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1. Foreword - From Copernicus to this paper

"Among the authorities it is generally agreed that the Earth is at rest in the
middle of the universe, and they regard it as inconceivable and even ridiculous
to hold the opposite opinion. However, if we consider it more closely the
question will be seen to be still unsettled, and so decidedly not to be despised.”
- Book One, Chapter V. Whether Circular Motion is Proper to the Earth, and of
its Place'; Copernicus: On the Revolutions of the Heavenly Spheres (1543)

Nicolas Copernicus (1473 -1543)

Nicolas Copernicus, a Polish astronomer, is understood to be the first (European) to formulate
the heliocentric cosmology that replaced the Ptolemaic science of the Earth being the stationary
centre of the Universe. Copernicus was not only an astronomer he was also a mathematician, a jurist
with a doctorate of law, a physician, an economist, an artist and a cleric of the Catholic Church. He
was fluent in Polish, German and Latin and spent time as a diplomat. His work on the heliocentric
theory, De revolutionibus orbium coelestiu (On the Revolutions of the Heavenly Spheres) which he
commenced around 1530, was published just after his death. However, 16 years earlier, an untitled
manuscript known as the Commentariolus expounded this theory. This manuscript was only ever
privately circulated. The hand written original of De revolutionibus and a copy of what is believed to
be the Commentariolus are still in existence. He is credited with ushering in the scientific revolution,
which continues today”.

Copernicus dedicated his work to Pope Paul 3" and many cardinals of his day were interested
and appreciative of his theory. But later, scientists who further developed this theory, paid severe
penalties for their heresy.

Tycho Brahe 1546 - 1601

Tycho Brahe, a Danish astronomer collected a large volume of precise measurements of the
positions of the stars and planets, although he did little analysis on his collected data. He also
observed a supernova in the year 1573 and noted that this "new star” was evidence against the
belief that "the heavens are unchanging".

Giordano Bruno 1548 - 1600,

Giordano Bruno, a Dominican Monk and an astronomer, mathematician and philosopher went
beyond the Copernician model to theorize that the Sun was a star and that many other planets with
intelligent life existed. He was executed by being burnt at the stake for his views. Some documents
of his trial in Rome still exist. These documents point to his heretical views on other intelligent life as
giving rise to his sentence but it is believed that his work supporting the Copernican theory weighed
heavily against him. How soon before the second component of his theory is proven?

Galileo Galilei 1564 - 1642,

Galileo Galilei, a professor of astronomy heard about the development of the telescope and
decided to make his own. On Jan 7, 1610 using his 3™ new telescope with 30x magnification he
observed Jupiter with several sources of light (‘stars’) around it. But the next night he saw that one
of the ‘stars’ was on the other side of Jupiter. After some weeks of observing the rotation of these
‘stars’ he realized these were satellites of Jupiter and hence developed his own theory that not
everything in the heavens revolved around Earth. Galileo’s big mistake was to publish his findings in
Italian rather than Latin. This caused the Church to take offence at such information being provided
to the public. A few years later Galileo Galilei was tried in Rome and upon his repentance and
undertaking to never again to publish these theories, he was sentenced to life in prison. This was

! Information on Copernicus, Bruno and Galileo has primarily come from Wikipedia. Other information has
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served as home detention. After his death 3 of his fingers were removed from his body and one has
been kept on display at a museum in Florence.

Einstein called Galileo the father of modern science, while Stephen Hawking refers to him as
bearing much of the responsibility for the birth of modern science. Actuaries will appreciate that
Galileo was the first to clearly enunciate the theory that the laws of nature are mathematical. In
around 1610, he is credited as being the first to recognize a sunspot. But Chinese records suggest
that they knew of them around 400 - 500 BC.

Johannes Kepler 1571 - 1630

Kepler had been Tycho Brahe’s lab assistant. He analyzed Tycho’s collected data after his death
and realized that the position of Mars, which at times appears to move in a retrograde direction,
could be better explained if both the Earth and Mars moved in orbit about the Sun. He then
developed three laws of motion that described the motion of the planets on the Copernicus model.
These laws are still used today. The laws basically state that:

1. The orbit of every planet is an ellipse with the Sun at one of the two foci.

2. Aline joining a planet and the Sun sweeps out equal areas during equal intervals of time.

Thus a planet moves faster when nearer the Sun than when further from the Sun.

3. The square of the orbital period of a planet is directly proportional to the cube of the semi-

major axis of its orbit.

Using these laws Kepler precisely predicted the next retrograde motion of the orbit® of Mars,
and this was considered proof. But these laws offered no explanation as to why they worked. He
considered that the force involved would be magnetism.

Sir Isaac Newton (1643 - 1727)

Sir Isaac Newton was a physicist and mathematician. He is said to have observed an apple falling
from a tree in 1666 and realized that he had discovered gravity. Eventually in 1687, with the support
of astronomer Edmond Halley, Newton published the Philosophiae Naturalis Principia Mathematica
(Mathematical Principles of Natural Philosophy), which showed how gravity applied to all objects in
all parts of the universe. Sir Isaac Newton also worked on calculus, optics (in 1704 he published
Optiks, which dealt with light and colour) and was also proficient in history, theology and chemistry.
It is understood that Sir Isaac mentored Colin MaclLaurin (1698-1746), who was then regarded as the
second greatest mathematician in England (to Sir Isaac). Colin played a leading role in the evolution
of actuarial science with his development of a widows’ fund for the Church of Scotland.

One important aspect of Newton’s three laws of the conservation of momentum, energy and
angular momentum was that Kepler’s laws could be derived from them.

Albert Einstein 1879 - 1955

Albert Einstein was a theoretical physicist and winner of the Nobel Peace prize. He published his
general relativity theory in 1916. This extended his relativity theory to incorporate gravitational
fields. He also went on to develop his particle theory and the motion of molecules as well as laying
the foundation of the photon theory of light. One reason that inspired his work in general relativity
was the concern in the scientific community that Kepler’s laws didn’t seem to apply for Mercury. An
important aspect of Einstein’s work was that Newton’s three laws could be derived from Einstein’s
general theory of relativity. Hence Einstein’s general relativity theory effectively incorporated both
Newton’s laws and Kepler’s laws.

2 Retrograde with respect to an observer on Earth.
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Beyond Einstein

Since Einstein there have been many mathematicians and physicists who have taken his work
much further. Stephen Hawking is one well known example. Another is Australian astrophysicist
Brian Schmidt who, in 2011, won the Nobel peace prize for his work in showing how dark energy is
causing galaxies to accelerate away from each other. Brian’s main field of work is in supernovae,
which obtain their enormous explosive energy from gravitational forces®.

To this paper

This paper looks at various aspects of the ongoing scientific revolution in relation to our solar
system and beyond. From what is now known and understood in physics, the paper attempts to
identify extra-terrestrial risk factors in relation to terrestrial extreme weather, climate risks,
seismicity and volcanic eruptions. The paper provides information about various useful data sets
including many relatively new data sets and tools that have come into existence since the space age.
These various data sets and tools can be used to predict changes in nature’s risks. For example;

1. Anunderstanding of the 18.6 year elliptical cycle of the Moon plus the harmonic
resonances between the orbital periods of Venus, Earth, Mars and Jupiter and the
orbital period of the Moon enable changes to be predicted in the Pacific Decadal
Oscillation and the North Atlantic Oscillation. These climate cycles lead to changes in the
incidence rates of El Ninos and La Ninas and assist in the prediction of future periods of
extreme bushfire risk in Victoria and periods of extreme wet weather in South East
Queensland.

2. Volcanic and earthquake activity is influenced by cyclical deviations from the trend in
changes in Earth’s rotation rate because of the change in the amount of angular
momentum that is converted to internal heat energy.

3. Volcanic and earthquake activity are increased during periods when the strength of the
sun’s magnetic field is low for extended periods, such as during a solar grand minimum.

4. Future sunspot activity can be predicted from planetary gravitational effects. This means
that the ephemeris” can be used to predict future solar cycles of both high and low
sunspot activity and hence give many decades of warning of natural climate changes and
changes in the incidences of volcanism and catastrophic earthquakes.

The development of the science of many of the topics of this paper is so extensive and
specialized that no one person or even a group of people would be capable of absorbing all of it and
understanding all of its implications. The paper has incorporated scientific theory and data that the
author has obtained up to mid-March 2012. There is much more available scientific information and
data.

*A supernovae explosion is equivalent to about a 107 megaton hydrogen bomb
*The ephemeris is a computer system used in the exploration of the solar system and accurately plots the
position of the sun, planets, their satellites and asteroids at any time past, present or future (within a few
thousand year timeframe). It is freely available on the NASA website for anyone to use. There are also other
versions of this system that have been developed in other countries.
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2. Introduction

"To confine our attention to terrestrial matters would be to limit the human
spirit”. - Stephen Hawking

If the Global Financial Crisis taught actuaries anything, it would have been that the financial
models of countries produced by economists were not infallible. We have learnt that models of the
economy should not ignore the interdependence of one country’s banking system to those of other
countries nor the dependencies between governments, banks, and other institutions including
insurers. We should not ignore the influences of governments and not just the government(s) of the
country being modeled. We should not ignore the possibility that economic models are sometimes
skewed to produce politically determined outcomes. The crisis is still teaching us that there are
many moral hazard risks in the financial sector that must not be ignored.

We must not make the same mistakes when we model nature. We should not assume that
other professions have got their models correct. We must look beyond the range of variables being
taken up in models to make sure important variables haven’t been left out. We need to understand
the dependencies between the modeled variables and between those variables and the ones that
are not included in the models. We should ensure that moral hazard risks were satisfactorily
addressed and have not influenced the models to produce pre-determined outcomes. Finally, as
actuaries, we must remember the statistical maxim that “correlation does not imply causation”. In
science it is physics that provides causation links. As Sir Ernest Rutherford once elegantly put it “All
science is either physics or stamp collecting”.

This paper is unashamedly about the physics related to extra-terrestrial influences on nature’s
risks. If actuaries who having read this paper put it down curious to know more about the incredibly
powerful extra-terrestrial forces of nature then the author has done the job that he set out to do.
There are many references that will enable those with curious minds to explore further.

It will give me great pleasure to learn in my dotage of actuaries using many of the useful data
sets that the space age has spawned. These data sets will help actuaries with predictions about the
various natural risks that give rise to claims on insurers. Already there are sophisticated risk
management systems using space weather forecasting to mitigate the risks arising from major space
weather phenomena. As far as | know actuaries are not involved in space weather forecasting but
they should be, particularly as the profession wishes to play a substantial role in risk management so
as to remain relevant by the end of the 21* Century.

If this paper was written four centuries ago the author would have met the same fate as
Giordano Bruno. Even if it had been written a few years ago it would probably have been rejected as
being too politically incorrect or maybe not sufficiently “actuarial”. But with the Sun now, almost
definitely, in a grand minimum, which on previous occasions has produced climatic periods known as
“little ice-ages”, it is time to look at nature’s influence on the environment in addition to looking at
man’s influence. Although the last little ice-age occurred more than 200 years ago, records do
suggest that during it and preceding little ice-age periods, there were times of intense cold in Europe
and North America particularly during the Northern Hemisphere winters. The climate during these
periods was further complicated by what seems to have been increased volcanic activity. Some of
the largest recorded earthquakes also happened during these periods.

Was the extreme cold in Europe in February 2012 just a taste of what is still to come in Northern
winters of the next few decades? Let’s not forget that collectively mankind has experienced great
difficulties obtaining food and energy during previous little ice-ages. It is also worth remembering
that the human population on Earth at the beginning of the last one was only 10% of what it is
currently.

During the time of the last little ice-age, from 1790 — 1830, Thomas Malthus wrote his treatise,
the French Revolution occurred and the Napoleonic Wars were fought.
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3. Summary and Conclusions

"To explain all nature is too difficult a task for any one man or even for any one
age. Tis much better to do a little with certainty & leave the rest for others that
come after than to explain all things by conjecture without making sure of
anything.” - Sir Isaac Newton

The following is a summary of this paper:

Section 4 (Risk Factors Originating from within the Solar System):

a)

b)

The Sun is predominant in a still evolving solar system, with Jupiter being the
predominant planet.

Transfers of angular momentum between orbiting bodies occur. Some transfers are
guantified and these transfers are enormous.

There are Moonquakes and they are caused by a number of factors.

Sunspot activity is very weak in the current cycle and seems to be getting weaker.
Also there is a great variation between sunspots and these variations affect some of
the Sun’s emissions.

The Sun’s size slightly changes during solar cycles and between cycles of maximum
and minimum activity and thus total solar irradiance also (slightly) varies.

How the temperature changes in the various zones in the upper atmosphere and
what causes those changes.

The Sun’s magnetic field varies significantly by several hundred percent over a solar
cycle and is very weak for the current stage of solar cycle 24.

Extreme ultra-violet and far ultra-violet emissions of the sun (UEV and FUV
emissions are mainly in ultra-violet C spectrum) vary by several hundred percent
over a solar cycle and are very weak for the current stage of solar cycle 24.

The Sun’s path around the solar system barycenter is wobbly but predictable from
the gravitational effects of the major planets. There are a number of similarities
between its movements in 1790/92 and in 2004/10. (The Dalton Grand Minimum is
said to have commenced in 1790). Also, once Jupiter’s influence is excluded there
are a number of similarities in the movement of the solar system barycenter
relative to the sun from 1788-1793 and 2004-2011.

There is a very strong likelihood that the Sun has entered a new “Grand Minimum”.

Section 5 (Gravity and Tidal Forces):

a)

g)

Gravity, through tidal forces is gradually imposing a grand order to our solar system
through phase locks, resonances and harmonics.

The Moon is phase locked and this was caused by gravitational tidal forces.

Many large satellites of other planets are phase locked and some harmonically
resonate.

Many planets are in resonance or near resonance.

Charon, Pluto’s satellite, is in geostationary orbit. This was caused by tidal forces.
Earth’s day lengthens due to transfers of angular momentum to the Moon and is
caused by tidal forces. But nearly all rotational energy lost by Earth is transferred to
internal heat energy.

The enormous tidal forces on lo (Jupiter’s nearest large satellite) from Jupiter,
Europa and Ganymede (Jupiter’s next two large satellites) cause quakes and
volcanism. The energy produced by this is around 125 trillion watts.
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h)

Shoemaker Levy 9 was broken up by tidal forces because it approached within
Jupiter’s Roche limit in 1993. When these pieces next approached Jupiter in 2004
they did not escape Jupiter’s gravitation pull.

Section 6 (External Influences on Weather Patterns):

a)
b)

c)

EUV, FUV, the solar wind, the magnetosphere and cosmic rays all play a role on the
various levels of the atmosphere.

EUV and FUV normally regulate the balance between nitrogen oxides and ozone,
but solar flares can upset this balance.

There is an extra-terrestrial reason for the occurrence of ozone holes. Ozone has a
greenhouse role and hence it has a role in climate patterns.

The Arctic and Antarctic Oscillations affect the weather, but are influenced by the
solar vortex as well as tidal, planetary and gravity waves.

There is a link between auroras and weather patterns.

There is an explanation for the recent string of very cold winters in the Northern
Hemisphere and the particularly freezing February of 2012.

There is a relationship between the Pacific Decadal Oscillation (PDO) and EI-Ninos
or La-Ninas. Also there is a relationship between the PDO and changes in Earth’s
length of day caused by gravitational forces from within the solar system.

Water vapour and carbon dioxide play different roles as greenhouse gases.

How extreme weather patterns can occur and the role of extra-terrestrial forces on
these occurrences.

There are climatic implications of the new solar grand minimum.

Section 7 (The Sun’s Magnetic Field):

a)
b)

The planets are connected magnetically.

The Sun’s magnetic field is currently behaving oddly at the outer reaches of the
solar system.

Galactic cosmic rays are more prevalent during periods when the Sun’s magnetic
field is weak.

Weak galactic cosmic rays are currently able to penetrate the veil of the
magnetosphere.

There is a periodic direct magnetic connection between Earth’s magnetic field lines
and the Sun’s magnetic field lines.

There is a flux tube between lo and Jupiter, which essentially is an electric arc
between the two.

Section 8 (Risk Factors that Originate From Beyond the Solar System):

a)

There are tiny sub-atomic particles that have a half-life of 1.56 microseconds called
Muons. Because of their energy and the general theory of relativity these particles
last much longer.

Muons have an effect on cloud cover, particularly in higher latitudes.

Muons help to precipitate volcanic eruptions and probably some swarms of
earthquakes, like those occurring in Christchurch, New Zealand. This is particularly
the case in the Northern Hemisphere countries of Iceland, Japan, the Kamchatka
Peninsula (Russia) and Alaska and in the Southern Hemisphere the countries of New
Zealand, Chile, Argentina and the Antarctic continent.
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d) Muon density varies by latitude and is inversely proportional to the strength of the
magnetosphere.

e) There is a relationship between the intensity of cosmic ray flux (generating muons)
and little ice-ages and climatic warm periods.

f) Cosmic rays affect human health.

The Conclusions
The conclusions that can be drawn from this paper are:

1) Actuarial models used to predict nature’s risks should include inputs from extra-terrestrial
factors.

2) There is a wealth of data being produced in the space-age that will provide actuaries with
predictive tools to assess future changes in many of nature’s risks.

3) Actuaries should be aware that the risk of natural catastrophes is not normal during a solar
grand minimum. Actuaries should also be aware that these not normal periods only usually
occur every few hundred years but they do last for decades. This means that the higher
incidence of catastrophic events that have occurred in 2010 and 2011 should not be
regarded as a random fluctuation but rather as the new normal for the next few decades.

4) Although research into long term climate change is important for mankind and for the
profession, actuaries currently face the considerable threat that they are underestimating
the natural risk frequency and severity caused by the new solar grand minimum.

Addendum

On March 28, 2012 Swiss Re published its latest Sigma study which showed that in 2011the
economic losses from catastrophes totaled US$370 billion and insurance losses US$116 billion, of
which US$110 billion was from natural causes. Although the economic losses were about 1/3™
higher than the previous highest year (2008) the insurance losses were slightly below that year, but
only because of the very low proportion of insurance cover of the economic loss caused by the
Sendai earthquake. Since 2004, when the sunspot activity went unusually quiet and unusually early
in the solar cycle, there have been the four highest years of worldwide economic losses from
catastrophes. Two of these years are 2010 and 2011. While the high levels of catastrophic losses in
recent years are partially due to the increasing aggregation of economic risks there is also a long
term natural cycle involved. This paper is intended to help actuaries better understand the natural
forces that influence the risk of natural catastrophes.



4. Risk Factors Originating from within the Solar System

"Not everything that counts can be counted, and not everything that can be
counted, counts." (Sign hanging in Einstein’'s office at Princeton)

Introduction

Conventional scientific theory suggests there was a big bang some 13.7 billion years ago from
which all matter was created including our galaxy and our solar system. Billions of other solar
systems that make up this galaxy also evolved and that these processes were repeated in the
universe of galaxies, which are racing away from each other at a continually decreasing rate.
Astronomers that peer into other solar systems see solar systems at different stages of evolution
than ours. When they peer into another galaxy they see evolution at a much earlier time. This is
because the speed of light is supposed to be finite so peering at solar systems (and other galaxies)
that are billions of light years away is like seeing things that happened billions of years ago.

In 2011 the scientific theory of the decelerating spread of galaxies was turned on its head by
Australian National University astronomer Brian Schmidt who has been named a joint winner of the
2011 Nobel physics prize for research. Brian’s thesis is that the galaxies are racing away from each
other at an accelerating rate due to a phenomenon known as dark energy”. This leads to the
guestions; - is the evolution of the galaxies continuing? Is our solar system still evolving?

At least one star system in the Milky Way galaxy explodes about every one or two hundred
years. So our galaxy must be still evolving. Our solar system is still evolving and will continue for
billions of years. The Sun is slowly using its hydrogen fuel. Current scientific theory is that in about
another 4.5 - 5.0 billion years the Sun will have used up most of its fuel. It will then expand to absorb
probably the 2 or 3 innermost planets®. But the process won’t stop there. Eventually the red giant
that was our former Sun will probably become a white dwarf and then, in time perhaps a new solar
system will be born - perhaps by the Sun combining with another star.

Our solar system is evolving in myriads of other little ways. Some of these will be identified in
this section. Because the pace of this evolution is very slow compared to our short time on Earth we
tend not to notice and therefore ignore the significance of such evolution.

Nearer to home, scientists advise that the Earth/Moon relationship is still evolving. This is
because the radius of the orbit of Moon is gradually increasing by about 3.8 CM per year or 38
meters per 1000 years and 38 kilometers per million years’. For this to occur Earth has to continually
give angular momentum to Moon and this lengthens Earth’s day®. (This means that Earth’s rotation
slows). This might not seem important. But the important principle to keep in mind is that angular
momentum (rotational energy) transfers are occurring between Earth and Moon. But some of
Earth’s rotational energy is also transformed into heat as part of the Earth/Moon evolutionary
process (refer Section 5).

Our Solar System

Before we can understand the risk factors that are influenced by events within our solar system
it is necessary to know a little about the solar system itself.

*There are over 100 papers which Brian has contributed to on http://msowww.anu.edu.au/~brian/

*There are many different versions of how the Sun will die. This is one.
http://www.astronomytoday.com/astronomy/Sun.html

"http://nineplanets.org/luna.html

% The length of the Earth’s day lengthens by 23 milliseconds per 1000 years due to the tidal breaking of the
Moon. In addition, the length of the Earth’s day shortens by about 6 milliseconds per 1000 years due to crustal
rebound since the end of the last ice age. Hence, overall change is a lengthening of the day by 17 milliseconds
per thousand years.
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The Sun dominates the solar system and contains 99.85% of its mass. The planets contain
0.135% of its mass of which Jupiter has more than 2/3rds. The planets’ satellites (moons) contain
0.0005% of the mass of the solar system. Two of these satellites (Ganymede and Titan) are bigger
than Mercury. These two satellites plus Callisto and lo are all bigger than Moon and all of these five
satellites are bigger than Pluto. The so-called dwarf planets Eris, Pluto and Ceres are no longer
regarded as full planets because they lack the gravitational pull to sweep up or scatter nearby
objects and they inhabit the zone of asteroids and comets. They also don’t orbit the Sun (or the
barycenter of the solar system) on the same plane as the other planets.

The dwarf planets are unlike the four outer “gas giant” planets in that they are rocky and
therefore more like the 4 innermost planets. More discoveries of dwarf planets and/or large deep
space asteroids are likely as the exploration of them continues. For example, in December 2011
NASA reported the ion propulsion Dawn spacecraft’s visit to the giant asteroid called Vesta. After a
few months, the spacecraft will push on to the dwarf planet Ceres which it will explore in 2015°.

The two tables below'® show relevant data on the Sun and the 4 inner “rocky” planets (first
table) and the Sun and the 4 outer (or Jovian) “gas giant” planets (second table). Note that Venus
and Uranus rotate in the opposite direction to the remaining planets and that Uranus effectively lies
on its side compared to the other planets. Only Mercury has a zero equatorial inclination to its orbit.
That is, it is perfectly upright. None of the planets orbit exactly around the equator of the Sun but
Earth almost does, being only 0.00005 degrees out of alignment.

Measurement Sun Mercury Venus Earth Mars

Mean Circumference 4,370,005.6 km 15,329.1km 38,024.6 km 40,030.2km 21,344 km
Volume 1,409,272,569,059,860,000 km® 60,827,208,742 km® 928,415,345,893 km® 1,083,206,916,846 km® 163,115,609,799 km®
Mass x10”! 1,989,100,000 kg 330.104 kg 4,867.320kg 5,972.190 kg 641.693 kg
Perihelion (closest) 46,001,009 km 107,476,170 km 147,098,291 km 206,655,215 km
Aphelion (Farthest) 69,817,445 km 108,942,780 km 152,098,233 km 249,232,432 km
Orbit Eccentricity 0.20563593 0.00677672 0.01671123 0.0933941
Orbit Inclination 7.0degrees 3.39 degrees 0.00005 degrees 1.85 degrees
Equatorial Inclination to orbit 7.25degrees Odegrees 177.3 degrees (retrograde) 23.4393 degrees 25.2 degrees
Sidereal Rotation (Length In Earth Days) 25.38 58.646 -243.018 (retrograde) 0.99726968 1.026

Sidereal Orbit (Length in Earth Years) 0.2408467 0.61519726 1.0000174 1.8808476
Measurement Sun Jupiter Saturn Uranus Neptune

Mean Circumference 4,370,005.6 km 439,263.8 km 365,882.4 km 159,354.1 km 154,704.6 km

Volume 1,409,272,569,059,860,000 km®  1,431,281,810,739,360 km® 827,129,915,150,897 km® 68,334,355,695,584 km® 62,525,703,987,421 km’
Mass x10%* 1,989,100,000 kg 1,898,130 kg 568,319 kg 86,810.300 kg 102,410 kg

Perihelion (closest) 740,679,835 km 1,349,823,615 km 2,734,998,229 km 4,459,753,056 km
Aphelion (Farthest) 816,001,807 km 1,503,509,229 km 3,006,318,143 km 4,537,039,826 km

Orbit Eccentricity 0.04838624 0.05386179 0.04725744 0.00859048

Orbit Inclination 1.304 degrees 2.49 degrees 0.77 degrees 1.77 degrees
Equatorial Inclination to orbit 7.25degrees 3.1degrees 26.7 degrees 97.8 degrees (retrograd: 28.3 degrees

Sidereal Rotation (Length In Earth Days) 25.38 0.41354 0.444 -0.718 (retrograde)  0.671

Sidereal Orbit (Length in Earth Years) 11.862615 29.447498 84.016846 164.79132

The circumference of each of the major bodies of the solar system is indicated as a mean. There
are two reasons for this. None of the planets are completely spherical. This includes the 4 innermost
rocky planets. The Sun and the gas giants also vary in diameter over time due to various forces
within the solar system affecting the distribution and density of their plasma and/or gas. For
example the Sun’s circumference varies by some 800 kilometers during the normal sunspot cycle
and around 1900 kilometers between grand minimum and long-term maximum cycles of sunspot
activity.11

? Sydney Morning Herald, Dec 7, 2011
' pata on planets and moon is obtained from NASA website
" Habibullo | Abdussamatov, Dr. Sci. Head of Space Research of the Sun Sector at the Pulkovo Observatory
of the Russian Academy of Sciences: http://www.gao.spb.ru/english/astrometr/index1_eng.html
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Notice that Earth’s sidereal rotation is not quite one earth day. In practice Earth’s rotational
speed varies slightly from time to time (in addition to the angular momentum transfers to Moon).
The other slight variations in the rotational spin of Earth are caused by several factors: very large
earthquakes can interrupt rotational spin, transfers of angular momentum caused by gravitational
forces of other planets and the Sun and changes in major weather systems such as the Pacific
Decadal Oscillation and the North Atlantic Oscillation. Although these changes in the speed of
Earth’s rotation are small** they do cause difficulties with modern Global Positioning Systems (GPS)
and mobile phones. This was discussed at a Geneva conference in January 2012*. The conference
discussed changing Earth time from Greenwich Mean - Time to atomic clock based time. It is being
considered to cease using Earth’s speed of rotation as time’s frame of reference. On January 31,
2012 it was announced that further discussion on this consideration has been deferred until 2015.

Moon

Earth’s own natural satellite is the only natural extra-terrestrial body that mankind has visited in
person and the only natural extra-terrestrial body from which matter has been bought back to Earth.
Moon was previously known as Selena (Classical Greece) and Luna (Roman Empire). Its mass is
73.49x10°" kg or 1.23% of the mass of Earth. It has an equatorial radius of 1,738.1km or 27.25% of
Earth’s equatorial radius. Its volume is 2.03% of Earth’s. Its current mean perihelion distance from
Earth is 363,300km and its aphelion is 405,500km. These respectively vary from 356,400km to
370,400km and 404,000km to 406,700km. Moon'’s orbit eccentricity is .0549, its orbit inclination is
5.145 deg. and its inclination to its equator ranges from 18.28 deg. to 28.58 deg. Its sidereal rotation
is 27.32 days. Its sidereal orbit (around Earth) is also 27.32 days with an obliquity of 6.68%. This
means Moon’s orbit and rotation are synchronised. Because of this it shows the same face to Earth
all the time. This synchronization did not happen accidently.

The Moon orbits in the same direction as Earth rotates so it takes around 29.5 days to return to
the same relative position with respect to the Sun. (The exact timing depends on Moon’s distance to
Earth). Earth and Moon also orbit around their combined barycenter (common center of mass),
which, because of Moon’s elliptical orbit, lies in a straight line between Earth and Moon between
around 4,412 km and 4,942 km from the center of Earth which is well inside Earth’s radius. So, in
effect, gravitational forces between Earth and Moon cause Earth to slightly wobble in its orbit
around the Sun. From time to time this wobble allows Earth based viewers to see a few degrees of
Moon’s “far” side.

Moon has moonquakes. Seismometers left on Moon by the Apollo astronauts detected some 50
moonguakes in the 5 years that they were active. There were four different types:

1) Deep but weak ones centered half or more of the distance to its center. Many of these are
believed to be caused by gravitational (tidal) effects from Earth as they were concentrated at periods
when Moon was at its apogee and perigee from Earth™.

2) Weak surface moonquakes were thought to be caused by localized thermal expansion when
the Sun warmed the crust after a two week long frigid night.

3) At least one was thought to originate from a meteor impact.

4) Some moongquakes originated from up to 30 km deep did not have a known cause. These
moonquakes ranged up to 5.5 on the Richter scale and lasted up to 20 minutes. They lasted much
longer than similar Earthquakes because Moon’s crust is relatively rigid, without oceans, and Moon
doesn’t have a liquid core. So there isn’t the dampening that occurs on Earth with its more fluid

'2 But accumulate to about 1 hour in every 550 years.
13 Status of Coordinated Universal Time (UTC) study in ITU-R. Refer for link
http://www.theregister.co.uk/2011/11/03/atomic_time_could_replace_gmt/
14; R. C. Weber, B. G. Bills and C. L. Johnson: Constraints on deep moonquake focal mechanisms through
analyses of tidal stress - JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 114
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surface and core. As a result these larger moonquakes have caused harmonic resonances within
Moon, much like the resonances of a tuning fork**®.

It is generally accepted that Moon was formed some billions of years ago from an impact of a
massive (perhaps even a Mars sized) object with Earth. Being originally part of Earth it would have
had a much closer orbit when it was first formed. Like lo now (Jupiter’s closest satellite) Moon in its
much closer orbit would have been seismically active with many volcanoes as many of its craters are
filled with magma. So it is possible that the 4™ category of moonquakes originate in old fault-lines
caused by previous volcanic activity when Moon was much closer to Earth. If this is the case then the
incidence of Moonquakes could be changed by the same extra-terrestrial forces that cause changes
in the incidence of Earthquakes. Moon doesn’t have a magnetic field but rocks bought back to Earth
in the Apollo missions indicate that they had been influenced by a fairly strong magnetic field at
some previous time - probably Earth’s magnetic field when Moon was in a much closer orbit.

The Earth’s tidal force that is “stretching” the Moon is approximately 20 times the return force
and so theoretically, the Moon should not be able to cause significant Earthquakes V/, (although it is
possible that changes in Moon’s gravitational force on a location that is about to have an Earthquake
might provide a trigger). However the resulting earthquake would have still happened shortly
thereafter. Even when the Sun, Moon and Earth are in alignment the extra 46% tidal force exhibited
by the Sun (in comparison with Moon) is still not sufficient to make a significant difference to the
incidence of Earthquakes except on the very rare occasions when this alignment slightly changes the
timing.

As Moon causes tidal movement in Earth’s oceans it also produces some tidal movement in
Earth’s atmosphere but again these effects are very slight. Scientists believe that Moon’s orbit has
little significance to Earth’s climate other than perhaps to help keep it a little more stable. However
research detailed in Section 6 suggests that Moon’s overall 18.6 year elliptical orbit does have some
influence.

As well as Moon causing tides on Earth the Sun also adds its weight to tidal forces when the Sun,
Moon and Earth are lined up (syzygy). This is when there is a full moon or new moon and the Sun
gives an extra 46% more gravitation force to Moon's gravitational force. The resulting high tides are
called spring tides and these are greatest each year when the Sun is closest to Earth (Jan 5 in 2012)
and presumably greatest at times when Moon is coincidentally at its perihelion (to Earth). At
guadrature, when the Sun and Moon form a right angle with Earth, the Sun’s effect is minimized,
and the lowest tides, occur. The very lowest tides occur when Earth and Moon are both at aphelion.
(Earth’s aphelion in 2012 occurs on July 5).

Sun

The Sun is a gaseous body comprised primarily of hydrogen (71%) and helium (27.1%) and has a
mass of some 333,000 times the mass of Earth. Sun’s tremendous gravitational forces give it an
average specific density of 1.4 (times that of water) so most of it is in the form of plasma, which is
subject to magnetic and gravitational influences. It has a thermo-nuclear core exploding the
equivalent of around 700,000 hydrogen bombs per second. Though extremely hot at the core, the
surface is only approximately 5,500deg C. But the actual surface temperature varies significantly and
above the surface it can be higher than 1 million deg. There are three reasons for these variations:-
Firstly, there are very large local variations due to sunspot activity. Secondly, there are Sun-wide
changes through the approximately 11 year Sunspot cycle and thirdly, there are longer term changes
making it slightly cooler during grand minima and slightly hotter during very active periods. Because
the Sun’s surface is relatively cool it, fortunately for mankind, does not emit large amounts of x-rays
and other harmful forms of radiation. The Sun has an additional peculiarity in that it does not spin at

> Tom Irvine: Moonquakes@Vibrationdata.com
'® NASA website
Y7 Courtney Seligman (Professor of Astronomy) http://cseligman.com/text/moons/moonquakes.htm
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a constant speed. One revolution takes around 34 days near the poles and around 25 days at the
equator. It is believed that its core does spin evenly — presumably at the same rate as near its poles.
The difference in the rotation of various components of this plasma body creates turbulent magnetic
forces which contribute to sunspot activity. The Sun’s magnetic field extends to well beyond Pluto.
The objective of the Voyager 2 space mission was to find out what is happening at the outer limits of
the Sun’s influence (refer section 7 to learn how the magnetosphere changes beyond Pluto).

The Sun’s diameter is approximately 1,391,000 kilometers but this also varies with it being
slightly smaller at the beginning or end of a sunspot cycle and slightly larger in the middle of a
sunspot cycle when it is also slightly hotter. This variation in diameter is of the order of 260
kilometers. There is also greater size variation between solar grand minima when it is smaller and
the very active periods when it is larger. This variation is of the order of 600 kilometers. The Russian
- Ukrainian Astrometria project on the Russian segment of International Space Station is designed to
more accurately measure these variations. The Sun’s current transition into what appears to be the
21 century grand minima is providing valuable data for this project.

Since around 1755 sunspot activity has been routinely measured and solar cycles determined
and daily/monthly sunspot numbers recorded at the Solar Influences Data Analysis Centre (SIDC) in
Brussels and more recently by a number of other centers such as the National Oceanic and
Atmospheric Administration (NOAA) in the US. Yearly sunspot numbers are also available from SIDC
that start from the early 17" century. Now the Sun is continuously monitored for various types of
sunspot activity, changes in the Sun’s magnetic field as well as its polar reversal which happens near
each cycle’s maximum output. Its various outputs are measured. These include the extreme and far
ultraviolet light, various types of radiation, the solar wind, (mainly electrons, protons and helium
atoms), its magnetic field strength and density, etc. The following chart is of the SIDC data to January
20128, SIDC endeavor to adjust current data to make it consistent with that observed in the
eighteenth century. Although today’s telescopes are very sophisticated and based on satellites the
SIDC sunspot record is still based on a relatively old telescope not much better than Wolf’s*® original
observatory scope which had 64x magnification. But Wolf often used only a 40x magnification
pocket telescope. He also set a minimum spot size that could be counted when he used his smaller
telescope.
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The chart suggests that there has been much more sunspot activity in the 20" Century than in the
earlier two centuries. But the major reason the last 65 year record is higher than the 1800’s is
because in 1945 Max Waldmeier at SIDC introduced a new counting method which boosted the

' http://sidc.be/Sunspot-data/
® Rudolf Wolf (1816-1893) a Swiss astronomer and mathematician whose method of counting sunspot
numbers is still used. But for information on the count changes refer Leif Svalgaard, Stanford University,
Updating the Historical Sunspot Record, Sept 2009.
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numbers by around 22%. Also the use of the more powerful telescope and change in the way specks
are counted increase the current count. So while the sunspot counts look higher in the second half
of the 20" Century this is deceptive because of counting changes.

Geoff Sharp from Melbourne adjusts daily sunspot data to get it into conformity with that
obtained in the eighteen century. He uses a pixel counting technique to determine whether small
sunspots could have been seen with 18" Century 40x magnification telescope®.

The following graph shows his interpretation of the progress of current cycle 24 against cycles 5
and 14. Cycle 5 was the first cycle of the Dalton grand minimum. Cycle 14 was also a weak cycle that
occurred at the beginning of the 20" Century. It can be seen that, according to Geoff Sharp, solar
cycle 24 is currently behaving much like cycle 5, or alternatively cycle 14. NASA confirms that cycle
24 is very weak and sensors measuring plasma jet streams deep below the surface of the Sun
suggest that cycle 25 will be very weak indeed. These observations add weight to the suggestion that
the Sun has begun a new grand minimum.

The Sun should be having its maximum sunspot activity for solar cycle 24 during 2012/13 but
when this paper was receiving its final edit on the 29th February 2012, there was just one very weak
uni-polar sunspot on the face of the Sun. There had even been a “spotless” day earlier in February.
There were only 7 large enough to be counted sunspots that moved across the face of the Sun
during February 2012 compared to 16 in January. This adds further weight to the hypothesis that
solar cycles 24 and 25 (at least) are solar cycles of a grand minimum.
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Just like actuaries, not all sunspots behave the same way or have the same strengths. The
current cycle seems to be having a lot of negative or uni-polar sunspots. The magnetic field created
by uni-polar sunspots is either very weak or non-existent. Even quite large sunspots can be uni-
polar. This means that the sunspot activity is not necessarily a good proxy for the extent of the
magnetic field of the Sun or perhaps other emissions. The following chart maps the absolute
strength of the magnetic field of the Sun** each month from 1975. This is superimposed on SIDC data
on sunspot activity for the same month. This chart shows that the relative magnetic strength of the
Sun. Sunspot activity is usually synchronized but occasionally the sunspot activity is relatively
greater or less than the magnetic strength. Usually the magnetic strength is less when there are

2% http://www.landscheidt.info/?g=node/50
21 Data obtained from the Wilcox Solar Observatory http://wso.stanford.edu/
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many uni-polar sunspots. This happened in 1978-81, from mid 1999 to end 2002 and appears to be
occurring again. When it is more, as it was from 2002 to 2010, more magnetically active spots

predominate.

The Sun’s magnetic strength determines the numbers of very high energy protons from beyond
the solar system that can impact Earth. High magnetic strength partially inhibits this activity and the
implications of this are discussed in Section 7.

Absolute Strength of Sun's Magnetic Field*
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*Wilcox Solar Observatory data used in this study was obtained via the web site http://wso.stanford.edu at
2012:01:13_21:02:29 PST courtesy of J.T. Hoeksema.

Visible light, ultra-violet A & B and infra-red (heat) emissions of the Sun only vary by small
percentages over a sunspot cycle. But parts of the short wavelength (high energy) UVC emissions
(known as EUV and FUV) vary by considerably more. The variations in EUV (0.1 — 125.6nm)*
particularly influence the size, density and temperature of the ionosphere and thermosphere. So the
level of these emissions ultimately can affect the temperature difference between the upper
atmosphere and Earth’s surface. EUV also plays an important role in the regulation of the ozone
layer” (see section 6). FUV (125.7 — 400nm) emissions are more involved in directly producing
ozone. The US Solar and Heliospheric Observatory (SOHO) has been providing data on EUV
emissions of the Sun since 1996. The following graph details the monthly summary of that data
(taken from the daily averages), again superimposed on the SIDC data.

Although the data is only for seventeen years (roughly 1 % solar cycles) and it doesn’t measure
emissions over all of the EUV spectrum, it seems that EUV emissions do vary by as much as 300%
from cycle minimum to cycle maximum. Although not shown here FUV is now understood to vary by
about 30% from cycle minimum to maximum. These significant variations produce longer term
chemical and temperature changes in both the thermosphere and mesosphere.

This puts some perspective on a presentation to the United Nations Committee On the Peaceful
Uses of Outer Space (UNCOPUQS) meeting in Vienna, Austria on February 10, 2011.

?? Some scientists refer to the lower portion of the spectrum as “Soft X-Ray”
2 Fuller-Rowell, Solomon and Robel;Impact of Solar EUV, XUV and X-Ray variations on Earth’s
Atmosphere, Solar Variability and its Effects on Climate, Geophysical Monograph 4, 2004
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The presentation was made by Madhulika (Lika) Guhathakurta, PhD. He is the Lead Program
Scientist of the Living With a Star Program of the Heliophysics Division, Science Mission Directorate,
NASA Headquarters®. In this presentation he stated in relation to the extreme solar minimum:

“Since the dawn of the space age (there has been the):

Longest period with no Sunspots

Lowest solar X-ray flux

The lonosphere Has Collapsed

Space Junk Is Accumulating

Radiation Belts are Charged with Killer Electrons

A Drop in Solar Irradiance affects Earth Temperatures
The Sun’s Magnetic Field is in a Strange State (and)
Cosmic Rays Hit A Space Age High”

Adding "In 2009, cosmic ray intensities have increased 19% beyond anything we've seen in the
past 50 years," says Richard Mewaldt of Caltech. “This is a direct result of the solar minimum and a
weakened solar magnetic field.” Further “The lonosphere Has Collapsed. Space Has Never Been
Closer To Earth. Sensors onboard the US Air Force C/NOFS satellite recorded a record collapse of the
ionosphere. The night-time ionosphere is only 260 miles above Earth’s surface, a sharp decrease
from the usual value of ~400 miles. The ionosphere is also 100 degrees cooler than expected. This
dramatic change affects terrestrial radio communications, curtailing over-the-horizon shortwave

reception and causing unusual forms of scintillation in GPS signals. (The) solar minimum is to blame.

Extreme UV radiation, which heats and ionizes the upper atmosphere, has dropped 6% compared to
previous solar minima®>. The collapse of Earth’s upper atmosphere (also) reduces aerodynamic drag
on satellites and space junk.”

To understand what Guhathakurta was saying it is necessary to understand how the ionosphere
(i.e. the exosphere and thermosphere) and other layers of the upper atmosphere are influenced by
solar emissions and cosmic rays.

Solar extreme ultraviolet (1 - 125.6nm) and far ultraviolet radiation emissions (125.7 - 400nm)
are the main source of energy and ionization in the upper atmosphere. These change frequently in
the short term with sunspot activity and solar flares and their average emissions change over the
longer term through a solar cycle or cycles. Both short term emission changes and long term
emission changes give rise to changes in neutral temperature and density and ion density in the
upper atmosphere. The longer term changes in the thermosphere occur through a solar cycle or
cycles and can chan