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Global Warming Today:  Hurricanes Helene and Milton

1. The two recent huge deadly hurricanes probably at least partially formed 
because of global warming.  However, they became much stronger because 
of it.  The Earth's warmer atmosphere has warmed the oceans, and warmer 
water evaporates a larger amount of water vapor into the atmosphere.

2. With this higher amount of water, the storm intensifies by the simple 
reaction of water (vapor) --> water (liquid) + energy where the liquid 
becomes the huge amounts of rain and the energy is the winds in the storm.  
The storms are more intense simply because there is more water vapor 
evaporated from the warmer Gulf of Mexico water. Storms weaken over land 
because the winds cannot evaporate enough water to feed the storm.

3. From Helene, we received 12.2" of rain in Atlanta though we did not have 
winds higher than 30 mph.  That was the most rain I had ever experienced 
from any storm in my 83 years.  The previous high was 6" from the end of a 
hurricane winding down in Ohio about 30 years ago.  Westerville got 2.5" of 
badly needed rain as Helene rained itself out over Kentucky and Ohio.

4. More intense storms are a direct result of climate change/global warming 
of the oceans.



Sequence of This Lecture
1. Introduction and What is Climate Change?  How did we get into this 

dangerous situation?  9 Slides

2. Very Important Global Warming graphs – 6 Slides

3. What’s so special about carbon dioxide (CO2) in the atmosphere and 
what are the problems with it?  3 slides

4. Since water is the most important molecule to support life and is the 
largest absorbing greenhouse gas in the atmosphere, let us look closely 
at this incredible molecule and its impact on our lives. 2 slides

5. What do we need to do to eliminate emissions of CO2? (nuclear power, 
basic science, personal involvement, economics, changes in 
transportation & in home)?   13 slides

6. Ask questions by saying “question” loud enough for me to hear.  
Questions become less useful if they aren't asked at that time.



References - (I have the 4 books with me for you to look at later)

1. “What We Know About Climate Change” – by Kerry Emanuel.  2018, Massachusetts Institute of 
Technology (MIT), 63 pages.  Good focused brief description with non-technical and non-
mathematical writing.

2. “A Plan To Save The Planet-How to Resolve Climate Change at Lowest Cost and In a Way That is 
Politically Feasible” – by Glenn Weinrab, December 2022, 157 pages.  More detail on the issues 
of various energy sources and uses with some simple math calculations to compare future 
economic options. It is positive, realistic, sobering, and ultimately persuasive helping us to act.

3. “Beyond Debate - 50 Misconceptions On Climate Change.” – Shahir Masri, 2018,  281 pages.  He 
shows that 50 Climate Change denial arguments are false with science. 

4. “Our Fragile Moment – How Lessons from the Earth’s Past Can Help Us Survive the Climate 
Crisis” - by Michael Mann, 2013, 240 pages.  A thorough description of Earth’s stages and 
processes through its 4.6 billion years to reach the current times where humans exist, and why 
climate change is so difficult and scary.

5. The Scary Truths About Climate Change/Global Warming” by Robert Place, 2019,  Otterbein 
University Life Long Learning - 3 Lectures (unpublished).

6. Many internet articles from various journals and other sources.



When Are We Producing Atmospheric CO2?
1.  Every time we drive our car, turn on a light, use heat or AC, cook, buy anything, do anything - we 
are using energy to do things to make our life easier and more comfortable.  We use energy to 
gather raw materials, transport them to factories, build devices, purchase them and use them.  
In  early human history, that energy came from wood and personal labor, neither of which adds any 
net CO2 to the atmosphere.  However, as the industrial revolution developed, we used first coal and 
eventually oil and natural gas in ever increasing amounts.  All fossil fuels were made by the earth 
after plants grew by extracting CO2 from the air making C,H,O compounds and were trapped under 
the  surface for millions of years.  High pressure squeezed out the oxygen atoms, leaving behind the 
carbon and hydrogen (fossil fuels).  Once we burn them, all their carbon atoms end up as human-
produced CO2  gas which spreads throughout the atmosphere to fill all the available volume.  

2.  We historically viewed industrial smoke as a symbol of human progress, and in some way it was!  
However,  in our natural human way we believed that if a little fossil fuel energy is good, "more is 
better." Fossil fuels have saved us lots of human energy and time.  We need to now substitute 
“ENOUGH IS BEST” for “more is better”.  As we used more and more energy, scientists started 
noticing that CO2 was building up in the atmosphere.  We thought that this build up was okay 
because plants would grow faster.   We started noticing that world temperatures were rising a little 
– no big deal.  What’s the problem with a few degrees? 



When Are We Producing Atmospheric CO2?  (Continued)
3. However, today we realize that a few degrees is not okay because higher temperatures dry 

out plants faster.  They die more quickly and fuel bigger more frequent forest fires.  Also, 
warmer air means warmer oceans evaporating more water.  Since warm air can hold 
more water vapor, when a storm develops, it has more water available to condense into rain 
to produce more energy, flooding, wind  and property damage.  Storms now move more 
slowly because the jet stream has more ups and downs from climate change.  Hence, slow 
storms are more numerou and make more rain (recent Europe rains, Helene, Milton).  
Meanwhile, glaciers and winter ice are disappearing.  Animal migration patterns are being 
disrupted and species are going extinct at about 1000 times the historic rate.  Coastal 
flooding is increasingly a problem as land ice melts and seas rise.  “Wait a minute!  How did 
all this happen so suddenly?”  Actually, it was gradual - one small step at a time, but now we 
are noticing all the problems together and wondering how we got into this mess.  We did it 
collectively -  one small step at a time for each individual human but one large collective step 
for humankind.  We all just need to look in a mirror to see part of the problem staring back 
at us.   What can we do about it?  Plenty!  Successfully combatting climate change will be a 
great unifying factor for the world since we all have to work together to continue solving 
this singularly important problem to help life on the Earth remain and thrive.



USE SOLAR, WIND AND NUCLEAR ASAP!  STOP BURNING FOSSIL FUELS!

1.  Many of us have felt uncomfortable about nuclear power in the past, but we must stop that nonsense.  
    Nuclear power produces zero CO2 emissions and must become a prominent part of our future energy 

mix.  We must make nuclear power safer, of course, but we must have it soon in much larger amounts.   

2.   Solar and wind farms are the least expensive and most productive way for us to meet 60% of our 
energy needs with renewable energies.  However, solar and wind cannot deliver the very high-
temperature energy needed in many industrial processes.  Nuclear will provide the other 40% with very 
hot molten salts delivered directly to nearby manufacturing industries.

3.    Conserve energy personally.  Become fully electrified in our homes.  40% of electricity already 
comes from solar, wind and nuclear (fuels with no CO2). It is urgent that the world stop using ALL fossil 
fuels within 25 years. We must also start removing CO2 from the atmosphere very soon since CO2 has a 
long lifetime in the atmosphere (1000+ years).  If we remain inactive, earth’s air and water will surely 
catastrophically warm by many degrees over the next several hundred years to destroy most of the 
current plant and animal life on the Earth including humans.



Basic Issues
1. The two most crucial actions to take are:  (1) We must greatly accelerate stopping the burning of all fossil fuels .  

(2) There is already enough CO2 in the air to cause a disastrous rise in air temperature over the long term unless 

we work very hard to REMOVE EXCESS CO2 now in the air.  We must return  to 300 ppm. (420 now)

 2. Most people in the world do not realize how urgently and how soon we need to take critical actions and deal 
with this climate change disaster.  We drag our feet and procrastinate.  Humans usually have trouble solving 
long-term problems requiring sustained work, and Climate Change is a very long-term issue  We need an 
effective public education effort, and we all need to learn some basic basic common-sense science.

3. People must believe Climate Change is real because it is really happening.   A few people do not believe it - 
they do not want to be inconvenienced or to change how they function, so they remain blind.  Everyone will 
be very adversely affected by CC if we delay action. The effects are now readily observed, and CC is 
accelerating.  We have an ethical responsibility to future Earth inhabitants to address this problem now.

4. We need a different focus on national legislation to nurture bipartisan support among states importing but 
not producing fossil fuels.  Prices will drop with renewable energy.  Good-paying jobs will be more plentiful.  
This is a new strategy.  Forget political or religious categories.

5. We must form new Research and Development Centers to create and implement plans which help 
individuals, companies and nations make good energy decisions.  The centers must set up processes to          
(1) eliminate CO2 emissions, (2) develop desperately needed nuclear power, and (3) research the best ways to 
remove excess CO2.



WHERE AND WHEN DO WE ACQUIRE CO2 DATA?  Since 1960 Mauna Loa Observatory Data has 
produced the world’s definitive daily CO2 data numbers on top of a mountain on the Island of Maui, 
Hawaii.   It is important for scientists to SAMPLE a measurement properly to be accurate.  Mauna Loa 
is obviously very isolated from any large CO2 sources, so accurate world numbers are produced.  
There is minimal distortion from any fossil fuel sources nearby.  The current CO2 level is 420 ppm in 
10/24.  Each up (F,W) and down (Sp,S) = one year.  Vegetation is more concentrated in the Northern 
Hemisphere, creating the ups and downs.  Vegetation is growing and uses CO2 only in spring and 
summer.  I became concerned about global warming in 1983 when CO2 was only 340 ppm.  Note that 
this graph is not linear – it is accelerating fast.  From 1960 to 1980, the increase was 20 ppm.  From 
2000 to 2020 the increase was 44.  Future increases will likely occur even more rapidly.  



This is a graph of the Earth’s atmospheric composition for its entire existence.  Initially, Earth's surface was hot 
liquids with a very low pressure (.02 atm) of ammonia, methane and hydrogen gases.  In the first billion years, 
CO2 and H2O built up and air pressure rose to 1 atm. CO2 reacted chemically or dissolved in oceans to eventually 
reach low levels before increasing in the last 275 years.  The oceans started forming over 4 billion years ago as 
the Earth cooled, forming liquid water.  Over a billion years ago, as plant life took over, plants released O 2 to 
slowly reach the current stable 19% O2 level. Homosapiens have been on the earth for just 300,000 years, but 
Earth had already been evolving for 4.6 billion years to develop the current conditions that allowed humans to 
exist.  Thank you, Earth!  We are newcomers and have been here on Earth for just the last 0.01% of Earth’s 
existence.  In my opinion, it is likely that future human time on the Earth will be quite limited, so humans also will 

almost certainly become extinct while Earth spins on.  Earth’s polar glaciers did not form until 34 million years 
ago when the CO2 level dropped below 750 ppm and temperatures dropped so ice could form.



This graph of average world atmospheric temperatures from 1880 to 2020 show this long 
CC warming process has risen faster since 1960.  In 2024 we are 1.2C higher than in 1970.  
The 0.0 temperature on the vertical scale (world temperature anomaly) equals 56F. The 

current T is 58F.  The  smoother averaged line better shows the trend line for the graph. 



This is the most important and frightening slide in my presentation because it shows the incredibly close 
correlation of CO2 (blue) and temperature (red) values for at least the last 350,000 years. It is made from the 
ancient Antarctic glacier ice samples drilled by Lonnie Thompson’s Ohio State team. The data for both 
measured lines are very reliable. (air bubbles and isotopic ratios of oxygen in each annual ice rings). The graph 
for other warmer parts of the Earth would look the same but would just be at higher temperature ranges.   
CO2 persists in the atmosphere for 1000+ years!  If CO2 stabilizes and levels off at a future level of 450 ppm, 
the temperature graph would eventually need to rise 32oF to reach the CO2 line. If this happens, it will take a 
long time, but it would be a complete disaster for life on the earth. Most plants would die, and ALL our food 
comes from plants (from the sun). The message is that over the next several centuries, earth’s temperatures 
will likely rise many degrees unless we soon aggressively start dropping the existing CO2 levels.  If we do not 
remove excess CO2 , then levels will stay high and continue to climb. We must quickly devise ways to remove 
this excess CO2 that is already there and drop it back down to 300 ppm. (350 ppm would still produce a 
horrible 9-degree rise.)  However, CO2 is very spread out in the atmosphere so it will be VERY expensive and 
slow to remove.  Until the last 275 years, the CO2 levels had likely been below 300 ppm for 20 million years.



This graph shows 800,000 years of atmospheric CO2 levels as measured from 
analysis of trapped air bubbles in an Antarctic glacier. The temperature graph 
presumably would also correlate closely with the CO2 graph as it did in the 
previous 350,000-year graph.  Warm periods are only about 8-10oC warmer 
and 80-100 ppm of CO2 higher than ice ages.  These are amazingly small 
ranges, showing that small temperature changes make huge changes in the 
world.  A few degrees is a huge problem for Earth to adapt to!



Both graphs show the very high correlation between WORLD population (spaced dots on 
a smooth line) and WORLD yearly CO2 emissions (bouncy closely spaced dots) since 1880. 
Each person needs energy to live, so more people means more energy.  That energy has 
been coming from fossil fuels, so each added person increases the global CO2 emissions.  
There were 2.4 billion people in 1940, close to when many of us were born.  Now there are 
8 billion people.  Hence, 10 people are alive today for every 3 people alive in 1940.  Our 
Earth's goal must be to have a voluntary maximum of 2 natural-born children/family even 
though few people talk about population as being related  to our big world problems. 



This is a 50-year chart of average temperatures of the oceans on the earth 
up to 2010.  Oceans have risen in temperature by only 0.6oC while the 
atmosphere rose by 0.9oC between 1964 and 2010.  Water also expands 
slightly when warmed, so this will further raise ocean levels, making 
flooding even more common.  More recently, 2023 ocean temperatures rose 
a lot faster than in any previous year.  2024 is heating at a faster pace with 
an additional increase even higher than the rate observed for 2023.  The rate 
of warming ocean water is accelerating drastically with higher evaporation!



What We Can Do Personally To Conserve Energy?

2. Vote for political candidates who are serious about addressing the climate change crisis.  I am certain CC is the 
number one issue that we should vote on.  There is only one candidate for the presidency this year who believes CC is 
critical and must be addressed.  World life forms depend on us solving it.  Correcting all other world issues rests both 
on stopping human CO2 emissions and on removing the excess CO2 already in the air as possible. 

3. Buy only what you need, and resist buying peripheral “stuff”.  Save the money.

4. Two Biggest Personal Energy Uses – Transportation (small electric car, combine trips, slowly drive freeways at 60 
mph.  Energy = ½ mv2).   Home (small home, 68 in winter, 78 in summer (our body has an adjustable thermostat-
so we can adapt after a day or two), electrify your home (furnace, stove, lawn mower, etc.), close off vents to 
low-use rooms, own low-energy high-quality appliances, etc.).  

5. Recycle (wear out, donate, set items at the curb the day after trash day for others to take and use)

6. Urge small family size – We want to love all children that are here now, but we need to strongly urge future 
families to have no more than 2 natural-born children/family. 

7. Join organizations like Citizens Climate Lobby, Sierra Club, Union of Concerned Scientists and other nature and 
wildlife groups.  Group input almost always is far more effective ithan when we input individually.

8. Support the planting of a trillion big trees worldwide to absorb a lot more CO2.  This action helpsis not enough by itself.

1. Always be thinking about energy conservation (less lighting, less water use, smaller cars, slower driving, less heating 
and cooling of buildings, smaller houses and buildings) 



CO2 Emission Background Information
1. Human CO2 emissions are 100 times higher/year than the 

background rate of natural CO2 emissions (volcanoes, fires, etc.).

2.   Human based CO2 emissions continue rising with continued 
increased rates of emission for almost all the countries who signed the 
Paris Climate Change Accord. 

3.   How is CO2 absorbed in the world?  Primarily by oceans and growing 
plants but way too slowly to keep CO2 from increasing from the huge 
inflow from humans burning fossil fuels..

4.   Burning fossil fuels releases ancient carbon previously trapped for 
millions of years. Now, humans are burning this carbon in a few 100 
years, and the Earth cannot naturally absorb the excess CO2.

5.   Sources of human CO2 (or equivalents) in the atmosphere above the 
natural emission are: combustion of fossil fuels (64%), natural gas 
seepage (methane-21%), tree cutting (11%), and others (4%).



Why Is CO2 ppm Increasing At Such An Accelerating Rate?

1. The huge human population continues to increase, causing big Earth problems 
beyond climate change include more pollution, refugees, wars, animal extinction, 
deforestation, natural habitat destruction and numerous others.

2. More people in the world are living at higher standards of living, so the fossil fuel 
energy being used per person is rising and more CO2 is being released each year. 

3. We are not shifting away from fossil fuels nearly fast enough.

4. There are more open-water oceans in the north and south polar regions each 
successive year.  White reflective surface ice and snow melt more quickly each year 
and dark ocean waters take their place to absorb instead of reflect sunlight.  
Regions near the north pole are warming 4X faster than the average for the rest of 
the Earth.  This is already changing our USA winters to be measurably warmer.  Our 
reservoir of cold air supply that created past winters is leaving as the Arctic warms, 
and extra warmth will affect all humans in the northern hemisphere in many ways.



How Can We Trap CO2 Out Of The Atmosphere?
1. We more urgently need to eliminate all human-produced CO2 emissions, but we also need to solicit 

concerned foundations and rich individuals to assist with money and augment national and state 
legislative plans to fund the massively expensive and long-lasting CO2 extraction process. 

2. We have a few small private operational plants that currently extract CO2 from the atmosphere using 
large fans to blow air over a very hot chemical surface which then absorbs CO2.  The surface is then 
reactivated.  We currently store that trapped CO2 underground as a gas.  With the huge amount of CO2 

that must eventually be extracted, we will quickly run out of suitable non-leaking underground gas 
storage sites long before we have removed all the excess CO2.  Instead, we must react CO2 chemically 
and then store it efficiently underground as a stable solid such as calcium carbonate. 

3. Many huge extraction plants worldwide must use massive amounts of energy to succeed at 
this long and very expensive task of preserving human life.  We can have many of them 
here in the USA.  Extraction factories do not need to be spread over all the Earth.  The total 
atmosphere will drop its CO2  level locally where you take it out, and then remaining CO2-
filled air will uniformly fill in for more decarbonization treatment to follow.

4. Perhaps the current energy companies could change their business focus and learn to run 
the extraction factories.  Extraction is estimated to need about 25% of the annual WORLD 
ENERGY each year by the year 2100.  Extraction is an almost unimaginably huge project!



Nuclear Fission Power Reactors Must Play A Big Role
1. How do we stop the Earth’s rising temperatures?  We must stop emitting CO2. We know we must use 

a huge number of solar and wind farms.  Nuclear power reactors are also crucially needed since they 
likewise do not produce any CO2 as they generate electricity!  Hence, they are very important energy 
sources to help us meet the future demands by the world. 

2. We must have nuclear power reactors to provide high-temperature heat needed to manufacture green 
fuels (hydrogen and ammonia – no carbon), cement and many other products. The temperatures of 
energy produced from solar and wind farms are not high enough for many industrial processes.  40% of 
our energy use requires nuclear high-temperature heat.  Nuclear power stations can transfer very hot 
molten salt from a reactor to nearby production industries located within a distance of ½ mile. 

3. Most of us are uneasy about nuclear power plants.  Our fears of anything described as nuclear need to 
be addressed.  Nuclear waste and leakage must be safely solved. (Magnetic resonance is a useful 
medical tool tuned to the many hydrogen atoms in the body.  It used to be called nuclear magnetic 
resonance-NMR, but we dropped the word “nuclear”.   Magnetic resonance machines measure the 
hydrogen environments in the body that are characteristic of health or specific diseases.)

4. Chinese nuclear reactors are mass produced and are the world’s safest and least expensive (1/3 
the USA reactor cost).  Mass production of nuclear fission reactors is crucial in helping us drop 
nuclear costs and eliminate the use of fossil fuels.  We must also reduce the time needed to 
acquire nuclear siting permits.



We Need Safe Nuclear Fission Reactors and More Public Acceptance 

1. Nuclear fission occurs in all current nuclear power reactors.  Heavy atoms (U or Th) break apart into two 
radioactive atoms plus neutrons and a lot of released energy which is used to boil water to drive electrical 
generators.  Most byproducts produced when the atom splits are radioactive, and there is much concern 
about where to store these long-lived waste products.  Most are still stored next to the reactors.

2. The big challenges facing expansion of nuclear fission reactors are: meltdown risk, nuclear waste storage, high 
cost, public “nuclear” fear, and acquisition of weapons-grade fuel by rogue countries (like Iran, N. Korea).

3. Tighter safety restrictions and more research needs to be done with the following goals:   (1) No 
meltdowns are possible. (2) No long-term radioactive waste is produced. (3) Construction is at 
much lower costs (reactor mass production).  Thorium reactors are needed to fill these criteria 
because uranium reactors produce very long-lived radioactive products that must be stored safely 
for many thousands of years.  The decay half-lives of thorium byproducts are much shorter – wastes 
can be stored and managed for much shorter times more realistically.  Also, the natural abundance 
of thorium in the Earth’s crust is 3X more than that of uranium.

4. A major new R&D effort must be focused on helping the public understand the need for and safety of 
nuclear reactors as well as the unique need to use a lot of nuclear reactors to stop CO2 emissions.  These 
research  centers must also develop ways to remove CO2 from the atmosphere.



The Long-term Solution To World Energy Supply Is Fusion
1. I have been fascinated about energy from fusion power for the last 65 years since I was a freshman at 

Albion College.

2. Vast amounts of money are being spent by China and the USA to develop fusion power.  Water 
is the fuel (deuterium and tritium isotopes are heavy forms of hydrogen existing in water– 
they each have one proton and one or two neutrons in their nucleus).  There is a vast free 
supply of these isotopes in the oceans that will last many millions of years.

3. All stars including our sun are powered by fusion reactions.  So are hydrogen bombs.  Fusion forces 
two hydrogen atoms to combine nuclei to become one atom of Helium. Atoms only fuse at very 
high temperatures (40 million degrees in the center of stars) because atoms normally either repel 
each other or react together by using their electrons to make chemical compounds (Chemistry).  

4. The specific fusion reaction we are trying to develop takes deuterium and tritium atoms to make a 
helium atom plus a very high energy neutron which escapes to boil water and generate electricity.

5. The Tokamak reactor has been the most studied by USA and China.  China is leading in research 
commitment.  If one country clearly wins this race, they will become very rich and dominate the 
world economy.  However, leadership can be shared.  This fusion race is primarily positive in 
contrast to the Soviet/USA arms race which is measured by the level of destructive forces available.  



FUSION (CONTINUED)

6. The fusion process involves creating a magnetic bottle with very strong magnets which will hold a 
plasma of deuterium and tritium atoms.  The plasma is heated to 150+ million degrees to fuse.  The 
plasma cannot be heated enough unless it does not touch any physical container wall – hence the 
magnetic bottle.  The plasma retains all reactants and products except for the high energy neutrons 
which escape and enter a jacket of water to create steam which can then drive generators.  There is no 
charge on neutrons so they can escape.  (Another fusion option is to use massive lasers aimed at a tiny 
solid pellet holding lots of D and T.  The lasers compress the pellet to a tiny fraction of its original size, 
causing it to heat up to the necessary very high temperatures to fuse – a miniature hydrogen bomb.)

7.    The mass of the products (1 helium atom plus 1 neutron) is less than the mass of the reactants (1 
tritium plus 1 deuterium atom), and this loss of mass is transformed into pure energy (fission also loses 
mass to produce energy).  Einstein’s equation is ½ mc2  where c is the speed of light.  A small loss of mass 
produces a lot of energy.
8. Only helium gas is produced from D + T fusion – no radioactive products are produced, unlike the 

troublesome radioactive products that fission reactors generate.  There would be some needed 
replacement of parts because of the extreme P/T conditions.produces

9. It is foreseen by some that nuclear fusion will be as cheap as the energy available from fossil fuels 
currently, but it will not be available commercially until about 2045. (feasible scientifically by 2035)

10. The biggest challenge now is to sustain the plasma for a long time to continuously produce energy  
and electricity.  The Chinese have produced a plasma lasting as long as 17 minutes.  This is a 
massive achievement, but we have a long way to go to become continuous and long term..



Water Is The Most Important Life Molecule!
1. Water is the only chemical that exists in large amounts as a gas, liquid and solid at the normal range of temperatures 

on the Earth’s surface.  Individual molecules easily move back and forth, forming ice, rain, evaporation, humidity, etc.

2. Water moderates our weather.  (S. Dakota has little water, Ohio has the Great Lakes, weather temperatures are less 
extreme in Ohio.)  Venus has no liquid or solid water, and its temperature is 800F with no life possible.

3. Water is the basic support molecule for life.  Living animals and plants are composed of about 70% water by weight.

1. Water in the atmosphere collectively absorbs more of Earth’s radiation than any other greenhouse gas.  There is 
a lot more H2O in the air - about 40 times more than CO2. 

5. Water’s solid form (ice) is the ONLY solid that floats on its pure liquid.  If it did not float there would be no 
complex life!  The oceans would freeze solid!

6. We have water pipes, wells, rivers, reservoirs and ground water to deliver water to our cities and homes.  We use 
water in so many ways to clean and consume that it must be readily available to us.  Interrupted water supply is 
dangerous to all life forms.  

7. Water is called the universal solvent.  Scientifically, water has two hydrogen atoms where each H partially gives its 
bonding electron to its oxygen atom, creating an electrical charge (+H,-O).  The chemical is then called “polar”.  
Being polar and plentiful allows water to dissolve many other polar, partially polar and ionic substances and is so 
necessary for life to exist.  It does not dissolve nonpolar chemicals like oil or grease.

8. Water molecules are very small. However, water has a very high boiling point because of how water molecules interact 
with each other’s polarity. (100C instead of -183C for heavier pure oxygen )



Why Water (H2O) Is Also A Big Danger.  This Is Also Why We Must 
Stop Human CO2 Emissions Very Soon To Prevent Future Disaster.

1. Water is the most energy-absorbing greenhouse gas because of the huge amounts present in air.  As extra CO2 
enters the atmosphere, more heat is held in the air and air temperatures rise causing ocean temperatures to rise. 
Then, extra water evaporates (energy + water = more evaporation).

2. The amount of gaseous water increases by a massive 7% for each degree C the liquid water rises.

3. This extra evaporated water vapor then causes the atmosphere to warm faster.

4. This hotter air causes oceans and land to warm faster, evaporating more water and drying plants faster to cause 
more frequent and intense forest fires.

5. A disastrous self-sustaining feedback loop might eventually dominate, creating a tipping point beyond which 
warming water would evaporate still more water vapor and cause temperatures to rise still more creating a 
feedback loop that will continue even if we finally cut human CO2 emissions to zero. 

6. We can’t control ocean evaporation directly because 3/4ths of the earth’s surface is covered by water, so we MUST 
focus much harder on stopping human CO2 emissions while we can still control them.  Also. we must remove excess 
CO2 down to 300 ppm.

7. Temperature increases that are predicted by computer models for the year 2100 may be too low since the models 
are constructed conservatively.  While current modelling usually stops at the year 2100, the worst heating will occur 
after that.  The computer models also may not be accounting for warming oceans which increase the amount of 
water evaporation.  It is urgent to act quickly to stop CO2 emissions and remove the excess CO2 down to 300 ppm.



Basic Greenhouse/Climate Change Physics/Here Is The Science!
1. ALL MATTER at any temperature above absolute 0oK radiates energy.   We call these physical bodies black 

body radiators.  All physical objects radiate energy, including our bodies.

2. The sun emits high energy visible light with a surface at 10,000oK, and the Earth emits low-energy infrared light.             
The Earth's surface is at an average temperature of 287oK or 58oF.  These are very different energies.  This is the reason 
Earth radiates out infrared radiation which is then absorbed by the vibrations of global warming gases.

3. Atmospheric gases must have at least 3 atoms and bond electric dipoles in their molecules to absorb earth’s radiated 
infrared energies into their extra vibrations.  CO2, CH4 , H2O and CFCl’s are the primary global warming gases.  O2 and N2 

(99% of air molecules) do not absorb radiated infrared energies because they do not have a charge dipole.  If they did, we 
would be super-hot on Earth and no life could exist.

4. Definition of Greenhouse Effect:  Some radiated energy from Earth’s surface is absorbed and held by certain molecules in 
the atmosphere which then reradiate partially back toward earth and are reabsorbed by gases, liquids and solids on the 
Earth’s surface.  The greenhouse molecules also reradiate to outer space.

5. CO2 has a lifetime in the atmosphere of 1000+ years.  This is why we must now remove CO2.

6. Einstein said that entropy is the driving force of the universe.  Entropy (disorder) naturally spreads out the emitted CO2 and 
makes it very hard and expensive to remove from the atmosphere.  Overall, the entropy of the universe always increases 
for all natural actions and processes, and there will never be any exceptions (2nd law of Thermodynamics).  To reorder a 
high entropy system, you apply energy for a net gain in entropy.  Also, whenever two objects touch, some atoms transfer 
back and forth.  (messy room, tire tread disappears, lint trap fills, no process is 100% efficient so entropy and waste occurs) 
To be alive means you are at low entropy (useful).  Many complex reactions need to take place to support our body.  Sun 
energy grows plants which we eat to keep us alive and keep our entropy low.  However, the sun’s entropy goes up more 
than our entropy drops so the entropy of the universe still increases. When we die, our bodies will decompose mostly back 
to the greenhouse gases, CO2+H2O, and spread out again in the biosphere. Our low entropy of life is lost when we die!



Human Impact On Climate Change? Yes!
1.Geologists have proposed that we are in a new age called the "Anthropocene" age defined as, "A new period of time 
during which human activities have impacted the environment enough to constitute a distinct geological change."  It 
has been going for just the last 200 years.

2.    Many good computer models are projecting several degrees (2-6C) of temperature increase by 2100.  If we do not 
limit the temperature rise, do not stop emitting CO2 and do not remove excess CO2 to meet this challenge as a world,   
I expect that the worst most destructive times will happen in the centuries after 2100.  This is no excuse for you to say 
that we don’t need to worry about this CC challenge because we will be dead.  This is an ethically backrupt statement.  
We must have respect for the Earth (Gaia) and work to support maintaining future Earth life as long as humans exist.

3. We test computer models using actual temperature data over the past 30 years to determine their 
predictive validity with existing data.  For the test time interval, 1990-2020, we know what happened in every year 
from 1990 to 2020.  Close agreement of predicted and actual data means a computer model is working well.  
Simulations do not come close to matching with actual data unless we include major human impact from their 
production of CO2 and methane,CH4.

4.     Glaciers and the poles are indicators of earth’s warming.  95% of the world’s glaciers are melting, and many are 
already gone.  Polar glaciers are melting more slowly.  The north pole region is warming 4X faster than the rest of 
the Earth because snow reflects sunlight, but dark oceans absorb solar energy and there is increasing amounts of 
open Arctic water each year.  Melting of land-bound ice is what causes oceans to rise.  If all of Greenland’s land ice 
melts, oceans will rise 20 feet and will flood where half the people in the world live as well as where a third of food 
crops are grown.  Melting all the Antarctic south pole ice would raise sea levels 150 feet!



The Economics of  Climate Change
1. There are 4 main energy uses (electricity, transportation, manufacturing and commodities).  Each must have zero human 

CO2 emissions by 2050

2. How will we pay for this changeover to zero CO2 emissions?  Legislation, rich concerned individuals, foundations.

3. Which CO2 source should we start changing first? (Electricity, but work on all 4)

4. What will be the “green premium” cost for each household?  About $120/year initially. 

5. Governments’ roles: Subsidize.  Legislate required CO2 eliminations.  Seed money for good projects.

6. Vested interests of groups and companies that do not want to change are a problem politically and economically.  
Ignorance about economics and science costs our nation and the world a lot and slows the process of changing 
energy systems and use patterns.

7. Compare costs of operating fossil power plants versus green energy ones:  We must also include the cost of health and 
structural damages caused by each energy source, and  not just assign the health system with the health costs for the 
negative fossil fuel impacts.  Then, green energy saves us lots of money, mostly because fuel costs and health problems are 
very low for solar, wind and nuclear.  We are not used to this kind of accounting and thinking.



How Much Will Decarbonization Cost?
1. The costs for transitioning to zero CO2 emissions are estimated at $100 trillion over 30 years!  

Of course, there is the huge additional cost of removing the CO2 excess already in the 
atmosphere, but we have no estimates yet for that slow and expensive CO2 removal.

2. To acquire just the decarbonization money, 3.5% of the World Gross Domestic Product ($86 
trillion/year) will be needed for 30 years to eliminate emissions.

3. More prosperous countries need to pay a larger share of the costs to help financially poorer ones 
because we need all nations to participate.  We all benefit when everyone is involved.

4. Decarbonization and CO2 removal are both expensive, but they will cost a lot less than the 
expenses that will result from the damage from high temperatures: loss of life, rising sea levels, 
floods, environmental degradation caused by storms and fires, and destruction of the 
environment from rising temperatures that will cost humans dearly.



General Information on Costs and Information Sources

1. Electric vehicles each now cost thousands of dollars more than gas 
cars.  However, electric cars will drop in price, and charging 
convenience will improve.

2. Relative costs of various solar and wind options are:  3 Cents/Kwh 
for solar and land wind farms, 6C/Kwh for offshore wind farms, 
9C/Kwh solar for single structures.  Putting solar on isolated 
buildings is eventually not advised though it is good modelling for 
now.  In the near future we must build more solar and wind 
farms! 3. Good sources of energy information are the U.S. Energy 
Information Laboratory and the U.S. National Renewable Energy 
Laboratory.



Issues Of Changing Transportation To Green Energy
1. Current data shows that CO2 from cars has steadily increased over the years.  We must develop smaller and cheaper 

electric cars for in-town driving.  Gasoline cars are now more efficient than in the past, but there are so many more 
cars today, and most still produce CO2.

2. Most consumers go green only if it is required by law or if green is cheaper.  Few will choose it to save the world unless 
the danger is imminent (which many of us believe might now be the case).

3. Challenges of changing to all electric vehicles on highways include shortages of certain crucial chemicals needed for 
battery construction which are largely controlled by China.  Also, there are 1.5 billion cars worldwide.

4. It will cost $30 trillion at a minimum to replace 1.5 billion cars ($20,000/car). Individual buyers will pay this price 
when they buy their new or used electric cars over a period of a couple decades.

5. We must produce a battery that is twice as long lasting at 200,000 miles.  A current 100,000-mile replacement 
battery now costs about $10,000.

6. Develop 600-mile batteries to avoid charging stops during long trips.

7. Have many more charging stations throughout USA and the world (does Otterbein have any?).

8. Utilize trains much more.  They are the most energy efficient.

9. Airplanes need to develop a new power source such as hydrogen gas.  Airplanes are by far the most energy inefficient 
per passenger mile (6-8 times worse than a car with 2 people).



Decarbonize The Heating And Cooling Of Buildings

1. Use solar and wind power from large solar or wind farms to generate 
electricity for heating and cooling.  

2. Heat pumps are much more efficient at normal winter temperatures.  
However, they lose much efficiency at cold temperatures below 20oF.

3. Store energy during cheaper nighttime hours by using solar or wind to 
heat water in a water tank under a home and then move it through the 
home during the day to save as much heating.

4. Using ground water drastically increases the efficiency of a heat pump for 
heating or air conditioning.  Deep ground water is at about 58oF.  But, this 
process uses a lot of land and is expensive to install.



Additional Earth Observations
1. Humans naturally fear change and want stability.  Yet, everything in life changes 

constantly.

2. The current 8 billion people are too many for the Earth to support long term.  We must  lower 
population hopefully through choice, not by law, war or starvation.  Homosapiens have only 
been on the Earth for 300,000 years or 0.01% of Earth’s existence.  Yet, how we have been 
living and our huge numbers are permanently damaging Earth’s ability to support life.

3. We have had a constantly changing earth for its entire existence, 4.6 billion years.

4.    These periods historically last 20,000 (warmer)years to 80,000 (ice) years.

5.    What causes rapid changes after long ages of heat or cold? (tilt of the earth leads to ice 
ages?  All-ice snowball times build up CO2 from volcanoes (no plants to use CO2) and this 
causes warming times to follow ice ages.  

6.    Life forms help stabilize Gaia’s (Earth) climate according to Lovelace.  He says Gaia means earth 
has a collective living personality all its own.



Conclusions
1. It is urgent that the world stops using all fossil fuels within 25 years.  We must also start removing CO2 from the 

atmosphere very soon since CO2 has a long lifetime in the atmosphere (1000+ years).  If we remain inactive, earth’s 
air and water will likely catastrophically warm by many degrees over the next several hundred years to destroy most 
plant and animal life on the Earth.

2. Rapidly construct vast amounts of solar farms, wind farms and nuclear reactors.  Add hydroelectric stations 
where suitable.  All these energy sources emit no CO2.

3.    We need to encourage Federal Legislation to enforce even lower and quicker CO2 emission stoppage goals for 

CO2 -emitting industries and other energy-use processes.

4. We must urgently recommend to all people in the world that each family limit its size (hopefully voluntarily) to no 
more than 2 natural-born children. We must also urge the world to care for all the people that are now here.

5. Legislate to spend large amounts of money worldwide to change over to renewable energy sources for 
electricity, vehicles and manufacturing.  Also, fund removal of all excess CO2.

6. Produce more better-paying and healthier clean-energy jobs which will happen with CO2-free energy.

7. Create national research centers to develop and activate transition and removal solutions.

8. Create user-friendly websites that allow nations, companies and individuals to work out the best energy plans 
for themselves as they shift to renewable energy eliminate fossil fuel use.

9. Conserve energy use in as many ways of daily life as possible.  Prioritize using “lowest energy” in decision-
making when sorting purchase or action options.  Focus on our transportation and our home energy uses.

10. Communicate this message to very rich people whom we need to help pay for doing the work to save the Earth. 
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