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OUR EARLY FINDINGS (2010-2014)
AVAILABLE AT OPEN PEER REVIEW JOURNAL

Screenshot of www.oprj.net

2010-2014: 
Å We spent several years analysing the data.
Å A lot of important results 
Å Contradicted several key paradigms
Å Too much for a standard peer-reviewed paper
Å We decided to set up a new Open Peer Review 

Journal (www.oprj.net) and put all our analysis 
online in one go for everyone to look at.

2014-2019:
Å 15,000 downloads since launch in 2014
Å Discussed our work with hundreds of scientists 

around the world

2019-present:
Å To be discussed in Part 3 of this talk!

http://www.oprj.net/
http://www.oprj.net/


STRUCTURE OF THIS TALK

1. History of atmospheric measurements & theories

2. Summary of our early findings (2010-2014)

3. Our latest findings (a sneak preview) 



1. HISTORY OF ATMOSPHERIC 
MEASUREMENTS & THEORIES

(a) Ground-based measurements

(b) Satellite-based measurements

(c) Direct atmospheric measurements

(d) Development of climate models



SAILORS: DISCOVERY OF THE TRADE 
WINDS

1. ΧΪίΨȡ #ÏÌÕÍÂÕÓȭÓ ÖÏÙÁÇÅÓ ÏÎ .Éña, Pinta & Santa Maria (photo is of 1893 replicas) 
2. 4ÈÅÙ ÕÓÅÄ ÔÈÅ ȰÔÒÁÄÅ ×ÉÎÄÓȱ ÔÏ ÓÐÅÅÄ ÕÐ ÔÈÅÉÒ ÊÏÕÒÎÅÙ
3. 1600s-ΧήΦΦÓȡ (ÁÄÌÅÙȟ (ÁÌÌÅÙȟ &ÅÒÒÅÌÌȟ ÅÔÃȢ  ÄÅÖÅÌÏÐÅÄ ȰÁÔÍÏÓÐÈÅÒÉÃ ÃÉÒÃÕÌÁÔÉÏÎ 
ÍÏÄÅÌÓȱ ÔÏ ÔÒÙ ÁÎÄ ÅØÐÌÁÉÎ ÔÈÅÓÅ ÐÒÅÖÁÉÌÉÎÇ ×ÉÎÄÓ



METEOROLOGISTS: CLIMBING MOUNTAINS

%ÁÒÌÙ ÍÅÔÅÏÒÏÌÏÇÉÓÔÓ ×ÏÕÌÄ ÔÁËÅ ȰÈÉÇÈ 
ÁÌÔÉÔÕÄÅȱ ÍÅÁÓÕÒÅÍÅÎÔÓ ÂÙ ÃÌÉÍÂÉÎÇ ÈÉÌÌÓ

It was shown that the atmosphere gets 
colder with height. 

4ÈÅ Ȱ,ÁÐÓÅ 2ÁÔÅȱ Ђ -6.5°C/km

Mont-Blanc is the highest mountain in 
Europe (4.8km above sea level), and so was a 
particularly important location.

ȰDescent from Mont-Blanc in 1787 by H.B. de Saussureȱ 
(Christian von Mechel, 1790)



GROUND-BASED SPECTROSCOPY

The apparatus used by John Tyndall to 
determine that H2O, CO2 and CH4 are 
ȰÉÎÆÒÁ-ÒÅÄ ÁÃÔÉÖÅȱ ÇÁÓÅÓȟ ÂÕÔ /Ψ ÁÎÄ .Ψ ÁÒÅ 
not (1862)

One of the Brewer ozone 
spectrophotometers developed by Brewer 
ÉÎ ÔÈÅ ΧίΨΦÓ ÔÏ ÓÔÕÄÙ ȰÔÈÅ ÏÚÏÎÅ ÌÁÙÅÒȱ



1. HISTORY OF ATMOSPHERIC 
MEASUREMENTS

(a) Ground-based measurements

(b) Satellite-based measurements

(c) Direct atmospheric measurements

(d) Development of climate models



THE SPACE RACE

Apollo 11 moon landing
Exactly 50 years ago today: July 20th, 1969



THE SATELLITE ERA

À1957: USSR launched Sputnik

À1958: USA launched Explorer

À1960: USA launched TIROS-1 (lasted 3 months)

À4ÈÅ 4)2/3 ɉȰ4ÅÌÅÖÉÓÉÏÎ )ÎÆÒÁÒÅÄ /ÂÓÅÒÖÁÔÉÏÎ 
3ÁÔÅÌÌÉÔÅȱɊ ×ÅÒÅ ÔÈÅ ×ÏÒÌÄȭÓ ÆÉÒÓÔ ×ÅÁÔÈÅÒ ÓÁÔÅÌÌÉÔÅÓ

ÀNOAA-19 is the 45th in the TIROS series and has 
been active since 2009



LOOKING FROM ABOVE AND BELOW

From the ground From space

4ÈÅ Ȱ"ÌÕÅ -ÁÒÂÌÅȱ ÐÈÏÔÏ ɀApollo 17 crew, 1972 
(Eugene A. Cernan, Ronald E. Evans, Harrison H. Schmitt)

"ÅÎÊÁÍÉÎ &ÒÁÎËÌÉÎȭÓ Ȱ+ÉÔÅ ÅØÐÅÒÉÍÅÎÔȱ ΧέΫΨ 
(Currier & Ives, 1892)
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WEATHER BALLOONS

At the end of the 19th century, several European 
groups began using weather balloons (manned 
and unmanned) to study the atmosphere

The German group (led by Prof. Richard Aßman) 
used manned and unmanned, e.g., see drawing

The French group (Léon Teisserencde Bort) 
used unmanned balloons

In 1902, both groups announced the discovery of 
the tropopause, although it was initially called 
ÔÈÅ ȰÓÔÒÁÔÏÓÐÈÅÒÅȱ

Arthur Berson(meteorologist, left); 
Hans Groß (pilot, right) in Phoenix(1894). 
Drawing by Hans Groß
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ÅEverybody knew that it got colder as you went up in the air ɀÔÈÁÔȭÓ ×ÈÙ ÉÔ 
snows on mountaintops. But, now a new region where temperatures 
remained constant with height!
Å0ÅÏÐÌÅ ÁÓÓÕÍÅÄ ÔÈÉÓ ÍÅÁÎÔ ÔÈÅ ÁÉÒ ×ÁÓ ÓÔÁÔÉÃ ÁÎÄ ȰÓÔÒÁÔÉÆÉÅÄȱȢ 4ÈÅÒÅÆÏÒÅȟ 
ȰÓÔÒÁÔÏÓÐÈÅÒÅȱ ÖÓȢ ȰÔÒÏÐÏÓÐÈÅÒÅȱ ɉȰtroposȱ Ђ ÔÕÒÎÉÎÇ ÏÒ ÍÉØÉÎÇɊ

ÅLindemann and Dobson (1922) proposed a third layer where temperatures 
increased with height!
Å4ÈÅ ÎÅ× ÌÁÙÅÒ ËÅÐÔ ÔÈÅ ȰÓÔÒÁÔÏÓÐÈÅÒÅȱ ÎÁÍÅȟ ÁÎÄ ÔÈÅ ÏÒÉÇÉÎÁÌ ȰÓÔÒÁÔÏÓÐÈÅÒÅȱ 
×ÁÓ ÒÅÎÁÍÅÄ ÔÈÅ ȰÔÒÏÐÏÐÁÕÓÅȱ ɉÂÅÃÁÕÓÅ ÔÈÅ ÔÅÍÐÅÒÁÔÕÒÅ ȰÐÁÕÓÅÄȱɊ



THE REGIONS OF THE ATMOSPHERE

ÅAir craft = Mostly troposphere (typically 
up to 5-10km)

ÅRocketsondes= Upper stratosphere to 
thermosphere (40-120 km)

ÅWeather balloons = Troposphere, 
tropopause and stratosphere (up to 
35km)



ADVANCES IN WEATHER BALLOONS

Å! ÂÁÌÌÏÏÎȭÓ ÍÅÁÓÕÒÅÍÅÎÔ ÉÓ ÃÁÌÌÅÄ Á Ȱsondeȱ ɉÆÒÏÍ ÔÈÅ 
&ÒÅÎÃÈ ÆÏÒ ȰÓÏÕÎÄÉÎÇȱɊ

ÅWhen an unmanned balloon burst, it could land 200 miles 
Á×ÁÙȢ 3Ïȟ ÎÅÅÄÅÄ ÔÏ ÉÎÃÌÕÄÅ ȰÒÅÔÕÒÎ ÔÏ ÓÅÎÄÅÒȱ ÎÏÔÅ
ÅIn the 1930s, cheap radio transmitting instruments were 

developed.

Å.Ï× ÃÁÌÌÅÄ ȰÒÁÄÉÏÓÏÎÄÅÓȱȢ 
ÅRecords temperature, pressure, humidity & wind speed
ÅLaunched 1 to 4 times/day, 2000 stations around the world
ÅCan reach 30-35 km (18-21 miles) before bursting
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TWO BIG PUZZLES IN EARLY 20THCENTURY

In the late 19th/early 20th century, the two biggest climate/atmosphere puzzles were:

1. Why did ice ages occur in the past? 
It was known that there were at least 4 in the last million years

2. Why was there a tropopause/stratosphere?

Most people assumed that the tropopause/stratosphere probably had something to do 
with the ozone layer which was discovered by Fabry & Buisson (1912)



ICE AGE CLIMATE CHANGE THEORIES 
(1860-1960)

Ɇ1870s: James CrollɀÃÈÁÎÇÅÓ ÉÎ %ÁÒÔÈȭÓ ÏÒÂÉÔ

Ɇ1910s: Milutin -ÉÌÁÎËÏÖÉçɀÃÈÁÎÇÅÓ ÉÎ %ÁÒÔÈȭÓ ÏÒÂÉÔ

Ɇ1920s: George Simpson = solar (& H2O, clouds)

#ÈÁÎÇÅÓ ÉÎ ÔÈÅ %ÁÒÔÈȭÓ 
orbit and solar variability

Ɇ1860s: John Tyndall = H2O

Ɇ1920s: George Simpson = H2O, clouds (& solar)
Changes in H20 or cloud 

cover

Ɇ1890s: Svante Arrhenius = CO2 only

Ɇ1930s: Guy Callendar= CO2 only

Ɇ1950s: Gilbert Plass= CO2 only
Changes in CO2

Ɇ1890s: Thomas Chamberlin ɀwarming from extra CO2

Ɇ1960s/70s: Reid Bryson, Hubert Lamb, Mikhail Budyko, 
etc. ɀcooling from extra dust and/or aerosols

Volcanic eruptions



THE SWEDISH CLIMATE DEBATE

Svante Arrhenius (1859ɀ1927) Knut Ångström(1857-1910)

ÅArrhenius argued that changes in 
CO2 could cause the ice ages

ÅHe calculated that changes in CO2 
would significantly alter the rate at 
which the Earth cooled to space 
and that this would change the 
surface air temperatures.

ÅÅngströmdisagreed. He argued his 
experiments showed CO2 was not 
a major driver of air temperatures



SIR GEORGE C. SIMPSON (1878-1965)

George Simpson making scientific 
ÏÂÓÅÒÖÁÔÉÏÎÓ ÁÔ ÔÈÅ ÂÁÓÅ ÃÁÍÐ ÏÎ 3ÃÏÔÔȭÓ 

Antarctic Expedition (1910-1912).

Å 1910-ΧίΧΨȡ /ÎÅ ÏÆ ÔÈÅ ÓÕÒÖÉÖÉÎÇ ÍÅÍÂÅÒÓ ÏÆ 2ÏÂÅÒÔ 3ÃÏÔÔȭÓ 
Antarctic Expedition

Å 1920-1938: Director of the British Meteorological Office
Å 1939-1947: Director of Kew Observatory

In 1920s-30s, he carried out detailed calculations on our two big 
puzzles using latest meteorological data, including weather balloons

He concluded:
1. CO2 was not a driver of climate change
2. Temperatures in the troposphere were not driven by radiative 

processes. Instead, he argued convection was more important
3. But, in the stratosphere, radiative processes might be the driver
4. It probably had something to do with ozone, but there were 

odd puzzles as to why the effects were greatest at the poles.
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Walter M. Elsasser (1904-1991)

Walter Elsasser
Å1937-1941 (CalTech): calculated effects of infrared radiation 

transfer in atmosphere ɀonly radiative processes
ÅMoved to Harvard (until called to duty) where he wrote up 

his calculations as Elsasser (1942)
Å2ÅÂÒÁÎÄÅÄ ÍÕÃÈ ÏÆ %ÉÎÓÔÅÉÎȭÓ ×ÏÒË ÁÓ Ȱ+ÉÒÃÈÏÆÆȭÓÌÁ×Óȱ

Gilbert Plass
Å In 1950s, tried  to explain CO2 as driver of all climate change

Syukuro Manabe & Robert Strickler, 1964
ÅTried to build computer model from Elsasser (1942) to 
ÅØÐÌÁÉÎ ÔÒÏÐÏÓÐÈÅÒÅȾÓÔÒÁÔÏÓÐÈÅÒÅ ×ÉÔÈ ÒÁÄÉÁÔÉÖÅ ÐÒÏÃÅÓÓÅÓȣ
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The Problem!!!
Å Lapse rate = rate of change of temperature/km
Å Average lapse rate in troposphere = -6.5ϲC/km
Å .ǳǘΣ ǳǎƛƴƎ άǊŀŘƛŀǘƛǾŜ ǇǊƻŎŜǎǎŜǎέ Ґ -16ϲC/km!
Å Also, ground temperature = +160ϲF!!!
Å Stratospheric trends were kind of ok though

'ÅÏÒÇÅ 3ÉÍÐÓÏÎȭÓ ÃÏÎÃÌÕÓÉÏÎ ɉΧίΩΦÓɊ
Å Stratosphere is radiatively-dominated, but  

troposphere is not !

-ÁÎÁÂÅ Ǫ 3ÔÒÉÃËÌÅÒȭÓ ÃÏÎÃÌÕÓÉÏÎ ɉΧίάΪɊ
Å *ÕÓÔ ÒÅÍÅÍÂÅÒ ÔÏ ËÅÅÐ ÍÁÎÕÁÌÌÙ ȰÁÄÊÕÓÔÉÎÇȱ 

the data every time the lapse rate gets too fast
Å )ÔȭÓ ÐÒÏÂÁÂÌÙ ÓÏÍÅÔÈÉÎÇ ÔÏ ÄÏ ×ÉÔÈ ÃÏÎÖÅÃÔÉÏÎȣ



SUPERCOMPUTERSIN THE 1960S

IBM 7090 operator's console at the 
NASA Ames Research Center(1961) Samsung Galaxy S6 (2015)

ÅCPU speed = 200,000 FLOPS
ÅRAM = 4 kB
ÅSize = occupies several rooms

ÅCPU speed = 35,000,000,000 FLOPS
Å2!- Ђ ΩȟΦΦΦȟΦΦΦ Ë" ɉȰΩ'"ȱɊ
Å3ÉÚÅ Ђ ΫȢΧȱ ÓÃÒÅÅÎ

Vs.



THE GLOBAL CLIMATE MODEL APPROACH

ÅCurrent supercomputers are far more 
powerful than 1960s!!!

ÅThe resolution has improved:
Å Horizontally (500km in 1990 to 100km today)
Å Vertically (2-3km in 1990 to 500-1000m today)

ÅExtra components (ice, oceans, aerosols, 
changing Sun) have been added

Å"ÕÔȟ %ÌÓÁÓÓÅÒȟ ΧίΪΨȭÓ ËÅÙ ÁÓÓÕÍÐÔÉÏÎ ÔÈÁÔ 
radiative physics is the main driver was 
never checked until now! It was wrong.



IMPLICATIONS OF CONVECTIVE ADJUSTMENT

ÅThe computer models assume that the atmospheric temperature profile is determined 
by the concentrations of infrared-active gases

ÅSo, Manabe & Wetherald(1967) predicted doubling CO2 would cause global warming
ÅUnfortunately, 1940s-ΧίέΦÓ ÇÌÏÂÁÌ ÔÅÍÐÅÒÁÔÕÒÅÓ ×ÅÒÅ ÃÏÏÌÉÎÇȣ
ÅBut, in 1980s, warming started again and the computer modellers declared vindication!

Dr.James Hansen, who co-developed the NASA GISS climate 
model building on the Manabe model, in his 1988 US Congressional 
testimony where he claimed: 

Ȱ)Ô ÉÓ ÔÉÍÅ ÔÏ ÓÔÏÐ ×ÁÆÆÌÉÎÇ ÓÏ ÍÕÃÈ ÁÎÄ ÓÁÙ ÔÈÁÔ ÔÈÅ 
evidence is pretty strong that the greenhouse effect 
ÉÓ ÈÅÒÅȢȱ



BOTH SIDES

Ȱ)΄ÖÅ ÌÏÏËÅÄ ÁÔ ÃÌÏÕÄÓ ÆÒÏÍ ÂÏÔÈ ÓÉÄÅÓ ÎÏ× 
From up and down and still somehow 
It's cloud's illusions I recall 
) ÒÅÁÌÌÙ ÄÏÎ΄Ô ËÎÏ× ÃÌÏÕÄÓ ÁÔ ÁÌÌȱ

-*ÏÎÉ -ÉÔÃÈÅÌÌȟ Ȱ"ÏÔÈ 3ÉÄÅÓȟ .Ï×ȱ ɉΧίάίɊ
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THE MAJOR CONCEPTS INSCIENCE

1. Facts:Experimental observations or results.

2. Laws:A statement based on repeated experimental observations, generally an equation. 

Tells what and how something happens, but not why it happens. 

3. Hypothesis: A guess at explaining the facts. A starting point for developing a theory

4. Theory: An explanation acquired through repeated testing using  the scientific method.          

A theory explains why things happen.

5. The Scientific Method: Subject your hypothesis to as many tests as you can. If it cannot 

explain all the facts, it is wrong. If it explains all the known facts you have a theory.

6. The Principle of Occam's Razor: If two or more theories explain all the known facts pick 

the simplest one



WEATHER BALLOON DATA  AND THE GAS LAWS

In our analysis of the weather balloon data, 
we used only the experimental observations 
and the gas laws.

We did not use models. 



AN EXAMPLE  OF A RADIOSONDE RESULT:
TUCSON, AZ (JULY 20TH, 2018)

Measures :
ÅPressure
ÅTemperature
ÅHumidity
ÅHorizontal wind speed and direction

Mandated pressure levels (hPaor mb) = 
1000, 925, 850, 700,500, 400,300,250,200,150,100, 
70, 50, 30, 20, 10, 7, 5, 3, 2 & 1



Tucson, AZ 
January 1st 2019; 7:40am local time

Tucson, AZ 
July 20th 2018; 7:40am local time

Ground Ground



The gas laws
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Robert Boyle (1627-1691)
Ireland

Published book on gases:
"The Sceptical Chymistȱ ɉΧάήΦɊ

Source NASA's Glenn Research Center

"ÏÙÌÅȭÓ ÌÁ× ÓÔÁÔÅÓ ÔÈÁÔ ÆÏÒ Á ÇÉÖÅÎ ÁÍÏÕÎÔ ÏÆ ÇÁÓ ÉÆ 
the temperature stays the same then the pressure 
times the volume stays constant:

PV=C



CHARLES'S LAW

Jacques Charles
(1749-1823)

France
Scientific career in Physics and maths,

First manned balloon flight
Discovered Charles law

Charles's Law  states that if the pressure on a 
fixed amount of gas remains the same, then 
the volume divided by temperature remains 
constant:  

V/T= C

Source NASA's Glenn Research Center

https://en.wikipedia.org/wiki/File:Jacques_Charles_Luftschiff.jpg
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Avogadro's law states that, "equal volumes of all gases, at 
the same temperature and pressure, have the same number 
of molecules

AmedeoAvogadro (1776-1856)
Italy 

Scientific career: Physicist and 
held posts dealing with 

statistics and meteorology
$ÉÓÃÏÖÅÒÅÄ !ÖÏÇÁÄÒÏȭÓ ,Á×

This means that the volume of a gas  at a given temperature
and pressure depends on the number of molecules and
not the weight of the molecules

V Proportional to n
The  number of molecules is measured in moles. 
Χ ÍÏÌÅ Є άΦΨȟΩΦΦȟΦΦΦȟΦΦΦȟΦΦΦȟΦΦΦȟΦΦΦȟΦΦΦ ÍÏÌÅÃÕÌÅÓȦ

Normally written as 6.023 Ҏ1023ɉȰ!ÖÏÇÁÄÒÏȭÓ ÎÕÍÂÅÒȱɊ



THE IDEAL GAS LAW 

By combining the last three gas laws 
together  we get an equation which is 
called the  ideal gas law.

It is also known as the 
thermodynamic equation of state of 
an ideal gas. 

THE IDEAL GAS LAW



By Rearranging the equation of state we get  

n/V = P/RT
Since the molar density (D) is given by

D = n/V
Then                    D= P/RT

High DLow D

MOLAR DENSITY, D
(THENUMBER OF MOLECULES MEASURED IN MOLESPER M3 ) 



Why is there a Tropopause? 

Hypothesis

!ÂÓÏÒÐÔÉÏÎ ÏÆ ÕÌÔÒÁÖÉÏÌÅÔ ɉȰ56ȱɊ ÌÉÇÈÔ  ÂÙ ÏÚÏÎÅ ÈÅÁÔÓ ÕÐ ÔÈÅ ÁÉÒ ÔÏ ÆÏÒÍ ÔÈÅ ÓÔÒÁÔÏÓÐÈÅÒÅ 
and tropopause

Can weather balloon data be used to test this hypothesis? 

The answer is yes!



Tucson, AZ
January 1st 2019; 7:40am local time

Ground



Tucson, AZ
January 1st 2019; 7:40am local time

Ground Ground



Tucson, AZ 
January 1st 2019; 7:40am local time

GroundGround

Line 1
Y=1821.1x-97.308
R2=0.9998



Tucson, AZ 
July 20th 2018; 7:40 pm local time



Tucson, AZ 
July 20th 2018; 7:40 pm local time



We find that for all 20 million weather 
balloons we get either 2 or 3 straight lines 
when we plot the molar density vs pressure.

The following video shows the molar density 
plots for all weather balloons launched from 
this Tucson station last year





For our analysis it is easier if 
we rotate our plots so that 
Pressure is on the x-axis 

instead of the y-axis
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Tucson , AZ  1st Jan 2019 7.40am
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IMPLICATIONS OF THIS 
TWO-PHASE BEHAVIOUR

For a gas the plot of Molar Density  versus Pressure
is normally a single straight line, and the slope tells
us the compressibility of the gas.

The bigger the slope the  easier it is to compress
the gas.

So why does the air in the Tropopause suddenly
become easier to compress.

According to the ozone heating hypothesis  it
should be harder to compress
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Tucson , AZ  1st Jan 2019 7.40am



Comparing  Winter and Summer, (July 20th & January 1st) Radiosonde 
Temperature and Molar Density plots, for Tucson, AZ. 



COMPARING DAY AND NIGHT

Tucson , AZ  1st Jan 2019  7.40 am & 7:40 pm

Biggest slope

Lower Temp.



PROBLEMS WITH THE OZONE HEATING 
EXPLANATION



PROBLEMS WITH THE OZONE HEATING 
EXPLANATION

1. Why is there a tropopause in the polar winter?
2. Why is the polar winter Tropopause warmer than 

the tropical summer Tropopause?
3. In terms of molar densities, the Tropopause should 

be lesscompressible if it was due to ozone heating
4. The ozone layer occurs much higher than the 

phase change (i.e., at 40km instead of 10-15km)
5. 7ÈÙ ÄÏÅÓ ÔÈÅ ȰÐÈÁÓÅ ÃÈÁÎÇÅȱ ÂÏÕÎÄÁÒÙ ÃÈÁÎÇÅ ÓÏ 

quickly ɀwithin hours?
6. )Æ ÔÈÅ ÕÐÐÅÒ ÁÔÍÏÓÐÈÅÒÅ ÉÓ ÓÏ ȰÓÔÒÁÔÉÆÉÅÄȱ ÁÎÄ 

poorly mixed, why are we able to fit the entire 
atmospheric temperature profiles so well with our 
2-3 molar density vs. pressure linear fits?



CONCLUSION

The  ozone heating hypothesis fails to explain most of 
the facts associated with the tropopause/stratosphere.

Therefore it must be scrapped !

We need a new Hypothesis.
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ÅIf the air above the troposphere is more compressible, 
then this suggests a significant change in molecular 
composition or structure is occurring
ÅBut, ratio of nitrogen, oxygen, argon, etc. seems to be 

fairly constant (from chemical sampling)
ÅNot related to water as absolute humidity is very low

ÅWe propose that oxygen molecules combine together 
to form large multi-ÍÏÌÅÃÕÌÁÒ Ȱvan der Waalsȱ 
ÃÏÍÐÌÅØÅÓȟ ÏÒ Ȱmultimersȱ

ÅSee Paper 2 for a more detailed discussion



By Rearranging the equation of state we get  

n/V = P/RT
Since the molar density (D) is given by

D = n/V
Then                    D= P/RT

High DLow D

MOLAR DENSITY, D
(THENUMBER OF MOLECULES MEASURED IN MOLESPER M3 ) 



Why do ice ages come to an end?

There are a number of Hypothesis to explain why ice ages end, but the one

that weather balloon date allows us to test is the following one.

Hypothesis:

Increases in greenhouse gases traps heat in the atmosphere, which causes

global warming  and helps to end the ice ages 

We can use the weather balloon data and the laws of thermodynamics

to test this hypothesis



BACK TO THE IDEAL GAS LAW 

PV = nRT

( or the equation of state of an ideal gas)

The ideal gas law is the thermodynamic equation of state for an ideal gas

What it really states is that in thermodynamic equilibrium the 
mechanical and thermal energy are balanced

PV = nRT

Mechanical or work energy Thermal or heat energy



CALCULATED TEMPERATURE PROFILES

We saw that if we know P & T we can calculate D

D = P/RT, 
Equally if we know D and P we can calculate T

T  = P/RD

Therefore, we can calculate the temperature profiles using 
the equations for the straight line we got from the Molar 
Density plots.



Tucson, AZ ( July 20th 2018; 7:40 pm local time)



Tucson, AZ ( July 20th 2018; 7:40 pm local time)



Tucson, AZ ( July 20th 2018; 7:40 pm local time)
Three equations of state model



Summary so far
ÅBy plotting molar density against 

pressure, we identify three different 
regions with straight lines i.e. Each region 
has its own equation of state

ÅWhen we convert the slopes of these lines 
back into calculated T, we can explain the 
entire temperature profile very well

ÅRegion 3 has water but the upper 
troposphere, tropopauseand stratosphere 
are dry regions

Tucson, AZ ( July 20th 2018; 7:40 pm local time)
Three equations of state model



Tucson, AZ ( July 20th 2018; 7:40 pm local time)

Three equations of state model Radiative Convective Model



THERMODYNAMICS

Thermodynamics developed mainly from trying to 
understand and improve the efficiency of steam engines

Thermodynamics describes the relationship 
between thermal energy and mechanical 
ɉȰdynamicȱɊ ÅÎÅÒÇÙ 

19th century: Steam engines could transform 
thermal energy into mechanical energy



THERMODYNAMICS

The first law of thermodynamics states that  
energy cannot be created or destroyed

However it can be changed from one form  to 
another and can be transmitted from one 
location to another

The first law does not  say any thing about how 
fast any of these processes can happen 



ENERGY TRANSMISSION IN AIR: 
THERMAL VS. MECHANICAL

Thermal energy transmission
1. Thermal conduction (energy is transmitted ȰÔÈÒÏÕÇÈ ÍÁÓÓȱȟ ÖÅÒÙ ÌÏ× ÆÏÒ ÁÉÒ)
2. Thermal convection ɉÅÎÅÒÇÙ ÉÓ ÔÒÁÎÓÐÏÒÔÅÄ ÂÙ ȰÍÁÓÓ ÆÌÏ×ȱ):

i. 3ÅÎÓÉÂÌÅ ÈÅÁÔ ɉ×Å ÃÁÎ ȰÓÅÎÓÅȱ ÔÈÅ ÔÅÍÐÅÒÁÔÕÒÅ ÃÈÁÎÇÅÓ ×ÈÅÎ ÈÏÔ ÁÉÒ ÂÌÏ×ÓɊ
ii. Latent heat (e.g., water changes from liquid to gas)

3. Radiation (energy is transmitted by the emission and absorption of light)

Mechanical energy transmission
1. +ÉÎÅÔÉÃ ÃÏÎÖÅÃÔÉÏÎȟ ÅȢÇȢȟ Ȱ×ÉÎÄȱ ɉÅÎÅÒÇÙ ÉÓ ÔÒÁÎÓÐÏÒÔÅÄ ÂÙ ȰÍÁÓÓ ÆÌÏ×ȱ)
2. Acoustic energy transmission (very little)

Ȱ&ÒÉÃÔÉÏÎÁÌ ÌÏÓÓȱ Ђ ÃÏÎÖÅÒÓÉÏÎ ÏÆ ÍÅÃÈÁÎÉÃÁÌ ÅÎÅÒÇÙ ÉÎÔÏ ÔÈÅÒÍÁÌ ÅÎÅÒÇÙ



IS THERE ANYTHING MISSING?

ÅWe saw that something funny is happening in terms of compressibility
ÅUntil now, climate models have focused on thermal energy 

transmissions ɀparticularly radiation
ÅSomemechanical energy transmission is implicit in the primitive 

equations
ÅBut, is there anything missing?

Å9ÅÓȣ ×ÁÔÃÈ ÔÈÉÓ ÅØÐÅÒÉÍÅÎÔȣ



35--!29 /& ȰPERVECTIONȱ %80%2)-%.4

Maximum rates of energy transmission by the known mechanisms:
ÅConduction = 0.00015 Watts/m2

ÅKinetic convection = 0.0000075 Watts/m2

ÅEnthalpic convection = 0.14 Watts/m2

ÅRadiation = 0.29 Watts/m2

ÅAcoustic transmission = 1.37Watts/m2

Observed rate of energy transmission= 2400± 80 Watts/m2

In this particular controlled experiment, the energy was not transmitted by 
conduction, convection, radiation or acoustic. Therefore, there is some other key 
energy transmission mechanism available for air



Ȱ4(2/5'( -!33ȱ -%#(!.)#!, %.%2'9 
42!.3-)33)/. ɉ/2 ȰPERVECTIONȱɊ

Å )Î Á Ȱ.Å×ÔÏÎȭÓ #ÒÁÄÌÅȱȟ ÔÈÅ ÍÅÃÈÁÎÉÃÁÌ ÅÎÅÒÇÙ ÉÓ ÔÒÁÎÓÍÉÔÔÅÄ ÆÒÏÍ ÏÎÅ ÓÉÄÅ ÔÏ ÔÈÅ ÏÔÈÅÒ
Å "ÕÔȟ ÔÈÅ ÂÁÌÌÓ ÈÁÖÅÎȭÔ ÍÏÖÅÄȢ 4ÈÅ ÅÎÅÒÇÙ ÉÓ ÔÒÁÎÓÍÉÔÔÅÄ ȰÔÈÒÏÕÇÈȱ ÔÈÅ ÍÁÓÓ ɉȰÐÅÒ-ȱɊ
Å The same happens with conduction, except conduction involves transmission of thermal energy
Å With convection, the energy is transported with the mass
Å 4ÈÉÓ ÉÓ ÄÉÆÆÅÒÅÎÔȢ )Ô ÉÓ ȰÔÈÒÏÕÇÈ-ÍÁÓÓȱ ÍÅÃÈÁÎÉÃÁÌ ÅÎÅÒÇÙ ÔÒÁÎÓÍÉÓÓÉÏÎ

Å Ȱcon-ȱ Ђ ×ÉÔÈȠ Ȱ-vectionȱ Ђ ÃÁÒÒÉÅÄȠ Ȱper-ȱ Ђ ÔÈÒÏÕÇÈ



YES, CO2 ISAN INFRARED-ACTIVE GAS

3ÐÅÃÔÒÁ ÏÆ %ÁÒÔÈȭÓ ÁÔÍÏÓÐÈÅÒÅ ÁÓ ÒÅÃÏÒÄÅÄ 
by the Mars probe after leaving Earth (1997)

Å (Ψ/ȟ #/Ψȟ ÁÎÄ ÏÔÈÅÒ ȰÇÒÅÅÎÈÏÕÓÅ ÇÁÓÅÓȱ ÁÒÅ ÉÎÄÅÅÄ 
infrared-active (Tyndall, 1861)

Å This means they absorb and emit at fixed 
wavelengths/frequencies (Einstein, 1916)

Å CO2 can absorb and emit at 666 cm-1 and we see 
these CO2 peaks in the atmosphere

Å Does this alter the atmospheric temperature profile?
Á According to the Global Climate Models, yes!
Á According to the weather balloon data, no!



COMPARING DAY AND NIGHT

Tucson , AZ  1st Jan 2019  7.40 am & 7:40 pm



COMPARING DAY AND NIGHT
Daily  temperature plots for the first week in May

ÅDuring the day the sun 
heats the boundary layer

ÅNeed a separate 
equation of state for this 
layer

ÅDuring the night  
energy is dissipated  

ÅYou no longer need a 
separate equation of 
state for the boundary 
layer  



COMPARING DAY AND NIGHT

Temperatures are taken twice per day at 7:40am 
& 7:40pm

At ground level the difference between 7:40am 
& 7:40pm is 8K to 15K

At the 850 hPapressure  the difference is down 
to 3K to 5K

At the 700 hPapressure  the difference is down 
to about 1K

At  500hPa there is no am-pm pattern 



COMPARING DAY AND NIGHT
Daily  temperature and water plots for a week in May

Water in the mid-
troposphere cools the 
mid-troposphere at 
night (image day 3)

Water in the mid-
troposphere
heats the mid-
troposphere during 
the day(image day 6) 



COMPARING DAY AND NIGHT
Daily  temperature and water plots for a week in May

Water in the mid-
troposphere cools the 
mid-troposphere at 
night (image day 3)



COMPARING DAY AND NIGHT
Daily  temperature and water plots for a week in May

Water in the mid-
troposphere
heats the mid-
troposphere during 
the day(image day 6) 



IMPLICATIONS OF OUR 2014 ANALYSIS

We agree that :
ÅCO2 is an infrared-ÁÃÔÉÖÅ ÇÁÓ ɉȰÇÒÅÅÎÈÏÕÓÅ ÇÁÓȱɊ

ÅRadiation is an important mechanism for energy transmission in the atmosphere

ÅArrhenius, Elsasser, Manabe, Plass, Hansen and others assumedthis meant that 
the atmospheric temperature profiles were determined mainly by CO2 and other 
infrared-active gases

ÅBut, the data shows that they were wrong!



WHAT IS WRONG WITH THE CO2 
HYPOTHESIS?

1..ÅÇÌÅÃÔÅÄ ÔÈÅ ÐÏÓÓÉÂÉÌÉÔÙ ÏÆ ȰÔÈÒÏÕÇÈ-ÍÁÓÓȱ ÍÅÃÈÁÎÉÃÁÌ ÅÎÅÒÇÙ ÔÒÁÎÓÍÉÓÓÉÏÎ
2. Cannot explain the troposphere/tropopausephase change in molar density 

behaviour
3. It was mostly based on extrapolating ground-based measurements
4. It was an interesting hypothesis that might have been valid... The modellers were 

correct to consider it. But the problem was that it never was tested against the data 
until now.

Hypotheses should be rigorously tested against the data before we treat them as valid 
theories



STRUCTURE OF THIS TALK

1. History of atmospheric measurements

2. Summary of our early findings (2010-2014)

3. Our latest findings (a sneak preview) 



3. OUR LATEST FINDINGS 
(A SNEAK PREVIEW)

The following results are adapted from the results of some new papers
that we are preparing to submit for peer review shortly



3. OUR LATEST FINDINGS 
(A SNEAK PREVIEW)

(a) The Lapse Rate

(b) Day/night temperature variability

(c) Climate variability in terms of the phase change



THE LAPSE RATE: 
THEORY VS. OBSERVATIONS

Standard Atmosphere (1962) The Actual Atmosphere (average values)



THE LAPSE RATE: 
NOT CONSTANT ɀNEED TO USE HISTOGRAMS



THE LAPSE RATE:
PROBLEMS WITH CURRENT MODELS

Å-ÁÎÁÂÅ Ǫ 3ÔÒÉÃËÌÅÒȭÓ ȰÃÏÎÖÅÃÔÉÖÅ ÁÄÊÕÓÔÍÅÎÔȱ ÁÓÓÕÍÅÄ ÔÈÁÔ ÔÈÅ 
lapse rate in the troposphere was exactly -6.5ϲC/km

ÅThe average lapse rate is about that, but there is a lot of variability

ÅA climate model lapse rate paradox:
The models assume a constant lapse rate in the troposphere, so 
ÁÎÙ ȰÇÒÅÅÎÈÏÕÓÅ ÆÏÒÃÉÎÇȱ ÇÅÔÓ ÐÒÏÐÁÇÁÔÅÄ ÄÏ×Î ÔÏ ÇÒÏÕÎÄȢ
"ÕÔȟ ÔÈÅ ȰÇÒÅÅÎÈÏÕÓÅ ÆÏÒÃÉÎÇȱ ÉÍÐÌÉÃÉÔÌÙ ÁÓÓÕÍÅÓ ÔÈÁÔ ÅÁÃÈ ÍÏÄÅÌ 
grid box is thermodynamically isolated from the ones above it



3. OUR LATEST FINDINGS 
(A SNEAK PREVIEW)

(a) The Lapse Rate

(b) Day/night temperature variability

(c) Climate variability in terms of the phase change



Ȱ.)'(4 !.$ $!9ȟ 9/5 !2% 4(% /.%ȱ

Case study: Lindenberg, Germany
ÅLaunches 4 balloons/day

ÅTemperature trends in 
troposphere are correlated to 
those at ground

ÅGround trends are slightly anti-
correlated to tropopause trends

ÅNight vs. day temperature 
variations at ground disappear



NIGHT VS DAY

ÅThe average difference between 
night and day was 6ϲC for May 2019 
at the ground

ÅBut, above 800 hPa(or millibar), the 
night/day difference is less than 1ϲC 


