together. It is
misleading in that a relationship between the two quantities is implied when only the two
are shown on the same graph. However, if all of the data that influences planet
temperature and CO2 atmospheric concentration were to be put on the same graph, the
temptation to associate the quantities would be overpowered. That would be a big graph.
The above tendency to misinterpret the data leads many folks to make embarrassing
mistakes. Al Gore can be forgiven since he is not a scientist. However, others have no
such excuse. Here is an example. Quoting from “RealClimate.org, Climate Science from
Climate Scientists” by Guest Contributor Professor Jeff Severinghaus, Professor of
Geosciences, Scripps Institution of Oceanography, University of California, San Diego:17
“...At least three careful ice core studies have shown that CO2 starts to rise about
800 years (600-1,000 years) after Antarctic temperature during glacial
terminations...
“Does this prove that CO2 doesn’t cause global warming? The answer is no.
“The reason has to do with the fact that the warmings take about 5,000 years to be
complete. The lag is only 800 years. All that the lag shows is that CO2 did not
cause the first 800 years of warming, out of the 5000-year trend. The other 4,200
years of warming could in fact have been caused by CO2, as far as we can tell
from this ice core data.”

16

Brown, T., LeMay, H.; Chemistry, The Central Science, pg. 501.

17

Severinghaus, J., www.realclimate.org, 2004
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The above conclusions do not follow from the data. There is no information in the data
about causes of temperature change. And if one causal factor started the change and a
different causal factor entered the party 800 years or so later, it would have to be
detectable in the data. The probability of an undetectably smooth changeover from one
temperature driving factor to another is vanishingly small. Nature is not so cooperative.
Granted, the quote is somewhat noncommittal but the implied message stands out.
The Correct Interpretation
The ice core data makes this conclusion completely clear: when the planet’s temperature
starts to rise from a minimum, after about 800 years a tiny increase in CO2 begins to enter
the atmosphere. The concentration increases at the same rate as the global temperature
but the actual maximum increase in CO2 concentration over 5,000 years is only about
50%, from roughly 200 parts per million (ppm) to about 300 ppm. Another 100 ppm is
actually a modest change in the overall effect on the atmosphere. The effect of that
amount of CO2 in the atmosphere will be quantified later.
Why, then, did the rise in temperature stop? Why did it reverse? The CO2 concentrations
were still rising at the temperature peaks. The temperature began to drop in the face of
rising CO2 concentrations. That fact contradicts even the concession that CO2 probably
contributed to the rise in temperature.
The only conclusion that can be drawn directly from this data is that CO2 has no effect on
global temperature, which is not entirely likely based upon what is known about the IR
absorbing characteristics of CO2. The carbon dioxide effect must be insignificant overall,
though, or this data would show some influence. Also, it may be true that temperature
has an effect on the amount of carbon dioxide in the air − but watch out! That
provisional conclusion cannot be drawn solely from the Vostok data. It requires knowing
more about the characteristics of carbon dioxide.
At this point, a good scientist will go to the laboratory and design some experiments that
will clarify the information found in the above data and help build a better understanding
of the phenomenon. This author will do just that through the use of thought experiments
to illustrate the important guiding principles.
A Historic Note:
In researching this paper, a freshman level college chemistry text was referenced:
Chemistry, The Central Science by Brown and LeMay, 1977. On page 302 the
book tells the story of John Tyndall who, in 1861, was the first to hypothesize that
the CO2 content in the atmosphere might predict the Earth’s temperature cycles
that were being discovered by geologists at that time. Geology was an exciting
new branch of research in the early to mid-1800’s.
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Brown and LeMay were very reasonable in their concluding statement on page
303. They said that it appears that nothing can be done about the rising levels of
carbon dioxide in the atmosphere in the short term. Supplies of coal and oil
would run out in about the year 2050. It may be, instead, a long term concern,
requiring more research.
In 1977 scientists may be excused from not having access to the mountains of
data that have been produced in subsequent years. For example, coal and oil are
not likely to run out by 2050.
Additional Facts About Carbon Dioxide
Carbon dioxide does behave differently than water in the atmosphere. It is distributed
throughout the atmosphere, well up into the stratosphere and beyond. There is not a lot
of water at higher altitudes above the troposphere. The very low temperatures and
water’s tendency to agglomerate into raindrops and ice crystals keeps it circulating as
precipitation. Water molecules can completely cycle through the troposphere in a few
days, moving huge amounts of energy around in that amount of time.
It is estimated that CO2 molecules will remain in the atmosphere for up to a century. Of
course, they are absorbing energy from sunlight and reemitting it, often many times every
second, all during that time. That is a warming effect in that general region of the
atmosphere. Granted, much of the emitted energy will be picked up by another gas
molecule, and collisions count, too, but the net effect is a temperature that can be detected
at a point of interest in the air or on the earth.
Molecules of gas usually give up absorbed energy extremely quickly by emitting the
energy in well under a millisecond and often much faster. Since that energy can be
radiated in any direction (a sphere) the comparison to a greenhouse is again shown to be
completely incorrect. The energy is not all trapped and reflected back down to earth as
though it were inside a glass house.
The density of the atmosphere drops almost linearly with altitude up to about 120
kilometers or so, where there isn’t much gas left. That means the density of carbon
dioxide varies in just the same way higher up. It can be concluded that the importance of
CO2 to global warming and to life is seen principally in the lower altitudes.
It can get complicated to try to figure out how the CO2 diffuses. Naturally one would
think that near coal burning power plants, for example, the CO2 concentration would be
highest. But many of those plants are also near, ah, well, plants – that is, green, growing
things that love to consume the CO2. Nearby large bodies of water are another CO2
“sink” since CO2 dissolves in water readily. Same way with rain. As a result, it is not
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easy to figure out how far the CO2 gets or what path it follows as it diffuses, since it is
also consumed by natural forces.

VI. Comparing Water and Carbon Dioxide
At least half of all the energy from the Sun hits the Earth’s surface. Some references say
71% reaches the surface if all possible sources are included. The energy hitting the
surface heats it up. Water is vaporized from the ocean’s surface, the ground warms and
water in the ground evaporates, rock and soil conduct heat and radiate infrared.
About 70% of the Earth’s surface is water. Water is found almost everywhere that there
is land, on the surface as lakes and rivers or just below in the water table or close to the
surface. There is lots of ice and snow in winter and at the poles. And don’t forget how
much water is in plants and animals. Water evaporates through the skin. There is no
shortage of liquid and solid water to be made into vapor.
All water vapor in the atmosphere either evaporated or sublimated18 .
This key point is critical to energy distribution in the atmosphere. The circulation of
water causes it to change state from solid to liquid to gas and back again as it is
transported from the surface of the earth to high in the troposphere.
Water is really quite amazing. It is an incredible absorber of energy. The characteristics
of water show that in its solid and liquid state it will absorb almost all of the infrared
spectrum of light. Water vapor also absorbs IR but in more limited bands of frequencies.
It is still a very powerful absorber compared to all other components of the atmosphere.19
Carbon dioxide is also a good absorber of IR but it responds to only a small fraction of
the spectrum compared to water in any phase.
The above comments about the absorption spectrum of materials comes from the science
of spectroscopy and is often a part of the arguments for linking the IR absorbing gases to
global warming. It is very interesting scientifically but is not necessary for this
discussion. The measurement of the temperatures of bulk materials and large quantities
of gases is the focus here along with the known characteristics of water and carbon
dioxide.
18

Sublimation is the change of water from solid to gas. It can happen in a frost free
freezer (ice cubes disappearing) or at the poles in winter. Comparatively little water
vapor in the atmosphere is from sublimation.
19

CRC, pg. 14-22
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A critical and unique characteristic of water is its very large Latent Heat, the extra
amount of heat that it absorbs when changing state without the temperature changing at
all. Other names include Heat of Fusion, Heat of Vaporization, or Change in Enthalpy.
When you melt ice, the ice/liquid interface will stay right at 0oC until all the ice is melted.
But lots of heat is being absorbed just the same.
Vaporizing water is especially interesting. The Heat of Vaporization is huge when
compared to almost every other substance. The cause of this effect is the energy that is
necessary to break the hydrogen bonds that hold liquid water molecules together. Water
evaporates at any temperature that will support liquid water. It doesn’t have to be boiling.
There is enough naturally occurring energy of vibration to break some of those bonds.
Interestingly, some random molecules of water vapor will collide with the liquid surface
and recombine, returning to the liquid state.
If the air around the water is saturated with water vapor there will be recombination of
molecules to liquid that equals the evaporation rate and it will seem like nothing is
happening. That effect is not crucial to this discussion.
A Mole to Mole Comparison 20
Definition: A Mole of a substance is Avogadro’s Number21 of molecules (or atoms) of
that substance.
Comparing a mole of water vapor to a mole of carbon dioxide under the same conditions
is meaningful since the characteristics of equal numbers of molecules are being
compared. This is done by using the gram molecular weight of each gas.
Definition: Gram Molecular Weight is the weight in grams of a substance that is equal
to its molecular weight.
Heat Capacity is among the most useful characteristic of water and CO2 that will lead to
very accurate comparisons between them.

20 All

figures are rounded a bit for easier reading.

21 Avogadro’s

Number = 6.02x1023 mol-1 (a very large number)
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Definition: Heat Capacity22 is the proportionality constant specific to a material that
defines the amount of heat that must be added to that material in order to raise the
temperature by one degree Celsius (one Kelvin).
Definition: Specific Heat is the heat capacity per unit mass of a material. The specific
heat is actually the quantity used below.
Units: The units of Joules per gram per degree Celsius will be used for specific heat. For
clarity, some examples will be given of converting to other units of energy.
Water Cycle Heat Transport Example
Water cycles through the troposphere as described earlier. Here is the heat transfer that is
represented by one mole of water and one mole of carbon dioxide.
The troposphere at mid-latitudes is thicker than at the poles and thinner than at the
equator so it will serve as a middle-of-the-road example. The temperature at the top is
approximately: -55oC (-67oF).
Surface temperature for mid-latitudes will be the conventional figure used for average
temperature of the Earth, 17oC (63oF).
molecular weight (MW) of H2O = 18 grams (g)
molecular weight (MW) of CO2 = 44 grams (g)
Water starting as Ice at -55oC
1.
2.
3.
4.

0oC

Warm ice to
Melt Ice
Warm Liquid Water to 17oC
Vaporize Liquid at 17oC

Total for Water

Energy Required
2,080 Joules (J)
6,000 J
1,280 J
43,900 J
53,300 J

Carbon Dioxide
22

The term, “Heat Capacity” gives the impression, because of the name, that a substance
is like a bucket into which one may pour a limited amount of heat. It implies that a
material has the capacity to hold a certain quantity of heat energy. That is a common
misunderstanding and it is incorrect. Heat capacity simply states how much heat must be
added to change the temperature of a material. The process could go on indefinitely. Of
course, the material would eventually melt, vaporize, catch fire, explode or otherwise
change in such a way as to make the further addition of heat impossible or meaningless.
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1. Warm from -55oC to 17oC

2,670 J

Total for CO2

2,670 J

H2O:CO2

20:1

These total energies are the amounts of heat that one mole of water and one mole of
carbon dioxide move through the troposphere under the defined conditions. The process
reverses, cycling energy back and forth through the troposphere and making weather.
A Reality Check on Units
How much energy is 53,300 Joules? How about 2,670 J?
Water moves enough energy in this example to power a 15 watt light bulb for
about one hour.
CO2 moves enough energy to power that same 15 watt bulb for 2 minutes.
At sea level, the one mole of CO2 from this example would occupy a volume of
air amounting to 71,000 liters or 71 cubic meters, a cube just over 4 meters on a
side. At about 12 kilometers of altitude, near the top of the troposphere, the
volume expands by 24%, to 88,000 liters or 88 cubic meters. The imaginary cube
is now about 4.5 meters on a side.
The water volume would depend on the humidity. At 100% relative humidity the
water vapor would only require one cubic meter of air to carry it. As this water
vapor diffuses and moves upward, some of it will slowly condense and some will
even freeze. This behavior makes it difficult to figure out the volume it will
occupy at high altitudes in the troposphere.
There is quite a difference between the two substances. The heats that are required for
the state changes of water are significant to the amount of heat that it carries through the
troposphere. CO2 is always a gas in the atmosphere so it only carries heat according to its
heat capacity moving between two different temperatures.
Nevertheless, the CO2 energy is about 5% of the water figure. That could be significant
if there were enough CO2 in the atmosphere.
BUT...
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The atmosphere is not proportioned with equal numbers of molecules of gas in equal
volumes. The composition of the real atmosphere must be examined to allow better
conclusions to be drawn.

VII. Earth’s Atmosphere Experiments
A Bulk Atmosphere Comparison
The distribution of water vapor in the atmosphere varies all over the map (so to speak).
But just for the sake of having a gross generalization as a reference, here is a bulk
comparison of the heat carrying abilities of carbon dioxide and water vapor.
The National Center for Atmospheric Research (NCAR) provides the following figures
(rounded) for the entire atmosphere:
1. Total mass of dry air
2. Water vapor mean mass

= 5.1x1018 kg
= 1.3 x 1016 kg

Using the current figure from the literature of 385 parts per million (ppm) carbon dioxide
in dry air (0.000385 fraction CO2 in air) gives;
Mean mass of CO2

= 2.0 x 1015 kg.

Specific Heat of CO2
Specific Heat of water vapor

= 843 J/kg oC
= 1,900 J/kg oC

Energy for CO2
Energy for water vapor

= 1.7 x 1018 J/ oC
= 2.5 x 1019 J/ oC

H2O:CO2

15:1

The energy figures state how much energy would have to be added to the same amount of
each gas that is in the atmosphere in order to raise the temperature of all that gas by one
degree Celsius.
This comparison says that the amount of water vapor typically found in the atmosphere
will carry fifteen times more energy than the average amount of carbon dioxide. That
puts CO2 at about 7% of water vapor in its ability to influence the temperature of the
globe. As in the previous example, if there is enough carbon dioxide in the atmosphere it
would seem to be a contributor to global warming.
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BUT...
Water actually carries vastly more energy through the Water Cycle. Here is a closer look
at what actually goes on during part of the heat gathering process.
The Box of Air Thought Experiment
Imagine a box one meter on a side that can be filled with air – one cubic meter of air.
That box will be set down and allowed to fill with air in a couple of interesting spots on
Earth. The composition of the contents of the box can then be examined to see how
much energy the contents can carry to other parts of the atmosphere.
The real atmosphere must be dealt with to do this test. Since water is not an atmospheric
gas, how can it be included in the discussion? The amount of carbon dioxide in the
atmosphere is known, but how much water is in the box?
The use of humidity is a good solution to the problem but will require a bit more work.
The amount of water in dry air is expressed as “absolute humidity” and related to
saturated air through “relative humidity”. Since humidity varies a lot, some examples
will require a couple of treatments to make a good comparison. And don’t forget that
cold air holds a lot less moisture than warm air.
Thought Experiment #1: The Pacific Ocean at The Equator
Place the imaginary box right on the surface of the Pacific Ocean at the Equator.
Justification: Since about 70% of the Earth’s surface is ocean, it is very important to
look at what is happening here. The entire tropical zone of the ocean has similar
temperatures and characteristics all over the world.
Temperatures23 at the Equator:
1. Ocean surface, average, clear day
2. Air, average, clear day

28oC (82oF)
28oC (82oF)

Start at 28oC and warm the air in the box by 5oC.
Carbon dioxide, fraction in dry air: 385 parts per million (ppm)

23

CRC, pg. 14-13
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Dry Air Density 24 ~ 1 kg/m3
Carbon dioxide, by weight, in 1 m3 air = 0.46 g
Calculations for Water
Water evaporated from the ocean’s surface at 28oC:
Relative Humidity
Absolute Humidity

70%
19 g/m3

100%
27 g/m3

1. Heat of Vaporization
2. Warm to 33oC (+5oC)
Total for Water

46,400 J
181 J
46,581 J

65,900 J
257 J
66,157 J

1.94 J

1.94 J

1.94 J

1.94 J

24,000:1

34,000:1

Calculations for Carbon Dioxide
1. Warm from 28oC to 33oC
Total for CO2
H2O:CO2

The above numbers show a striking difference between the heat-carrying ability of water
vapor versus carbon dioxide. Even if the heat of vaporization were omitted the water
would carry away 90 times more energy than carbon dioxide, a significant difference.
However, it would be incorrect to omit the heat of vaporization of water.
What does the above calculation mean? It means that the amount of energy carried away
from the ocean’s surface by water vapor is as much as 34,000 times more than that of
CO2. Very high humidity close to the ocean’s surface is common near the equator so it is
reasonable to use the 100% relative humidity figures for this example. However, even if
70% humidity is used, water comes in at 24,000 times more than CO2.
Hot gases bounce around a lot, collide with each other and with surfaces, causing them to
diffuse. The water vapor and carbon dioxide both will diffuse through the atmosphere,
rise up through the troposphere and gradually give up that energy that was accumulated at
the water’s surface. Of course, both gases will likely find their way to the highest reaches
of the troposphere where the temperature drops to -75oC above the equator.

24

CRC, pg. 6-1
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Reversal of Thought Experiment #1: What if the process were reversed and the gases
in the box were required to give up the energy they absorbed?
If a surface were inserted into the box at a temperature that is 5oC lower than the gases in
the box, and the box was well insulated, the CO2 would gradually give up its energy
through radiation and collisions with the cooler surface. Likewise with some of the water
vapor. However, some of the water vapor would condense; that is, change state back into
a liquid, giving up some heat of vaporization. The result would be a box with some
liquid water and some humidity level in air.
It is not possible to get all of the heat of vaporization back from the water vapor if the
temperature is reduced only to 28oC. In order to make that much heat flow out of it, the
temperature has to be lower. So in order for the water to distribute all of the heat that it
gathered at the ocean’s surface it must complete its cyclic round trip to the cold upper
reaches of the Troposphere.
Thought Experiment #2: Denver in Winter
What if the water is frozen on the ground?
This example will expand the argument and look at a winter night-to-day temperature
range. This data is readily available from many references, such as NCAR and the
National Weather Service. Corrections were not made for altitude.
-10oC (15oF)
0oC (32oF)

Denver overnight temperature:
Denver daytime temperature:
Calculations for Water
Daytime relative humidity:
Absolute humidity:

60%
2.9 g/m3

1. Melt the Ice
2. Warm the Ice (+10oC)
3. Evaporate the Water

966 J
61
7,250

Total for Water

8,277 J

Calculations for Carbon Dioxide
1. Warm the CO2 (+10oC)
Total for CO2

3.88 J
3.88 J
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H2O:CO2

2,133:1

This example is drastically different from the first one although the carbon dioxide
figures are still insignificant when compared to water. The reason for the change is the
low temperatures involved. There are only 2.9 grams of water in the imaginary cubic
meter holding the sample when the temperature is only 0oC. Carbon dioxide has the
same sample weight and heat capacity as always and so at low temperatures it becomes a
somewhat stronger factor in heat transfer.
Thought Experiment #3: What If?
What if the concentration of CO2 reaches 500 ppm by the end of the century, as predicted
by some computer models?
An increase to 500 ppm from 385 ppm is only 115 ppm or 30%. By inspection, a 30%
increase in CO2 would have no significant effect on the results of Thought Experiment
#1.
For Thought Experiment #2, a 30% increase in CO2 would result in the following change:
Weight CO2 in 1 m3:

0.60 g

Heat absorbed, +10oC

5.0 J

H2O:CO2

1,655:1

The change in the ratio of heat-carrying ability is noteworthy but the same conclusion
must be drawn. The influence of carbon dioxide on energy transfer in the atmosphere is
insignificant.
Remember the earlier look at the correlation data for CO2 concentration and global
temperature that covered 425,000 years? It was pointed out that over about 5,000 years
the change in CO2 concentration was about 100 ppm. Now the reader can put a number
to exactly what that means in terms of the ability of carbon dioxide to distribute heat
through the atmosphere.

VIII. Computer Models
It must be pointed out that literally every alarmist who claims that carbon dioxide drives
global warming draws that conclusion from a computer model. But computer models
cannot prove anything; they only perform statistical analyses and gross approximations.
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That fact may explain many of the objections to the idea of carbon dioxide driving global
warming from thousands of researchers and teachers from all over the world25.
Credit where credit is due: the advances in computer modeling in recent years have been
as impressive as any scientific advances at any other time in history. The mathematics
used by modelers is as advanced as advanced math can be. Clever solutions are being
found to formerly intractable problems. Everyone using computers for research will be
helped by these advances.
The lesson to be learned from this discussion is that the computer as a tool of research
has a specific and limited role. It cannot produce the information that many modelers are
claiming.
Why are computer modelers making these claims? It is a long story that began early in
the last century. The American Institute of Physics has an extensive recollection of the
whole development of computer models for modeling the atmosphere, climate and
weather at www.aip.org/history/climate/GCM.htm. It’s a good story.
One of the most important parts of the history of modeling began nearly 200 years ago.
Early in the 1800s two men, a Frenchman named Navier and an Englishman named
Stokes, simultaneously developed a complete set of equations that would describe the
motion of viscous fluids (like air and water): the Navier-Stokes equations. They are
really complete, there aren’t too many restrictions on how they can be applied and since a
couple of helpful things have been added to the math in the intervening years they are the
basis for most every computer model of the climate.
Trouble is, the equations cannot be solved. There are too many variables, too many
unknowns and not enough equations. So they are approximated, using numerical
methods, on a computer. Many of the values needed for these equations are simply
guessed at, repeatedly trying new values until the output gets close to matching some set
of data from the past.
A model seeks to predict future trends in climate. The model is considered validated if it
can reproduce some decades or centuries of past climate data. That leads to the
assumption that the model will actually predict future climate trends accurately.
For example, modelers set up a grid system on the surface of the earth using squares from
about 120 miles up to several hundreds of miles on a side (see Figure 10). The height can
vary from very low levels up to the depth of the troposphere. There are also stratosphere
studies.

25

www.petitionproject.org
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Figure 10: Schematic for Global Atmospheric Model
The conditions within a grid square are modeled and interactions between grid squares
are also examined. There is even a whole-globe climate model.
Weather Forecasting vs. Climate Forecasting
Computer models are used for weather forecasting. Weather models are standard
statistical probability exercises based upon all of the data that has ever been recorded for
a local area. The larger the data set, the better the quality of prediction.
Weather forecasts are “initial value” problems 26. Starting with all of the measurements of
the weather conditions right now, temperature, humidity, precipitation, time, date,
location, etc., the model will compare current data to the historic means and pop out a
weather forecast with an attached value for the probability. It is very familiar for the
weather report to include that probability each day.
The bottom line: it is not possible to forecast the weather past about ten days out. The
quality of the prediction drops to zero after that.
26

Spencer, R., pg. 47-48
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The model’s limitation is in the extreme variability in the pieces of data that it must
process. Everything affects the weather. Trying to account for everything and all the
interactions cannot be done past ten days forward because the size of the data needed by
the computer becomes too large and the unpredictability grows too high.
For example, today was partly sunny in accordance with the norms, temperature above
normal, humidity higher, too. Since today departed from the historic mean values, the
starting point for predicting tomorrow has changed from the historic averages, too.
Timing approaching air masses adds to uncertainty. Tomorrow has bigger uncertainties
because it could be normal or hotter because of heat left over from today. The day after
tomorrow is even more uncertain as a result. All of these variables get bigger until at ten
days hence the prediction become fully uncertain.
Climate modeling, on the other hand, is a “boundary value” problem27. Climate is
generalized weather covering larger geographic areas and longer periods of time. The
climate modeler tries to predict how small changes in the rules governing, say, the
movement of air and heat around the globe will affect the average temperature in a region
or how many hurricanes will strike the Caribbean in the year 2020 or whether conditions
in Kansas in 2050 will cause a return of the dust bowl. This math deals with a lot of
averages28, which is controversial in and of itself. Nature is not often correctly described
by averages.
Climate modeling is not a statistical exercise. It is an attempt at simulation. Probabilistic
language is often incorrectly used in discussions of climate models.
Where did they go wrong?
Where do these models go wrong? They make incorrect assumptions, omit critical
physical quantities and average out meaningful variations in data.
The Big Mistake: using the “greenhouse” or the “heat trapping blanket”
analogy as fact.
There is one factor in every climate model called “emissivity”. That is the amount of
heat that the earth radiates back into space. As that figure is not known it is estimated,
producing an “effective emissivity”. The estimation often will include “heat trapping”
effects which restrict the flow of heat away from the planet and reduce the earth’s
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assumed emissivity. Remember that this value is chosen by the modeler. It is not a
known, measured value.
With a blanket to throw over the earth to keep some of the heat from radiating away it is
very easy to make the temperature continue to climb. The earth will just keep getting
hotter in that model.
It is hoped that the reader is wise to that erroneous argument by now, since it violates the
Second Law of Thermodynamics and the known properties of atmospheric gases.
There is something missing from the story that is important to point out:
It is not possible to model the atmosphere of the earth in any quantitative
way.
There are too many variables and unknowns. Several years ago it was first pointed out
that if a computer could exist that was able to correctly model the atmosphere, and the
transistors in the computer were the size of atoms, then that computer would need the
entire mass of the known universe. It’s a big, big computer.
Granted, the above grim fact about mathematical limits on science and computers is not a
reason to not try. Trying to do the impossible is the life’s blood of many researchers. The
problem with the claim is that the impossible has actually been accomplished.
NASA29 has done a wonderful thing for education in America by making available for
download a climate model that will run on a Mac or a PC. The product is called
Educational Global Climate Model (EdGCM). It is free and anyone can access it,
although the target is teachers in high schools and colleges.
In addition, there are three examples of equations and assumptions in the Appendix in
Useless Arithmetic30 for the most hardy reader. These examples are very informative
because the assumptions are listed and the errors are explained for each one.
Qualitative Models
The “Thought Experiments” that were discussed in the previous sections are examples of
qualitative models of the atmosphere. Yes, numerical solutions were derived from simple
equations but the conclusions are less exact. It can be seen that, qualitatively, the effect
of carbon dioxide on heat transfer in the troposphere is insignificant compared to water,
29
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but only in the given situations. To know exactly how much heat is moved by water and
CO2 through the entire 12 kilometers of troposphere thickness on the real planet over, say,
the San Francisco Bay is another question that is nearly impossible to determine.
The value of the qualitative approach is in the interpretation. An experienced researcher
with a solid background in atmospheric science would not waste his or her time looking
at carbon dioxide as a “prime mover” of heat. It is also clear that carbon dioxide is not a
“forcing” factor pushing the temperature of the planet higher.
The expensive misdiagnosis of CO2 as the cause of global warming is seen to
be a mistake from a qualitative analysis of the atmosphere.
If qualitative models were being emphasized then some meaningful insights would be
forthcoming. The applicability of qualitative methods is the right approach for the
climate modeling problem.31
Another important degradation of the quality of scientific practice is the tendency for
modeling to substitute for rigorous laboratory or experimental field work. Computer
models only do numerical methods. They cannot prove anything. Computers are a great
help in many areas of research but they have a specific role. Good judgment must
prevail.
Where does peer review fit into the modeling world? Unfortunately, the system is
broken. It is common for the hundreds of highly specialized areas of computer modeling
to have only half a dozen people in the world who understand it well enough to do an
evaluation. The science is not being checked as rigorously as it should be in today’s
overly specialized world.

IX. How Much Carbon Dioxide is Too Much?
Author’s Note: Figure 11 is a bit confusing but the included explanation of its
message should help. A much better graphic was printed in The New York Times
on November 7, 2006 at part of the article entitled: “In Ancient Fossils, Seeds of a
New Debate on Warming” by William J. Broad. The graphic was produced by
Robert H. Rohde at the University of California at Berkeley. Permission to use
that illustration has not been forthcoming. It may be viewed online at:
www.nytimes.com/imagepages/2006/11/06/science/earth/
20061107_co2_graphic.html.
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Figure 11: Atmospheric Concentration of CO2 on a Geologic Timescale
Figure 11 shows the changes in carbon dioxide during the Phanerozoic Era (the last 542
million years), the estimated time that life has been in existence on the earth. The present
(today) is at the left-hand side of the graphic. Moving to the right is going back in time.
Why does Figure 11 look so confusing? This data comes from several people’s computer
models. Yes, models are used in many scientific disciplines. Data sets that go far, far
back in time are sometimes derived from fossils. The fossils are put through chemical
analyses that indicate several facts about their ages and environmental conditions. It is
still necessary to approximate some of that information through the use of models.
Several of these approaches are included in the above graphic. There is also a measured
data set and what must be a long-term (30 million year) moving average included.
No matter whose data you like best, Figure 11 makes it clear that the last 550 million
years have experienced carbon dioxide concentrations significantly higher than the
present day. Current levels of CO2 in the atmosphere are a small fraction of what has
been experienced on the earth from time immemorial.
A significant example is set by the Cretaceous Period, from about 65 million to 145
million years ago. The cretaceous saw CO2 levels many times higher than today. It was a
warm period, to be sure, but life flourished. Dinosaurs walked the earth, plants and
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animals were dense, the oceans filled with life. There was so much life that it took that
much more life to feed it all.
The Jurassic Period, made famous by Hollywood, immediately precedes the Cretaceous
and goes back to 200 million years ago. The concentration of CO2 in the atmosphere has
been measured at 1950 ppm (7 times the pre-industrial levels and 5 times current levels).
The planet’s temperature was about 3oC higher, on average, and the oxygen concentration
was 30% higher.
Just as a reminder: current carbon dioxide levels are about 385 ppm. Some are afraid of
500 ppm. The dinosaurs didn’t seem to mind 1950 ppm.
The great lesson from geologic history is that carbon dioxide is critical to life. The move
to label it as a pollutant is simply preposterous. The logical extension to that thought
process is that the government has legally regulated life. The notion would be laughable
if it were not so tragically real.
It must be concluded that it is not possible to deduce a scientifically justified upper limit
to the carbon dioxide concentration in today’s world with any kind of precision.

X. Conclusions
The complexity of the workings of Earth’s atmosphere is undeniable. This discussion has
only served to emphasize that fact. It is still possible to draw one conclusion about the
comparison between the heat transfer capabilities of water and carbon dioxide.
•

The Water Cycle and the oceans dominate heat movement on the surface of
the Earth and throughout the troposphere. The effects of carbon dioxide are
insignificant by comparison.

Geologic evidence implies that more carbon dioxide has been beneficial to life. It is
certainly not a pollutant.
Is it correct to ignore the contributions from heat absorbing molecules in the stratosphere,
mesosphere and so forth? When 75% of the atmospheric gas and 99% of the atmospheric
water is in the troposphere32 it is not unreasonable to focus on that region as the dominant
factor determining global temperature. The density of the gases at higher altitude is so
low that their contribution is extremely small. The atmospheric gases graphic helps
illustrate that fact. The principal focus of the research efforts as regards global warming
should be the surface of the Earth and the troposphere for that reason.
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Another conclusion can be drawn that is at least as important:
•

Global warming is probably nothing to worry about. It is part of a natural
cycle that has always been a part of life.

The temperature of the earth is constantly changing. That message is clearly shown in
Figure 12. Another thing to notice is that the variations in temperature are becoming
much smaller. A reduction in the magnitude of temperature swings means that the current
upswing is not likely to go very far and the temperature may be at its maximum right
now.

Figure 12: Consolidated Data on 500 Million Years of the Earth’s Temperature
The causes of these temperature cycles are probably variations in the sun’s output,
variations in the earth’s orbit and similar factors 33, none of which can be influenced by
people. There is no reason to assume that there is a threat to mankind, let alone life on
earth. It is given that adjustments and adaptations may be required. That is nothing new
to humanity.
The Good Part
There is a strongly positive effect rising above all of this anxiety. Technology is
advancing to replace burning fossil fuels, reduce pollution, protect water supplies and
many other important advances that are truly important to the quality of life and perhaps
even the viability of whole ecosystems. Everyone’s awareness is rising and people are
making better choices in lifestyle and where their dollars are spent.
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Happily, many people understand more of the science and technology that is important to
all of the conservation efforts necessary to the health of the planet. Above all, this
increased exposure to, and understanding of, good science will have the most lasting
benefit to society. This author is of the view that more and better education will cure all
of society’s ills.
XI. The Last Word
The current rate of increase in atmospheric concentration of carbon dioxide, measured at
the Mauna Loa Observatory on the big island of Hawaii, is 30 billion tons! Wow, sounds
like a lot. Of course, they don’t tell you that the atmosphere weighs 5 quadrillion tons.
What does that terrifying number really mean?
I quote Roy Spencer, in Climate Confusion34:
“At the rate of rise shown [Mauna Loa data], mankind adds only 1 molecule of
CO2 to every 100,000 molecules of air every five years or so. This, then, is what
is supposedly going to cause a global warming catastrophe.”
The point could not be made any more clearly than that.
Postscript
The last ten years of climatology research have produced an impressive sophistication of
the field. The expertise and professionalism are truly admirable. Advances have been
made that have indeed advanced the understanding of the planet’s climate, atmosphere
and weather. It is not the intention of this author to in any way detract from that excellent
progress.
The intention of this analysis is to attempt to reignite the dedication to correctness and
adherence to fundamental scientific principles that inspires people to enter the scientific
disciplines.
Reality Check: CO2 is but one of hundreds of articles attempting to counter the political
and media perversion of science practice. Billions of dollars have been diverted from far
more productive research activities without producing results in proportion to the costs.
The climatologists who are benefiting from this government largess should have their feet
held to the fire. Peer review must return to its dominant role as a strict arbiter and
evaluator.

Dedication
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I became a fan of the anthropogenic global warming controversy around the year 2000.
The new book by Bjorn Lomborg, “The Skeptical Environmentalist”, was big news in
Europe and created a real uproar that spread to the United States. He had the nerve to
show that things were getting better for people all over the world in the areas of health,
food, energy, pollution, global warming, forests and such. Not long after the book came
out in English in 2001, Scientific American magazine published four articles by Nobel
laureates and/or experts in four of the areas addressed in “The Skeptical
Environmentalist” to counter Lomborg’s arguments. Other anti-optimist pieces appeared
in Science Magazine, the trade journal of the American Association for the Advancement
of Science (AAAS), of which I have been a member for several decades. I was quite
impressed by all of those authors.
That same month Reason Magazine ran an article by their science editor, Ronald Bailey,
supporting Lomborg and strongly disparaging the politicization of science. Bailey wrote
the book “Global Warming and Other Eco-Myths”. I emailed Bailey to say how strong
the arguments were that were found in Scientific American and to say that Lomborg had
been strongly and convincingly criticized.
Bailey wrote back to me, an unexpected pleasant surprise. He said that I had been misled
by people who only live to increase the size of their research grants and couldn’t care less
about objective analysis. He encouraged me to look into the matter deeply and do my
own science. I have been doing so ever since.
I owe Ronald Bailey many thanks for restoring my proper sense of scientific skepticism.
This analysis is dedicated to him.
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