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Introduction

There is abundant evidence and general agreement within the scientific community that solar variability of all types ‑ irradiance, matter, electromagnetic and gravitational force and shape and the interactions between all five ‑ play a key role in the Earth’s climate dynamics.
  
In addition to solar variability, there are four other factors, quite independent of solar variability, for which there is evidence that they, too, play a key role in the Earth’s climate dynamics.  One is the production of greenhouse gases (water vapour, Carbon Dioxide and methane) (IPCC 2007).  Another is the massive re‑engineering of the planet over the last three hundred years (Cotton and Pielke 2007).  A third is the increase in atmospheric pollution that has occurred at the same time as the re‑engineering of the planet.  Volcanoes and earthquakes have also been shown to affect climate dynamics.  The fourth is two key natural processes internal to the climate system.  One is the stochastic development of natural systems; the second is the interaction between, or phase synchronisation of, the many oscillating natural systems of which the climate is composed.  
This paper examines the range and type of climate dynamics arising from total solar variability; it does not address the other factors, except volcanoes and earthquakes to the extent that they might be generated by solar variability.  
On August 16, 2006 astronomers at the Synoptic Optical Long-term Investigations of the Sun (SOLIS) facility in the United States reported that Sunspot Cycle No. 24 (SC24) began on July 23, 2006.
  There is some dispute that SOLIS detected the beginning of SC24.  We are currently in period of solar minimum between the end of SC23 and the beginning of SC24, which is now expected to begin sometime between mid 2007 and mid 2008.  
The amplitude and shape of SC24 could be decisive about the extent to which global warming is the result of total solar variability or human activity.  In view of the significance of SC24, in October 2006 NASA appointed a panel of world experts to advise the US Government about the development of SC24.
  The Solar Cycle 24 Prediction Panel anticipates the solar minimum marking the onset of Cycle 24 will occur in March, 2008 (±6 months).  If SC24 has a low amplitude and if the overall shape of the cycle is that of a flattened bell‑shaped curve, it will most likely mean that SC24 will be the harbinger of three decades of global cooling to come and at least five years more drought in Australia. 
The eminent Australian scientist, Rhodes Fairbridge, who died in November 2006, aged 92, and who has a special Australian connection, published extensively about the theory that the Earth’s climate dynamics is largely the consequence of total solar variability.  Attachment 1 provides an account of the life and science of Rhodes W Fairbridge. 
The Sun’s role in climate dynamics

The impact of the Sun on the Earth’s climate has been an active area of scientific inquiry ever since Sir William Herschel presented a series of papers on the subject to the Royal Society in London in 1801.  He hypothesised a relationship between solar activity and the 562 year time series of wheat prices (from 1202 to 1764) in Adam Smith’s The Wealth of Nations that was published twenty‑five years earlier in 1776.  See Attachment 2 Sir William Herschel and the Royal Society.  
Research published in the last five years shows that the Sun has had a much greater role in generating climate change from the last century to the present time than previously considered possible.  This research has also documented the considerable evidence that solar variability has been the key driver of climate change in the past.  
Solanki and Krivova (2003a) and (2003b) found that the Sun has been more active in the last seventy years than at any time for over 8,000 years.  Whilst this indicates that the high level of solar activity in recent years is exceptional, it is not unique on the multi-millennial time scale.  Solanki et al (2004) found that during the last 11,400 years, the Sun spent only 10 percent of the time at a similarly high level of activity. 
That the modern high level of solar activity is unusual has been confirmed for the last 7000 years by an analysis of the new reconstruction of the palaeomagnetic dipole moment by Korte and Constable (2005).  Usoskin, Solanki and Korte (2006) found that according to this reconstruction, the Sun was in a strongly active state, similar to the modern high activity episode with the decadal sunspot number systematically exceeding 70, only about 3% of the time during the last 7000 years.

Solanki et al (2004) and (2005) and Solanki and Krivova (2004a) and (2004b) reported that most of the warming of the twentieth century has occurred during two periods, from about 1910 to the mid 1940s and from the mid 1970s onwards. 
Rozelot and Lefebvre (2006) found that solar irradiance variability accounted for a significant proportion of the trend in global temperatures in the periods 1856–1910, 1910–1945 and 1946–1975.  
Scafetta and West (2006a and 2006c) estimated that the increase of solar irradiance during the 20th century might be responsible of approximately 50% of the global warming.  However, they report that this contribution was not uniform during the century.  Scafetta and West (2006a and 2006c) found that the sun might have contributed 75% of the global warming during the first half of the century (1900-1950) but only 30% during the second half of the century (1950-2000).  Their findings confirm that the Sun played a dominant role in climate change in the early past, as several empirical studies had also found.  Willson and Mordvinov (2003) reported that the analysis of the data about sunspot activity provided by six overlapping satellite observations since 1978 shows that total solar radiation output had increased by approximately 0.05 per cent per decade. 
Labitzke (2006) reviewed many relevant and recent reports of research published in the scientific literature.  
In her overview, she notes:

The relatively weak, direct radiative forcing of the solar cycle in the upper stratosphere can lead to a large indirect dynamical response in the lower atmosphere through the modulation of the polar night jet as well as through a change in the Brewer Dobson Circulation.

She explained further that: 

Until recently it was generally doubted that the solar variability in the 11‑year sunspot cycle (SSC), as measured by satellites, has a significant influence on weather and climate variations.  Bur several studies, both empirical and modelling, have in recent years pointed to probable and certain influences.  Different observations indicate that the mean meridional circulation systems, like the Brewer-Dobson Circulation and the Hadley Circulation are influenced by the 11‑year solar cycle.  Today, there is general agreement that the direct influence of the changes in the Ultra‑Violet part of the spectrum (6% to 8% between solar maxima and solar minima) leads to more Ozone and warming in the upper stratosphere (around 60 km) in solar maxima.  This lead to changes in the thermal gradients and thus in the wind systems, which in turn lead to changes in the vertical propagation of the planetary waves that drive the global circulation.  

Her own research published over a twenty year period shows that the Quasi‑Biennial Oscillation is regulated by variable solar activity and that the Sun influences the intensity of the Artic Oscillation in the stratosphere in winter.  

This continuing increase in solar output since the 1850s has warmed the oceans, releasing Carbon Dioxide and water vapour.  
The time series of total solar variability, like those of climate variability, are non‑stationary, in that the measures within each are interrelated, and non‑linear.  When analysed using a statistical methodology specially designed to analyse non‑stationary and non‑linear data, the role of the Sun in regulating the climate is shown clearly and at statistically significant levels.  Empirical Mode Decomposition (EMD) is such a statistical methodology (Huang et al (1998)).  EMD, unlike most statistical methodologies for analysing time series, makes no assumptions about the linearity or stationarity of a time series.   EMD lets the data speak more directly, revealing its intrinsic functional structure more clearly. It does not does not have the restrictive assumptions of linearity and stationarity that the familiar Fourier-based techniques have, because it uses Hilbert, not Fourier, transforms. 

Using EMD, Coughlin and Tung (2005, 2004a, 2004b and 2001), found that the atmosphere warms during the solar maximum and cools during solar minimum almost everywhere over the planet.  The statistically significant correlation with the solar flux is positive everywhere over the globe does imply that, on average, the temperatures increase during solar maxima and decrease with solar minima at all latitudes.  Coughlin and Tung (2005, 2004a, 2004b and 2001) also found two underlying nonlinear trends over the last four decades.  One is the warming of troposphere; the other is the cooling of the stratosphere. 
Ruzmaikin, Feynman and Yung (2006) used EMD to analyse the historic time series annual records of the water level of the Nile collected in 622‑1470 A.D.  (This famous time series is discussed below on page 33).  They found the longer solar periodicities of about 88 years and one around 200 years.  These are characteristic solar periodicities.  For example, they are present in the number of auroras reported per decade in the Northern Hemisphere at the same time. They found the 11-year solar cycle in the Nile’s high-water level variations, but less prominent in the low-water anomalies.  Ruzmaikin, Feynman and Yung (2006) explained that the phenomena they report would arise from the influence of solar variability on the atmospheric Northern Hemisphere Annular Mode (NAM).  Solar Ultra-Violet variations act in the stratosphere to modulate the NAM.  Furthermore, the NAM’s sea level manifestation (the North Atlantic Oscillation) affects the air circulation over Atlantic and the Indian Oceans during high levels of solar activity.  Variations of this air circulation influence rainfall in eastern equatorial Africa at the Nile sources.  At high solar activity, the air is descending there and conditions are drier, with the opposite effect occurring at low solar activity.  

Camp and Tung (2007a and 2007b) established for the first time by direct measurement that the Sun heats the Earth directly.
  They obtained a statistically significant global warming signal of almost 0.2°K due to the 11 year solar cycle.  

Camp and Tung (2007a and 2007b) also revealed the surface pattern of warming caused by the Sun.  Amongst other things, polar amplification is shown clearly with the largest warming in the Arctic (treble that of the global mean), followed by that of the Antarctic (double).  Surprisingly, the warming over the polar region occurs during late winter and spring. 
The warming is also larger over continents than over the oceans.  In the mid‑latitudes, there is more warming over the continents than over the oceans.  Most of Europe is warmed by 0.5°K and eastern Canada by 0.7°K, while western U.S. sees a smaller warming of 0.4‑0.5°K.  Iraq, Iran and Pakistan are warmer by 0.7°K and Northern Africa by 0.5°K.  The South American Andes is colder by 0.7°K. 
They derived a statistically significant measure of the range climate sensitivity (of 2.3°K to 4.1°K) to the variations in the 11 year solar cycle.  It is independent of climate models as it is the result of direct measurement.  The climate sensitivity lower bound is equivalent to a global warming of 2.3°K at doubled Carbon Dioxide. 

Salby and Callaghan (2006) established that there is a decadal oscillation in the tropical troposphere tat depends on the 11-year oscillation of solar irradiance.  They found this occurred over the four solar cycles analysed.  The statistical analysis achieved higher levels of statistical significance tat had been previously required.  

Some of the research about Sun‑climate connections published in the 1970s and before lacked statistical rigour.  As a result, some scientists published explanations of the Earth’s climate dynamics in terms of solar variables that did not stand up to statistical rigour (Pittock 1978, 1983).  In addition, sometimes some scientists published claims for a significant role of the Sun in inducing major climate change that could not be sustained when subject to rigorous statistical and methodological scrutiny (Damon and Laut (2004), Laut (2003). 
Bond et al (2001) demonstrated that:

The Earth’s climate system is highly sensitive to extremely weak perturbations in the Sun’s energy output, not just on the decadal scales that have been investigated previously, but also on the centennial and millennial time scales documented here.

Furthermore, the authors concluded:

Our findings support the presumption that solar variability will continue to influence climate in the future, which up to now has been based on extrapolation of evidence from only the last 1,000 years.
Bond et al (2001) tested the solar-climate connection by comparing high-resolution measurements of drift ice in three North Atlantic deep-sea cores with proxies of changes in solar irradiance through the entire Holocene.  Their analyses imply the footprint of the solar impact on climate extended from polar to tropical latitudes.  Amongst other things, the authors found five episodes of markedly reduced rainfall at times of very weak solar minima centered on 6 300, 7 400, 8 300, 900 and 9 500 years ago.  Their analyses imply that at times of reduced solar irradiance, the downward-propagating effects triggered by changes in stratospheric Ozone lead to a cooling of the high northern latitude atmosphere, a slight downward shift of the northern tropical jet, and a decrease in the Northern Hadley circulation.  

Haigh (2006) reviewed many recently published papers about solar influence on the atmosphere.  She concludes:
Multiple regression analysis of zonal mean temperature records from the forty‑year reanalysis datasets produced by the US National Center for Environment Prediction and the European Center for Medium-Range Weather Forecasts has revealed a detectable 11-year solar signal in the troposphere.  These show bands of warming in the mid-latitudes when the Sun is more active suggesting a latitudinal widening of the Hadley cells.  Careful analysis of upper air data dating back eighty years has broadly confirmed these findings.  Furthermore, the patterns identified are similar to those predicted by atmospheric GCMs for the influence of enhanced solar UV, thus tending to confirm the existence of such an influence of the Sun on the climate.
Bronnimann et al (2006) concluded that studies based on data from the past 25‑45 years show that irradiance changes related to the 11 year solar cycle affect the circulation of the upper troposphere in the subtropics and mid‑latitudes.  
More generally, they concluded:

Our analysis of the relation between solar irradiance variability and zonal mean geopotential height at midlatitudes during the past 82 years reveals an 11 year signal (increasing geopotential height with increasing solar variability) that is consistent with previous studies based on much shorter periods.  

Bronnimann et al (2006) reported that while solar impact on climate is increasingly well accepted in the scientific community, the processes that produce it are not.  

Stager, Ruzmaikin et al (2007) concluded that there is no doubt that solar irradiance plays a central role in establishing the rhythm of diurnal, seasonal, and orbital-scale climate cycles.  They reported that solar irradiance drives convection and migrations of the Intertropical Convergence Zone.  They showed that significant relationships between the solar cycle and rainfall existed in East Africa during the 20th century.  Stager, Ruzmaikin et al (2007) demonstrated how sunspot cycles could be used to predict positive regional rainfall anomalies several years in advance.  They recommended that this knowledge be used to improve the circumstances of people, having regard to the serious consequences that heavy rains in East Africa have for soil erosion, hydropower generation, flooding, and insect-borne disease, and that they can also affect regions farther north that respond to the ebb and flow of the Nile. 
Feynman (2007) reported that 

There are now many empirical and modelling studies that demonstrate that changes in the solar output are associated with widespread changes in climate.  The development of quantitative models and a physical understanding of all the underlying mechanisms involved is currently a rapidly developing field of study.  There is considerable evidence that climate variations in response to low frequency solar variations have had major effects on cultures during the last 1,500 years.
Lockwood and Frohlich (2007) asserted that even though the Sun’s regulation of the climate in the past has been established, the warming that the Earth has experienced since the mid 1980s could not be attributed to the Sun.  See Attachment 3 “Recent oppositely directed trends in solar climate forcings and the global mean surface air temperature” by Mike Lockwood and Claus Frohlich in Proceedings of the Royal Society A: Mathematical, Physical and Engineering Sciences June 2007.

Haigh (2007) reviewed some of the evidence for a solar influence on the lower atmosphere.  She discussed some of the processes by which the Sun may produce more significant impacts than might be surmised from a consideration only of variations in total solar irradiance.  Her paper is published in a new on‑line peer reviewed scientific journal, Living Reviews of Solar Physics, which enables the paper to evolve as others contribute new material or engage in additional analyses of her commentary.  Her paper is a good example of careful science in which analyses and findings are presented with the understatement of cautious science working to the high standards of the exact sciences such as Physics.  
Haigh (2007) reviewed some of the science summarised in this paper, but in much more detail.  She also surveyed many papers not cited in this paper.  She presented many tentative findings throughout her paper including the following:

There is statistical evidence for solar influence on various meteorological parameters on all timescales, although extracting the signal from the noise in a naturally highly variable system remains a key problem.  With regard to the climate, further data-mining and analysis are required to firmly establish the magnitude, geographical distribution and seasonality of its response to various forms of solar activity.

In the following sections, a framework for examining how all types of solar activity, not merely irradiance, affect climate.  It is based on the ideas of Rhodes Fairbridge.  This framework is used to present an outline of the main processes by means of which solar activity of all types produces climate change over a wide spread of time frames and in many different ways in relation to latitude, longitude and altitude (see Attachment 4 for more details).  

Solar variability and climate dynamics: An framework for analysis
Rhodes Fairbridge emphasised that the answer to the question, 

Does the Sun affect the Earth’s climate? 

has to be in terms of three considerations:
 

· the variations in the quantity, intensity and distribution over the Earth of the solar output, including electromagnetic radiation, matter and the Sun’s electromagnetic field; 

· the variable gravitational force the Sun exerts on the Earth, the Moon and the Moon and the Earth as a system; and

· the interactions between these processes. 

In this regard, he seems to have been a relatively lone voice, then as now.

In the language of experimental science, the key solar variables are the independent variables.  The dependent variables on which the effect of the independent variables is recorded are a wide range of Earth, or climate relevant, variables.   
The relevant key solar, or independent, variables are:

· the Sun’s variable output of: 

· radiation across the electromagnetic spectrum, and 

· matter (largely high energy electrons and protons, but including ions and atoms);  

· the Sun’s variable electromagnetic field; and  

· the Sun’s variable gravitational field especially through the lunisolar tides acting throughout the atmosphere, oceans and planet, including the Earth’s mantle, solid and molten cores; and  
· The Sun’s variable shape.
These solar variables, which are not entirely independent of each other, interact with each other, amplifying total solar impact.  Attachment 4 provides an overview of the Sun.

The solar variables affect a wide range of Earth variables in a multiplicity of ways with many pronounced interaction effects that amplify total solar impact.  
The main Earth variables, the dependent variables, affected by total solar activity are the following:

· The atmospheric, oceanic coupled systems, including a differential impact in relation to the structure of the Earth’s atmosphere (troposphere, stratosphere, mesosphere, thermosphere and ionosphere).  Different solar variables affect different layers of the atmosphere in different ways, sometimes resulting in an amplification of the Sun’s impact.

· The ocean systems.  The Sun’s influence is not confined to heating oceans’ surface from radiant heating, but extends throughout the vertical depth of the oceans principally through the variable effects of the lunisolar tides, which are, in part, the manifestation of the Sun’s variable gravitational field.

· The tides acting throughout the atmosphere, global electric circuit, oceans and planet, including the Earth’s mantle, solid and molten cores.  The cycles of the tides range from twice daily, fortnightly, 27 days and particular multiples of this period, 9.3, 18.6, 62, 93, 222 and 1,500 years and possibly longer periods.

· The Rossby and Kelvin waves.  These are large, slow inertial waves, or oscillations, that move through the atmosphere and the oceans, horizontally and vertically.  Inertial waves are generated in any rotating fluid.  They are therefore generated by the atmosphere and the oceans being part of the Earth, which is a rotating object.  The inertial waves are, amongst other things, an effect of the Coriolis force generated by the Earth’s rotation. 

· The Earth’s rotation.

· Atmospheric angular momentum.

· The Earth’s dynamo. 

· The Earth’s electromagnetic field.

· The global electric circuit.

Like the solar variables, these variables are not entirely independent of each other.  They interact with each other, often amplifying total solar impact.  
Furthermore, there may be phase synchronisation between solar electromagnetic and gravitational oscillations (i.e. between the solar activity cycles and the lunisolar tides) and possibly the Rossby and Kelvin waves. 

Total solar impact is also modulated by two other processes, the Earth’s reflectance (also known as albedo), and cosmic rays.   
There is increasing evidence of climate change consequences of the gravitational effects of the other planets on the Sun, Earth, and Moon system.  Although tidal effects of the other planets on the Earth are very small, the planets can modify the shape of the orbits of the Earth and the Moon and this has climate consequences.  
These processes are separate from the interaction between the orbits of the planets and the orbit of the Sun around the center of mass of the solar system, which is discussed below, beginning on page 33.  
In addition, ever present in the background is the gradual, subtle, and complex change in the structure of the Earth/Sun geometry, giving rise to the Milankovitch processes.  All of these processes affect the Earth and its dynamo core in different ways. 

Solar variability and climate dynamics: overview of specific processes 

Rottman (2006) explained that the output from solar activity is the dominant energy input into the Earth’s climate system.  The atmosphere absorbs about 20% of solar radiation (globally averaged), establishing its structure, composition and temperature.  About 30% is scattered and reflected back into space.  The remaining 50% is absorbed at the surface, warming the land and the oceans and sustaining life.  Changes in solar output have direct and indirect effects on the Earth’s climate system.  According to Rottman (2006), implications of a solar role in the climate system are evident in most climate records.  
The Sun’s electromagnetic radiation originates in the Sun’s toroidal (i.e. latitudinal) magnetic fields, whereas the matter produced by the Sun originates in its poloidal (i.e. longitudinal magnetic fields.  These are necessarily connected as they are parts of the solar dynamo that drives solar activity.  However, they have significant differences, which, in turn, have significant climate consequences.  
The variable output of electromagnetic radiation
The Sun’s variable electromagnetic radiation heats and cools the Earth during the 11 year solar cycle.  The extent that it does so depends on several features of the cycle: its duration, amplitude and the rate at which it rises and falls.  It also depends on the relative proportions of short (Ultra-Violet and X‑rays) and long (light and infrared) wave radiation produced by the Sun.  This proportion varies with the solar cycle as does the absolute amount of radiation.  

About 60% of the total change in irradiance of the Sun between solar maximum and minimum is produced in the Ultra‑Violet part of the spectrum.  However, only about 8% of the Sun’s electromagnetic radiation is emitted at these wavelengths.

Short wavelength radiation ionises the upper atmosphere and heats the middle atmosphere.  As a result, atmospheric temperature varies in a nonlinear manner with the amount and type of solar radiation.  During the maximum phase of the solar cycle, the Sun produces proportionately more Ultra‑Violet radiation than visible and infrared light.  It also ejects proportionately more matter.  Furthermore, over the last 130 years the Sun’s production of Ultra‑Violet radiation and matter has increased at a proportionally greater rate than visible and infrared light.  
The variable output of matter

The Sun ejects enormous quantities of matter continuously in the form of the solar wind or periodically as either a mix of high energy protons and electrons (Coronal Mass Ejections, (CMEs)) or as mostly high energy protons (Solar Proton Events (SPEs)).  

The Earth’s atmosphere is more sensitive, and more reactive, to the CMEs and SPEs than to the Sun’s short wavelength radiation, to which it is, in any case, highly reactive.  The effect of the solar wind, CMEs and SPEs is to reduce the amount of Ozone, cooling the middle atmosphere.  The overall effect on climate is more turbulence: stronger winds, more storms and greater precipitation. 

Longer term variations in the Earth’s temperature are due to the long-term variations in solar activity generated by solar poloidal magnetic fields.  These produce, amongst other things, the solar wind.  Georgieva and Kirov (2007) have shown that the Sun’s poloidal fields are largely responsible for the steadily increasing geomagnetic activity since the beginning of the 20th century.  The authors have also shown that the long term variations in terrestrial temperature (that some have attributed to an increased volume of Carbon Dioxide generated by human activity) are due to the Sun’s poloidal fields.  
The solar wind has a significant role in the Earth’s climate dynamics.  Over a ten year period the solar wind mediates the transfer of angular momentum from the Sun to the Earth and its atmosphere.  One of the several ways in which this takes place is through changes in the motion of the Earth’s core and the transference of these motions to the mantle‑atmosphere‑hydrosphere system.  There is a substantial time lag involved here.  The effect of the action of the solar wind is to vary the rate of    of the Earth which is measured by changes in the Length of Day (LoD).  
The variable electromagnetic field

Variable solar electromagnetic activity directly affects the rate of rotation of the Earth’s core as does the solar wind and the Sun’s variable gravitational field.  Variations in the Earth’s rotation change the atmosphere’s angular momentum, and this in turn, changes the climate.  There is a highly significant correlation between variations in the Earth’s rotation rate and global surface temperature.  

Duhau (2006) has documented the effect of the Sun’s variable electromagnetic field on climate concludes:

Summing up, we have presented evidence that solar activity variation excites a semi-secular cycle in the Earth’s rotation rate with a 94 year delay and that this cycle in the earth’s rotation rate in turn forces surface temperature variations…according to our results surface temperature changes by 0.022o C for each millisecond in LoD.  

Duhau (2006) has found that“….long term variations in sunspot maxima will appear about 94 years later in the Earth’ surface temperature.”  According to Georgieva (2006), (Kirov et al., 2002) demonstrated that the Earth’s rotation rate depends on the magnetic polarity of the Sun. 
The variable gravitation field 

The variable Sun‑Earth‑Moon geometry is central to the Earth’s climate dynamics.  It indicates the Earth’s variable tides.  As is shown below, the tides have a central role in climate dynamics.  The variable Sun‑Earth‑Moon geometry also indicates variations in the amount and distribution of the Sun’s output received by the Earth, which are crucial to climate dynamics.  Amongst other things, these variations give rise to the seasons, and, in the longer term the ice ages, periods of prolonged widespread glaciation. 

The tides

The lunisolar tides are a consequence of the Earth and the Moon orbiting their common barycentre, the perturbing effect of the Sun, and the Earth (and the Moon jointly) and the Sun orbiting the solar system’s barycentre. The Earth’s tidal phenomena are extraordinarily complex.  Apart for the independent tidal forces of the Sun and the Moon which we experience as the familiar lunisolar tides, there are three additional tides.  These are: 
· an inversion tide caused by a gravitational attraction of superfluous mass of the core making annual oscillations; 

· the polar tide caused by pole oscillations; and, 

· a tide caused by the annual variation of axial rotation of the Earth.
The lunisolar tides have at least ten distinct periodicities.  The cycles of the tides range from twice daily, fortnightly, 27 days and particular multiples of this period, 9.3, 18.6, 62, 93, 222 and 1,500 years and possibly longer periods.  The 18.6 year lunisolar tidal periodicity has a pervasive role in climate change.  It is the period of a full rotation of the Moon’s orbital plane around the ecliptic, the imaginary plane containing the Earth's orbit around the Sun.
The 1,500 period is a cycle of alternating weak and strong tides.  The strong tide churns the very cold water from the abyssal depths resulting in a cooler climate.  The weak tide leaves the warmer waters nearer to the surface resulting in a warmer climate.  There are indications that the weakening of the tides began in 1975, warming the oceans from that time on.  

The amplitude and duration of the tides depends on the complex Sun‑Earth‑Moon geometry which has elements of inherent randomness.  Variations in sea levels depend on, amongst other things, the combined action of these tides.  However, as the Fairbridge Curve of the Holocene Eustatic Fluctuations shows, changes in the average sea level involve, as well, three main categories of variables: the shape of the basins that contain the oceans, the volume of water in them, and local variations in land adjacent to the ocean basins.
The Moon and the Sun periodically amplify each other’s gravitational effect on the Earth in a non‑linear manner that closely correlates with major earthquakes.  These periodic non‑linear amplifications produce elastic energy that resides in the Earth’s core and crust.  Barkin and Ferrandiz (2004), Barkin et al (2005) and Barkin et al (2007) have shown that the variable gravitational field of the Sun, interacting with the Moon’s, generates a range of significant periodic changes amongst the Earth’s shell‑like structures: atmosphere, oceans, liquid core, mantle, another layers and plates.  
Barkin and Ferrandiz (2004) derived an analytic expression for the elastic energy of planet tidal deformations induced by other bodies, including the central star, in a planetary system.  The elastic energy is not simply a sum of the elastic energies of the separate pairs of bodies but contains additional terms which are non-linear functions of the superposition of the variable gravitational fields of the Sun, Moon and other planets.  As a result, there are large and significant variations in conditionally periodic variations in the elastic energy of the gravitational fields of the Sun and the Moon, especially, but with additional coefficients for the planets.  Some of the elastic energy is dissipated as heat and contributes, as the periodicities of the tides determine, to the warming of the Earth and the oceans.  Most of the remainder is retained in the solid material of the Earth, resulting in deformations, ultimately in the form of earthquakes and volcanoes. Some of the elastic energy is retained by the Moon, resulting in moonquakes which correlate closely with earthquakes.  The Moon and the Sun periodically amplify each other’s gravitational effect on the Earth in a non-linear manner that closely correlates with major earthquakes.  Major earthquakes and moonquakes coincide with extreme variations in tidal elastic energy. 

The large additional mechanical forces and moments of interaction of the neighbouring shell‑like structures of the Earth have significant impacts on climate dynamics, including the sea level.  They produce cyclic perturbations of the tensional state of the shell‑like structures, including deformations, small relative translational displacements and rotational oscillations, and the redistribution of the plastic and fluid masses of which the planet is composed.  These additional forces and moments of a cyclic solar system nature produce deformations throughout the all layers of the Earth, regulating variations of almost all natural processes.  Apart from the immediate catastrophes that earthquakes and volcanoes induce, there are also longer term climate change consequences.  These non‑linear gravitational effects of the Sun and the Moon on climate change can be calculated with reasonable precision.  

Tidal effects include variations in rainfall, floods and droughts, sea‑ice, sea‑surface temperature, sea‑level, atmospheric pressure, frequency of thunderstorms, deep ocean currents, tidal flooding, and the speed of the major ocean currents.  The tides occur throughout the vertical depth of the oceans, mixing and churning the oceans with profound and periodic effects on climate.  
Tidal dynamics operate at all levels of the planet, from the gaseous atmosphere to the Earth’s inner structures: the fluid outer core that surrounds the solid inner core. Munk and Wunsch (1998) and Wunsch and Ferrari (2004) have shown that the tides occur throughout the vertical depth of the oceans, mixing and churning the oceans with profound and periodic effects on climate. 
Keeling and Whorf (1997) and (2000) have presented evidence for the hypothesis that the lunisolar tidal forces churn the waters of the planet’s oceans.

da Silva and Avissar (2005) showed that specific alignments between the Sun, the Moon and the Earth, known as the Luni‑Solar Oscillation (LSO) that occur at frequencies of nearly 9 and 18 years have been unambiguously correlated with the Artic Oscillation since the 1960s.  The authors explain how the LSO tidal forces might regulate the Artic Oscillation, which is a major driver of climate variability in the Northern Hemisphere.  This finding illustrates interaction effects between solar variables.  Other facets of solar variability have contributed to the melting of the ice in the Artic and higher sea surface temperatures at northern latitudes.  da Silva and Avissar (2005) showed that the LSO accelerates this warming processes.  These processes enable a larger volume of liquid water to respond to the tidal forces.  In addition, the changes in ocean stratification that follow improve the mixing efficiency.   
Labitzke (2007) has found that the lunisolar tides are very important for the dynamics in the upper stratosphere and mesosphere.  Furthermore, she reported that there is an interaction between the tides and the Sun’s heating and cooling of the rotating Earth’s atmosphere.  
A unique advantage that flows from the establishment of quantitative lunisolar tidal relationships with climate dynamics is that there is accurate quantitative data available about the lunisolar tides.  There is long term accurate astronomical data available about the variable Sun‑Earth‑Moon geometry tat can be used with confidence to predict reliably future climate change.  

This paper highlights below the important implications for coastal policy advisers, decision makers and coastal managers resulting from extreme tidal phenomena, known as perigean and proxigean spring tides.  It is important to understand that this extreme tidal phenomenon operates at all levels of the planet and that the effect of tidal forces is, as Barkin and co‑workers have shown, non‑linear. 
Milankovitch theory

The amount and distribution of the Sun’s output received by the Earth varies in relation to the orientation of the Earth to the Sun and the distance of the Earth from the Sun.  There are four parameters that describe the orientation of the Earth in relation to the Sun.  
These are:

· The periodic changes in the shape of the Earth’s orbit around the Sun.  The shape of the orbit oscillates between being more or less elliptical.  

· The inclination of the Earth’s axis in relation to its plane of orbit around the Sun.  The Moon is essential for the stability of the tilt of the Earth’s axis in relation to its plane of orbit around the Sun (Lasker et al 1993).  The tilt varies only 3 degrees, from 21.5 to 24.5.  The tilt determines the seasons.  More tilt means greater difference between them, less tilt, less difference.  Less tilt also increases the difference in the radiation received between the equatorial and Polar Regions.  Less tilt would result in increased glaciations.  There can be combinations of perturbations to the Earth‑Moon‑Sun geometry that can change this delicate balance.  

· The wobble of the Earth’s axis back and forth.  This is additional to the change in the tilt of the axis change.  The axis wobbles back and forth, just like a spinning top does as it slows down.  The wobble results in large scale changes to the Earth’s climate.

· The variable tilt of the plane of the Earth’s orbit in relation to the orbital plane of the solar system. 

As these vary, so does the climate.  As these vary in conjunction with each other, so climate changes dramatically.  For example, given particular values of these parameters, northern latitudes will have relatively warm winters, which would result in heavy snow falls.  These warm winters would be followed by relatively cool summers.  This would mean that the snow and ice of these winters would remain, only to be added to the next winter.  This would be accelerated by the white snow and ice reflecting much more sunlight than it absorbs.  If this happened year after year for many years, the Earth would plunge into an ice age.  
Building on the work of two 19th Century scientists, the Serbian mathematician Milutin Milankovitch was the first to set out a coherent theory that explained how climate would change as these parameters changed.  He published his work in the 1920s and 30s.  His mathematical analysis of the Earth’s key orbital parameters showed him how the northern latitudes would slowly enter a deep freeze.  It would happen when the Earth’s orbit placed the northern hemisphere in relation to the Sun in a specific way.  This happens when two conditions were satisfied.  One is that the Earth be at the point in its orbit that is the greatest distance away from the Sun.  The second is that the Earth is so oriented on its axis that there is the least contrast between the seasons.  This would keep the northern summers the coolest possible.  It would also mean that the mild winters would result in more moisture in the atmosphere and therefore more ice and snow.  By these processes the ice and snow would build up year after year and an ice age would begin.
The joint effect of these three parameters is called the Milankovitch theory.  It is now a substantial area of science, which has been developed considerably in recent years.  For example, computer models and historical evidence suggest that the Milankovitch cycles exert their greatest cooling and warming influence when the troughs and peaks of all three curves coincide with each other.  
Berger, Melice and Loutre (2005) described highly complex relationships between the Earth’s orbital parameters and climate change.  Using the most recent numerical results about the astronomical parameters and the most recent and extensive data about climate change, the findings of  these scientists corroborate the basic thesis of this paper that the planets, not only the Sun and the Moon, play a significant role in the Earth’s climate dynamics.  The French team have calculated the precise effect of Mercury, Mars, Venus, and Jupiter on the Earth’s orbital parameters. 

Attachment 5 provides a summary of the theory, now known as the Astronomical Theory of Climate Change. 
There is increasing evidence of climate change consequences of the gravitational effects of the other planets on the Sun, Earth, and Moon system.  Although tidal effects of the other planets on the Earth are very small, the planets can modify the shape of the orbit of the Earth and the Moon and this has climate consequences.  Small changes to the shape of the Moon’s orbit can have catastrophic consequences for the Earth. 
The variable shape of the Sun

Explanations based on the behaviour of the Sun’s dynamo‑electromagnetic fields can explain about 90 percent of the Sun’s total soar irradiance; they do not explain fully the observed irradiance variations over the solar cycle.  Variations in the shape of the Sun explain the rest.  

The Sun’s shape varies over the solar cycle.  The luminosity of the Sun varies with the shape quite separately from the variable production of radiation or matter by the electromagnetic processes underlying the solar cycle.  Just as the shape, or figure, of the Earth is portrayed as the Geoid, so, too, the shape, or figure, of the Sun can be portrayed as the Helioid.  
The Geoid is a global ellipsoid, the surface of which varies slightly over time in relation to distributions of mass and angular velocity that vary over time.  Similarly, the Helioid is a global ellipsoid whose variable shape is measured by several indices of asphericity.  
Whereas the Geoid is like a football lying horizontally with a few tiny bumps on it, the Helioid is like a football standing vertically, but slightly tilted forwards with a lumpy surface.  The football expands and contracts over the solar cycle, contracting at solar maximum, but becoming more luminous; the lumpiness is always changing. 

The asphericities of the Sun refer to shape distortions of the Helioid.  These include variations in the Sun’s diameter not only over time, but also in relation to points on the surface of the Sun.  The net effect is that the surface of the Sun resembles a walnut whose exterior lumpiness is variably distributed over the Sun’s surface and which also varies over time.  The asphericities also include the Sun’s variable oblateness, as the poles of the Sun sometimes flatten and sometimes rise.  

The Sun’s asphericities vary internally.  The Sun’s internal structures, other than the nuclear fusion core, also show variable asphericities, not necessarily synchronised over time and location within the Sun.  The Sun shrinks a little during the maximum of the solar cycle and expands during the minimum.  However, when the Sun shrinks (and the shrinking is not uniform over the surface and volume of the Sun), it generates luminosity, additional to that produced by the electromagnetic processes that drive the solar cycle.   

The Sun’s variable shape seems to arise because of changes in the distribution of matter within the Sun.  These shifts in the mass of the Sun have gravitational consequences for the solar system.  Since the Sun is 98 per cent of the mass the solar system, changes in the distribution of mass within it mean changes in the Sun’s gravitational field sufficient to affect planetary orbits.  These in turn affect the Earth and our climate.  
Interaction Effects

There is a great variety of interaction between the four variable solar variables, between the nine Earth, or climate variables, and between the effects of the solar variables on the Earth, or climate, variables.  All of these interactions are non‑linear and directly affect the vast atmospheric/oceanic oscillations that swirl around the planet.  Variable climate change throughout the world is the result.  
There are many rather precise interaction effects, examples of which include the following:
There is a lunisolar tidal imprint on the motion of the Earth’s core.  The motion of the Earth’s core affects the strength of the Earth’s geomagnetic field, rate of rotation and angular momentum.  Each of these three variables are also affected by the Sun’s other processes.  Sometimes the lunisolar tides (the manifestation of the Sun’s variable gravitational field) will amplify the effect of the other solar processes, sometimes it will mute them.  Keeling and Whorf (1997 and 2000) reported that a weakening of the tides which occurs every 1,500 years may have begun in the mid 1970s.  This would result in a warming of the oceans.  As previously mentioned, Solanki and co-workers have shown that a continuing increase in solar output has also warmed the oceans.  Additionally, the Moon and the Sun transfer large quantities of energy to Earth through the lunisolar tides.  The combined effect of these three processes may have resulted in the increased warming that has occurred since around 1975. 

During 1976 the vertical structure of the Pacific tropical thermocline changed significantly resulting in a significant reduction in the volume of deeper, colder water to the surface (Guilderson and Schrag (1998)). Over just one year surface temperatures changed from cooler than normal to warmer than normal.  A large, increased volume of warmer surface water brought about an increase in the frequency and severity of ENSO events.  The 1997-1998 and 1982-1983 events are the two strongest events on record, and the sustained "near" ENSO of 1990-1995 is unusual over the 120-yr instrumental record. Moreover, there appears to have been a shift in the frequency of ENSO warm events to a more regular 5-yr periodicity.  
There has not been a satisfactory explanation for this large scale change in the Pacific Ocean, now known as the Great Pacific Climate Shift.  It may have been the result of phase synchronisation between interconnected oscillating atmospheric/oceanic systems, or as yet poorly understood stochastic climate phenomena.  However, it is an expected consequence of the Keeling and Whorf hypothesis about the lunisolar tides churning of the planet’s oceans.  It may have arisen from some other lunisolar tidal process.  Apart from the significant effect the Great Pacific Climate Shift has had on ENSO, it has resulted in a wide variety of significant climate change, including a phase of global warming.  The occurrence of the Great Pacific Climate Shift and the consequential effect on ENSO and the global climate was confirmed independently by at least a dozen reports in the scientific literature.  
The Arctic Oscillation (AO) is regulated by the solar cycle in a non‑linear manner.  Heightened and weakened solar activity activates the large Rossby and Kelvin waves.
  The effects of these waves on atmospheric circulation are intensified by the creation of Ozone during times of increased solar activity.  The AO is stronger with more zonal circulation over mid‑latitudes, especially in the European-North Atlantic sector, and more variable during the peak of the solar cycle. 

The AO is also regulated by the peak 9.3 year and 18.6 year lunisolar tidal oscillations.  The processes by which the effect occurs are different from those of variable solar activity.  The tidal oscillation impacts on atmospheric circulation and on the large Rossby and Kelvin waves.  It also impacts on the churning of the oceans.  Nevertheless, the two solar processes interact amplifying each other’s contribution.  The AO has a key role in Northern Hemisphere climate variability and its behaviour is largely the result of the interaction of the solar cycle and the 9.3 and 18.6 year lunisolar tidal oscillations. 
Currie (1987, 1995) summarised evidence published over many years of the significant role of the lunar nodal oceanic tide cycle of 18.6 years and the sunspot cycle in the fluctuations of the volume and flow of the Nile.
Treloar (2002), of the Queensland Centre for Climate Applications, Queensland Department of Primary Industries, reported that the variability in ENSO and sea-surface temperature anomalies may be partly a result of lunisolar tidal factors. 

The strength of the Interplanetary Magnetic Field (IMF) varies with the solar cycle (see Attachment 4).  This generates a variety of climate effects.  As a result of recent research involving international collaboration between Australian scientists in the Antarctic Division (Burns et al (2007), IMF variability has been shown to vary the global electric circuit resulting in climate change.  

This is an important finding as it shows how a series of small Sun‑sourced changes amplify each other, bring significant changes to the global electric circuit, changing climate as a result.  These changes in turn affect atmospheric pressure, cloud formation rainfall and atmospheric temperature.  (The global electric circuit is discussed below).  The small Sun‑sourced changes include some that depend on the Sun‑Earth geometry and can therefore be calculated with sufficient precision.  These are the Earth’s periodic intersection with the Heliospheric Current Sheet (see Attachment 4) and particular orientations of the Sun and the Earth to each other.  They also include variations in the solar cycle, the strength of the solar wind, the incidence of Solar Proton Events.  

Apart from these, the main generic interaction effects are as follows.
The Earth’s geomagnetic field and the magnetosphere

The Earth generates a magnetic field, the geomagnetic field, and is surrounded by a separate electromagnetic structure, the magnetosphere.  Both these structures have profound effects on the Earth’s climate.  Both demonstrate how interaction between the different types of solar output amplifies relatively small solar variability effects resulting in major variations in the Earth’s climate dynamics.  

There is interaction between the Sun’s variable gravitational and electromagnetic fields, output of matter (the solar wind, CMEs and SPEs), and solar irradiance.  Furthermore, the effects of the various solar phenomena do not all occur at the same time: there is a range of time lags associated with them.  The interaction is complex, non-linear and time dependent.  In some cases, the interaction effects amplify each other; in other cases they act against each other.  In addition, their effect on climate is variable in relation to the latitude, longitude and altitude but appears greatest at the magnetic poles.  The understanding of ways in which the geomagnetic field and the magnetosphere contribute to climate change requires some background about the origins, structures and dynamics of the geomagnetic field and the magnetosphere.  

The geomagnetic field is generated by several processes.  The key ones are the circulation of electric currents in the liquid metal core that surrounds the metallic central core; the Coriolis effect of the Earth’s rotation; and the lunisolar tides.  The Earth’s rotation is determined by other solar output, including the solar wind.  The currents are organised along the north-south polar axis by the flow of molten metal in the outer core under the influence of the Coriolis and tidal forces, creating a magnetic field.  The dynamo action of the flow of the conducting metallic fluid across the magnetic field creates a dynamo, sustaining the Earth’s geomagnetic field.  In addition, the motion of charged particles through the Earth’s geomagnetic field generates an electric current, which amplifies the global electric circuit.  This means that the global circuit is coupled to the Earth’s geomagnetic field. 

The tidal forces of the Moon and the Sun have a known impact on the liquid and solid cores.  The inner solid core has additional rotation, which is driven by the Moon, to that which it undergoes as a component of the Earth.  Furthermore, the coupling of the motion of the solid and liquid cores, which is variable, contributes significantly to the behaviour of the geomagnetic field.

The geomagnetic field is dipolar, having a Magnetic North Pole near the geographic north pole and a Magnetic South Pole near the geographic south pole.  The magnetic poles are the two positions on the Earth's surface where the magnetic field is entirely vertical. 

The Earth's field is changing in size and position. The two poles wander independently of each other by as much as 15 km per year.  Furthermore, they are not at directly opposite positions on the globe.  Currently the Magnetic South Pole is farther from the geographic south pole than the Magnetic North Pole is from the geographic north pole. 

The magnetosphere, a vast organized electromagnetic field surrounds the Earth.  All magnetized planets (e.g. Jupiter, Saturn, Uranus and Neptune) have one.  

The structure and dynamics of the magnetosphere is largely determined by the geomagnetic field and the solar wind. 

King (1974) argued that the Earth’s geomagnetic field influences positively the tropospheric pressure system at high latitudes.  He reported that the patterns Earth’s magnetic field and atmospheric pressure over the northern hemisphere are remarkably similar.  This implied that the geomagnetic field influences positively the dynamics of the circumpolar vortex.  As the geomagnetic field rotates, the pressure system moves west.  
Research reported since King’s 1974 paper have shown that the variable geomagnetic field results in a variety of weather and climate effects.  These include: 

· The geomagnetic field force lines strongly influence atmospheric circulation.
· Divergent temperature fields in the middle and upper atmosphere with consequential changes in the behaviour of the Quasi‑Biennial Oscillation. 

· Interaction with the global electric circuit resulting in the intensification of cyclones by changes in cloud microphysical processes.  

· Changes in Ozone concentration which interact with other variable solar activity effects on Ozone production.  

Bochnicek et al (1999) found that the variable geomagnetic field results in a variety of weather and climate effects.  These include: divergent temperature fields in the middle and upper atmosphere with consequential changes in the behaviour of the Quasi-Biennial Oscillation; interaction with the global electric circuit resulting in the intensification of cyclones by changes in cloud microphysical processes; and changes in ozone concentration which interact with solar activity effects on Ozone production.  

Elsner and Kavlakov (2001) found that geomagnetic activity can generate baroclinically initiated hurricanes.  They examined geomagnetic data for ten days prior to all hurricanes over the last 50 years (1950‑1999) for North Atlantic hurricane intensification.  They demonstrated a statistically significant positive correlation between the averaged Kp index of global geomagnetic activity and hurricane intensity as measured by maximum sustained wind speed is identified for baroclinically initiated hurricanes.  

Tinsley (2000) outlined a process whereby geomagnetic activity gives rise to ionization that triggers glaciation at cloud top.  This results in hurricane intensification through upper tropospheric latent heat release.
Palamara (2003) found that the effects of the geomagnetic field on atmospheric circulation are independent of other Sun/climate relationships, including the link between the sunspot cycle and atmospheric temperature. 

Valvev (2005) evaluated the relative contribution of variable solar irradiance and variable strength of the Sun’s magnetic field at the Earth’s surface (the aa-index) to changes in global and hemispheric surface temperatures.  He found the effect of the Sun’s magnetic field predominates over solar irradiance in changing the Earth’s surface air temperature.  The magnetic field effect is about twice that of the irradiance effect.  
The Earth’s geomagnetic field provides a buffer against solar radiation, the solar wind and radiation of all types generated elsewhere in the Universe.  The field’s strength depends on solar output and the lunisolar tides.  A stronger geomagnetic field will deflect more cosmic radiation than a weaker one.  

A highly active Sun can make the geomagnetic field stronger; a relative inactive Sun will make it weaker.  Other things being equal, a strong geomagnetic field contributes to a warmer climate; a weaker field to a cooler climate.  But the effect may not be uniform across the planet.  Currently, the geomagnetic field seems to be weakening, contributing to global cooling.    
The Heliosphere envelopes the solar system.  The heliosphere, and the termination shock sphere within it, deflects cosmic radiation.  The Earth’s geomagnetic field also deflects cosmic radiation.  The strength of the heliosphere depends on the Sun’s activity levels.  High levels of solar activity reduce the volume of cosmic rays entering the Earth’s atmosphere, contributing to global warming.  Conversely, a greater volume of cosmic rays enter our atmosphere during times of low solar activity, contributing to global cooling.  
Atmospheric angular momentum

Atmospheric angular momentum is a good indicator of the dynamic state of the whole atmosphere of the planet.  It is, therefore, a sound way to test and understand solar-atmosphere connections.  There is a high level of statistical significance between variable total solar activity and variations in atmospheric angular momentum.  However, there is a lag of about six years.  Even the length of this lag can vary.  This means that there will be a time lag of at least six years between solar variability and some of its effects.  Generally speaking, at decadal time scales there is a statistically significant relationship between variable total solar activity and the following key climate variables: surface air temperatures, sea surface temperature, atmospheric angular momentum and Length of Day (LoD).  According to Georgieva (2006) the 22‑year Hale solar magnetic cycle is evident also in the LoD variations.  LoD is minimum (the Earth rotates fastest) in maximum negative polarity in the sunspot minimum between odd and even sunspot maxima.  LoD is maximum (the Earth rotation rate is lowest) in maximum positive solar polarity (around sunspot minimum between an even and odd sunspot cycle).
The global electric current

The Earth is enveloped by a global electric circuit, which extends throughout the atmosphere, from the Earth’s surface to the lower layers of the ionosphere, a height of about 120 kms.  It is a vast hierarchy of multi-scale dissipative systems. It is a thermodynamically open system driven by external sources of energy.  Harrison (2004) showed that the global electric circuit is significantly affected in a nonlinear manner by all solar output, the rotation of the Earth and the lunisolar tides to which it responds like the oceans, the atmosphere and the rest of the Earth.  
The circuit is also coupled to the Earth’s geomagnetic field.  Specifically, the motion of charged particles through the Earth’s geomagnetic field generates an electric current, which contributes to the global electric circuit.  In addition, increases in the amount of cosmic radiation getting through to the Earth tend to amplify in a nonlinear manner the strength of the global electric circuit.  Tinsley (2000), Tinsley et al (2000) and others have shown that the interaction of cosmic ray ionisation and the variable global electric circuit can induce electrofreezing.  This ultimately results in cloud formation and increased precipitation.  In addition, the latent heat released during electrofreezing is available for modifying the weather systems of which the ice cloud is a part.
 
Burns et al (2007) established at that via the previously reported Sun-weather linkage known as the Svalgaard‑Mansurov effect, solar variability causes variations in the global electric circuit which result in substantial surface pressure changes.  These give rise to a range of cloud formation, precipitation and temperature variations.  In the sixties Svalgaard and Mansurov discovered that the shape of diurnal variations of a magnetic field in high latitudes depended on the sign of interplanetary magnetic field sector structure.  Later this dependence was named as Svalgaard‑Mansurov effect.  It is a complex response of the ionospheric currents in the polar region to the magnetic field in the ecliptic plane.  
Solar activity modulates cosmic radiation

The Heliosphere, which envelopes the solar system, deflects cosmic radiation.  The strength and size of the heliosphere depends on the Sun’s activity levels.  High levels of solar activity strengthen and expand the heliosphere and reduce the amount of cosmic radiation entering the Earth’s atmosphere.  Conversely, when solar activity is low, the heliosphere shrinks and weakens enabling a greater amount of cosmic radiation to enter the Earth’s atmosphere.  
Cosmic radiation is a key regulator of the amount of ionization in the bottom 10 kms or so of the atmosphere.  This, in turn, is largely responsible for cloud formation.  The overall effect is that in times of low solar activity a greater incidence of galactic cosmic radiation hits the Earth, resulting in more low level cloud cover, more rain and a colder climate.  During periods of high solar activity the formation of cloud condensation nuclei is inhibited, and the resulting low altitude marine clouds have larger drops, are less white and have shorter lives, and the Earth warms.  

Harrison and Stephenson (2005) found the chance of an overcast day decreases by about 20% on days with low cosmic ray fluxes.  The effect is strongest when the incidence of cosmic rays is least.  The authors pointed out that this effect will accumulate on longer time scales with less variability than the considerable variability of daily cloudiness.  Harrison and Stephenson (2005) presented further evidence that showed that variable solar activity’s modulation of cosmic rays are a significant source of climate variability.  
At the height of low clouds (about 3 kms), change in low altitude cloud cover is proportional to atmospheric ionization changes brought about by the solar cycle.  At higher latitudes, where the ionization variations are about twice as large as those of low latitudes, the low altitude cloud variations are roughly twice as large.  Global low cloud formation is highly correlated with the amount of cosmic radiation.
Small shifts in the global distribution of cloud properties can have a major influence on the Earth’s radiation budget at short and long wavelengths.  The amount, type, distribution of clouds in relation to latitude, longitude and altitude determines the Earth’s albedo, i.e. the Earth’s reflectance of the Sun’s radiation back to space.  Variations in the Earth’s albedo contribute to climate change.  Other things being equal, an increase in the albedo implies a decrease in the sunlight absorbed by the planet, thereby leading to cooler temperatures.  

Clouds have a cooling and a warming effect on the Earth’s radiation budget.  They reflect shortwave radiation, cooling the planet.  Conversely, they trap infrared/heat radiation, warming the planet.  The net cloud radiative forcing is a small cooling effect of about minus 13 watts per square meter.  Cloud types contribute differently to this forcing: optically thick low‑lying clouds have a strong cooling effect, while high thin cirrus clouds warm.

The International Satellite Cloud Climatology Project (ISCCP) is compilation of cloud observations covering the entire Earth from a range of meteorological satellites.  In its report released in August 2005, the ISCCP revealed that whereas low clouds have decreased during the most recent years, high clouds have increased to a larger extent.  This has resulted in an increase in cloud amount, a higher albedo (and therefore some cooling).  But it has also resulted in an increased trapping of infrared radiation by clouds, a lower albedo (and therefore increased heating).  However, on balance, the net effect is increased cooling.  In this report the ISCCP confirmed an increasing global albedo since 2000 (and therefore continued cooling), but this is only the most recent change in climatologically significant reflectance variations extending over the past two decades.

Spencer, Christy, Braswell and Hnilo (2007), a team from the University of Alabama’s Huntsville Earth System Science Center and the Lawrence Livermore National Laboratory Livermore, documented a significant decrease in the coverage of the heat‑trapping cirrus clouds.
  This result was unexpected.  It is the result of the careful analysis of six years of comprehensive data.  Whether this unexpected finding is the beginning of a long term trend or an oscillation remains to be seen.  However, it is consistent with the trend detailed by the ISCCP and may indicate that this global cloud‑induced cooling trend is accelerating.  

Increased volumes of Ozone warm the climate, whereas decreased volumes cool it, other things being equal.  Since the late 1990s the volume of Ozone over the Artic has declined dramatically.  During this time there has also been significant numbers of large SPEs and CMEs and some strengthening of the solar wind as the solar poloidal magnetic fields have strengthened.  For example, solar cycle 23 was accompanied by ten very large SPEs between 1998 and 2005, along with numerous smaller events.  The very large solar storms in October-November 2003 were the fourth largest period of SPEs measured in the past 40 years.  
Haigh (2004) noted that the effect of solar matter (especially via CMEs and SPEs) is to destroy Ozone.  In contrast, the effect of Ultra‑Violet radiation is to create Ozone.  Furthermore, the incidence of CMEs and SPEs, and therefore the Sun’s output of matter, tends to be higher when the Sun is more active, as is the Sun’s output of Ultra‑Violet radiation.  Both will have variable and possibly different effects throughout the vertical, horizontal and temporal structure of the atmosphere.  As a result, the combined effect of a highly active Sun may be complex in its geographical, altitudinal and temporal distribution.  

As previously mentioned, the effect of increased SPEs, SMEs and solar wind is to decrease the volume of Ozone.  Generally speaking, the large reduction in the Ozone volume caused by this increase in the amount of solar matter reaching the Artic would bring on a cooling effect.  In contrast, the much larger depletion of Ozone in the Antarctic is most probably the reason for the large warming observed on the Antarctic Peninsular in recent years.  
A highly active Sun can make the geomagnetic field stronger; a relative inactive Sun will make it weaker.  Other things being equal, a strong geomagnetic field contributes to a warmer climate; a weaker field to a cooler climate.  But the effect may not be uniform across the planet.  Currently, the geomagnetic field seems to be weakening, contributing to global cooling.    
The Sun’s effects on the Earth’s atmospheric and oceanic oscillations

The Earth’s atmosphere contains several major oscillating wind currents that have a key role in the regulation of the Earth’s weather and climate.  There are indications of phase synchronisation between these oscillations.  All are largely regulated by total solar variability.  At a range of atmospheric heights and at all latitudes over the planet, the atmosphere warms appreciably during the maximum of the solar cycle and cools during the minimum of the cycle.  

The major atmospheric/oceanic systems are: El Niño Southern Oscillation, Interdecadal Pacific Oscillation, Indian Ocean Dipole, Quasi‑Biennial Oscillation, the Pacific Decadal Oscillation, the North Atlantic Oscillation, the Atlantic Multidecadal Oscillation, the Northern and Southern Hemisphere Annular Modes, the Arctic Oscillation and the northern and southern polar vortexes, (two permanent cyclones at the poles).  There are websites devoted to the science of some of these major systems.
Labitzke et al (2005), Coughlin and Kung (2005, 2004a, 2004b and 2001) and Cordero and Nathan (2005) reported that the solar activity cycle drives these large scale oscillating atmospheric/oceanic systems.  For example, strength of the Quasi‑Biennial Oscillation (QBO), and the length of the QBO period, varies directly with the sunspot cycle.  Coughlin and Kung (2005, 2004a, 2004b and 2001) also concluded that at a range of atmospheric heights and at all latitudes over the planet, the atmosphere warms appreciably during the maximum of the sunspot cycle and cools during the minimum of the cycle.  
van Loon, Meehl and Arblaster (2004) established that in the northern summer (July to August), the major climatological tropical precipitation maxima are intensified in solar maxima compared to solar minima during the period 1979 to 2002.  Camp and Tung (2006) found that there is a significant relationship between polar warming and the sunspot cycle.  
Zaitseva et al (2003) found that the intensity of the North Atlantic Oscillation depends on solar activity.  Lee and Hameed (2007) investigated the relationship between Northern Hemisphere Annular Mode (NAM) and the solar activity cycle at several levels in the stratosphere and troposphere for the extended period 1948–2004.  The authors found that the summer NAM in the stratosphere and upper troposphere is inversely correlated with the solar UV flux; that is, in solar maximum conditions the stratospheric circulation is more summer‑like than average, and it is less summer-like in solar minimum conditions. The strongest correlations with the solar UV radiation are in the lower stratosphere.  Maximum solar cycle means that the zonal easterly wind flow is stronger and the temperatures are higher than normal. By contrast, low solar activity corresponds to higher-NAM conditions in which the stratosphere behaves less summer-like.  The solar cycle effects therefore appear as small amplitude modulations of the annual cycle.   
Kuroda and Kodera (2005) found that the solar cycle causes significant differences to the annual variability of the Southern Hemisphere Annual Mode (SAM) during October and November.  During solar maximum the SAM signal extends to the upper stratosphere during October to December and activity in the troposphere lasts until autumn.  During solar minimum the SAM signal is confined almost inside the troposphere from October to December and disappears by January.  Ciasto and Thompson (2007) found that the SAM plays a key role in generating the observed Sea Surface Temperature anomalies throughout the Southern Hemisphere, exhibiting stronger persistence that its Northern Hemisphere counterpart during both summer and winter seasons.   Sea Surface Temperatures are highest shortly after the SAM is strongest.  
Kodera (2002) and (2003) showed that the winter-average spatial structure of the North Atlantic Oscillation (NAO) varies significantly over the 11-year solar cycle.  Ogi, Yamazaki and Tachibana (2003) found that during solar maximum the winter NAO has a significant relation with the spring-summer climate; the winter NAO affects spring snow cover over the Eurasian continent and sea ice over the Barents Sea; and the NAO signal shows a strong annular-like structure.  During solar minimum the winter-to-summer linkage is very weak.  The intensity of the North Atlantic Oscillation depends on solar activity.  The patterns of variation between indices of solar activity, the Atmospheric Angular Momentum index and Length of Day show that variations in solar activity are a key driver of atmospheric dynamics.  The tropical oceans absorb varying amounts of solar radiant output, creating ocean temperature variations.  These are transported by major ocean currents to locations where the stored energy is released into the atmosphere.  As a result, atmospheric pressure is altered and moisture patterns are formed that eventually affect regional precipitation.  

Kodera, Coughlin and Arakawa (2007) showed the El Nino/Southern Oscillation (ENSO) and the Indian Ocean Dipole (IOD) are connected during solar minimum and separated during solar maximum.  The authors describe how variable solar activity can modulate the coupling of ENSO and IOD through changes in intensity of the Southern Indian Ocean (SIO) anticyclone.  More specifically, the authors showed that during solar minimum ENSO-related variability extends into the Indian Ocean, lead by a SIO anticyclone.  During solar maximum anomalous sea surface temperatures are confined to the Pacific with little amplification of the anticyclone in the Southern Indian Ocean.  Nugroho and Yatini (2006) reported that the Sun strongly influences the Indian Ocean Dipole during wet season in the Monsoon’s climate pattern; that is, the December to February period.  Khachikjan and Sofko (2006) found that sudden impulses generated by cycles in the intensity of the solar wind variations regularly precede El Nino events by 15 to 16 months.  The sudden impulses, which are generated by an interplanetary shock wave in the solar wind, most likely the result of a Coronal Mass Ejection, result in geomagnetic storms.  As there is a precise quantitative relationship between the dynamic pressure of the solar wind and the strength of the geomagnetic field, causal relationships between these events and ENSO can be evaluated.  Khachikjan and Sofko (2006) also found that El Nino events occur at least twice during each 11-year solar cycle, mainly during the ascending and declining phases.  Mendoza et al (1991) documented that about 63 per cent of El Nino events took place during the declining phase of the 11-year solar cycle.  Troschichev, Egorova and Vovk (2005) found that intense and lasting disturbances in the Interplanetary Magnetic Field are most likely to induce El Nino events.  Kryjov and Park (2007) showed that the 11-year solar cycle has a significant effect on the stratospheric circulation response to ENSO.  The response alters significantly between solar minimum and maximum.  During solar minimum ENSO has a strong impact on the lower stratosphere.  In contrast, during solar maximum, there is negligible ENSO impact throughout the whole extratropical lower stratosphere.  
Variable solar activity affects the atmospheric Rossby and Kelvin waves vertically and horizontally, increasing the strength of coupling between atmospheric layers, especially between the troposphere and the stratosphere.  The warming and cooling of the stratosphere during the solar cycle is well established.  The impact of the strengthened coupling means that the warming and cooling is more quickly and more efficiently transmitted into the troposphere.  
The solar cycle also facilitates the transmission into the troposphere of Ozone and other weather changing chemicals created in the stratosphere by solar activity.  According to Ruzmaikin (2007), the vertical propagation of the planetary waves into the stratosphere along the decreasing air density dramatically increases their amplitude.  This increase often leads to non-linear wave breaking accompanied by energy release that produces temperature anomalies and sometimes reverses the direction of the zonal wind.  The zonal wind in turn affects the wave propagation by modifying the refraction index.
Abarco del Rio et al (2003) found that the patterns of variation between indices of solar activity, the Atmospheric Angular Momentum index and Length of Day show that variations in solar activity are a key driver of atmospheric dynamics. The United States Geological Survey agency found that changes in total solar radiant output cause changes in regional precipitation including floods and droughts in the Mississippi River basin.  The tropical oceans absorb varying amounts of solar radiant output, creating ocean temperature variations. These are transported by major ocean currents to locations where the stored energy is released into the atmosphere. As a result, atmospheric pressure is altered and moisture patterns are formed that can ultimately affect regional precipitation.  
Scafetta et al (2004) and Scafetta and West (2005) found that the Earth’s temperature periodicities, particularly those of the oceans, inherit the structure of the periodicity of solar activity.  White et al (1997) and Reid (1991) found that the sunspot cycle produces periodicities in the oceans’ temperatures.  This research shows that sea surface temperatures in the Indian, Pacific and Atlantic oceans, whether taken separately or combined, follow measures of solar radiant output derived from satellite observations and the sunspot record.  There is a significant relationship between polar warming and the solar cycle.  
The Sun’s separate impacts on the atmosphere and the ocean, and the complex non-linear interaction between the atmosphere and the ocean, is another process which amplifies in a non-linear manner the impact of the Sun on our climate. 

Harrison and Carson (2007) have shown that there is a complex four dimensional (latitude, longitude, depth and time) structure in relation to oceanic temperature variations.  They present new results that offer a new perspective on the space and time scales of multi‑decadal temperature trends in the relatively well observed subsurface upper ocean.

Harrison and Carson (2007) found that there are highly structured patterns of 51 year trends of alternating sign at 100‑, 300‑, and 500‑ meter depth.  Examination of only the results that are statistically significant at 90% produces spatially coherent horizontal patterns of trend, which often are not of consistent sign among the three analysis depths.  Each of the ocean basins exhibits both warming and cooling trends over this 51 year analysis period.  

Their examination of trends over 20 year sub‑periods, 1950‑70, 1955‑75, 1960‑80,…., 1980‑2000, reveals that 20 year trend variability has the same amplitude and is even more spatially structured than the 51 year trends.  Further, 95% of the regions studied had both warming and cooling trends over these sequential 20 year periods.  An important finding from these 20 year results is that oceanic trends estimated over any particular 20 year period are very unlikely to provide even a sign‑consistent estimate of the trends over a 50 year period.  Since trends can be so large over a particular 20 or 50 year period, even trends estimated over 50 years may be dominated by much shorter term events that occurred within that 50 year period.  Evidently, oceanic regional trend estimates pose substantial sampling challenges and very long records are need.  

Harrison and Carson (2007) have shown that the upper ocean is replete with variability in space and time, and multi‑decadal variability is quite energetic almost everywhere.  These results suggest that trends based on records of one or two decades in length are unlikely to represent accurately longer‑term trends.  Further, the magnitude of the 20 year trend variability is great enough to call into question how well even the statistically significant 51 year trends identified represent longer‑term trends.  

Summarising more than a dozen scientific papers, Stager, Ruzmaikin et al (2007) explained how solar variability regulates climate in the vicinity of the East Africa Lakes to produce the phenomena described in their paper.  The underlying process is the additive amplification of small thermal effects.  The following summarises their account of some of the detail of this underlying process.  It shows the complex non‑linear interactions between total solar variability and various oceanic/atmospheric periodicities.  It is an illuminating case study of the general themes addressed by this paper.  

According to Stager, Ruzmaikin et al (2007), solar warming of land or water surfaces enhances local convection and precipitation over the Lake Victoria catchment.  In addition, solar maxima slightly warm the troposphere over most of the planet by increasing marine evaporation and the moisture retention capacity of the air, raising the water vapour content of onshore winds that blow over East Africa.  Higher humidity, in turn, increases rainfall within the Intertropical Convergence Zone (ITCZ) simultaneously reducing evaporation, thereby raising lake levels.  Solar maxima can also intensify Hadley circulation within the ITCZ and deepen the landward penetration of African monsoons.  Furthermore, as solar maxima reduce cosmic ray fluxes, they would also reduce cloud cover, thus increasing insolation on land and sea surfaces.  
Higher Sea Surface Temperatures (SSTs) in the western Indian Ocean tend to increase rainfall over equatorial East Africa, particularly during El Nino and Indian Ocean Dipole events that disrupt zonal SST gradients in the tropical oceans.  Solar variability affects tropical SSTs through direct ocean heating and/or disruptions of atmospheric circulation systems.  Solar cycle influences on tropical SSTs have contributed to decadal rainfall variability in East Africa during the 20th century.

Solar variability affects high-altitude winds through the absorption of Ultra Violet radiation by ozone.  This disturbance is more likely to reach the Earth’s surface during solar maxima than during solar minima.  Meridional SST gradients in the Indian Ocean are influenced by the North Atlantic Oscillation (NAO), particularly during periods of high solar activity when the NAO’s effects are felt on a more hemispheric scale and persist for longer periods.  Variations in Ultra Violet flux modulate fluctuations in stratospheric ozone and temperature gradients which influence interactions between zonal winds and planetary waves.  These, in turn, affect the Northern Hemisphere Annular Mode and the associated NAO.  During negative phases of the NAO, an anomalous ascending airflow in the upper troposphere prevails over equatorial East Africa, which leads to wetter conditions there.  

Solar activity would further influence tropical SST and climates by altering oceanic high-pressure cells. The south-western Indian Ocean High and South Atlantic High produce trade winds that bring marine moisture to the ITCZ over Africa. Strengthened highs are associated with clearer skies (more insolation) over moisture source regions of the southern oceans, increasing evaporation into onshore winds.  Winds spinning off a strengthened Indian Ocean High would hasten the delivery of warm tropical waters into the southern Indian Ocean, thus raising SSTs there, and winds from the South Atlantic High can work against westward flow of the warm Agulhas Current around the tip of southern Africa.  Stronger highs can contribute to more vigorous circulation within the ITCZ which, in turn, can increase convective rainfall during the tropical rainy seasons. 

The patterns of rainfall in the East Africa catchment area are also influenced by ENSO, most likely as modulated by the Indian Ocean Dipole.  ENSO, itself, is generally regulated by the cycles of total solar variability.  There is also evidence of stochastic resonance between the solar influenced oscillations of ENSO and the IOD.  

Perry (1995) of the U.S. Geological Survey, Lawrence, Kansas, reported that the tropical oceans absorb varying amounts of solar energy creating ocean temperature anomalies.  These anomalies move with the ocean currents to locations where they can alter regional atmospheric moisture and pressure patterns.  The precipitation and temperature of the affected regions change as a result.  Perry (1995) found that the hydrologic time series in selected regions in the western two‑thirds of the United States of America have significant correlations with solar‑irradiance variations lagged 4 to 5 years.

Ruzmaikin et al (2004) found that in the Northern Hemisphere long-term variations of solar output affect climate predominantly through the North Annular Mode that extends throughout the stratosphere and troposphere.  Ruzmaikin (2007) explained that solar variability causes the changes to the North Annular Mode as a result of interaction between the planetary waves and the zonal-mean flow in the atmosphere. Ruzmaikin et al (2004) found that the way solar variability affects the North Annular Mode means that when solar activity is low, the area stretching across all of Europe through Siberia, including Japan to some extent, will cool. At the same time, the west coast of Greenland will experience strong warming, with less strong warming in the Middle East.  Northern Africa may cool.  The relationship between solar activity, the North Annular Mode and temperature is non‑linear and still not fully understood.  Nevertheless that regulative role of variability in relation to the North Annular Mode has been established at a high level of statistical significance.  
The incidence of cosmic rays entering the atmosphere varies directly with the solar cycle.  In addition, Kovaltsov and Usoskin (2007) revealed that geomagnetic field changes, which may exhibit very particular regional features, result in regionally variable cosmic ray induced ionization.  They found that cosmic ray induced ionization variations in the European region and the Far East region are dominated by changes caused by the migration of the geomagnetic pole, which exceed those variations due to solar activity changes.  There have been, during the last 3,000 years, dramatic variations of the geomagnetic axis, resulting in strong regional effects.  As a result, local cosmic ray induced ionization variations may be largely affected by geomagnetic field changes and not only by the global modulation of the cosmic ray flux by solar activity.  As the geomagnetic field is changed by variable solar activity, especially by the Sun’s variable output of matter and the Sun’s variable gravitational and electromagnetic fields, there are interaction effects at many levels in relation to cosmic ray induced ionization.
It may be difficult to evaluate the same the separate and interaction effects of different forms of solar variability on climate in relation to latitude, longitude, altitude and time.  However, it may be necessary to do this in order to establish the quantum contribution of each particular form of solar variability to climate change and/or to establish to what extent the different forms amplify or counteract each other.  For example, there is evidence that changes in solar irradiance, especially in Ultra Violet radiation, cause variations in tropospheric temperature.  There is also evidence cosmic ray fluctuations, caused by the solar/heliospheric modulation, affect the climate via cloud formation.  deJager and Usoskin (2006) reported the results of statistical analyses of relevant 350 year time series carried out to determine the relative contribution of Ultra Violet radiation and cosmic ray fluctuations to tropospheric temperature change.  They concluded that the long-term variations of tropospheric temperatures are more likely affected by variability in direct solar radiation, specifically Ultra Violet radiation, than by variations in the cosmic radiation flux.  They considered that cosmic ray fluctuations still play a role in cloud formation, but on different time scales.  
Solar variability and climate dynamics: the global picture 

Total solar variability affects the Earth’s atmosphere differentially in relation to both time and space.  The overall effect of total solar variability means that some regions of the Earth cool, others warm; some dry out, others become saturated; some flattened by devastating winds, others subject to gentle zephyrs.  

The impact of total solar variability on the climate system is highly complex, dynamic and differential.  The system contains numerous non‑linear processes that interact throughout the system’s four dimensional structure.  The non‑linear processes amplify small solar effects and may operate in contrary directions, some cooling, and some warming.  
de Jager (2005) concluded that the role of the Sun is significant, but as it depends on latitude and longitude, it is incorrect to hypothesise a uniform measure of the Sun’s impact on the Earth’s surface.  de Jager (2005) reported that never during the last 10,000 years has the Sun been as active in ejecting magnetised plasma as during the last few decades.  He noted that the maximum level of solar activity may have passed recently and that solar activity may continue to decrease in coming decades.  

Versteegh (2005) reviewed the many difficulties in the way of interpreting Sun‑climate relationships.  He noted the variable nature of Sun-climate relationships in relation to latitude and longitude and that the Sun induces a non-linear response at any given location.  Versteegh (2005) noted that this complicates the assessment of Sun-climate relationships and requires the nonlinear analysis of multiple long and high resolution records at the regional scale.  He reported that the field of non-linear analysis of Sun-climate relationships is somewhat underdeveloped even though the dynamics major climate configurations such as ENSO, NAO and the AO are nonlinear.  He considered that more research is required to establish relationships between the lunisolar tides, geomagnetism and climate. 

Ruzmaikin (2007) explained that linear and non-linear systems respond differently to external forces.  The response of linear system is simply linearly proportional to the applied external force.  Non‑linear systems respond in a conceptually different way.  Non-linear systems have internally defined preferred states known mathematically as attractors.  

The response of non‑linear systems to an external force is variable residency in the preferred states (i.e. the attractors) and changes in the transitions between them.  The issue is not a magnitude of the response to an external force, as with the response of linear systems, but one or more of: 
· a change of state; 
· a change in the time spent in different states; and/or, 
· the rate of oscillation between states.  
Ruzmaikin (2007) considered that the impact of solar variability is to change the probability of the duration of particular climate patterns associated with cold conditions in some regions and warm conditions in other regions.  These consequences are far more important, he argues, than changes to average global temperatures.  

According to Kovaltsov and Usoskin (2007), the Earth’s climate is not formed or modulated uniformly over the planet.  It is largely determined by conditions in some specific key regions.  These, in turn, affect larger regions or global climate features.  They argued that the global climate can be affected via changes of not only global atmospheric or ocean parameters, but also via local changes if related to such key regions.  Kovaltsov and Usoskin (2007) explained that regional variations, which have a solar origin, overlay the temporal variations in the amount of solar irradiance, which at any location on Earth, are synchronous all over the planet.
According to Feynman (2007), there is now general recognition within the scientific community that the traditional definition of “climate change” in terms of the global average temperature was too restricted to be useful for an understanding of the response of the Earth’s surface to changes in the climate drivers.  For example, low solar output results in a cold region that extends across northern Europe and Asia.  However, it also results in a warm anomaly off the south‑west coast of Greenland.  At the same time, Northern Africa and the Middle East will remain warm, while the temperatures in the western United States will be largely unaffected.  
Feynman (2007) found that, in response to variable solar activity, the real change in global average temperatures has been smaller than the change in the regional temperatures.  Significantly, it was the regional temperatures that have influenced human history. 

There may also be phase synchronisation between gravitational (i.e. tidal) and solar periodicities and between several atmospheric/oceanic oscillations (Tsonis, Swanson and Kravtsov (2007)).  Benegtsson (2006) demonstrated that the climate system has a high level of intrinsic variability.  He showed that significant climate variations in many parts of the world on various time scales are due to internal processes.  Delworth and Knutson (2000) found that very small differences in the initial conditions of computer simulations of climate can result is large variations later that are much like the climate changes we have observed this century.  
Delworth and Knutson (2000) ran five simulations of the global climate for the period 1860 to 2000 using the same standard general circulation climate model.  Each simulation had slightly different initial conditions, but was otherwise exactly the same.  Some of the simulations replicated climate change similar to the pattern we have experienced.  The point of this study was two fold.  One is that as we don’t know precisely what the “initial conditions” actually were when the various computer simulations of climate are run, the results might be largely due to internal variations, not external variables.  The second is that as the natural processes are non-linear and non-ergodic (see below on page 46), small variations may result in large changes.  As a result, the simple deterministic computer simulations on which almost all climate change projections are based will have little to do with the real world.   
Increased amounts of water vapour and Carbon Dioxide can result in less Ozone, as can a general cooling of the atmosphere.  These impacts have to be understood in relation to the several distinct solar activity and lunisolar tidal periodicities over many time scales.  It is misleading to think in terms of unique global temperature or pressure variations
, to be characterised by a unique solar variability curve valid for the whole of the Earth’s surface.  
As explained in Attachment 4, there are six well founded periods in solar variability: 1.3, 11, 22, 30‑35, 88, and 179/205 years.  Total solar variability varies over all of these to a varying extent.  Ruzmaikin (2007) reported that observations, such as sunspot number records, indicate that the magnitude of solar variability increases from the solar rotation time scale (27 days) to longer time scales.  In turn, the Earth’s responses become more pronounced with the increase of time scale.  A transition from shorter to longer time scales implies averaging over small-scale atmospheric disturbances.  A transition of this type also results in the involvement of systems with more inertia than the atmosphere, namely the oceans.  Nevertheless, in general terms, over the 80+ year Gleissberg cycle all types of solar activity increase (or decrease), and global warming (or global cooling) is the general result.  There will be differential effects throughout the planet over the duration of the cycle.  As a result of these exceedingly complex interaction effects, an overall impact of the longer term substantial increase in solar energy enveloping the Earth, and absorbed by it, is an increase in randomness in the climate system. 

Two scientists at the Department of Civil and Environmental Engineering University of Melbourne, Dr Murray Peel and Professor Tom McMahon, have recently shown that randomness in the climate system has been on the rise since the 1950s.  (Peel and McMahon (2006)).  The authors used the time series analysis technique, Empirical Mode Decomposition (EMD) to quantify the proportion of variation in the annual temperature and rainfall time series that resulted from fluctuations at different time scales.  They applied EMD to annual data for 1,524 temperature and 2,814 rainfall stations from the Global Historical Climatology Network.  
Peel and McMahon (2006) found that the proportion of variance due to inter-decadal fluctuations has been decreasing since the 1950s for rainfall and since the 1970s for temperature.  They argue that this means the long term memory of the climate system is shortening, thus increasing the degree of randomness in the system.  
A more general consequence of the foregoing is that the climate system can never reach an equilibrium state.  This highlights a basic flaw in the value of the computer simulations of climate as a guide to might happen in the world about us.  All the computer models assume that the climate functions in an equilibrium state.  But the real world is vastly more complex that the simulated world of the models and is never in an equilibrium state, more precisely, never any where near such a state.  
Solar Cycle 24 
Solar electromagnetic radiation began to decline during the mid 1980s.  Subsequently, the decline of solar activity of all types appears to have become more pronounced since 2000 (Yousef and Hady (2006) and Lockwood (2004)).  
Livingston (2004) found that the maximum of SC22 was statistically significantly stronger than the maximum of SC23.  Penn and Livingston (2006) report that over the past eight years, throughout the life of SC23, the maximum sunspot magnetic fields have been decreasing by about 52 Gauss per year.  They note that a continuation of the documented trends would mean that the number of sunspots in SC24 would be reduced by roughly half, and that there would be very few sunspots visible on the solar disk during SC25. 

The Panel of experts appointed by NASA in October 2006 presented their interim report on April 25.  The Panel was evenly divided between the scientists who considered that SC24 would have an unusually large or an unusually low amplitude.  The Panel will report again before the end of this year. 

The differences between the Panel’s two groups go to the heart of current theories about the inner most workings of the Sun, the processes by means of which the decaying latitudinal (i.e. toroidal) magnetic fields at the end of one solar cycle transform into the regenerated longitudinal (i.e. poloidal) magnetic fields of the emergent cycle.  
The principal proponent of the prediction that SC24 will have a large amplitude, (Dikpati, de Toma and Gilman (2006)), assumed that the process of regeneration is deterministic. They use sunspot area data as a deterministic source for the generation of the new longitudinal (poloidal) fields.  Their prediction is based on computer simulation of the solar dynamo. However, Tobias et al (2006) drew attention to the highly speculative nature of this prediction. Amongst other things, they noted that the solar dynamo model used by Dikpati, de Toma and Gilman (2006) “relies on parametrization of many poorly understood effects” and that the model has no known predictive power.  Furthermore, Dikpati, de Toma and Gillman (2006) have not yet released the code of their computer model for the scientific community to examine.  

The key analysis that predicts that SC24 will have a low amplitude, (Choudhuri, Chatterjee and Jiang (2007a, 2007b, 2007c)), is based on evidence that the process that generates the regenerated longitudinal (poloidal) magnetic fields of the emergent cycle from the decaying latitudinal (i.e. toroidal) magnetic fields at the end of the old cycle is intrinsically random.  They pointed to evidence that the build up of the new longitudinal (poloidal) fields during the declining phase of an ending cycle introduces randomness in the solar cycle processes.  This randomness, they argued, means that longitudinal (poloidal) field generation (and therefore sunspot numbers) cannot be calculated deterministically from the past sunspot data.  
In order to predict SC24, Choudhuri et al used actual measures of the strength of the longitudinal (poloidal) fields during the declining phase of an ending cycle in their computer simulation of the solar dynamo.  The computer code of their model has been available to the scientific community for over two years, surviving intensive peer review scrutiny.    

Choudhuri et al (2007) concluded that the SC24 will be the weakest in 100 years, about the same as Sunspot Cycle No. 14 (SC14).  

Svalgaard, Cliver and Kamide (2005) predicted that SC24 will be significantly smaller and weaker than its predecessor and be just like SC14.  Their prediction is based on an examination of the strength of the magnetic fields that congregate in the polar regions of the Sun a few years before the solar minimum of each solar cycle.  They relate the strength of those fields to the observed sunspot numbers during the next solar maximum.  The polar magnetic fields provide the ‘seed’ magnetic flux necessary to drive the sunspot activity during the next solar cycle.  Svalgaard, Cliver and Kamide (2005) theorised that the solar polar fields will be weak during 2007‑2008 and will remain weak.  They have recently reported that the polar fields are the weakest ever observed.  
Schatten (2005), using a similar analysis, reached the same conclusion.  He found that the relevant coronal features do not show the characteristics of well‑formed polar coronal holes associated with typical solar minima, but rather resemble stunted polar field levels.  He noted that the Sun’s polar fields have not strengthened comparably during 2000‑2005, as in the previous few decades.  He suggested that the dramatic field changes seen suggest the importance of field motions associated with meridional flows for the Sun’s dynamo.
  
Clilverd et al (2006) used a previously validated model of solar variability that includes all known periodicities of solar activity.  These include periods of 22, 53, 88, 106, 213 and 420 years that modulate the better known 11-year sunspot cycle.  This is the only published model to include all solar periodicities.  This model, which generally reproduces the periodicities in the sunspot data recorded since 1750, predicts that SC24 will be quieter than SC14.  It also predicts that Sunspot Cycle Nos. 25 and 26 will be even more subdued.  Furthermore, the model predicts that solar activity will return to more normal levels from Sunspot Cycle No. 27 onwards, that is by around the middle of the century.  
Bonev, Penov and Sello (2004) examined long term trends in solar variability going back 4,500 years.  They concluded that: 

The present epoch is at the onset of an upcoming local minimum in the long-term solar variability.  There are some clues that the next minimum will be less deep than the Maunder minimum.
Tobias et al (2004) cautioned against predictions of future sunspot cycle activity, arguing that solar activity is non-periodic not multi-periodic.  Tobias et al (2004) conclude The future of such a chaotic system is intrinsically unpredictable. 

There are good reasons to conclude that SC14, which began in 1901 and ended in 1912, was responsible for the Federation Drought, Australia’s worst drought.  

Australia’s Bureau of Meteorology was one of the first government agencies in the world to publish reports linking solar activity and climate.  In 1925 the Commonwealth Government’s Bureau of Meteorology published a report linking the features of SC14 and Australia’s climate at that time.  Kidson (1925) considered that “The year 1914 was the culmination of what was in all probability the worst drought in Australian history” and attributed the drought to the weakness of SC14.  In 1938 the Bureau published another report, Quayle (1938), which noted:

A rough generalisation from the winter rainfall over northern Victoria would suggest that when the new solar cycle begins with a rapid rise to a definite peak then the heaviest rains are in the early years, but when the solar activity begins more gradually and takes four or more years to reach a low or moderate maximum, then comparatively poor seasons may be expected in the early part. 
This report updated Quayle (1925), the first scientific paper published in Australia about the relationship between the sunspot cycle and climate.  Quayle’s ‘rough generalisation’ has been corroborated by recent research.
 

The current drought, like all other major episodes of Australia’s drought and flood, results from variations in total solar variability.  This is largely a result of the significant impact of total solar activity on the El Niño Southern Oscillation (ENSO) atmospheric/oceanic system, an effect well documented in the literature, and other atmospheric/oceanic systems relevant to Australia’s climate.   

Decades of research have established that ENSO is the largest source of inter-annual variability operating in the Earth’s climate system.  Furthermore, it has been known for decades that the ENSO has a key role in the regulation of Australia’s climate.  
Nicholls (1992) established that ENSO is largely responsible for the regulation Australia’s climate.  He concluded: 
The El Niño/Southern Oscillation has a major effect on Australasian climate. The phenomenon amplifies the interannual variability of the climate and imposes temporal patterns, phase-locked to the annual cycle, on droughts and wide- spread, heavy rainfall episodes. The native vegetation and wildlife are clearly adapted to the pattern of climate fluctuations, especially rainfall variations, imposed by the El Niño/Southern Oscillation. This suggests that the El Niño/Southern Oscillation has been affecting the Australasian region for a very long time. The clear adaptation of the fauna and flora to the patterns of climate produced by the El Niño/Southern Oscillation indicates that paleoclimatic studies in the Australasian region may help determine when the phenomenon started to operate. 
Other Australian scientists, (Franks (2002); Keim, Franks and Kuczera (2003); Keim and Franks (2004); and Verdon, Keim and Franks (2004), have found that ENSO, modulated by the Interdecadal Pacific Oscillation, is largely responsible for Australia’s cycles of flood, drought and bushfire.  Professor Franks has also shown how this knowledge can be used to better manage Australia’s water resources and bush fire risks.  
ENSO’s role is most apparent in those areas of Australia that relate most directly to the Pacific Ocean.  The Indian Ocean Dipole has a larger influence in Western Australia.  The Southern Hemisphere Annual Mode has a larger role in those areas of Australia that relate most directly to the Southern Ocean.  Bothe of these systems interact with ENSO variously amplifying or muting each others’ effects.  Variable solar activity has a key role in the behaviour of the three systems.  Abram, Gagan et al (2007), a team at the Research School of Earth Sciences at the Australian National University, have recently shown that the Indian Ocean Dipole (IOD) has a more dramatic effect than ENSO on the climate of countries surrounding the Indian Ocean.  Abram, Gagan et al (2007) reported that the IOD interacts with the ENSO so as to intensify climatic extremes of flood and drought.  Hendon, Thompson and Wheeler (2006) reported that SAM tends to bring dry weather in winter to southeastern and southwestern Australia and wet weather and low temperatures in summer to most of central/eastern subtropical Australia and decreased rainfall in western Tasmania. 
Treloar (2002), of the Queensland Centre for Climate Applications, Queensland Department of Primary Industries, reported that the variability in ENSO and sea-surface temperature anomalies may be partly a result of lunisolar tidal forces.  He reported that the predictability of tidal effects may make a contribution to improving the accuracy and lead time of climate forecasting.  The solar activity cycle is the main determinant of behaviour of the atmospheric oscillations that largely determine Australia’s climate: ENSO, IPO, IOD and SAM.  The solar activity cycle is therefore the main determinant of Australia’s climate. 

As Scafetta and West (2006b) reported, increased solar activity warms the oceans, increases the amount of water vapour and Carbon Dioxide in the atmosphere, and reduces the oceans’ uptake of water vapour and Carbon Dioxide from the air.  As a result, some of the atmospheric Carbon Dioxide that has been attributed to human activity has a solar origin.  The resultant release of more water vapour and Carbon Dioxide into the atmosphere may have contributed to the warming that is already the direct result of increased solar output, variations in the Sun’s electromagnetic and gravitational fields and interactions between the three.  It is to be hoped that in its next series of publications the IPCC will quantify the proportion of greenhouse gases that have been produced by the Sun in this manner.  
Emanuel (2005) reported that the warming of the oceans, especially since the 1970s, has resulted in increasingly destructive tropical cyclones over the last 30 years. 

Solar Orbital Motion 
Professor Emeritus Fairbridge had many papers published about the idea that the Sun’s orbit around the center of mass, or barycenter, of the solar system modulates the Sun’s variable activity and output.  

The Sun’s orbit around barycenter was first demonstrated by Sir Isaac Newton in his Principia Mathematica published in 1687 (Newton 1687).  He showed that the Sun is engaged in continual motion around the center of mass of the solar system as a result of the gravitational force exerted by the planets, especially Jupiter and Saturn. 

The planets don’t orbit the Sun, nor does the Moon orbit the Earth.  Rather the Sun and the rest of the solar system orbit the common center of mass of both.  So it is with the Earth and the Moon.  Both orbit their common center of mass.  Newton, in his Principia Mathematica, was the first to prove this.  Unlike planetary orbits around the barycenter, the Sun’s orbit differs greatly from orbit to orbit.  

The general form of the Sun’s barycentric orbit is an epitrochoid, a big circle continuous with a little ring nestling asymmetrically inside it.  At one phase, the orbit is nearly circular, almost two solar diameters in diameter.  At another phase, the Sun is impelled on a backward, or retrograde, journey in which it undergoes a tight loop‑the‑loop, crossing over its own path in a loop that is less than one solar radius.  

The Sun’s orbit might be negligible for the solar system, but it is very significant in relation to the size and nature of the Sun.  

No alignment of the planets in relation to the Sun repeats itself exactly, because the solar system is mildly chaotic.  As a result, no two epitrochoid‑shaped solar orbits are the same.  Nevertheless, they can be classified into eight distinctive patterns, each of about 179 years duration.  This is also the time taken for the planets to occupy approximately the same positions again relative to each other and the Sun.  In this time, i.e. one planetary cycle, the Sun completes about 9 orbits around the barycentre.    

In June 2007 a team of leading European solar physicists and statisticians showed that there is a statistically significant relationship between Sun’s variable activity and output and its orbital motion around the center of mass of the solar system (Palus, Kurths, Schwarz, Seehafer, Novotna, and Charvatova (2007)). 
Tsui (2000) found that there are non-inertial Coriolis forces acting on the Sun as a result of the Sun’s barycentric motion.  He conjectured that these would be sufficient to modulate significantly the cyclical rhythm of the solar dynamo.  Noting that the tidal force, like all tidal forces, has vertical and horizontal components and that the vertical component of the planets’ tidal force on the Sun is negligible, Blizard (1987) reported that the horizontal tide may be significant because in a period of half a solar rotation the horizontal displacement of planetary tide would be 560 km and its velocity 0.93 m/sec.  It is to be expected that the horizontal, not the vertical, component would be a candidate.  In the case of the Earth-Moon system, the vertical tidal force is also negligible: it is the horizontal component that results in the tides we experience. 

Blizard (1987) presented evidence that the precessional effect on the Sun of the planets depends on the degree of oblateness of the Sun and on the angle of inclination of the plane of a planet’s orbit in relation to the Sun.  Since the Sun is a fluid, the precessional effect may induce a fluid flow towards the equator of the Sun from both hemispheres.  The flow of plasma on the Sun directly affects solar activity because the flow generates an electromagnetic field.  Blizard (1987) also noted that the Sun’s axis of rotation is tilted with respect to the invariable plane and that the degree of tilt varies.  She presented evidence suggesting that the Sun’s variable axial tilt as it rotates in relation to the invariable plane whilst orbiting the barycentre appears to vary directly with solar orbital motion. The effect is, amongst other things, of a force to align the Sun with the plane of the solar system, which the Sun resists.  Burroughs (2003) reported that the Sun’s barycentric motion affects its oblateness, diameter and spin rate. 

In several papers, Rhodes Fairbridge (for example, Fairbridge (1984), Fairbridge (1997), and Fairbridge and Sanders (1987)) described how the turning power of the planets is strengthened or weakened by resonant effects between the planets, the Sun and the Sun’s rotation about its axis.  He further described how resonance between the orbits of the planets amplified the variable torque that the planets apply to the Sun.  He also pointed out that there was a measurable resonant effect between the Sun’s orbit and spin and that this was amplified by the planets’ variable resonance.  
Rhodes Fairbridge’s argument is that the resonating frequencies may amplify the relatively weak torque effects of the planets on the Sun, if the resonance acts on both the Sun’s rotation about its axis and the Sun’s barycentric orbital motion.  This may happen as the Sun is undergoing retrograde motion in tight loops.  Accordingly, orbital resonance of two, three or more planets may have a significant effect on the Sun.  Rhodes Fairbridge emphasised that the Sun’s spin-orbital resonance can be further amplified by the planets’ own spin-orbital resonance.  Additionally, he reported that the distance of the Sun from the Earth varies as the Sun orbits the barycentre.  He calculated that the distance could vary by about 1 percent.  
Rhodes Fairbridge noted that this variation could have climate change consequences in a similar way as happens in Milankovitch theory. There may also be a lunisolar tidal consequence of the 1 percent variation in the Sun’s distance that could be calculated.  Bailey (2006), and Alexander, Bailey et al (2007) calculated that the Earth/Sun distance varies by about 2.5 per cent over the entire epitrochoid orbit.  This is a significant variation which should have consequences for the Earth’s climate dynamics.  
Bailey (2006) was the first to observe and measure this increased Earth/Sun distance.  Bailey explained that that the distance varies because the Sun moves closer to, and further away from, the solar system barycenter and experiences variable acceleration/de‑acceleration as it does so.  The effect of this increased variable distance is that the amount of solar output received by the Earth will vary more extensively than has previously been considered by scientists.  The 2.5 per cent variation is sufficient to have significant climate change consequences. 

Bailey pointed out that of the two components relevant to the impact of the Earth/Sun variable distance on the Earth’s climate (the position of the sun relative to the barycentre and the elliptical path of the Earth about the barycentre) the second is likely to have a greater climate change effect.  As the ecliptic direction of the Earth about the Sun changes the seasons, the accumulative effect of high or low solar output in a given direction on the ecliptic plane, will affect climate dynamics that certain parts of the planet will experience during its orbit around the barycenter.
Bailey conjectured that this change might be more significant for the Earth’s climate than the effects of the Sun’s orbital motion hypothesised to affect the Sun.  
Windelius and Carlborg (1995) provided a convenient review of the relevant science about solar orbital angular momentum up to the mid 1990s. 

Juckett (2000) pointed out the there is no satisfactory model, based on first principles, that can explain the many different cycles in solar phenomena.  These include: 
· the sunspot cycles (including the all of the known periodicities in the sunspot time series, including epochs of extremely low and high sunspot activity); 
· the reversal of the Sun’s magnetic poles; 
· a variety of north/south asymmetries of various solar activity dynamics, and 
· convection zone rotational velocities.  
The solar dynamo theory (see Attachment 4), which has been the subject of intensive research for some 50 years, provides an elementary model of the main physical processes of the Sun.  However, the dynamo theory cannot explain these periodicities, nor predict the sunspot cycles (even in general terms) or any other cyclical solar phenomena.  
Juckett (2003) outlined the elements of a theory that shows how the Sun’s barycentric orbit can modulate the intrinsic oscillations of the solar dynamo and generate all known cyclical solar phenomena.  He hypothesised that this would happen as a result of the conservation of the solar system’s angular momentum achieved by the non-linear mixing of solar orbital momentum and a spin-orbit transfer function.  It is as if some of the Sun’s orbital angular momentum is transmitted to solar rotation so as to conserve the solar system’s angular momentum, which is necessarily constant as a result of the law of the conservation of angular momentum.  
Juckett (2003) hypothesised that the planetary-driven spin-orbit coupling is a continuous generator of the oscillatory behaviour of the Sun.  His theory also predicts several new phenomena. 

Spin-orbit coupling will occur if the mass distribution of a celestial body deviates from spherical symmetry.  The degree of asymmetry is measured by the gravitational quadropole moments of the body.  Pireaux et al (2006) established that the mass of the Sun shifts within it during the sunspot cycle.  As a result, the Sun’s shape departs significantly from spherical symmetry.  These departures seem to extend in variable ways throughout the Sun.  This changes the physical shape of the Sun, but more importantly, has a measurable impact on the orbits of the planets.  As a result, there is dynamic non-linear, stochastic and periodic interaction between the mass of the Sun shifting internally within it and the orbits of the planets.  (Rozelot et al (2004).  

In every case in the solar system where mutually attracting gravitational forces between two or more celestial objects cause them to orbit a common barycentre, there are changes to each of the objects.  The changes may arise from phenomena such as orbital resonances and spin‑orbit resonances.  Amongst other things, these phenomena create wobbles induced by changes to the objects’ orbital parameters.  Furthermore, the more that the shape of a barycentric orbit departs from an ellipse, the more likely something significant will happen to the object.  It is not unexpected, therefore, that the Sun’s epitrochoid shaped motion around the barycenter of the solar system should have a significant impact on the Sun.  If, as a result, the Sun’s mass shifts internally, given that the Sun is 1,000 times more massive than the rest of the solar system combined, the orbiting planets and other objects should experience some effect.  This, in turn, would affect the Sun resulting in the phase synchronisation that Palus et al (2007) measured.    
The motion of the Sun’s mass over time and space is non-linear, stochastic and periodic. An unexpected consequence of this may be the need to re-evaluate a key test of Einstein’s General Theory of Relativity.  
Prior to Einstein’s theory, the anomalous perihelion advance of Mercury’s orbit had been found to deviate significantly from Newton’s predictions.  Einstein’s new theory could account for almost all the entire observed perihelion advance.  Eddington’s measurement of Mercury’s orbit’s perihelion advance in 1919 was a spectacular confirmation of Einstein’s reasoning.  
Rozelot, Pireaux and colleagues (e.g. Rozelot, Pireaux and Lefebrve (2004)) suggested that the effect on Mercury’s orbit by the internal shifting of the Sun’s mass may require a re-appraisal of Eddington’s test and therefore of the veracity of General Relativity as the best available account of gravity.  
Mercury is the innermost of the four terrestrial planets in the Solar system, moving with a high velocity in the Sun’s gravitational field.  As a result of slight undulations in this field because of movements of the Sun’s mass within it, the advance in the perihelion of Mercury’s orbit could be affected.  Bigg (1967), a CSIRO Astrophysicist, has shown that Mercury has a small but consistent effect on the sunspot cycle.  He has also shown that Venus, the Earth and Jupiter also have a small but measurable effect on the sunspot cycle and that there is a significant effect of those planets on the effect that Mercury has on the Sun.  

Mercury and the other planets could contribute to the dynamic spatial and temporal internal distribution of the Sun’s mass through any or all of the processes summarised above. 

The gravitational interaction between the Sun and the planets causes the barycentric motion of the Sun, which is non-linear, stochastic and periodic. There is, therefore, a feedback process between two non-linear, stochastic and periodic processes: the internal shifting mass of the Sun affecting planetary orbits and the planetary orbits affecting the internal mass of the Sun by shifting it around, perhaps throughout the entire body of the Sun. 

The solar orbital motion hypothesis states that the Sun’s orbital motion modulates the solar dynamo, weakening or strengthening it and thus solar activity levels.  This depends on which of the eight distinctive epitrochoid forms characterises the Sun’s overall motion.  It also depends on whether the Sun is in the ordered phase (i.e. along the smooth, near circular path) or chaotic phase (i.e. along the retrograde loop-the-loop path) of that form. 
Charbonneau (2002) documented that theories using the idea of a causal relationship between planetary motions and solar activity were the first serious scientific explanations of the sunspot cycles.  The first scientist to advance this theoretical explanation was Johann Wolf, Professor of Astronomy at Zürich and the first director of the observatory inaugurated there in 1864.  Richard Carrington added some novel aspects to Wolf’s essentially gravitational theory.  
According to Charbonneau (2002), most leading astronomers from the time of Carrington’s first major publication on the subject (1863) to the first decade of the twentieth century, contributed to the theoretical development of explanations of solar activity cycles based on planetary influences.  He nominated Balfour Stewart of the Kew observatory, Martinus Hook of Utrecht, Kristian Birkland of Norway, Simon Newcomb (who was one of a very few American scientists with an international reputation at that time; he was a founding member and first president of the American Astronomical Society; at various times he was president the American Association for the Advancement of Science and of the American Mathematical Society) and Sir Arthur Schuster (who succeeded Balfour Stewart as Langworthy Professor of Physics at the Victoria University at Manchester (later the University of Manchester)) as the leading contributors to the theory that the planets have a significant role in solar activity.  There were some interesting analytic and statistical developments during this time.  For example, in 1872 and 1873 the American physicist, Pliny Earle Chase, (Chase, 1872 and 1873) theorised that the variable position of the solar system’s centre of mass was somehow a reason for the waxing and waning of sunspots.
In 1908 George Ellery Hale discovered the magnetic nature of sunspots.  Within a short while scientists realised that the occurrence of an individual sunspot was not a random event independent of other sunspots.  Hale and others showed that the sunspot cycle is the manifestation of an underlying magnetic cycle having twice the period of the sunspot cycle. 

Charbonneau (2002) explained that these developments, and the subsequent development of the solar dynamo theory, put an end to the thesis that was a causal relationship between planetary motions and the formation of sunspots.  Nevertheless, there remained a range of circumstantial evidence documented by these scientists that the Sun’s orbital motion appeared to alter the Sun’s behaviour, even though the particular thesis that somehow planetary motions caused sunspots was no longer tenable.  
The theory that the Sun’s orbital motion might affect its activity levels is a continuing area of research.
  Whilst there is a large body of circumstantial evidence and several working hypotheses, there is, as yet, no satisfactory account of how the Sun’s orbital motion might alter the Sun’s behaviour.  
The effects of solar orbital motion

There is increasing evidence that the Sun’s orbital motion results in variations in the Sun’s activity levels and output by modulating the solar dynamo.  For surveys of this evidence see Yousaf, Gala and Bebara (1995); Yousef and Ghilly (2000); Yousef (2005 and 2006); Georgieva (2006); and Alexander, Bailey, Brendenkamp, van der Merwe, and Willemse (2007); apart, that is, from the many published papers of Rhodes Fairbridge and others, especially Palus et al (2007) previously mentioned. 
Georgieva (2006) explained the relationship between solar orbital motion and the Earth’s climate in this way:

The movement of the Sun about the barycenter of the Solar system is related to the dynamics of both the Sun itself and of the Earth.  The asymmetry in the rotation of the Northern and Southern solar hemispheres correlates very well with the variations in the Earth rotation rate, and their dominant common periodicity is the periodicity of the rotation of the Sun about the Solar system barycenter.  The correlation of the solar dynamics and the Earth dynamics is mediated by the solar wind carrying momentum and magnetic fields and modulating the electromagnetic core-mantle coupling torques responsible for the variations in the Earth’s rotation. 

The variable solar differential rotation affects also the way in which the solar drivers interact with the Earth’s magnetosphere.  The periodicities in the interplanetary magnetic field at the Earth’s orbit in any period coincide with the periodicities in the latitudinal gradient of the differential rotation in the more active solar hemisphere, and the azimuthal components of the interplanetary magnetic field are proportional to the solar equatorial rotation rate. 

The dynamics of the solar system is a factor which should be taken into account when studying the dynamics of the Sun and the solar activity.  The dynamics of the Sun affects the way in which solar activity influences the Earth, with the solar wind and the interplanetary magnetic field playing the role of the mediator. 

There is increasing evidence is that solar orbital motion produces variations in the Sun’s tilt.  The Sun’s axis of rotation is tilted with respect to the invariable plane of the solar system.  The degree of tilt varies as the Sun rotates in relation to this plane whilst orbiting the barycentre.  The tilt varies directly with solar orbital motion.  The effect is, amongst other things, of a force to align the Sun with the plane of the solar system, which the Sun resists.  This would also result in flows of the material within the Sun in response to the tilt variation. 

High solar activity occurs whilst the Sun is in the ordered phase and the Earth warms up.  Minimum or no activity occurs whilst the Sun is in the chaotic phase and the Earth cools, sometimes entering a relatively short little ice age.  Each 179 years the Sun begins a new cycle of the epitrochoid family of barycentric orbits.  The most recent one began in 1996 with Solar Cycle No. 23.  

Whilst the Sun is in the beginning phase of the new epitrochoid cycle, solar output of all types declines and the Earth’s climate cools.  The four previous epitrochoid cycles began in about 1790, 1620, 1430 and 1270 respectively.  Solar activity diminished during the first several decades of each of these epitrochoid cycles, resulting in a cooling of the Earth.  For example, Europe between the 1620s to the 1710s (the Maunder Minimum) was a time of intense cold, causing widespread havoc and misery.  (Soon and Yaskell (2003a)).  
The Thames froze each winter and the alpine glaciers grew deep into the valleys.  Between the 1790s and 1820s (the Dalton Minimum) was also a time of intense cold throughout Europe.  1816 is considered to be one of the coldest of the last 250 years (Soon and Yaskell (2003b)).  

All of the cold intervals have been well documented in the standard climatological records as well as in the broader historical record. (Fagan, 2000), Feynman (2007) and Feynman and Ruzmaikin (2007)).  Catastrophic volcanic and earthquake events accompanied these cold periods.  

The solar orbital motion hypothesis predicts that Solar Cycle Nos 24, 25 and 26 will be periods of low activity and output and that the Earth will cool. 
The rise and fall of sea levels

Rhodes Fairbridge was the first to document that over long time scales the ocean levels rose and fell.  His first paper on this theme was published in 1950 (Fairbridge, 1950).  The major paper that included what has become known as the Fairbridge Curve of the Holocene Eustatic Fluctuations was published in 1958 (Fairbridge, 1958, 1960, 1961a).  He conducted detailed observations off Western Australia and drew together similar data from elsewhere in the world.  On the basis of this work Rhodes formulated the hypothesis that the sea levels had been rising for the last 16,000 years and that the rise showed regular periodic oscillations of rise and fall over the period.  This hypothesis was radical for its time and roundly rejected.  Now it is acknowledged to be a feature of the history of the planet.  The periodic oscillations have continued throughout the last 6,000 years to the present time, but with diminishing amplitude.  They show relatively rapid rises and falls of up to 4 meters, although up to 3 meters is the more common.  These take place over periods of no more than ten or twenty years.  Such rises or falls would now have catastrophic consequences for the world.  The Fairbridge Curve predicts that they will happen over the next 100 years and maybe within our lifetime.

Baker et al (2005) has built on research Professor Fairbridge conducted on Rottnest Island off Perth in the late 1940s and published in 1950.  This research was the basis for his pioneering theory of the Fairbridge curve.  Baker et al (2005) used evidence of tubeworms to find evidence about sea level changes.  The tubeworms attach themselves to coastal rocks at inter-tidal levels, as they have to be covered by seawater for about six hours each day.  The careful study of tubeworm casings along coastlines in Australia, Brazil and South-east Asia, has revealed that, even within the past thousand years, there have been several sudden changes in sea levels of up to two metres.  The UNE team has discovered that each of these large changes took less than 40 years from beginning to end.  They have therefore found convincing evidence of large, rapid changes in sea levels around the world in the recent past. 
Baker et al (2005) have been collaborating on the project for the past eight years, and have published nine papers in scientific journals in relation to it. 

In his later life, Rhodes argued that the rise and fall of sea levels summarised in the Fairbridge Curve of the Holocene Eustatic Fluctuations were the result of interactions with the variable Sun/Earth/Moon geometry that gives rise to the lunisolar tides, solar orbital motion and changes in the shape of the basins that contain the oceans, the volume of water in them, and local variations in land adjacent to the ocean basins.  
Implications for coastal management

Time series of phenomena as complex as geophysical, hydrological and climate phenomena will necessarily contain elements of randomness and periodicity.  Projecting these time series forward into the future requires methodologies that can deal adequately with any intrinsic randomness and periodicity in the time series.  It is, of course, necessary to make these projections in order to predict climate change, the likelihood of drought, flood and bushfire.  If the methodologies used are not sufficient for this task, coastal policy advisers, decision makers and coastal managers will receive misleading advice about the likelihood of these events.  Therefore, coastal policy advisers, decision makers and coastal managers need to understand accurately the extent to which there is any intrinsic randomness and periodicity in the projections of climate systems.  Climate systems include those that deal with the rise and fall of the oceans, rainfall and drought, fire and flood; periods of increasing warmth and increasing cold. 

Coastal policy advisers, decision makers and coastal managers need this information for the management of hydrological systems such as rivers, dams and water treatment and supply facilities; the management of coastal resources, including land use zoning; the management of coastal amenities, including beaches, littoral zones, lagoons and recreational facilities and services.  

To manage resources efficiently and effectively in times of climate change, coastal managers and policy makers will necessarily depend on reliable and valid time series analyses of all relevant key geophysical/climate observations/measurements.  The statistical methodologies used in the time series analyses must be appropriate to the task because otherwise managers will receive false and misleading accounts about the future development of climate systems and the extent, if any, of any randomness or periodicity intrinsic in them.  

(Koutsoyiannis (2000, 2002, 2003, 2005a, 2005b, 2005c)) and others have shown that time series of measures of geophysical and other complex systems are characterized by variations from the average that can be very large (catastrophic events) and simultaneously very long (persistence in time).  In other words, hydrological and other geophysical time series show oscillations over many time scales. It seems that trends observed in relatively short time scales, such as 10 or 100 years, are but elements of oscillations that take place over longer time scales.  

Time series simply record repeated measures of the same phenomena (such as rainfall, the height of tides, river flow, the amount of water in a dam, daily temperatures and pressures, the incidence of solar radiation, the number of sunspots) over time.  Koutsoyiannis and others have shown that the time series hydrological, geophysical and climate phenomena reveal non‑linear and non‑stationary relationships within the phenomena observed over time.  

These relationships are generically known as Hurst phenomena after the scientist who first brought the phenomenon to the attention of the scientific community.  From the 1920s onwards, a hydrologist, Harold Hurst, was employed to examine the flow of the Nile.
  He noticed various interdependencies in the time series data of volume and flow measurements.  He introduced the idea of long term persistence to refer time series in which there are hidden relationships between the recordings made at different times like those he found in the behaviour of the Nile, including those mentioned above.  His time series spanned almost 850 years of recordings of volume and flow data of the Nile.
In the 1950s and 60s Benoit Mandelbrot re‑examined the time series about river flows.
  In the 1960s, Mandelbrot and his colleague, James Wallis, wrote a series of papers dedicated to Harold Hurst.  Drawing on the Old Testament, they used the term Noah Effect to refer to incidents of repeated rainfalls (sometimes leading to great floods) and the term Joseph Effect to refer to incidents where repeated years of great plenty are followed by repeated years of great famine.  The time series of the Nile recordings contained both Noah and Joseph effects.  
The challenge for the statistician is to establish whether effects such as the Joseph and Noah effects are part of the world or merely attributes of the data.  If there are Noah and Joseph effects in the data, the statistician has to be able to establish if this means a real trend in the world.  Alternatively the issue for the statistician to resolve might be has the data merely a certain structure that gives rise to the effects detected without there being an underlying trend in the world.  
Mandelbrot found that the long range statistical dependencies that Hurst documented in his pioneering 1951 paper had a fractal structure.  Mandelbrot proved that the fluctuations in water storage and runoff processes were self‑similar over a wide range of time scales.  There was no single characteristic scale.  Hurst’s finding is now recognized as the first example of fractal behaviour in empirical time series.

As Koutsoyiannis has shown in the abovementioned papers, because of the Hurst‑type relationships between the variables at different times of measurement, it is invalid, therefore, to assume that the variables are normally distributed independent random variables 
Nevertheless, Koutsoyiannis and others have shown that there is also an element of randomness in the time series of hydrological, geophysical and climate phenomena. 

Time series analysis of such data should use methodologies that can detect nonlinear and non‑stationary relationships and identify reliably and validly the stochastic dynamics of the system.  If such methodologies are not used, the time series analysis will not show the dramatic variations in the range and intensity of variability in phenomena characterised by intrinsic randomness and Hurst periodicity.  

Huang et al (1998) have also highlighted the need to use analytic methodologies that reveal clearly any nonlinear relationships (that may also contain intrinsic trends) when analysing time series of natural phenomena.  Huang et al (1998) showed that, necessarily, misleading conclusions will be drawn from the uncritical use of time series analytic techniques that assume relationships within the time series are linear, stationary and devoid of intrinsic trends. 

Cohn and Lins (2005) brought attention to the nonlinear, non-stationary nature of climate time series data.  Cohn and Lins (2005) concluded: 
These findings have implications for both science and public policy. For example, with respect to temperature data, there is overwhelming evidence that the planet has warmed during the past century.  But could this warming be due to natural dynamics?  Given what we know about the complexity, long-term persistence, and nonlinearity of the climate system, it seems the answer might be yes.  Finally, that reported trends are real yet insignificant indicates a worrisome possibility: Natural climate excursions may be much larger than we imagine.  So large, perhaps, that they render insignificant the changes, human-induced or otherwise, observed during the past century. 

(Koutsoyiannis (2000, 2002, 2003, 2005a, 2005b, 2005c)) and others have made clear, that the application of the Principle of Maximum Entropy (See Attachment 5) to real world variables, subject to the constraints of intrinsic randomness and the type of periodicity known as the Hurst phenomenon, is necessary.  
Classical statistics, applied to hydrology and climatology, describe only a portion of natural uncertainty, and underestimates seriously all relevant risks.  
The Principle of Maximum Entropy is equivalent to the Principle of Stationary Action, an elementary principle of Physics.   
A practical and universal consequence of the Principle of Maximum Entropy, and its equivalent, the Principle of Stationary Action, is that nature behaves in a manner that makes uncertainty as high as possible.
As a result of disastrous droughts and the need for reliable and plentiful supply of water for the Olympic Games in 2006, the Government of Greece invited Professor Koutsoyiannis to apply the understanding of hydrological phenomena and times series outlined above to the management of the water storage and distribution systems of Athens.  The Athenian water resource management system is the result (Koutsoyiannis (2006) and Koutsoyiannis et al (2007)). 
The main features of the Athenian water resource management system are: 
· prediction of future water is supply based on the knowledge that regular episodes of drought and flood are as much part of the future as they have been a normal part of the past; 

· stochastic simulation and forecasting models of hydrological processes are used because climate records, especially the hydrologic ones, are too short; and, 

· the use of an adaptive method for the release of water that takes into account the near past and near likely future on both supply and demand. 

As previously mentioned, it has been known for decades that ENSO regulates Australia’s climate generally and patterns of rainfall and drought in particular.  
Professor Franks of the University of Newcastle and his colleagues have shown how this knowledge can be used to better manage Australia’s water resources and bush fire risks.  However, this knowledge has not been generally applied by the relevant authorities.  

The responsibilities of coastal policy advisers, decision makers and coastal managers include the management of water resources and bush fire risks.  There is a real opportunity for the more efficient and effective management of water resources by the adaptation of the Athenian water resource management system to their situation.  The management of bush fire risks can also be substantially improved, as Professor Franks has shown.  

The evidence-based changes in climate outlined in this paper have implications for coastal management.  
A central thesis is that the solar impact is highly variable over the Earth.  Coastal managers should therefore find out about the likely impacts for their coastal areas which vary considerably around Australia.  
Periods of continuing drought have serious implications, as several major coastal municipalities are responsible for the management of water resources.  
Extended periods of bleak cold weather could have implications for municipalities that heavily depend on the spring/summer tourist dollar.  
The variations in sea level that may be possible, but easily predicted once the pattern of SC24 is better known, could affect properties built on beach fronts and foredunes, if accompanied by storm surges.  
There are additional implications, some more obvious, such as the now known increase in Ultra Violet radiation during the peak of a solar cycle,
 others less, such as the increase in cosmic ray radiation that occurs during times of minimal solar activity, that are relevant to coastal management.    

Rhodes Fairbridge promoted a greater understanding of the role of the lunisolar tides in climate dynamics.  The several distinct periodicities in the lunisolar tides can be calculated with adequate precision for coastal management purposes.  The very high tides (known as the perigean spring tides) that are the result of well‑known variations in Sun‑Moon‑Earth geometry can cause devastation to coastal areas, especially if accompanied by storm surges, as is invariably the case.  Tidal gravitational forces vary as the third power of the distance between Earth and Moon, so even a small difference in distance can translate into a big effect.  The orbit of the moon varies from a distance of 356,500 to 406,700 kilometres with an average distance near 380,000 kilometres. 
Since the Moon’s orbit is elliptical, there is a point when the Moon is closest to the Earth (the perigee) and a point where it is furthest (apogee).  It is to be noted that the perigee (and therefore the apogee) is not constant.  Both vary, largely because of the perturbing effect of the Sun.  
The tides that occur when the Moon is closest to the Earth, i.e. when the Moon is at its perigee, are known as perigean tides.  Munk et al (2003) explained that the occurrence of perigean tides requires the following three conditions to occur nearly simultaneously: 
(i) Earth at perihelion, 

(ii) longitude of the Moon's perigee near perihelion or aphelion, and 

(iii) longitude of the Moon's node near perihelion or aphelion.
Perigean spring tides occur on those occasions when the Sun and Moon align to produce the spring tides (as they do twice a month) and the Moon is at the perigee of its elliptical orbit.  
The term “spring tide” refers to the phenomena of the alignment of the Sun and Moon with the Earth in celestial longitude (when the Moon is between the Sun and the Earth) which occurs twice in each period of 29.53 days.  The resulting combination of the gravitational forces of the Sun and the Moon creates higher than average perigean tides on the Earth.
  The maximum daily range of perigean spring tides is about 20 per cent greater than average.  These tides will be strongest at high latitudes.  
Australia’s National Tide Centre explained that perigean spring tides occur at intervals of 206 days, i.e. at intervals slightly more than six and a half months long.

Sometimes the perigee of the Moon’s elliptical orbit is closer to the Earth than at others.  The movement of the perigee depends on the position of the Sun.  Wood (1986) introduced the term “proxigean” to refer to instances when the perigee is unusually close to the Earth.  This happens about every one and a half years and depends on particular alignments of the Sun, Moon and the Earth.  The occurrence these tides can be calculated using trigonometry and Newton’s law of gravitation.  Wood (1986) also provided numerous tables showing when perigean (and proxigean) tides occur.  
Wood (2001) explained that “extreme proxigean spring tides” are those perigean spring tides where, because of an unusual alignment between Earth‑Moon‑Sun geometry, the lunar and solar gravitational forces are superimposed on each other at a time when the force of both is at a maximum.  Wood (1986) explained that, if, at the time of extreme proxigean spring tides, there are also storm surges, there will be extensive flooding and destruction of coastal areas.  
According to Wood (1986), in 1974 our planet experienced extreme proxigean spring tides.  
Wood (1986) found 39 instances of extreme proxigean spring tides in the 400 year period from 1600 to 2000.  However, extreme proxigean tides do not occur at regular intervals because of the randomness inherent in Sun‑Earth‑Moon geometry.  Wood (2001) included a tabulation of predicted perigean, including proxigean, extreme proxigean and pseudo-perigean, spring tides through until 2164. 
Parkinson (2003) documented that in mid 1974 devastating storms washed away a beach front house at North Avoca and swept two men to their death at night at the (then) Terrigal Caravan Park at Terrigal Haven.  Giant waves, on top of an extreme high tide, washed away the entire caravan park.  Bryant and Kidd (1975) described the dramatic changes to the character of many beaches along the central and southern New South Wales coast that occurred between May 24 and June 18, 1974 as a result of storm surges occurring on top of extreme proxigean spring tides of that time.  The authors cited two coastal engineering reports of the extensive damage to coastal New South Wales from these storms.  
Wood (1986) presented details of the destructive effect on many coastal areas of the United States during 1974.  Of relevance to coastal managers, Bryant and Kidd (1975) found that the construction of seawalls prohibited optimum utilization of the foredune sand store, and by reflection, enhanced the erosive capacity of impinging waves. 
According to Wood (1986), in 1978 another form of extreme proxigean spring tide occurred, which he defined as “pseudo‑perigean spring tides”.  Except for some subtle differences in the Sun‑Moon‑Earth geometry, these tides are very similar to extreme proxigean spring tides.  Storm surges on top of such unusually high tides also result in severe coastal destruction and flooding.  
Parkinson (2003) documented that in mid 1978 a severe storm on top of an unusual high tide washed three houses to sea at Wamberal.  There was further destruction along the Central Coast.  Wood (1986) provided details of similar destruction on coastal areas of the United States.  
Wood (1986) reported that perigean tides of all types tend to be accompanied by severe storms.  He hypothesised atmospheric‑oceanic‑weather links to the Sun‑Moon‑Earth geometry that produces the perigean spring tides, including extreme proxigean and pseudo‑perigean spring tides, may contribute to the production of storms.  
As variations in the Sun’s gravitational field result in the lunisolar tidal phenomena reviewed, there are several implications for coastal policy advisers, decision makers and coastal managers to consider.  These range from the provision of advisory services to communities about the likely occurrence of perigean tides, especially perigean spring tides, proxigean spring tides and the other species defined by Wood.  These tides can be predicted well in advance.  The likelihood of storm surges can only be known much closer to the event.  Nevertheless, coastal managers could assist the minimisation of harm to people and property by the proactive coordination of advice, using the tidal predictions in Wood (2001) as a guide.   
Coastal policy advisers, decision makers and coastal managers need to have regard to findings such as those by Bryant and Kidd (1975) regarding the zoning of areas at risk and the construction of tidal flood/surge mitigation facilities.  
There is a range of findings (e.g. Currie, Treloar, Munsch and Munk) about the role of tides in relation to the weather and climate.  Coastal policy advisers, decision makers and coastal managers need to consider this evidence. 

Juckett (in press) reported evidence indicating a possible grandmother effect in the development of cancer in adults whose parents, whilst an evolving fetus at a particular stage of development, were exposed to increased incidences of galactic cosmic rays sweeping the planet during times of low solar activity.  He found a statistically significant correlation between the birth cohort oscillation and variations in background cosmic radiation one generation prior to the birth cohorts. 
High levels of solar activity protect the Earth by strengthening the heliosphere and the magnetic shield around the Earth.  When the Sun is less active, these barriers weaken and a greater amount of high energy cosmic radiation hits the Earth.
Juckett and Rosenburg (1997) had shown that exposure to cosmic radiation results in an increased risk of breast cancer for the female grandchildren of females, who as children experienced the exposure.  This study examined only US female breast cancer and total female cancer deaths between 1940 and 1990.  The authors’ analysis showed that the priming event which gave rise to this increased risk was probably increased amounts of cosmic radiation during an episode of reduced solar activity.  The authors proposed that the priming event, by preceding other steps of carcinogenesis, works in concert with risk factor exposure during life.  
Juckett (in press) explored the global nature of that effect by examining cancer time variations for population cohorts in five countries on three continents.  He used age-period-cohort analysis to separate cohort-related effects from period-related effects.  This technique generated time signatures for comparisons among both male and female populations in the United States (US), United Kingdom (UK), Australia (AU), Canada (CA), and New Zealand (NZ).  Available cancer mortality data spanned most of the twentieth century for US, UK, and AU, with shorter periods for CA and NZ.  
Juckett (in press) found that the longest cohort series spanned 1825 to 1965 and exhibited two peaks of higher mortality likelihood approximately 75 years apart in all countries and in both sexes.  He reasoned that the constancy of this oscillation on three continents and both hemispheres suggests the presence of a global environmental effect.  
Juckett (in press) noted that during an early phase of fetal development, the migrating germ cell is highly sensitive to radiation and that there is a real probability that each germ cell could receive more than one ionizing radiation event during this sensitive migration period.  He considered that the hypothetical link between cosmic radiation and epigenetic changes may only be the tip of the iceberg regarding background radiation effects.  This particular radiation is detectable because of its time signature. 

Juckett (in press) cautioned that while the results of this analysis suggest a global cohort effect that may be linked to environmental cosmic radiation, knowledge of this effect does not lend itself to simple strategies that can prevent the damage from occurring in Earth populations. 

Adaptive efficiency is the key
Thirty years of global cooling commencing in 2008 would have adverse consequences for humanity.  If the experience of the previous episodes of global cooling over the last 1,000 years is a guide, there would be widespread crop failures and devastation throughout Europe.  The increased demand for energy to warm the advanced economies of the world could have catastrophic consequences as already the supply of energy does not meet demand.  The farming practices of the industrial world have been tailored to the relatively stable climate of the modern era.  As a result, there is substantial genetic uniformity and loss of biodiversity for almost all animal, grain and horticultural produce.  A sudden climate change to colder, dryer and harsher conditions could result in the catastrophic loss of industrial food production throughout the industrialised world.  Epidemics could flourish in the harsh conditions of prolonged cold if those conditions are anything like the global deep freeze of 1812 to 1824.  Global shortages of energy and essential foods, and increased and substantial insurance claims from damage arising from the entrenched cold and related developments could have devastating economic and financial consequences unleashing crippling inflationary forces throughout the world.  
In the last quarter of 2007 there are signs that an economic recession could develop in the USA.  If this happened and the climate began to cool, as is plausible, given the preceding analysis, a global recession is not implausible.  The combined impact of global cooling, global recession, global energy and food shortages and spreading epidemics, could activate the several serious flash points for violent conflict around the planet, creating even more global mayhem.  
Australia has witnessed how devastating a prolonged drought can be.  If, during the next 30 years, most probably commencing in 2008, the drought returns with the same force of the Federation Drought, Australia’s standard of living could decline significantly.  A renewed drought beginning so soon would greatly amplify the adverse impact of the current drought.  

The Earth’s climate dynamics over the last 15,000 years and its impact on humanity shows how we have adapted, or failed to adapt, to our uncertain, and sometimes random, i.e. non‑ergodic, world.  Throughout this period the Earth’s climate dynamics have been largely driven by total solar variability, which has been shown to have random and periodic processes.  Similarly, the solar system, which Rhodes Fairbridge considered to have a key role modulating total solar activity, has random and periodic processes.  In addition, the major atmospheric/oceanic systems that drive much of the Earth’s climate are strongly influenced by total solar variability, and are themselves characterised by random and periodic processes.  

The variable output of the Sun, the Sun’s gravitational relationship between the Earth (and the Moon) and Earth’s variable orbital relationship with the Sun, regulate the Earth’s climate.  The processes by which the Sun affects the Earth show periodicities on many time scales: each process is stochastic and immensely complex.  The system consisting of the totality of the processes is even more complex.  This system does not have a stable underlying structure, even if some of its subsystems do.  The total system is, as Douglass North would say, non-ergodic.  
North (1999) considered that we live in a non-ergodic world.  He explained that an ergodic phenomenon has an underlying structure so stable theory that can be applied time after time, consistently, can be developed.  In contrast, the world with which we are concerned is continually changing: it is continually novel. Inconsistency over time is a feature of a non-ergodic world.  The dynamics of change of the processes important to us are non-ergodic.  The processes do not repeat themselves precisely.  North (199) argued that although there may be some aspects of the world that may be ergodic, most of the significant phenomena are non-ergodic. 

In 1993 Douglass North, along with fellow economic historian, Robert W. Fogel, received the Noble Prize for Economics for pioneering work which resulted in the establishment of Institutional Economics, now a central school of modern economics.  He introduced the idea of "adaptive efficiency" to describe how economies and societies work effectively, not at a moment in time, but through time.  In his Noble Prize Lecture (North 1993), he reasoned that 
It is adaptive rather than allocative efficiency which is the key to long run growth. Successful political/economic systems have evolved flexible institutional structures that can survive the shocks and changes that are a part of successful evolution. But these systems have been a product of long gestation. We do not know how to create adaptive efficiency in the short run. 
Professor Emeritus North explained that adaptive efficiency is a society's effectiveness in creating institutions that are productive, stable, fair, broadly accepted and flexible enough to respond to social, political, economic, and environmental crises.  He explained that an adaptively efficient society will cope with the novelty and uncertainty of a non-ergodic world.  It will do this by the maintenance of institutions which enable trial and error and experimentation so that societal learning is effective, enabling the elimination of unsuccessful solutions and the retention of successful ones. 

Douglass North stressed that our capacity to deal with uncertainty effectively is essential to our succeeding in a non-ergodic world.  It is crucial, therefore, that the methodologies we use to understand the exceedingly complex phenomena measured in our time series, correctly inform us of the future uncertainty of the likely pattern of development indicated by the time series.  
Classical time series analysis that features in the reports of the IPCC necessarily underestimates future uncertainty, whereas scaling methodologies that use the fractal structure of the phenomena estimate future uncertainty more accurately. 

In his many publications, for example North (2005), Douglass North stressed that if the issues with which we are concerned, such as global warming and the global commons, belong in a world of continuous change, that is, a non-ergodic world, then we face a set of problems that become exceedingly complex.  North emphasised that our capacity to deal effectively with uncertainty is essential to our succeeding in a non-ergodic world.  History shows that regional effects of climate change are highly variable and that the pattern of change is highly variable.  An extremely cold (or hot) year can be followed by extremely hot (or cold) year. Warming and cooling will be beneficial for some regions but catastrophic for others.  

Fagan (1999, 2000, and 2004) documented in detail the relationships between the large scale and generally periodic changes in climate and the rise and fall of civilisations, cultures and societies since the dawn of history.  He has shown that over the past 5,000 years catastrophic climate change has destroyed governments, societies and civilisations that could not adapt efficiently.  The thesis of this paper is that the Sun, through its relationships with the solar system, is largely responsible for these changes and that we are now on the cusp of one of the major changes that feature in the planet’s history.  Fagan (2004, page xv) concluded:  The whole course of civilisation …. may be seen as a process of trading up on the scale of vulnerability.  We are now, as a global community, very high up on that scale.  
As Douglass North showed, the main responsibility of governments in managing the impact of the potentially catastrophic events that arise in a non-ergodic world, is to mange society’s response to them so as to enable the society to adapt as efficiently as possible to them.  Amongst other things, this would mean being better able to anticipate and manage our response to climate change, minimise suffering and maximise benefits and the efficiency of our adaptation to a climate that is ever changing, sometimes catastrophically, but generally predictably within bounds of uncertainty that the statisticians can estimate.  
At the very least, this requires that the scientific community act on the wise counsel of Rhodes W Fairbridge and present governments with advice that has regard to the entire field of planetary-lunar-solar dynamics, including gravitational dynamics.  The entire field has to be understood so that the dynamics of terrestrial climate can be understood. 

The Nobel Prize winning Economist, Douglass North, argued that adaptive efficiency characterises governments that cope with, and survive over the longer term in, a non‑ergodic world.  Since total solar variability and the Earth’s major atmospheric and oceanic systems are coupled, the Earth’s dynamic non‑ergodic climate systems are therefore characterised by intrinsic randomness and periodicity, which increases dramatically the range and intensity of climate variability in the Earth’s climate systems.
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Attachment 1

RHODES W FAIRBRIDGE
Rhodes W Fairbridge, one of Australia’s most accomplished intellectuals and an early expert on climate change, died on November 8 2006 in his home in the historic town of Amagansett overlooking the Atlantic on the northern edge of Long Island, New York. He was 92.  

He remained an Australian citizen all of his life. 
He was born in what is now Fairbridge Village in Western Australia in 1914 and named after his father’s friend and mentor, Cecil Rhodes.  Rhodes spent his boyhood in the idyllic setting of Fairbridge Village working closely with his parents.  Fairbridge Village, some ninety kilometres south of Perth, is a living monument to the altruistic vision, hard work and intellectual strength of his parents, Ruby and Kingsley, after whom it is named.  There, in July 1912, they founded the Fairbridge Farm School. Kingsley, a Rhodes Scholar, founded the Child Emigration Society three years before at Oxford University with the support of his fellow Rhodes Scholars.  Kingsley, inspired by Cecil Rhodes, dedicated his life to the achievement of his vision of providing the poor and orphaned children of the slums of England with a sense of self worth, with the opportunity to live a fulfilling and productive life. This was to be the purpose of the Fairbridge Farm School. 

Fairbridge Village, the Patron of which is the Governor of Western Australia, is now the site of major cultural events, including an annual festival of popular culture, organised mainly for and by young people.  Dolan and Lewis (2004) point out that the architectural jewel in the crown of Fairbridge Village is a beautiful chapel, built in 1930-31, whose elegant simplicity shows the admiration in which Rhodes’ father, Kingsley, was held by one of the world’s most famous architects of the time, Sir Herbert Baker.  He designed the chapel and supervised its construction, carried out by the Western Australian Government, as a pure labour of love to commemorate the memory of Kingsley Fairbridge.  It was financed by other Englishmen who shared Sir Herbert’s admiration of Kingsley.  Sir Herbert Baker considered that Kingsley lived the true values of altruism and honour that were central to Cecil Rhodes who had been his patron, too. 

Rhodes had little formal schooling until the age of 10 when his father died unexpectedly in 1924, aged only 39.  Rhodes was taken to England, where he attended a new experimental school in Hampshire.  It was here that his lifelong interest in Geology, science and maps became established. Whilst his undergraduate education was at Queen’s University, Ontario, and Oxford, he was awarded a Doctorate of Science from the University of Western Australia in 1944, at the age of 30, and bypassing the usual PhD prerequisite.  The main parts of the thesis, Subaqueous Sliding and Slumped Blocks, formed Rhodes’ first two scientific publications in 1946 and 1947 (Fairbridge, 1946a, 1946b).  Rhodes was also with the RAAF in General MacArthur’s headquarters during 1943 to 1945, as Deputy-Director of Intelligence. 

After the war Rhodes was a lecturer in Geology at the University of Western Australia.  In 1954 he accepted a post as full professor with tenure at Columbia University, eventually becoming Professor Emeritus of Geology some years before his retirement in 1982. 

Rhodes Fairbridge was the first to document that over long time scales the ocean levels rose and fell.  His first paper on this theme was published in 1950 (Fairbridge, 1950).  The major paper that included what has become known as the Fairbridge Curve of the Holocene Eustatic Fluctuations was published in 1958 (Fairbridge, 1958, 1960, 1961a). 

He contributed to many disciplines, especially to our understanding of the periodicities of climate change.  He authored or edited over one hundred scientific books, including many text books and several scientific encyclopaedias, and over 1,000 scientific papers (Finkl 1987), which also contains an annotated bibliography of all of Professor Fairbridge’s main publications to 1986).  He was largely responsible for the establishment of several major scientific institutions and journals such as the Coastal Education and Research Foundation that, amongst other things, publishes the Journal of Coastal Research.  He held many distinguished leadership positions in the international scientific community and has made many lasting contributions to science. He was the editor or co-editor of eight major encyclopaedias of specialised scientific papers, many of which he authored.  The encyclopaedias have been in the following disciplines: Oceanography; the Atmospheric Sciences and Astrogeology; Geomorphology; Geochemistry and the Earth Sciences; Geology; Sedimentology; Paleontology; and Climatology.  He was the editor of the Benchmarks in Geology Series with more than 90 volumes in print and was the general editor of the Fairbridge Encyclopaedias of the Earth Sciences.  These major productions have significantly advanced and systematised each of the specialised sciences. 

Professor Emeritus Fairbridge had the honour of having three volumes of papers specially prepared to celebrate his life and work, (Rampino, et al., 1987), (Finkl, 1995), and (Finkl, 2005), in honour of his 70th, 80th and 90th birthdays respectively. 

Throughout his long scientific career, Rhodes Fairbridge drew attention to a vast mass of scientific evidence about the periodicities of climate change. He showed that the periodicities are revealed in a rich variety of sources, including: geology; geomorphology; glaciations; sediments; sand dunes; beach rock; the circulation of the ocean; geomagnetic records; the records of the isotopes of carbon, oxygen, beryllium, chlorine, and hydrogen in tree rings, ice cores, biota, rocks, air and water (Finkl, 1987, 1995 and 2005) 

Attachment 2
Sir William Herschel and the Royal Society

In 1801 William Herschel (Herschell 1801a and 1801b) presented his ideas to the Royal Society about the relationship between sunspots and the price of wheat.  At the time William Herschel was 63.  He had held the appointment of the King’s Astronomer since 1782, was a Fellow of the Royal Society, which had awarded him the prestigious Copely Medal in 1781.  

By 1801, William Herschel was acknowledged by all as Europe’s most distinguished Astronomer.  He had built the largest telescope in Europe, discovered many new features of the Universe and documented much new detail about the Sun.  He had shown that the solar system moves at high speed through the Universe.  He had discovered the Sun’s infrared radiation, showing that the Sun is a source of heat as well as light.  

Examples of new astronomical phenomena he documented include the discovery of:

· Uranus and two of its moons;

· two satellites of Saturn and the period of rotation of Neptune’s ring;

· more than 1,000 binary stars, each pair connected by gravitational force;

· between 2000 and 3000 nebulae and clusters of stars and delineation of the structure of the Milky Way;

He was a greatly admired scientist.  

In his 1776 book, An Inquiry into the Nature and Causes of the Wealth of Nations, Adam Smith had compiled details of English wheat prices over 562 years from 1202 to 1764.
  Herschel had been studying sunspots and noticed that sometimes the Sun had more and sometimes less sunspots.  He recorded what he saw.  He reasoned that when there were more sunspots the Sun seemed to produce more ‘light and heat’ and when there were less, it appeared to produce less ‘light and heat’.  In 1801 he informed the Royal Society:

Since light and heat are so essential to our well-being, it must certainly be right for us to look into the source from whence they are derived, in order to see whether some material advantage may not be drawn from a thorough acquaintance with the causes from which they originate.

This was one of the driving motivations behind his detailed observation of the Sun which he communicated to the Royal Society in April and May of 1801.

His observations showed that sometimes the Sun had more spots than others, sometime it had no spots.  He concluded that the Sun’s output of ‘light and heat’ increased with the number of sunspots.  He went over observational records since 1610 and identified five periods longer than two years in which no spots had been recorded.  He reasoned that with no spots the Earth would receive less ‘light and heat’ and therefore be cooler.  

Herschel faced the problem that there were no reliable measurements of atmospheric temperature and pressure for these years.  After all, it was not until 1643 that Torricelli invented the first reliable barometer and 1714 that Fahrenheit invented the first Mercury thermometer. 

Herschel reasoned that if the climate cooled in response to diminished ‘light and heat’ from the spotless Sun, the wheat harvest would be reduced and accordingly, the price of wheat would rise.  He further reasoned that the effect of variable solar output on vegetation would be similar to the effect of the Sun and the Moon on the tides.  That is, that in some parts of the world the tides are very high and very low and that the tidal phenomena vary around the world over time and in relation to latitude and longitude.  He pointed out that even though there were these great variations, the tidal phenomena are universally the result of a single principle, the variable gravitational force of the Sun and the Moon, as Newton had shown.  

Herschel applied his test to the five lean periods by tabulating the price of wheat for these periods.  He used the 562 year time series of wheat prices published 25 years earlier by Adam Smith (also a Fellow of the Royal Society).  

Herschel found, and reported to the Royal Society that, roughly speaking, the price of wheat in England was highest when sunspots were absent.  He summed up his argument in this way: 

The result of this review of the foregoing five periods is, that, from the price of wheat, it seems probable that some temporary scarcity or defect of vegetation has generally taken place, when the Sun has been without those appearances which we surmise to be the symptoms of a copious emission of light and heat.

His presentation of his analysis is full of qualifications about: 
· the deficiencies in the available data about the sunspot record; 
· the condition of the climate during the period under review; and 

· using data about the price of wheat in England for a specific period to infer general conclusions about a relationship between variable solar output and climate for the world.  

He also addresses the concern that ‘the general fertility of the earth’ will depend on many other variables that are probably unrelated to ‘a certain quantity of sun‑beams’.  
In relation to this, he noted as follows:
To this I only suggest, by way of answers, that those very circumstances of proper alternatives of rain, dry weather, winds, or whatever else may contribute to favour vegetation in this climate, may possibly depend on a certain quantity of sun‑beams, transmitted to us at proper times.

In her biography of her Grandfather, Sir William Herschel, Lady Constance Lubbock records that her Grandfather was subject to much criticism and some ridicule.  Generally speaking, the Royal Society reacted with almost total derision, even though Herschel was one of its most distinguished members.  
Things got so bad that he had to cancel a series of public lectures planned for later in 1801; such was the public derision of his theory.

In October 1802 Henry Brougham, then aged 25, launched the Edinburgh Review.  It was to become one of the most influential British magazines of the 19th century.  He had already been elected a Fellow of the Royal Society; he was a distinguished barrister; an up and coming Whig, i.e. free market politician and prolific man of letters.  Henry Brougham quickly became known as the foremost contributor to the Edinburgh Review.  He wrote articles on everything: science, politics, colonial policy, literature, poetry, surgery, mathematics and the fine arts.
In the second issue of the Edinburgh Review in January 1803, Brougham (Brougham 1803) published a review of several papers that William Herschel had presented to the Royal Society in the previous few years and published in the Royal Society’s Transactions.  It is a highly personal attack on William Herschel, mocking him for the great variety of Ancient Greek names he gave the celestial bodies, including the new term “asteroid”.  The article is an unrelenting ridicule of William Herschel and many of the discoveries and insights he reported to the Royal Society.  

Brougham saves his most vindictive comment about Herschel’s theory of a relationship between variable solar activity and the price of wheat.  Henry Brougham wrote:

To the speculations of the Doctor on the nature of the Sun, contained in the last volume [of the Transactions of the Royal Society], we have many similar objections but they are eclipsed by the grand absurdity which he has committed in his hasty and erroneous theory concerning the influence of the solar spots on the price of grain.

Sir Joseph Banks, the President of the Royal Society, implored William Herschel to ignore the ‘darts’ of Henry Brougham, assuring William that “….nothing can affect and overturn truths and discoveries founded on experience and observation.”

Henry Brougham would rise far in politics becoming Lord Chancellor and Baron Brougham in 1830, receiving a second peerage 30 years later.

In 2004 Solar Physics published a paper by Lev Pustilnik, an astrophysicist at Tel Aviv University, and Gregory Yom Din, an agricultural economist at Haifa University, also in Israel (Pustilnik and Yom Din 2004).  The paper reported their analysis of records of the price of wheat in England from 1259 to 1702 in relation to the established sunspot record.  
They found that Herschel was right: the cost of wheat was high in medieval England during periods when there were hardly any sunspots, and low during solar maxima.   
Their source of data on prices was the 50-year research of Professor Thorold Rogers (Rogers 1887) who collected data on England’s agricultural prices for the 450-year period (1259–1702).  Roger’s data were drawn principally from the account books of numerous English monasteries, and in part from those of landowners.  
The following year Solar Physics published a second paper by the two authors extending their analysis to wheat prices in the US during the 20th century (Pustilnik and Yom Din 2005).  The authors recorded their surprise, finding a relationship between numbers of sunspots and the price of wheat, just like Sir William hypothesised.  The authors did not expect to see a sunspot connection due to modern technologies that make crops more robust in unfavourable weather; globalised markets; and the massive economic disruption that occurred during the two world wars.  They reasoned that these factors should have cancelled out any variation in the data attributable to a sunspot effect. 
They surmise that the effect persists because 70% of US durum wheat grows in one part of North Dakota, where localised weather conditions could have a dramatic impact on total production.

Attachment 3
“Recent oppositely directed trends in solar climate forcings and the global mean surface air temperature” by Mike Lockwood and Claus Frohlich in Proceedings of the Royal Society A: Mathematical, Physical and Engineering Sciences June 2007.  

See http://www.journals.royalsoc.ac.uk/content/h844264320314105/fulltext.pdf
The authors' claim to demonstrate that since the mid 1980s the Earth’s surface air temperature has not responded to the solar cycle.  The Royal Society states that the paper proves the “truth about global warming! The sun is not a factor in recent climate change!”  
The paper has several major weaknesses.  

The solar cycle is not just the 11 year one on which the authors focus.  There are six well founded periods in solar variability: 1.3, 11, 22, 30‑35, 88, and 179/205 years.  The authors would have to evaluate each of these against the time series of the Earth’s temperature.  They don’t.

There are several key measures of solar output that have to be tested for the presence or absence of a relationship with temperate.  Although the authors use three measures, they don’t use the one which has the statistically significant correlation with global average surface temperature over the relevant period from 1870 to the present.  The one they should have used is the measure of the strength of the solar poloidal magnetic fields. 

The authors did not evaluate the total effects of the Sun on climate, namely the effects of the Sun’s changing output of radiation and matter, its changing electromagnetic and gravitational fields, its changing shape and the interactions between these five variables.  The authors must evaluate total solar effects if they wish to determine the extent to which the Sun is or is not a factor in climate change, including recent climate change.

There are several well documented time lags between solar activity and the climate response.  These range from a few years to a century.  The authors did not consider time lags at all. 

The authors merely report their result by the visual display of two graphs.  Science requires higher standards of confirmation of the asserted relationship between time series.  Science requires that authors conduct the relevant time series analysis together with tests of significance.  The two time series are non‑linear in that the relationship between the variables of which each is composed contains multiplicative elements.  The two time series are also non‑stationary in that the measures within each are interrelated.  The authors would therefore have to use a methodology such as Empirical Mode Decomposition which does not assume that the time series subject to the analysis and tests of significance is non‑linear or non‑stationary.  

It may be useful to establish the extent (if any) of a correlation between solar activity and global average surface temperature.  However, this is not sufficient to establish the extent (if any) that the Sun is a factor in recent climate change.  

It has been established that the impacts of total solar variability are highly complex, differential, and interacting throughout the four dimensional structure of the Earth’s climate system.  This system contains numerous non‑linear, some random some periodic, processes which amplify small solar effects, some of which operate in contrary directions.  The authors have to evaluate these effects to come to a conclusion about the role of the Sun in climate change.  
The authors do not establish that since the mid 1980s the Earth’s surface air temperature has not responded to the solar cycle, or the non sequitur, “The sun is not a factor in recent climate change!”  Therefore, the paper should not have been published in its current form.   

The editor and referees should have insisted that the authors address several relevant issues and commented on several relevant scientific papers on which they were silent.  Had they, their conclusion would most probably have been different. 

It seems that when it comes to understanding the relationships between solar variability and climate dynamics the spirit of Henry Brougham’s, foolish tabloid style of science dominates the Royal Society rather than Sir Joseph Bank’s unyielding commitment to the canons of true science.  

Attachment 4
The Sun

The Sun: structure and composition

The magnetic field of the Sun is the underlying cause of all solar activity.  The magnetic field threads its way from the bottom of the convection zone, which envelopes the Sun’s gravitationally compressed sphere of continuous nuclear fusion, out through the Sun’s surface and then throughout the Heliosphere which encloses the solar system.    

The Sun has a diameter of about 1.4 million kilometres.  It is an immense ball of electromagnetic, extremely turbulent plasma.  The nuclear fusion furnace sphere at the core of the Sun is massive: its diameter is the distance from the Earth to the Moon.  The Sun consists not only of plasma, but also Hydrogen, Helium and some heavier elements, electromagnetic radiation, electrons and protons, (i.e. ionised Hydrogen).
   Because it is a ball of plasma, the Sun does not have a clearly defined boundary.  Science defines a specific zone as the Sun’s surface, but the plasma and the electromagnetic flux extends some millions of kilometres beyond that somewhat arbitrarily defined surface.  

The Sun consists of seven structures.  Beginning at the centre, they are: the Nuclear Fusion Core; the Radiation Zone; the Tachocline; the Convection Zone; the Photosphere; the Chromosphere; and the Corona.  The Sun rotates on its axis, faster at the equator (about 25 days) than at the poles (about 35 days).  For example, the outer visible surface (the Photosphere) rotates at about 7,300 km per hour on the equator.
  The seven different structures of the Sun rotate at different rates.  

Turbulence is the characteristic feature of the Sun.  It is violently active, generating an output that, nevertheless, shows clear periodicities.  There are rhythms in the Sun’s activities.  

The flow of an electrically conducting fluid such as the solar plasma induces the conversion of kinetic energy into magnetic energy.  The highly variable nature of the fluid motion within the plasma induces the highly variable, highly dynamic solar magnetic fields.  

The dynamic magnetic field is responsible for all solar magnetic phenomena, such as the sunspots, solar flares, coronal mass ejections and the solar wind.  It also heats the solar corona to extremely high temperatures.  All of these solar magnetic events have important consequences for the Earth.  They may cause severe magnetic storms and major disruption to satellites, as well as having a significant, measurable impact on the Earth’s climate.

Since all the relevant solar phenomena (e.g. irradiance variations and coronal mass ejections) are magnetically driven, a better understanding of the Sun–Earth relations also requires a good knowledge of the Sun’s magnetic field and its evolution on timescales from minutes to millennia.  

Sunspots, which may be up to several Earth diameters in size, happen because the convective flow of magnetic energy from the Sun’s interior has been temporarily impeded.  The Sun’s magnetic field has acquired sufficient force to hold back the connective flow.  The sunspot appears dark (and is therefore visible from the Earth 150 million kms away) because it is radiating less energy and is cooler.  However, it is surrounded by prominences called faculae (Latin for torches) which are bright areas of greater energy.  The overall result is that lots of sunspots mean greater solar output.  Fewer sunspots mean lesser solar output.  Sunspots occur in pairs as magnetic disturbances in the convective plasma near the Sun’s surface.  Magnetic fields emerge from one sunspot and re‑enter at the other.  Sunspots are twists and coils of magnetic energy that loop from one hemisphere of the Sun to the other.  They are tangles of massive quantities of magnetic energy that indicate the overall level of solar activity near the Sun’s surface. 

The sunspots are depressions that reach over 400 kilometres to the base of the Sun’s Photosphere.  They connect to the Tachocline and therefore move faster than the Sun’s surface.  Sunspots are the visible counterpart of magnetic flux tubes in the Convective Zone that are wound up by differential rotation.  At a certain stress point, the tubes curl up and puncture the Sun’s surface.  As a result, the energy flux from the Sun’s interior decreases and the surface temperature drops.  A rotating vortex that concentrates the magnetic fields develops, burrowing down into the Convective Zone.  The sunspots are the equivalent of the Earth’s hurricanes: they are self‑perpetuating electromagnetic storms generated and twisted by the Sun’s rotation, particularly its variable rate.  Great spirals of magnetic fields swirl and twist out from the surface tens of thousands of kilometres flailing outward from the Sun like immense braids of rope from a spinning sphere.  

Sunspots, and all of the phenomena associated with them, are best understood as manifestations of periodicities in the strength of Sun’s magnetic activity and the flow of the Sun’s plasma.  

The Sun’s magnetic field is built up by the solar dynamo, arriving at the solar surface, where it manifests itself in the form of sunspots and faculae, and beyond into the outer solar atmosphere and, finally, into the heliosphere.  On the way it transports energy from the surface and the subsurface layers into the solar corona, where it heats the gas and accelerates the solar wind.

A key feature of the solar dynamo is the toroidal (i.e. latitudinal) and poloidal (i.e. longitudinal) magnetic fields.  These interchange and alternate in a 22 year periodicity.  The poloidal (i.e. longitudinal) fields follow a long periodicity of 80 to 100 years, (known as the Gleissberg cycle), whereas the toroidal (i.e. latitudinal) fields follow the more familiar 11 and 22 year cycle.

The toroidal (i.e. latitudinal) magnetic fields generate the sunspots, the variable electromagnetic radiation, variable solar plasma clouds, including the Coronal Mass Ejections (CMEs) and some types of magnetised solar plasma ejected from the Sun.

Magnetic clouds are a subset of CMEs.  According to Georgieva (2006) their distinguishing feature is an enhanced magnetic field with smooth rotation over a wide angle of the magnetic field inside the structure.  She noted that this rotation has been observed when a spacecraft crosses the cloud - which means that the magnetic field inside the magnetic clouds is twisted.  She explained that the portion of coronal mass ejections which are magnetic clouds varies throughout the solar cycle, and is determined by the amount of helicity transferred from the solar interior to the surface, and by the surface differential rotation.  
The poloidal (i.e. longitudinal) magnetic fields give rise to the long lived solar coronal holes which eject some of the magnetised solar plasma, especially the continuing solar wind. 

The Sun’s variable surface magnetic field therefore has toroidal and poloidal components.  There is a phase lag between the maximums of the toroidal and poloidal fields. 

Georgieva and Kirov (2007) explained that during Solar minimum the Sun’s magnetic field resembles the field of a bar magnet, with field lines going out of one pole and entering the other.  In the regions around these two poles the magnetic fields are open, stretching out into the interplanetary space.  The regions contain the polar coronal holes from which high speed solar wind originates.  It is this high speed solar wind which, when it hits the Earth’s magnetosphere, gives rise to geomagnetic disturbances.  The polar coronal holes are long lived structures, the Earth encounters these high speed streams each time when the coronal holes rotates into a position facing the Earth, i.e. once every solar rotation.  As a result, geomagnetic disturbances caused by the high speed solar wind reoccur regularly every 27 days, the period of solar rotation.  
Tobias (2002) explained that the basis of the theory of the solar dynamo is that the Sun’s magnetic field is maintained by the motion of an electrically conducting fluid, the highly ionized plasma in the Sun, where the motion of the fluid induces those electric currents needed to sustain the field.  The fundamentals of this process can be described by four mathematical equations.  The dynamo problem is most simply stated as “how can a magnetic field be maintained by the motion of an electrically conducting fluid, despite the continual drain of magnetic energy by the resistance of the fluid?”

Choudhuri, Chatterjee and Jiang (2007c) explained further that the solar dynamo is generated by three main processes.  Differential rotation in the Tachocline stretches the longitudinal (i.e. poloidal) field to produce the latitudinal (i.e. toroidal) field.  This process is regular and predictable.  The toroidal field rises due to magnetic buoyancy.  The poloidal (i.e. latitudinal) field evolves from the toroidal field by the Babcock-Leighton process.  This process is irregular and random.  The poloidal field is carried along by meridional circulation to higher latitudes and then below the solar surface.  This process is regular and predictable.  The poloidal field build-up during the declining phase of the cycle introduces randomness in the solar cycle.  The dynamo process involves many interactions.  A hydromagnetic dynamo is the net result of all these interactions if they produce a self-sustaining magnetic field.
Yousef and Hady (2006) considered that when the rate at which the solar dynamo rotates slows there will be a reduction in the strength of the magnetic cycle.  Solar output of all categories will decline, there will be fewer sunspots, the resultant amplitude of the solar cycle will be relatively low and the shape of the solar activity curve will be flat.  

There are six well founded periods in solar variability: 1.3, 11, 22, 30‑35, 88, and 179/205 years.  The full magnetic 22 year cycle consists of two successive sunspot cycles.  The yearly sunspot number is an indication of the strength of the toroidal field, whereas long lived coronal holes in the Sun’s polar regions are a manifestation of the Sun’s poloidal field.

The Sun has two immense structures that extend throughout the solar system.  They are the Interplanetary Magnetic Field (IMF) and the Heliospheric Current Sheet (HCS).  

The IMF is the extension, by the solar wind, of the Sun's magnetic field.  The solar wind carries the IMF into interplanetary space, fixing magnetic field lines as it does so.  The IMF travels outward into interplanetary space in a spiral pattern like a Catherine Wheel.  The polarity of the IMF in the Sun's northern hemisphere is opposite to its polarity in the southern hemisphere.  These polarities reverse with each solar cycle.

According to Svalgaard, the solar wind and its embedded interplanetary magnetic field (IMF) buffet the Earth’s magnetosphere resulting in continuous geomagnetic activity, waxing and waning with the changing wind.  The complex phenomenon of geomagnetic activity is described by "geomagnetic indices".  Different indices respond with different sensitivities to different parameters of the solar wind; some are most sensitive to changes in the magnetic field; some are more sensitive to the solar wind speed.
A measure of the output of the Sun’s magnetised solar plasma is the aa-index of geomagnetic activity.  In 1982 the solar physicist, Joan Feynman, the sister of the famous Noble prize winning Richard Feynman, showed that the aa-index has a toroidal and a poloidal component.

The HCS is a thin current sheet that separates the oppositely directed open field lines of the IMF that run parallel to each other along the plane of the Sun's magnetic equator.  The HCS has a wavy, ballerina skirt-like structure as it extends into interplanetary space. This is because of an offset between the Sun's rotational and magnetic axes and a warp caused by the quadrupole moment in the solar magnetic field.
  Sometimes the Earth is above and sometimes below the rotating HCS.  As a result, it experiences regular, periodic changes in the polarity of the IMF.  The connection of the Earth to these two structures means that the Earth is immersed in the Sun, even at the distance of 150 million kilometres.
Attachment 5
The Astronomical Theory of Climate Change 

The astronomical theory of climate change has developed from Milankovitch theory, which explains that the ices ages arose from the joint effects of variations in three of the Earth’s key orbital parameters.  It is named after the Serbian mathematician who in the 1920s and 30s first put the theory together.  Building on the work of two 19th Century scientists, Milutin Milankovitch realised that as the Earth orbited around the Sun periodic variations in three parameters of Earth‑Sun geometry combined to produce variations in the amount and distribution of solar output that reaches Earth.  

Milankovitch reasoned that under the right circumstances of diminished summer sunshine in the high northern latitudes, the snow of the previous winter would tend to be preserved.  He noted further that this tendency would be accelerated by the white snow and ice reflecting much more sunlight than it absorbs. 

His mathematical analysis of the Earth’s key orbital parameters showed him that this would indeed happen.  It would happen when the Earth’s orbit placed the northern hemisphere in relation to the Sun in a specific way.  This happens when two conditions were satisfied.  One is that the Earth be at the point in its orbit that is the greatest distance away from the Sun.  The second is that the Earth is so oriented on its axis that there is the least contrast between the seasons.  This would keep the northern summers the coolest possible.  It would also mean that the mild winters would result in more moisture in the atmosphere and therefore more ice and snow.  By these processes the ice and snow would build up year after year and an ice age would begin.  

Milankovitch showed that the Earth’s orbit displayed the features that would produce an ice age.  He also showed that they occurred with a regularity that aligned quite well with the geological records.  The Earth’s variable distance from the Sun is measured by the eccentricity of the Earth’s orbit.  The orientation of the Earth to the Sun also varies and it is measured by the obliquity of the Earth’s axis.  As the orientation of the Earth’s axis is not stationary, but itself rotates in a small circle resulting in the precession of the equinoxes, there will be situations in which the precession of the axis is optimal, in conjunction with the eccentricity of the orbit and the orientation of the axis in relation to the orbit and the Sun, for icy conditions on the Earth.

Milankovitch showed that over thousands of years, the three parameters changed in a way that produced four separate waves with wave lengths of around 100,000 years (eccentricity) 41,000 years (obliquity), 25,700 years (circular movement).  These curves showed increases and decreases in solar output as seen at a specific location on the Earth.  Milankovitch showed that the overall effect of the variations in the parameters could be obtained by adding these curves together as trigonometric functions.  The overall curve showed variations in the amount and distribution of solar energy by latitude and by season.  Milankovitch was the first to show that variations in the amount and distribution of solar output experienced by the Earth could be derived from theoretical calculations about the Earth’s orbit and that the solar output variations could be linked directly to the Earth’s geologic record.  

These parameters are: 

The eccentricity of the Earth’s orbit.  This parameter is about the periodic changes in the shape of the Earth’s orbit around the Sun.  The shape of the orbit oscillates between being more or less elliptical.  The shape varies because of the differential gravitational effect of the other planets of the Solar System on the Earth’s orbit around the Sun.  At its least elliptical it is almost circular.   At its most, it differs from a circle by about 5 percent.  The period of the cycle is about 100,000 years.  The Earth gets more solar output when it is closest to the Sun, least when it is at the greatest distance from the Sun.  The main effect of this oscillation is to vary the amount of short wave radiation striking the Earth’s surface at different seasons.  The difference in the Earth's distance from the sun between perihelion and aphelion (which is only about 3 per cent) results in a variation of about 7 per cent in the solar output received at the top of the atmosphere.  When the Earth's orbit is most elliptical, and difference in perihelion/aphelion distance is at its maximum, which is about 9 per cent, the amount of solar output received at the perihelion would be in the range of 20 to 30 percent more than at aphelion.  Currently, The Earth’s orbit is nearly circular: we are near the cycle’s minimum.  
The obliquity, or tilt, of the Earth’s axis.  This parameter is about the inclination of the Earth’s axis in relation to its plane of orbit around the Sun.  The tilt varies only 3 degrees, from 21.5 to 24.5.  It is regulated by the gravitational effects of other planets in the solar system and the Moon.  If it wasn’t for these effects, the extremes of climate produced by large tilts could make the Earth uninhabitable.  The period of this cycle is 41,000 years.  Obliquity describes the tilt of the Earth’s axis, but not the direction of the tilt.  Precession describes the direction of the tilt.  The tilt influences both the seasonal contrast in each hemisphere and the latitudinal distribution of the incident solar radiation.  The tilt determines the seasons.  In summer, we tilt toward the Sun and in winter we tilt away.  More tilt means greater difference between them, less tilt, less difference.  Less tilt also increases the difference in the radiation received between the equatorial and polar regions.  However, changes in tilt have little effect on the equatorial regions and greatest effect on the polar regions.  At present, axial tilt is about 23.45 degrees and is in the middle of its range.  
The circular movement of the Earth’s axis.  This parameter, also called the precession of the equinoxes, is about the way the Earth’s axis moves around in a small circle.  Not only does the tilt of the axis change, but the axis changes direction, moving around in a small circle.  The axis completes this circle in around 25,700 years.  The axis rotates in this way because the Earth has a relatively large bulge along the equator (itself largely the result of the Earth’s rotation) and the gravitational forces of the Sun and Moon acting on the bulge making the axis slowly rotate.  The precession results in gradual changes to the Earth’s climate.  
Combined effects.  Milankovitch showed the contrasting effects of the variations in the different parameters.  A decrease in the tilt of the axis results in cooler summers because there is a decrease in solar output in summer.  The effect of the tilt cycle is largest at the poles and decreases as the latitudes get closer to the equator.  In contrast, the impact of the precession cycle is greatest nearest the equator and least at the poles.  A decrease in the Earth‑Sun distance at any season results in increased solar output for those seasons: the summers are hotter, the winters milder.  The shape of the solar output curves obtained by adding the curves of each of the cycles together will vary systematically from pole to equator.  Milankovitch calculated by hand the solar energy curves for eight different latitudes.
   

Computer models and historical evidence suggest that the Milankovitch cycles exert their greatest cooling and warming influence when the troughs and peaks of all three curves coincide with each other.

Quasi-periodic fluctuations of the obliquity, in conjunction with the long-term variations of the Earth’s orbit parameters (eccentricity, climatic precession) that control the amount of the incident insolation, are largely responsible for the extreme changes of climate of the historic ice ages of long ago.

Analyses of Oxygen isotope ratios extracted from foraminifera shells of deep-sea marine sediments, shows that in general terms global ice volume varies approximately with the same periodicities as those originally proposed by Milankovitch.

There is another orbital parameter not considered by Milankovitch that may have a role in climate change.  This is the variation in the inclination of the Earth’s orbital plane to the invariable plane, that is, the plane of symmetry, of the solar system.  The orbital plane moves up and down every 100,000 years or so.  Some scientists’ claim that that when the orbital plane moves out of orbital plane of the solar system the Earth goes though thick clouds of galactic dust (Muller and McDonald 1995, 1997).  This would have been formed by collisions of asteroids a couple of millions of years ago.  The scientists argue that this would result in a cooling of the planet.  The scientists have published some evidence to support the theory, but much more research is needed to confirm the various hypotheses.

Since the time of Milankovitch, there has been a more sophisticated understanding of the rhythms of the solar system and of the periodicities in geological and other natural records of the Earth’s climate.  It is now known that the solar system is chaotic.  The neat trigonometric cycles that Milankovitch calculated by hand have a more complex structure.  

The real behaviour of the planets does not conform to periods he calculated.  However, with the use of super computers and the mathematics of non‑linear dynamics, the actual orbits of the planets, including the Earth and the Moon can be calculated over periods of many millions of years with great accuracy.  This has been done and the results used to calculate the modern equivalent of Milankovitch’s solar energy curves for various latitudes (Lasker et al 2004).  

The quality and variety of data about the Earth’s past climate, including the onset and decline of the great glaciations of the past, has improved considerably.  Even so, it is clear that the neat cycles Milankovitch envisaged did not occur so precisely.  The astronomical and climate time series are now much better understood.  There is general recognition that although they contain regularities, they are not purely periodic as scientists once believed.   

Nevertheless, high‑quality data collected over the past decade have recorded the orbital cycles in the Earth’s geological and climate records predicted by the astronomical theory of climate change over the last 20 million years (Hinnov 2004).

Recently, a team of French scientists who have been researching relationships between astronomical cycles and climate have published important findings about the astronomical regularities and climate change (Berger, Melice and Loutre 2005).  They used the most recent numerical results about the astronomical parameters and the most recent and extensive data about climate change. Their findings confirm the general hypothesis that the Earth’s major climate changes arise from variations in the Earth’s orbital parameters, which, in turn are generated by the planets.  

Their findings point to highly complex relationships between the Earth’s orbital parameters and climate change.  The French team found that variations in the Earth’s eccentricity and its rate of change over time dominate the regularities revealed in the climate record.  The eccentricity of the Earth’s orbit around the Sun is a result of the gravitational effect of the planets on the Earth.  

This new and well substantiated finding is relevant to the basic thesis of this paper that the planets, not only the Sun and the Moon, play a significant role in the Earth’s climate dynamics.  The French team have calculated the precise effect of Mercury, Mars, Venus, and Jupiter on the Earth’s orbital parameters.  

Attachment 6
Principle of Maximum Entropy:
The entropy of a set of mutually exclusive events is maximum when they are equi‑probable.  It is then equal to the natural logarithm of the number of events. The Principle is used to infer unknown probabilities from known information.  According to the Principle, the probability distribution is assigned to the random variable that maximises the entropy of the set, subject to some conditions, expressed as constraints, which incorporate the information already available in this variable’s time series. 

The Principle was first formulated by Jaynes in 1957.
  His formulation was that we should have an exhaustive set of mutually exclusive hypothesis (this is the hypothesis space) that would predict, say, the next value in a time series.  We should then assign a probability distribution to that set which maximises the entropy of the hypothesis set, subject to constraints that express properties we wish the distribution to have, but are not sufficient to determine it.  By this procedure we get a probability distribution for the hypothesis space, not the probability of a particular hypothesis.  It does not require the numerical values of any probabilities of particular hypotheses.  It assigns those numerical values directly out of the information, as expressed by our choice of hypothesis space and constraints.  

The Principle of Maximum Entropy can be shown to be equivalent to the Principle of Stationary Action. 

Entropy also means disorder and uncertainty.  It can mean the quantity of information required to specify a particular microstate of a system.  An increase in entropy is an increase in uncertainty.  A decrease in entropy is an increase in information.  Entropy can also be a measure of the temporal disorder in a stochastic process. Entropy can be a measure of complexity and relates to the computability of a system or process as in Kolmogorov‑Chaitin complexity (i.e. algorithmic complexity or entropy).  A process or system with maximum algorithmic complexity is not computable.  It does not conform to any set of rules or computational procedure. In this sense entropy can be shown to be related to the incompleteness or inconsistency of system of reasoning or logic.  

Entropy is also related to “compressibility”, i.e. the percentage of variance explained by the optimal model of the data.  Something can be compressed if there exists some sort of correlation structure linking the various elements of a system, such correlations meaning that the information in one component of the system is implicit in another part.

Application of the Principle of Maximum Entropy to climate and hydrological phenomena results in the Hurst phenomena, in which periods of high rainfall cluster together as do periods of low rainfall.  The result is that episodes of similar climate phenomena, such as episodes of plenty and/or flooding and episodes of scarcity and/or drought and bushfire arise from this clustering. The phenomenon of clustering on many time scales is the rule rather the exception throughout the natural world. 
A practical and universal consequence of the Principle of Maximum Entropy, and its equivalent, the Principle of Stationary Action, is that nature behaves in a manner that makes uncertainty as high as possible.    

End Notes
� Adam Smith had converted the prices over this period to standard price applicable at the time he wrote his book (1776).  His major source of data was a Chronicon Preciosum, or, an account of English money, the price of corn, and other commodities, for the last 600 years : in a letter to a student in the University of Oxford, which included a compilation of the prices of many basic commodities compiled by William Fleetwood, the Bishop of Ely and St Asaph.  Bishop Fleetwood invented index numbers.  He wrote Chronicon Preciosum to answer the question “how much would £5 in 1440 buy in 1707? The question arose because he would lose the fellowship of an Oxford college if he had outside income in excess of £5; the college statute was composed in 1440. Bishop Fleetwood showed how much bread, drink, meat, cloth and books could be purchased at the earlier and later dates. He tabulated the changing prices of many commodities and noted that most of the prices grew at the same rate. He concluded that £5 in the fifteenth century would be worth £28 or £30 at the beginning of the eighteenth.  The Nineteenth Century economist, Professor Francis Edgeworth once remarked that the Chronicon Preciosum was "the oldest and one of the best treatises on index-numbers."  Adam Smith used prices from the Audit Books of Eton College, quoted by Charles Smith, Three Tracts on the Corn Trade (London, 1766), to supplement Bishop Fleetwood’s data so that the time series continued up to 1764.    


� The Prince Regent knighted William Herschel in 1816.  His sister Caroline, who worked very closely with him throughout his career, compiled a very detailed journal of almost everything about her older brother.  Lady Constance Lubbock, the youngest of the twelve children of Sir William’s only son, Sir John Herschel (who was to become even more famous than his father) wrote a comprehensive biography of Sir William Herschel, published by Cambridge University in 1933.  Lubbock, Constance A., The Herschel Chronicle: The life�story of William Herschel and his sister Caroline Herschel.  Cambridge University Press 1933.


� In this context, plasma is ionized gas.  This means that at least one electron has been removed from almost all of the atoms and molecules.  Plasma is a distinct phase of matter, the others being solid, liquid and gas.  The free electric charges make the plasma electrically conductive so that it couples strongly to electromagnetic fields.  Plasma in motion generates a magnetic field.


�.By comparison, the equatorial velocity of the Earth is about 1,000 kms per hour. 


� The quadrupole moment is the standard measure of the extent to which the shape of a curved object departs from that of a perfect sphere.  In relation to the IMF, it is a measure of the degree to which the shape of IMF is not spherical, but nevertheless curved.


� At the time that Milankovitch researched these matters little was known about the Sun’s production of matter and relationships between this solar output and climate.  His research focussed only on the Sun’s output of electromagnetic radiation and then only on visible light and infrared radiation.  





�This End Note is a supplementary and much abbreviated guide to some of the key research about the Sun and its role in terrestrial climate dynamics.  There is universal agreement within the scientific community that the variable Sun, as a result of the dynamics associated with the four independent variables listed on page 6 of the paper, has historically driven the Earth’s climate dynamics throughout past millennia and previous centuries. 


Four recently published textbooks provide much detail.  The textbooks are: Kamide, Y. and Chian, A. (Eds.) 2007.  Handbook of the Solar�Terrestrial Environment.  Springer; Calisesi, Y., Bonnet, R. M., Gray, L., Langen, J. and Lockwood, M. (Eds) 2006.  Solar Variability and Planetary Climates.  Springer; and Haigh, J. D., Lockwood, M. and Giampapa, M. S. (2005).  The Sun, Solar Analogs and the Climate.  Saas�Fee Advanced Course 34, 2004.  Springer; Pap, J. M., Fox, P., Frohlich, C., Hudson, H. S., Kuhn, J., McCormack, J., North, G., Sprigg, W., and Wu, S. T., (eds) 2004 Solar Variability and its Effects on Climate. Geophysical Monograph Series Volume 141 American Geophysical Union, Washington, DC.


A potentially boundless guide to the entire field, including major historical reviews and profiles of key historic persons and events, can be found at the website of the Institute of Geophysics and Planetary Physics of the University of California, Los Angeles.  See � HYPERLINK "http://measure.igpp.ucla.edu/index.html" ��http://measure.igpp.ucla.edu/index.html�


� HYPERLINK "http://measure.igpp.ucla.edu/solar-terrestrial-luminaries/" ��http://measure.igpp.ucla.edu/solar-terrestrial-luminaries/�


� HYPERLINK "http://measure.igpp.ucla.edu/solar-terrestrial-luminaries/TL_bibliography.html" ��http://measure.igpp.ucla.edu/solar-terrestrial-luminaries/TL_bibliography.html�


During the 1960s and 70s there were several major international scientific conferences devoted to the thesis that the Sun has a major role in the regulation of the Earth’s climate.  Details may be found in the Rampino volume dedicated to Rhodes Fairbridge (Rampino et al., 1987).  


A useful, if brief, history of research about solar variability and climate change, with several key references, may be found at � HYPERLINK "http://www.agu.org/history/sv/articles/ARTL.html" ��http://www.agu.org/history/sv/articles/ARTL.html�  


The proceedings of the conference, Solar variations, Climate Change, and Related Geophysical Problems, were published by the New York Academy of the Sciences: see Annals of the New York Academy of Science Vol 95, Art 1 pps 1 to 740 October 5, 1961.  Another conference was: Bandeen, William R., and Maran, Stephen P., Possible Relationships between Solar Activity and Meteorological Phenomena Proceedings of a Symposium held November 7�8, 1973 at the Goddard Space Flight Center February 15 1974.  This symposium was dedicated to Dr Charles Greeley Abbot, a pre-eminent pioneer worker in the field of the measurement of the Sun’s output and the identification of Sun�climate relationships.  Dr Abbot, who was aged 101 at the time, addressed the conference, only to die five weeks later.  A third conference was: McCormac, Billy M., and Seliga, Thomas A., Solar�Terrestrial Influences on Weather and Climate.  Proceedings of a Symposium/Workshop held at the Fawcett Center for Tomorrow, The Ohio State University, Columbia, Ohio, 24�28 August 1978. D. Reidel Publishing Company 1979.  In 1976 Jack Eddy’s key results about the relationship between the sunspot cycle and climate were published in Nature.  This created new interest amongst some main stream scientists.  Nevertheless, the interest was limited and generated much hostility within established scientific communities.  


During the late 1980s and early 1990s, much controversy developed between solar physicists, paleoclimatologists, meteorologists, atmospheric physicists, climate modellers and others.  In an effort to address these controversies in a scholarly setting, Elizabeth Nesme�Ribes of the Paris Observatory initiated and organised a NATO Advanced Research Workshop in October 1993 (Nesme�Ribes, E., (ed) 1994.  The Solar Engine and Its Influence on Terrestrial Atmosphere and Climate, NATO ASI Series 1, vol 25, Springer�Verlag.  


Three significant papers from the 1990s are: C. J. Butler, and D. J. Johnston, (1994) concluded: “Our data strongly support the contention that solar variability has been the principal cause of temperature changes over the past two centuries”. “The Link between the Solar Dynamo and Climate – the Evidence from long mean Air Temperature Series from Northern Ireland” Irish Astronomical Journal, Vol 21: pps 251 to 254; 1994.  White, W. B., Lean, J., Cayan, D. R., and Dettinger, M. D., “Response of global upper ocean temperature to changing solar irradiance” Journal of Geophysical Research Vol 102, pps 3255 to 3266, 1997.  Reid, G. C., Solar total irradiance variations and the global sea surface temperature record”.  Journal of Geophysical Research Vol 96 pps 2835 to 2844, 1991.  


In 1999 Jack Eddy recounted in interview with Spencer Weart the widespread prejudice amongst scientists to the hypothesis that the Sun could generate climate change.  The interview may be found at � HYPERLINK "http://www.agu.org/history/sv/solar/eddy_int.html" ��http://www.agu.org/history/sv/solar/eddy_int.html� .  


For detailed historical accounts see Hufbauer, K., Exploring the Sun: Solar Science Since Galileo Baltimore, MD: Johns Hopkins University Press, 1991; Hoyt, Douglas V., and Schatten, Kenneth H., The Role of the Sun in Climate Change Oxford University Press 1997; and Soon, Willie Wei�Hock and Yaskell, Steven H., The Maunder Minimum and the Variable Sun�Earth Connection World Scientific 2003.  


It has only been in the last five years that the hypothesis that the Sun might influence climate significantly over time frames of a few years, a few centuries or even a few millennia, has gained general acceptance within the scientific community.  Some of the main papers about the increased role of the Sun, and the more active Sun, are: Stott, Peter A., Jones Gareth S., and Mitchell, John F B., “Do Models Underestimate the Solar Contribution to Recent Climate Change?” Journal of Climate Vol 16 pps 4079 to 4093 15 December 2003; Lockwood, M., Stamper, R., and Wild, M. “A doubling of the Sun's coronal magnetic field during the past 100 years”, Nature 399, 437 - 439 (03 June 1999); doi:10.1038/20867; Meehl et al. (2003) “Solar and greenhouse gas forcing and climate response in the twentieth century”, Journal of Climate, 16, 426-444.  See � HYPERLINK "http://www.cgd.ucar.edu/ccr/publications/meehl_solar.pdf" ��www.cgd.ucar.edu/ccr/publications/meehl_solar.pdf�.  It is to be noted that the methodology used by Stott et al has two key shortcomings in the way it takes the role of the Sun in climate change into account.  One is that although it contains a more accurate measure of the several elements of solar output, specifically allowing for greater variation in ultraviolet than total radiation, it does not contain measures of all of the elements of solar output.  The other is that although the interaction between solar output and climate is known to be non�linear, Stott et al use a methodology that only allows for linear relationships.  In addition, although the climate models used by Stott et al are more complex than those of the IPCC, they are still highly simplified and subject to the critiques made by Professor Leroux in his recent book, Global Warming Myth or Reality: The Erring Ways of Climatology Springer Praxis Books in Environmental Science.  2005. 


Other key papers published during the last five years include: Solanki, S., Usoskin, I. G., Schussler, M., and Mursula, K., “Solar activity, cosmic rays and the Earth’s temperature: a millennium�scale comparison” Journal of Geophysical Research Vol 110, pps 1 to 23, 2005; Solanki, S., and Krivova, N. A., “Solar Irradiance Variations: From Current Measurements to Long�Term Estimates” Invited Review. Solar Physics, Vol 224 pps 197 to 208. 2004; Solanki, S., Usoskin, I. G., Kromer, B., Schussler, M., and Beer, J., “Unusual activity of the Sun during the recent decades compared to the previous 11,000 years” Nature Vol 431 pps 1084 to 1087, 28 October 2004; (see also in the same issue a highlighted summary article in Nature’s News and Views “Spots from Rings” by Paula J Reimer Nature Vol 431 pps 1047 to 1048 28 October 2004; Solanki, S., and Krivova, S. K., Solar Variabilty and global warming: a statistical comparison since 1850”. Advances in Space Research Vol 24 pps 361 to 364 2004; Solanki, S., and Krivova, N. A., “Can solar variability explain global warming since 1970?”  Journal of Geophysical Research, Vol 108(A5), 1200 doi: 10.1029/2002JA009753, 21 May 2003; Solanki, S., Usoskin, I. G., Schussler, M. Mursular, K., and Alanko, K., “Millenium�Scale Sunspot Representation: Evidence for an Unusually Active Sun since the 1940s.”  Physical Review Letters Vol 91, 211101, November 2003; Solanki, S., and Krivova, N. A. “Solar Total and Sprectral Irridance: Modelling and a Possible Impact on Climate” in Wilson, A. (ed) Solar Variability as an Input to the Earth’s Environment. ESA SP�535. European Space Agency 275 2003; a Power Point presentation of the findings of Solanki and co�workers can be found at � HYPERLINK "http://www.hs.uni-hamburg.de/cs13/abstract104.html" ��www.hs.uni-hamburg.de/cs13/abstract104.html�; Willson, Richard C., and Mordvinov, Alexander V., “Secular total solar irradiance trend during solar cycles 21 – 23” Geophysical Research Letters Vol 30, No. 5, 119, doi:10.1029/2002GL016038, 2003; the publications at � HYPERLINK "http://www.dukenews.duke.edu/2005/09/sunwarm_print.htm" ��http://www.dukenews.duke.edu/2005/09/sunwarm_print.htm�; Scafetta, N., and West, B.J., “Estimated solar contribution to the global surface warming using the ACRIM TSI satellite composite” Geophysical Research Letters Vol 32 L18713, doi: 10.1029/2005GL023849 28 September 2005; Scafetta, N., Grigolini, Imholt, T., Roberts, J., and West, B. J.,  “Solar turbulence in earth’s global and regional temperature anomalies” Physical Review E 69, 026303.  26 February 2004; Scafetta, N., Grigolini, Imholt, T., Roberts, J., and West, B. J., “Solar turbulence in earth’s global and regional temperature anomalies” Physical Review E 69, 026303.  26 February 2004; (� HYPERLINK "http://www.dukenews.duke.edu/2005/09/sunwarm_print.htm" ��http://www.dukenews.duke.edu/2005/09/sunwarm_print.htm�)  Scafetta, N., and West, B.J., “Estimated solar contribution to the global surface warming using the ACRIM TSI satellite composite” Geophysical Research Letters Vol 32 L18713, doi: 10.1029/2005GL023849.  28 September 2005; see also the proceedings of the international scientific conference, Solar Variability and Earth’s Climate, in June/July 2005 in Rome, published in the Journal of the Astronomical Society of Italy, Memorie Della Societa Astronomica Italiana Vol 76 n. 4 2005.  The papers can be found on the website:


� HYPERLINK "http://sait.oat.ts.astro.it/MSAIt760405/index.html" ��http://sait.oat.ts.astro.it/MSAIt760405/index.html�; of these see especially Brekke, P., “Closing Remarks on the Sun influence on climate change”; Georgieva, K., Bianchi, C., Kirov, B. “Once again about global warming and solar activity”; and Ponyavin. D. I., Barliava, T. V., Zolotova, N. V.  “Hypersenstivity of climate response to solar output during the last 60 years”. 


� � HYPERLINK "http://solis.nso.edu/news/Cycle24.html" ��http://solis.nso.edu/news/Cycle24.html�  


� � HYPERLINK "http://www.sec.noaa.gov/SolarCycle/SC24/index.html" ��http://www.sec.noaa.gov/SolarCycle/SC24/index.html�   


� Charles D. Camp is Visiting Scientist at the Department of Applied Mathematics, University of Washington, Seattle and Ka Kit Tung, Professor of Applied Mathematics Department Chair Adjunct Professor in � HYPERLINK "http://www.atmos.washington.edu/" �Atmospheric Science� at the same University.


� Geopotential height is the ordinary geometric height above the average sea level that has been adjusted for the variation of gravity in relation to latitude and elevation.  


� Since Rhodes Fairbridge conducted research into these matters an additional consideration has arisen: the effect on the Earth’s climate arising from variations in the shape of the Sun.  


� These are large, slow inertial waves, or oscillations, that move through the atmosphere and the oceans, horizontally and vertically.  Inertial waves are generated in any rotating fluid.  They are therefore generated in the atmosphere and the oceans, which, of course, rotate as part of the planet.  The inertial waves are, amongst other things, an effect of the Coriolis force generated by the Earth’s rotation.


� Haigh, (2005) explains: “At temperatures between -40oC and 0oC liquid water cannot freeze spontaneously by homogenous nucleation but requires nuclei on which to start freezing.  However, only a small proportion of atmospheric aerosols form suitable sites.  It has been shown in laboratory experiments that imposition of a large electric field can cause the freezing of supercooled water droplets.  Other work has shown that particles which are usually poor ice nuclei become much more efficient when electrically charged.  Such processes are collectively known as electrofreezing”. 


� � HYPERLINK "http://www.uah.edu/News/newsread.php?newsID=875" ��http://www.uah.edu/News/newsread.php?newsID=875� 


� Essex, McKitrick and Andresen (2007) use physical, mathematical, and observational analyses to show that there is no physically meaningful global temperature for the Earth in relation to global warming.  They point out that while it is always possible to construct statistics for any given set of local temperature data, an infinite range of such statistics is permissible mathematically if physical principles provide no explicit basis for choosing among them.  Distinct and equally valid statistical rules can and do show opposite trends when applied to the results of computations from physical models and real data in the atmosphere.  A given temperature field can be interpreted as both ‘‘warming’’ and ‘‘cooling’’ simultaneously, making the concept of warming in relation to global warming physically ill-posed. (Essex, C., McKitrick, R., and Andresen, B., (2007) “Does a Global Temperature Exist?” Journal of Non�Equilibrium Thermodynamics Vo 32 No. 1 ppas 1 – 27.  DOI: 10.1515/JNETDY.2007.001. 


� A summary of all published predictions for solar cycle 24 maybe found at � HYPERLINK "http://users.telenet.be/j.janssens/SC24.html" ��http://users.telenet.be/j.janssens/SC24.html� 


� It is interesting to note that the broad relationship between solar activity and wetter and drier weather patterns recorded by Mr Quayle in 1938 is now generally acknowledged:  For example, reports prepared in 1998 for the South Florida Water Management Authority highlight this regularity, amongst others.  The reports note that “high solar activity is often associated with wetter periods, while lower levels of solar activity are associated with drier periods.  See � HYPERLINK "http://www.sfwmd.gov/org/pld/hsm/pubs/ptrimble/solar/workshop/poster.pdf" ��www.sfwmd.gov/org/pld/hsm/pubs/ptrimble/solar/workshop/poster.pdf� 


� de Jager and Versteegh (2005) reported that the accelerations of the Sun caused by the planets seem to completely disappear in the accelerations observed inside the Sun and therefore cannot influence the solar dynamo significantly.  However, de Jager and Versteegh (2005) may have been looking for the wrong phenomena.  de Jager and Versteegh (2005) appear to have misunderstood solar inertial motion since Shirley (2006) shows their inappropriate use of rotational equations for modelling particle motions due to orbital revolution.  Furthermore, de Jager and Versteegh (2005) did not search for the more likely effects that solar inertial motion may have on the Sun examined in the literature and reviewed in this paper.


� Hurst's challenge was to solve the riddle of the Nile's great floods.  He was not interested necessarily in why it flooded; he was interested in predicting how much the Nile flooded from year to year.  This had been one of the Nile’s mysteries that had bedevilled Egyptians for thousands of years since the time of the Pharaohs.  Hurst’s solution of this problem would earn him a lasting title of respect.  It would bring him great fame.  The Egyptians called him Abu Nile, or Father Nile.  The Nile is over 6,600 kilometres long.  Hurst began by mapping and studying the river and its tributaries. With the help of other engineers, he sounded the river's depths and installed flood level gauges in various spots.  The fluctuations in the river ranged widely.  In a particularly soggy year, it displaced as much as 151 billion cubic meters.  Yet, just as the river proved overly generous in some years, it could be overly stingy in others.  In a particularly parched year, the river could discharge as little as 42 billion cubic meters.  Hurst studied these patterns and noticed how they tended to cluster.  Hurst abandoned many of the methods prior mathematicians used and started to work out his own formula to describe their behaviour.  He also looked at data from other rivers and discharges all over the world - Michigan's Lake Huron, Sweden's Dalalven Lake, and lakes in Russia, Canada and Norway.  To all these he worked out a formula, describing the patterns as functions of a unique power law, a fundamental number that seemed to be a fact of nature.  Hurst's findings basically described the Nile's flood cycles and showed that they did follow a pattern.  From 1951 to 1956, Hurst, then in his seventies, published a series of papers describing his findings.  These findings roiled the scientific community and invited both criticism and praise.


� At this time Benoit Mandelbrot was examining a wide range of time series, including a several hundred year’s long time series of cotton prices.  This research resulted in his discovery of fractional dimensions, the key precursor of which he found set out clearly in analysis that Harold Hurst had undertaken of the volumes and flows River Nile and other rivers. 


� Solar Ultra Violet radiation is known to cause skin cancer and permanent damage to children’s eyes.  Coastal management authorities can use the knowledge that Ultra Violet radiation increases as the amplitude of the solar cycle rises to warn beach goers of the heightened danger.  


� They are called spring tides because under their influence the water will “well”, or “spring”, up.  The term “spring” has nothing to do with the season of Spring.  Spring tides contrast with neap tides in which the difference between high and low tides is least, because of the relative positions of the Sun and the Moon in relation to the earth. Neap tides also occur twice every 29.53 days.  “Neap” derives from an ancient Anglo�Saxon word, “nep”, meaning “scanty”.  Both words have been used this way in relation to tides for hundreds of years.


� See the definition of “perigean tide” in the glossary at � HYPERLINK "http://www.icsm.gov.au/icsm/tides/SP9/links/NTC_glossary.pdf" ��http://www.icsm.gov.au/icsm/tides/SP9/links/NTC_glossary.pdf� 


� � HYPERLINK "http://en.wikipedia.org/wiki/E.T._Jaynes" ��http://en.wikipedia.org/wiki/E.T._Jaynes� 
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