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ABSTRACT
Many natural mechanisms have been proposed for climate change during the past
millennia, however, none of these appears to have accounted for the change in global temperature
seen over the second half of the last century. As such the rise in temperature has been attributed
to man made mechanisms. Analysis of the movement of the Earth’s magnetic poles over the last
105 years demonstrates strong correlations between the position of the north magnetic, and
geomagnetic poles, and both Northern Hemisphere and global temperatures. Although these
correlations are surprising, a statistical analysis shows there is a less than one percent chance
they are random, but it is not clear how movements of the poles affect climate. Links between
changes in the Earth’s magnetic field and climate change have been proposed previously although
the exact mechanism is disputed. These include: The Earth’s magnetic field affects the energy
transfer rates from the solar wind to the Earth’s atmosphere, which in turn affects the North Atlantic
Oscillation. Movement of the poles changes the geographic distribution of galactic and solar
cosmic rays, moving them to particularly climate sensitive areas. Changes in distribution of
ultraviolet rays resulting from the movement of the magnetic field, may result in increases in the
death rates of carbon sinking oceanic plant life such as phytoplankton.
KEYWORDS: magnetic poles, drift, climate, cosmic rays.
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INTRODUCTION
The cause of the recent rise in global temperature has stimulated considerable debate
within the scientific community, and there is a body of evidence that indicates past climate changes
have been connected with a number of natural phenomena, including variations in the Earth’s orbit
[1], cosmic rays [2], and solar activity [3]. However, these mechanisms have difficulty in explaining
the accelerated rise in temperature seen from 1876 to 1998 and we do not know we do not know if
they are operating
The apparent absence of natural climate change mechanisms has led to the IPCC
conclusions that “the understanding of anthropogenic warming and cooling influences on climate
has led to a very high confidence that the global average net effect of human activities since 1750
has been one of warming” [4]. There is, however, a natural phenomenon that has also seen an
accelerated rate of change since the 1970s, that of the drift of the magnetic poles, particularly the
north magnetic pole. This paper examines the positions of the north magnetic and geomagnetic
poles and global and northern hemisphere temperature variations, and finds strong correlations
suggesting a connection..
METHODS
Variation in temperature and the position of the magnetic poles were studied from 1900 to
2005, and there are freely available published data sets for this period. Temperature data were
obtained from two NASA sources [5,6]. The temperature variations are quoted as the anomaly
from a mean or average for a period in time. The data sets demonstrates divergence in the last two
decades The first data set consists of anomalies provided as departures from the 20th century
average (1901-2000) [5]. As a comparison, a second data set was used with anomalies computed
to the 1951 to 1980 base period [6]. To obtain yearly figures the monthly temperature anomalies
for each year are averaged. The temperature anomalies are normalised by effectively adding the
maximum negative anomaly to the data set to produce positive values.
Normalisation of latitude and longitude is obtained by reducing the range of variation to
match the range of variation of temperature. For example if latitude varies from 70 to 84 degrees
and the corresponding temperature variation is 0,8 degrees, the latitude variation is converted to a
range starting at zero by subtracting the lowest value, 70, and is then reduced by a factor of 0.8/14,
so that the latitude variation now becomes 0.8. To test the relationships, correlation coefficients
and r-squared values were calculated for temperatures shifted in time and compared to the
positions of the poles to determine the closest relationships. For some graphs a constant is added
to the normalisation to move a plot on the y-axis to demonstrate the similarity in the data.
The magnetic poles are defined as the points where dip is vertical. The geomagnetic poles
(dipole poles) are the pole positions based on the first three terms of the International
Geomagnetic Reference Field (IGRF). This is a model of the Earth's main magnetic field which
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computes symmetric positions where the dipole axis would intersect the Earth's surface [7]. Thus,
variations in the north geomagnetic pole are mirrored in the Southern Hemisphere. For the period
1900 to 2000 the pole and geomagnetic pole positions are published at 5 years intervals, therefore
my computations of temperature anomalies are based on 5 year intervals. Correlations between
temperature and latitude and longitude variations, were computed using the Excel functions
CORREL and RSQ. The Excel spread sheet has been criticised for certain aspects of its statistical
functions, therefore for the r-squared values, a small sample of the Excel RSQ values obtained
were compared with other statistical packages and showed no substantial differences. A non-

Fig 1. Variations: Northern Hemisphere Temperature Anomaly Vs.
North Magentic Pole Longitude (R2 = 0.704),
and North Pole Latitude (R2 = 0.630)
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parametric statistical test, the Spearman Correlation Coefficient, was calculated for the most
significant correlations to assess the probability that the correlations were due to chance.
The differences obtained using the two data sets for temperature variations were negligible,
except where noted below. Therefore for brevity, only the results using the data based on the 1901
to 2000 average are shown.
Figure 1 shows the variations of the north magnetic pole, latitude & longitude, compared
with the variations in temperature in the northern hemisphere. All three plots have a similar shape
and it appears that the temperature variations are very similar to the variations in longitude. The
graph uses a constant added to the longitude plot to move it on the y-axis, so that the relationship
between the longitude and the temperature variation is more clearly seen. The longitude variation
is very similar to the Excel 4th order polynomial trend line of temperature with an r-squared value of
0.704, and an Excel correlation coefficient of 0.839. Together these demonstrate a good statistical
correlation.
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Figure 2 shows the variations of the north geomagnetic pole, latitude & longitude,

Fig 2. Variations: North Geomagnetic Pole Latitude & Longitude
Vs. Global Temperature Anomaly
[Based on 1901-2000 Average]
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compared with the variations in global temperature. Again all three plots have a similar shape and
it appears that the temperature variations are very similar to the variations in longitude with a lag of
approximately 25 years. Using the temperature data with the 1951-1980 base the results are
similar.

Fig 3. Variations: North Geomagnetic Pole Longitude
Vs. Global Temperature Anomaly Shifted 25 years. (R2 =0.843)
[Based on 1901-2000 Average]
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Figure 3 shows the temperature plot shifted back in time 25 years, and a constant is added
to the longitude to move it on the y-axis for visual comparison with the Excel 4th order polynomial
trend line of the temperature variation. An r-squared value of 0.843, and Excel correlation
coefficient of 0.979 together demonstrate a good statistical correlation.
To test for random correlations a Spearman Correlation Coefficient [SCC] was calculated
for the two strongest correlations. For variations of the north magnetic pole longitude vs. the
Northern Hemisphere temperature anomaly based on 1901-2000 average, the SCC for 22
observations was 0.564. For global temperature vs. the north geomagnetic pole longitude shifted
by 25 years, the SCC for 17 observations was 0.865. The Spearman tables for these values gives
a less than a 1% probability of the correlations being due to chance alone.
DISCUSSION.
From the statistical correlations, it seems that using either temperature data set, there is
little significant difference between the correlations, the main difference being that the best
correlation is between temperature-year shifted backwards by 25 years relative to the geomagnetic
pole positions. This temperature time lag may be indicative of the time it takes for the northern and
southern hemisphere ocean currents to distribute their respective temperature changes, and reflect
those temperatures in the global temperature measurements. As the Northern Hemisphere oceans
are of less mass than the Southern Hemisphere ones, it is expected that the former have a faster
response to heat input than the latter.
As with all correlations there is always the chance that the match is purely random, but the
Spearman correlation coefficients give less than 1% probability of these correlations being due to
chance alone. The correlations of temperature and pole positions are surprising as the link
between them is not obvious, but connections between Earth’s magnetic field and climate change
were proposed in paleomagnetic studies, [8,9,10,11]. Although they assumed the relationship was
between climate and geomagnetic intensity, yet as the poles move, the intensity of the magnetic
field at a particular point on the Earth’s surface changes, and it may be therefore of interest to
attempt correlations between the positions of the poles with the deduced observed changes in
temperatures revealed in local paleomagnetic intensities. The problem would be in ascertaining the
positions of the poles back in time with significant accuracy. This is illustrated in the significant
differences in published estimates of the poles prior to 1830, [12, 13, 14]. For instance, the
comparisons of latitude in these estimates show differences of up to 10 degrees, whereas the total
span of latitude used in this paper is only 12.7 degrees. In addition, temperatures before this period
are based on proxies which also vary considerably [15], thus a longer time period of study is not
possible to the accuracies required.
In addition to these paleomagnetic studies, correlations between weather and earth's
magnetic field, often without a known mechanism, have also been observed since the magnetic
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field exerts, through some unknown process, a controlling influence on the average pressure in the
troposphere at high latitudes [16]. Similarly, a connection was proposed between geomagnetic
indices, the North Atlantic Oscillation (NAO), and stratospheric geopotential heights affecting global
temperatures since approximately 1970 [17]. Subsequently, a connection between geomagnetic
activity and the North Atlantic Oscillation was also suggested [18].
Climate changes have been correlated with intensity of cosmic ray flux [2]. Thought to
affect cloud formation particularly in clean maritime environments [20], the resulting changes in
albedo of clouds should alter the energy balance of the planet and thus its climate, either cooling or
warming [21].
The effect of cosmic rays on cloud formation is altitude dependent [22], and the cosmic ray
induced ionisation is a significant modifier of the properties of the atmosphere, with geomagnetic
changes, in turn modifying regional effects on temperature. This impact may be comparable to, or
even dominate the solar signal at mid-latitudes [23], reinforcing the proposition that some areas are
particularly climate sensitive to changes in the magnetic field.
It is interesting to note that since 1945 the north magnetic pole has moved from the land
mass towards the Arctic Ocean and since 1970 the south magnetic pole has been located in the
Antarctic Ocean. This may or may not be significant, as it is thought that it is the geomagnetic,
rather than the magnetic poles, that influence cosmic rays. Also this paper shows a better
correlation of temperature with the smaller change in longitude, rather than with the large changes
in latitude. If the cosmic rays are illuminating areas of the atmosphere that are more sensitive to
cloud formation, the impact on climate will be more pronounced.
Cosmic rays are known to affect solar irradiance and there is a possibility that the change in
their distribution may change the pattern of solar irradiance, thus despite reports that the sun’s
output is lately no longer increasing [3], the effect of the irradiance may now be greater than in
earlier times.
Ozone loss is strongly correlated with cosmic-ray ionisation-rate variations that depends on
altitude, latitude and time [24]. Should the increase in ultraviolet radiation, resulting from the ozone
loss, effectively move to an area where it can have a greater impact on marine life, it could kill off
many aquatic life forms, such as phytoplankton, that play a significant role in the ability of the
oceans to sink carbon dioxide, because they account for almost 50% of the carbon fixed by plant
life on Earth [25].
The NGDC data for cosmic ray intensity since 1950 [26], shows that there was no maxima
or minima correlation with the global temperature variations over the same time period. Any
connection between pole positions and global temperatures that would arise from cosmic ray
variability over the last 55 years, would presumably originate from the movement of the poles,
affecting the geographical distribution or dispersion of the cosmic rays.
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As the last alternative, the possibility of some external mechanism that affects both the
position of the poles and global temperatures cannot be discounted, although the movement of the
poles arising from a convective dynamo with the model yields good correlations with the
paleomagnetic observations [27]. This suggests that an external mechanism is not the connecting
factor and that the temperature variations over the last 105 years have likely been driven by the
changes in the position of the Earth’s magnetic field.
SUMMARY
The drift of the Earth’s magnetic poles over the last 105 years show strong correlations with
the variations in temperature, regardless whether for the northern hemisphere alone or globally,
suggesting a potential connection between these phenomena. Statistically there is a less than 1%
probability of the correlations being due to chance alone. A connection between climate variability
and variations in the Earth’s magnetic field has been proposed previously although the exact
mechanism is still disputed. Since the movement of poles affects the shape of the geomagnetic
field and hence regional patterns of shielding of the Earth from both solar and galactic cosmic rays,
the most likely scenario appears to be that the moving poles affect the distribution and dispersion
of the cosmic rays to more climate sensitive areas of the atmosphere. If so the dominating
influence on climate over the last 105 years may have been natural.
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rays are modulated by the state of the heliosphere, while clouds play an important role in the Earth’s
radiation budget through trapping outgoing- and reflecting incoming radiation. If a physical link between
these two features can be established, it would provide a mechanism linking solar activity and Earth’s
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cloud top temperature. The temperature of a cloud depends on the radiation properties determined by its’
droplet distribution. Low clouds are warm (

273K) and therefore consist of liquid water droplets. At typical

atmospheric supersaturations (_ 1%) a liquid cloud drop will only form in the presence of an aerosol, which
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activated as cloud condensation nuclei (CCN) and the level of super saturation. Based on observational
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could affect clouds, but they need to be investigated further if the observation is to
become more than just another correlation among geophysical variables.

[21]

Luis Eduardo Antunes Vieira

Copyright Adrian Kerton 2008-2009 akmagnetic@akk.me.uk

Page 13 of 16

Geomagnetic modulation of clouds effects in the Southern Hemisphere Magnetic Anomaly through lower
atmosphere cosmic ray effects
Geophysical Research Letters, Vol. 33, L14802, Doi:10.1029/2006gl026389, 2006

The study of the physical processes that drive the variability of the Earth's climate system is one of the most
fascinating and challenging topics of research today. Perhaps the largest uncertainties in our ability to predict
climate change are the cloud formation process and the interaction of clouds with radiation. Here we show
that in the southern Pacific Ocean cloud effects on the net radiative flux in the atmosphere are related to the
intensity of the Earth's magnetic field through lower atmosphere cosmic ray effects. In the inner region of the
Southern Hemisphere Magnetic Anomaly (SHMA) it is observed a cooling effect of approximately 18 W/m2
while in the outer region it is observed a heating effect of approximately 20 W/m2. The variability in the inner
region of the SHMA of the net radiative flux is correlated to galactic cosmic rays (GCRs) flux observed in
Huancayo, Peru (r = 0.73). It is also observed in the correlation map that the correlation increases in the
inner region of the SHMA. The geomagnetic modulation of cloud effects in the net radiative flux in the
atmosphere in the SHMA is, therefore, unambiguously due to GCRs and/or highly energetic solar proton
particles effects.

[22]

Fangqun Yu: Altitude Variations Of Cosmic Ray Induced Production Of Aerosols: Implications For

Global Cloudiness And Climate.
USA Journal Of Geophysical Research, Vol. 107, No. A7, 10.1029/2001ja000248, 2002.

[1] The indirect radiative forcing of atmospheric aerosols is sensitive to particle size and
concentration, which are influenced significantly by nucleation processes. Via its role in
aerosol formation, cosmic ray may affect the cloud condensation nuclei abundance and
hence the global cloud properties and climate. Systematic variations in ionization rates due to the modulation
of cosmic ray radiation by the solar cycle are sufficient to cause notable variations in aerosol production, and
we find that the signs of such variations are altitude dependent. Our study indicates that an increase in
cosmic ray fluxes generally leads to an increase in particle production in the lower troposphere but a
decrease in particle production in the upper troposphere. The main reason of such an altitude-dependent
influence is that the dependence of particle production rate on ionization rate is a complex function of
ionization rate itself, as well as precursor gas concentration and ambient conditions. The implications of
altitude variations of cosmic ray-induced aerosol production on global cloudiness and climate are discussed.
In addition to the reported
positive correlation between cosmic ray variations and low cloudiness, our analysis
reveals that high cloudiness may be anti-correlated with cosmic ray variations if volcano
and El Nin˜o impacts are excluded. The observed different correlations between cosmic ray variations and
low, middle and high cloud anomalies appear to be consistent with the
predicted different sensitivities of particle production to cosmic ray changes at different
altitudes. A systematic change in global cloudiness may change the atmosphere heating
profile, and if confirmed, may provide the external forcing needed to reconcile the
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different surface and troposphere temperature trends. Much more work is needed to
understand how and how much the cosmic ray variations will affect the global cloud
properties and climate.

[23]

Usoskin, I. G., M. Korte, and G. A. Kovaltsov

Role Of Centennial Geomagnetic Changes In Local Atmospheric Ionization
Geophysical Research Letters, doi:10.1029/2007GL033040

Many studies of solar-terrestrial relation are based on globally (or hemispherically) averaged quantities,
including the average cosmic ray flux. However, regional effects of cosmic ray induced ionization due to
geomagnetic changes may be comparable to or even dominate over the solar signal at mid-latitudes on
centennial-to-millennial time scales. We show that local changes of the tropospheric ionization due to fast
migration of the geomagnetic axis are crucial on centennial time scale, and the use of global averages may
smear an important effect. We conclude that changes of the regional tropospheric ionization at mid-latitudes
are defined by both geomagnetic changes and solar activity, and none of the two processes can be
neglected. This substantiates a necessity for a careful analysis of the regional, not global, indices at mid
latitudes and offers a new possibility to disentangle direct (solar radiation) and indirect (via cosmic rays)
effects in the solar-terrestrial relations.

[24]

Q. -B. Lu and L. Sanche

Effects of Cosmic Rays on Atmospheric Chlorofluorocarbon Dissociation and Ozone Depletion

Data from satellite, balloon, and ground-station measurements show that ozone loss is strongly correlated
with cosmic-ray ionization-rate variations with altitude, latitude, and time. Moreover, our laboratory data
indicate that the dissociation induced by cosmic rays for CF2Cl2 and CFCl3 on ice surfaces in the polar
stratosphere at an altitude of _15 km is quite efficient, with estimated rates of 4.3 3 1025 and 3.6 3 1024 s21,
respectively. These findings suggest that dissociation of chlorofluorocarbons by capture of electrons
produced by cosmic rays and localized in polar stratospheric cloud ice may play a significant role in causing
the ozone hole.
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[25]

Antonio Mannino

Exploring the Organic Carbon Cycle of the Coastal Ocean from Space. NASA Goddard Space Flight Center
Hydrospheric & Biospheric Sciences Laboratory Greenbelt, MD 20771
http://phytoplankton.gsfc.nasa.gov/risingtides/pdf/RisingTides_page41-46.pdf

[26] [NGDC] National Geophysical Data Centre
http://www.ngdc.noaa.gov/stp/SOLAR/COSMIC_RAYS/cosmic.html#DATA

[27]

Glatzmaier, G.A.

Geodynamo simulations - How realistic are they?
(2002) Ann. Rev. Earth Planet. Sci. 30, 237-257.

Abstract The past seven years have seen significant advances in computational
simulations of convection and magnetic field generation in the Earth’s core. Although
dynamically self-consistent models of the geodynamo have simulated magnetic fields
that appear in some ways quite similar to the geomagnetic field, none are able to run
in an Earth-like parameter regime because of the considerable spatial resolution that
is required. Here we discuss some of the subtle compromises that have been made in
current models and propose a grand challenge for the future, requiring significant
improvements in numerical methods and spatial resolution.
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