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1. Introduction

The global temperature was shown to rise, in general, from 1850 and at
an unprecedented pace after 1970s [1, 2, 3]. A few main external forcing
are used in the Coupled Model Inter-comparison Project (CMIP) models:
solar, volcanic and longer term linear trend (to represent the anthropogenic
CO02). The abrupt hike in the terrestrial temperature, coincided with the
unusual climate patterns observed globally (Monsoon) [4] as well as re-
gionally (Indian Summer Monsoon (ISM): [4, 5, 6]. ENSO: [7, 8], North
Atlantic Oscillation (NAO) [9]. There is also substantial evidence that
physical conditions are also changing in the ocean [10, 11] and in the ter-
restrial atmosphere [12, 13].

According to [14] a substantial growth of ice in Antarctica occurred in
1550-1860 being likely represented by two waves. This increase of the ice in
Antarctica was co-temporal with the little ice age which occurred in many
parts of the Earth that confirms either the volcanic or solar . nature of the
little ice age [14].

Prediction of the effects of ice area variations on the changes of the sea
level are done by many authors based on a wide range of approaches and
methods ([see, for example, [15, 16] and references therein). Although none
of these prediction could not correctly reflect the precise interaction of the
ocean and atmosphere, possibly, because the variations of ice areas are not
related directly to the ocean models [17].

The estimations of the current loss of mass for the shores of Amudsen
(ices of Pine-Island, T'waits, Smith, Pope and Kohler glacier vary from 1.4
to 2.9 cm per century [18, 19, 20]. The glacier Pine Island, which is the
most variable one could lead to the increase of the sea level by 3.5-10 mm
during the next 20 years [21, 22, 23].

The sea level increase owing to melting ice and snow occurring on the
Earth, melting ice of Arctics and Antarctica and because of the thermal
expansion of the water during its warming in the summer [24]. In this sense,
the increase of the sea level is a direct consequence of the temperature
increase [25, 26]. In particular, Rahmsforrt (2007) [25] developed a semi-
empirical approximation for a connection of the temperature and sea level
variations in the 20th century that was later explored in a number of papers
[27, 28, 29, 30].

Naturally, there is a spatial variability of tropical Pacific Sea Surface
Temperature (SST) leading to different forms of ENSO, especially, Central
Pacific (CP) ENSO, which is the most important one. It is mainly dom-
inated by the variability of SST around CP region [31]. For CP ENSO,
atmospheric forcing plays the dominant role and it has an extratropical
connection [32] over the periods a few century in the past [33].

The Sun is the primary source of the energy for the climate of the Earth
and other planets. Although, any warming due to increased solar activity
in 11-year cycles is not considered to be uniform [34], either within the at-
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mosphere or at the ocean surface. However, the patterns and amplitudes of
the derived responses in temperature and ocean levels, are still the subject
of some uncertainty. A large response was found in the Pacific in boreal
winter: a positive anomaly in the Bay of Alaska [35], and also a reduction
in a sea levels near the date line at around 20—40 N latitudes with a positive
anomaly south of the equator, which was interpreted as a strengthening of
the SE trade winds crossing the equator, driving increased ocean upwelling
and cooler equatorial temperatures [36].

Explosive volcanos are another form of natural contribution that have
an enormous impact on the climate of the Earth, which involves the tropo-
sphere as well as the stratosphere [37]. The role of explosive volcanos shows
a noticeable influence on the modelled ENSO [38]. It was also suggested
that explosive volcanos during El Nino phase contribute to its duration,
whereas the same during La Nina shortens the period counteracting to its
duration.

For example, during the intervening period of 1976-1998, two major
volcanos erupted during 1982 and 1991 that coincidentally matched active
years of stronger solar cycles. That period also captured two full solar
cycles, (numbers 21 and 22) starting from one solar minimum (1976) and
ending with another minimum (1996). A study suggested separating the
period of those two decades gives better insight on understanding some cli-
mate features [9] that is consistent with analysis of the sea surface temper-
atures (SSTs) which shows a strong La Nina (Cold Event, CE)-like signal
when the Sun is more active. However, another SST analysis [39] shows a
slightly warmer band of water across the tropical Pacific associated with
peaks in a decadal signal (DSO) identified as in phase with solar activity.
Thus, there is no clear picture of the SST response at solar maximum.

The paper by [34] pointed out that the timing is crucial to producing ap-
parent discrepancies between different analyses of solar activity effects and
how it may be used to test mechanisms proposed to explain solar-climate
links, in the context of ENSO variability. They identify solar cycle signals
in 155 years of global sea level pressure (SLP) and sea surface temperature
(SST) data using a multiple linear regression approach.

Although, solar activity was shown to be described not only by averaged
sunspot numbers but also by eigen vectors of the solar background magnetic
field (SBMF) derived with the principle component analysis (PCA) from
the synoptic magnetic maps captured by the full-disk magnetograph of the
Wilcox Solar Observatory, US [40]. The modulus of the summary curve
of the two principal components of SBMF fits rather closely the averaged
sunspot numbers currently used as the solar activity index [40, 41, 42, 43].

However, the advantage of the new proxy of solar activity, the sum-
mary curve of two PCs, is provided by the fact that it not only provides
the amplitudes and shapes of solar activity cycles but also captures the
leading magnetic polarities in these cycles. Furthermore, by adding the
other eigen vectors of SBMF linked to quadruple and sextuple magnetic
field components, besides the two PCs associated with magnetic dipoles, it
can replicate closer not only the sunspot index [43] but also the soft X-ray
flux index associated with solar flares [42].

The solar activity was shown to be defined by the solar dynamo action
in the two layers of the solar interior producing two magnetic waves having
close but not equal periods of about 11 years. The interference of these two
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magnetic waves leads to a grand period of about 350-400 years for their
amplitude oscillations when the normal magnetic wave (and cycle) ampli-
tudes approach grand solar minima (GSM) caused by the wave’s beating
effect [40]. Such grand periods coincide with the well-known GSMs such
as the Maunder minimum (MM), Wolf’s, Oort’s and other grand minima
[44]. In fact, similar to the previous GSM, the Maunder Minimum, in 2020
the Sun was shown to enter the period of a modern GSM lasting until 2053
[40, 45].

During the most recent GSM, MM, there was a reduction for solar
radiation by about 3 W/m? [46] and the terrestrial temperature dropped
by about 1C [47], which, in turn, was proxied by the absence of sunspots
and active regions on the solar surface during the MM [44]. Although, the
terrestrial temperature was found increasing since the Maunder minimum
by 0.5C per century [48, 1], which was first assigned to the increase of solar
activity producing a modern warming period [49]. However, from cycle 21
the solar activity systematically decreased which coincided with a decrease
of the solar background magnetic field in the approach of the GSM [41, 40].
And indeed, from cycle 21 the solar activity systematically decreased that
coincided with a decrease of the solar background magnetic field in the
approach to the grand solar minimum (GSM) [40, 42].

On the other hand, in the past few hundred years the Sun has been
shown to provide some additional radiation to the Earth by moving closer
towards the Earth’s orbit because of the solar inertial motion (SIM) caused
by the gravitation of the large planets [50, 51, 52, 53]. These periodic varia-
tions of the Sun-Earth distance, and the solar irradiance, occur every 2100-
2200 years, called Hallstatt’s cycles, which were independently derived from
the isotope abundances in the terrestrial biomass [54, 55]. In the current
Hallstatt’s millennial cycle, the Sun-Earth distances are decreasing from
the MM until 2600 that leads to the increase of solar irradiance deposited
to the atmosphere of the Earth (and other planets) [51, 53].

This SIM effect is shown to contribute to the terrestrial atmosphere
heating [51, 53], in addition to any heating caused by the greenhouse gasses
considered in the terrestrial models. However, the most notable effect of
SBMF in the next few decades will come from a reduction of solar activity,
or from the modern grand solar minimum (GSM), which started in 2020
and will last until 2053 [40, 45].

The studies by different authors (see, for example, [56, 47, 57] and ref-
erences therein) addressed the role of natural factors (the sun and volcano)
comparing to that from CO2 led linear anthropogenic contributions. [57]
identifies that dominance of Central Pacific (CP) ENSO and associated wa-
ter vapour feedback during that period play an important role that confirms
the suggestions by Salby (2012) [56]. The possible mechanism could be ini-
tiated via a preferential alignment of NAO phase, generated by explosive
volcanos. Recently, [58] have shown that the causal relationship between
an increase of the terrestrial temperature and a growth of the CO2 abun-
dances clearly indicates that the CO2 presence must be a consequence of
the terrestrial temperature growth and not vice versa as assumed by the
modern temperature models [3]. This leaves the question still open what
are the major causes of the observed temperature variations on the Earth.

The aim of the current study is an attempt to establish possible links
between the terrestrial temperature, sea level and ice area coverage with the
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solar activity, solar eigen vectors derived from the SBMF and the positions
of the Sun in the planetary orbit following its inertial motion imposed by
large planets of the solar system.

2. Observations

2.1. The datasets of terrestrial temperatures

There are numerous datasets of the terrestrial temperatures of different
duration and quality of measurements.For the current study we consider
reliable series of terrestrial temperature measurements, which satisfy the
following conditions:

e should have a stable temperature scale;

e should have a global coverage of the terrestrial regions and this cover-
age should not be affected by the local phenomena, like North Atlantic
Oscillation (NAO), or El Nino/La NIna events in the Pacific ocean
area.

The temperature series reasonably complying with these conditions are
the following. The first set is developed by the British Meteorological Cen-
ter in Hadley and the department of Climate Research of the East Anglia
University [https : //www.metof fice.gov.uk/hadobs/hadcrutb/, accessed
on 12/06/2023. This series starts from 1850 and named as HadCRUT5 for
the future reference. The second set is the series of the surface tempera-
ture (GISSTEMP) produced by the NASA Goddard Institute of Space Sci-
ence (GISS) https : //data.giss.nasa.gov/gistemp/tabledata,4/GLB.T's+
dSST.txt accessed 12/06/2023 [59]. This set starts from 1880 and we will
name it as GLB hereafter.

It can be seen that the two datasets are rather close besides in the inter-
val of 1880-1910 when the GLB set has systematically higher magnitudes.
The difference between these two series seems to be not so large as shown in
Fig. 1, although it leads to some noticeable discrepancies revealed during
the analysis of the periodic part of the series discussed below. In order to
exclude the effects of limited lengths of the series, let us restrict ourselves
by the interval of 1880-2022 covering the both temperature series.

2.2. Comparison of the sea levels and temperature variations

The series of temporal variations of the global mean sea level (GMSL) dur-
ing 1880-2014 was obtained from the Centre for Protection of the Environ-
ment of the USA and SCIRO (Centre for Scientific and Industrial Research
Organisation) (http : //www.cmar.csiro.au/sealevel / slgatasmar.html. ac-
cessed on 29/07/2023. The detailed description of the data is presented by
[60].

The GLB temperature variations are shown in Fig. 2 (top plot) with
the measured variations shown by the black line and thee averaged varia-
tions expressed by the 4th order polynomial by the red line. The sea level
variations are shown in Fig. 2 (middle plot) with real measurements shown
by the black line and the averaged ones by the 4th order polynomial shown
by the red line. In Fig. 2 (bottom plot) the de-trended sea level variations,
calculated by subtracting from the real data defined by the black curve, the
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Figure 1: The series of terrestrial temperature variations HadCRUT5 and GLB (see text for more details).

averaged data defined by the red curve, The differences demonstrate the
real deviations of the sea level in the given period. In Fig. 3 the similar
comparison was carried out of the sea level plots (purple curve) with the
temperature variations for the HadCRUTS series (black curve).

The evaluation shows that the sea level is increased by 195 mm during
the period from 1870 until 2004 with an averaged speed of growth of 1.740.3
mm/year [61]. Although, according to [62], the growth speed of the sea level
was 1.7+ 0.9 mm/year that led to the global increase of the sea level by
9.2 cm. The satellite data from TOPEX /Poseidon I shows a higher growth
speed of the sea level of 3.1 £ 0,7 mm/y ([63, 64]. While [65] reported
the average growth speed of 2.3 ranging from 1.6 to 3.1) mm/y during the
period of 1971-2018 and 3.7 (3,2-4.2) during the period of 2006-2018.

Indeed, it could be seen that the sea level variations show close sim-
ilarity, in average, to the temporal variations of the GLB and Had-
CRUT temperature curves that confirms findings of the previous studies
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[25, 26, 27, 28, 29, 30]. Moreover, the de-trended fluctuation of the sea
level reveals a close link between the GLB temperature fluctuations follow-
ing closely the variations of the temperature curve.

2.3. Ice and snow areas in the Northern and Southern hemi-
spheres

The datasets containing the ice and snow areas in the northern and southern
hemispheres including Arctic and Antarctica is taken from the National
Snow and Ice Data Center) from 1979 until 2022 accessed on 31/07/2023
hittps 1 [ /masieyeb.apps.nsidc.org/pub/ DATASETS/NOAA/G02135/
seaicegnalysis/. The ice and snow cover in different parts of Antarctica is
shown in Fig. 4. A comparison of the aggregate areas of the ice and snow
cover for both hemispheres (blue curve) with the world sea level ((black
curve) is shown in Fig. 5 (top plot) showing a direct comparison of the
curves.

In order to detect the finest changes in the world sea level which are
usually suppressed on the background of the global level growth we decided
to remove this global trend using the averaged sea level animated with a
polynomial of the fourth degree as presented by the red line in Fig. 5 (top
plot). Then the de-trended plot (black curve) of finest variations of the sea
level shown Fig. 5 (bottom plot) is calculated by subtracting the averaged
polynomial curve from a real curve of the sea level.

By looking at the plots, it becomes evident that the weather patterns
seems to have a very different effect on the Northern and Southern hemi-
spheres. In general, the ice cover in Antarctica demonstrates much smaller
variations compared to the ice cover areas in the Northern hemisphere.
as shown in Fig. 4. At first, we notice a very interesting feature that in
the Southern hemisphere the ice and snow areas were growing until ap-
proximately 2013 without any links to solar periods (see Fig. 4 while in the
Northern hemisphere from 1986 y there are continuous noticeable decreases
of the ice areas, which occur with a period of 10.7 years that is exactly a
usual solar activity cycle [43] (see section 3.1.3).

At the second, there is a clear absence of correlation between the vari-
ations of the world ocean level (Fig. 5, top plot, black curve) and the
variations of the summary ice cover areas in the Northern plus Southern
hemispheres (blue curve). This can be understood in terms that only the
polar ice cups were considered excluding the ice and snow cover on the
continents. Also we did not take into account water expansions under the
influence of heat. Although when we include the trend influence shown in
Fig. 5 bottom plot, the correlations become more evident by comparing
the black and blue curves, especially after 2000.

The estimations of the current loss of mass for the shores of Amudsen
glaciers of Pine-Island, Twaits, Smith, Pope and Kohler glacier vary from
1.4 to 2.9 cm per century [18, 19, 20]. The glacier of Pine Island which is
the most variable one can lead to the increase of the sea level by 3.5-10 mm
during the next 20 years [21, 22, 23].

It is worth mentioning the feature of self-gravitation when in-
crease/decrease of the ice areas leads to a change of sea level and, as a
consequence, changes the orientation of the Earth rotation vector that in
turn leads to a gravitation anomaly which leads to decrease/increase of the
sea level near the glaciers [66, 67].
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3. Data analysis

3.1. Wavelet analysis
3.1.1 Method description

Wavelet transform of signals is the spectral analysis method providing a
two-dimensional scan of the analysed signal (time and frequency, or pe-
riod), in which the coordinates of the time and frequency are independent
variables [68]. This representation allows one to explore the properties
of the signal simultaneously in time and frequency domains. This makes
the wavelet analysis an excellent tool for examining the series with time-
varying frequency characteristics [68]. By considering the time series in the
frequency-time space it is possible to derive dominant periods and their
variations in time. The mother wavelet was selected as the Morlet wavelet
(the real part of it is damped function of cosine), because with this choice
one can obtain a high frequency resolution, which is important for our task.
The power of the wavelet spectra is shown in plots with wavelets by a
colour bar plotted next to the wavelet spectrum. The Cone of Influence
(COI) marked in the wavelet spectrum by the black dashed line, defines
the parts of the spectrum with the essential border effects in the starting
and finishing parts of the time series, because of a limited statistical data
(boarder effects). Consequently, the results outside the COI are excluded
from the further investigation, particularly, in the calculations of the global
wavelet spectrum shown by the black curves on the right hand side from the
wavelet spectra where we present by the solid black lines the global wavelet
spectra integrated over time. The black dashed lines in the global wavelet
plots presents 95% confidence interval for the global wavelet spectrum.

3.1.2 Spectral features of the temperature variations

In order to evaluate the spectral properties of the series and to derive the
key periods let us apply the Morlet wavelet analysis to both temperature
sets with the results presented in Fig. 6 for HadCRUTS (top plot) and
GLB (bottom plot) datasets.

The most important feature derived from these two series of terrestrial
temperature is a presence of the statistically significant period of 21.4 and
26 years in the GLB series less pronounced at 19.6 years in the HadCRUTS
series corresponding to the period of a solar magnetic activity cycle derived
in the earlier papers for the summary curve of eigen vectors of the SBMF
[43, 52, 53].and the frequency of volcanic eruptions [69].

3.1.3 Spectral features of the ice covers

The wavelet analysis of ice area coverage in Arctic shows (Fig. 7) for the
Arctic ice (top plot) and Antarctica ice (bottom plot). It can be observed
that the Arctic ice areas change periodically with a period of 10.7 years
that is the averaged period of solar activity defined by the averaged sunspot
numbers [52, 53].

While Antarctica’s ice areas do not reveal this link with the solar activ-
ity showing some periods of 5.6 and 15.6 years within the 95% confidence
level, possibly, affected by some local events. Curiously, this clear period
of 5.6 years which can be linked to a solar activity period reported recently
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[70, 71] and interpreted as an important part of defining a solar cycle shape
and power. This could reflect the times close to the minima of solar activity
when the ice areas are growing.

3.2. Links with solar activity and solar background magnetic

field

3.2.1 Solar background magnetic field as a new solar activity
proxy

Recently, the Principle Component Analysis was applied to the low-
resolution full disk solar background magnetic field (associated with the
poloidal magnetic field) measured by the Wilcox Solar Observatory to de-
rive the dominant eigenvalues covering the maximum variance of the data
[72, 40, 42] corresponding to the eigenvectors, EVs, or Principal Compo-
nents (PCs), which came in pairs.

These PCs are considered to be a reflection of the main (dipole) dynamo
waves in the solar poloidal magnetic field produced by the dynamo mech-
anism [40]. The PCs were classified by applying the symbolic regression
approach based on the Hamiltonian principle [73] and deriving the mathe-
matical formulae describing the amplitude and phase variations [41, 40].

This summary curve of these two PCs derived for cycles 21-23 and
predicted for cycle 24-26 is plotted in Fig. 8 (top plot) also showing the
variations of the dominant solar background magnetic field: northern for
positive and southern for negative amplitudes. The prediction of the sum-
mary curve to cycles 25 and 26 presented in Fig. 8 (top plot) taken from
Fig. 2, bottom plot in [40]) shows a noticeable decrease of the predicted
average sunspot numbers in cycle 25 to ~ 80% of that in cycle 24 and in
cycle 26 to ~ 40% that is linked to a reduction of the amplitudes and an
increase of phases of the principal components of SBMF. The prediction of
the summary curve by thousand years backward and forward presented in
Fig.3 [40] revealed the occurrence of grand solar cycle of 350-400 years, re-
producing the well-known Maunder, Wolf, Oort, Homeric and many other
Grand Solar Minima of the past.

This summary curve was proposed [40] as a new solar activity proxy
since the module of the summary curve fits rather closely the averaged
sunspot numbers currently used as a solar activity index (Fig. 8, bottom
plot). A remarkable resemblance between the modulus summary curve
and the curves describing the averaged smoothed sunspot numbers or the
averaged sunspot magnetic flux in cycles 21-23 with some small exception
for the descending phase of cycle 23, which was later explained by the
strongly inflated sunspot numbers used at Locarno observatory [74]. After
their correction, the averaged sunspot numbers in cycle 23 fit rather closely
the modulus summary curve presented in Fig. 8.

Hence, from the one hand, this modulus summary curve is found to
be a good proxy of the traditional solar activity contained in the averaged
sunspot numbers. On the other hand, this summary curve is a derivative
from the principal components of SBMF with clear mathematical function-
alities representing at the same time the real physical processes - poloidal
field dynamo waves - generated by the solar dynamo [40]. Recently, the
other PCs, or eigen vectors of SBMF derived from the SBMF data for four
cycle 21-24 supposedly produced by quadruple, sextuple and octuple mag-
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netic sources are shown linked to various flare activity indices in soft X-ray
and radio emission [42].

The suggestion of usage of the summary curve of two eigen vectors,
or principle components of the solar background magnetic field as a new
proxy of solar activity has been recently supported by other predictions of
the solar activity in cycle 25 [75, 76] obtained from the same solar magnetic
field components measured from the same WSO magnetic synoptic maps
as those reported earlier [41, 40].

3.2.2 Key periods in the terrestrial temperature and ocean level
variations

In this section we explore the links between the variations of solar activity
and solar background magnetic field. and the world sea level (Fig.9, top
plot), the aggravated (total) ice ares in both hemispheres (Fig.9, bottom
plot) and terrestrial temperature (Fig. 10) variations occurred in the past
two centuries.

It can be observed that there is clearly present a dominant 21.4-years
period of variations of the world sea level shown in Fig.9, top plot and not
so recognisable tendency of the temperature variations either from SBMF
(top plot) or the sunspot index of solar activity (bottom plot) shown in
Fig.10. The agreement between the periods of the sea lveel curves and
the eigen vectors in the summary curve of SBMF confirm the conclusions
about the similar period detected in the link between the eigen vectors of
SBMF and the frequency of volcanic eruptions [69]. It has been shown
that the volcanic eruptions occur mainly during the maximum phases of
the doubled solar cycles of 22 years of SBMF when the eigen vector of the
summary curve of SBMF has a southern polarity. This case was in cycle
24, and it will be approaching again during cycle 26. This will coincide
when the grand solar minimum in solar activity predicted for the duration
of 2020-2053 [40, 45].

We also established a rather high positive correlation of the areas cov-
ered by the ice in the both hemispheres and the SBMF ((Fig.9, top plot)
showing the increase of the ice areas when the summary curve of SBMF
has the southern polarity and a decrease of the ice areas when it has the
northern polarity. The weak but visible link is detected between the ter-
restrial temperature with the summary curve of SBMF in Fig.10, top plot,
while there is no clear link is seen with the solar activity defined by sunspot
numbers in Fig.10, bottom plot. This absence of the link can be related to
the difficulties defining the averaged sunspot numbers which wee described
in our previous paper [43].

3.3. Links of the terrestrial temperature and solar irradiance
induced by inertial motion

Solar inertial motion is a rotation of the Sun about the barycentre of plan-
etary orbits caused by the gravitation of large planets of the solar system
(Jupiter, Saturn, Neptune and Uranus) [77, 78, 79]. The methodology for
the calculation of total solar irradiance (TSI) using inverse squares of the
distance between the Sun and Earth is described in the book chapter by
[51], which also provided the plots of solar irradiance variations in the two
millennia 600-2600.

10
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The TSI results calculated for March-August -September of the relevant
years in the past two centuries are plotted above the terrestrial temperature
curve as shown in Fig. 11 (top plot) while the TSI results obtained for the
SIM during the whole year are shown in Fig. 11 (bottom plot).

It can be seen that the sum of all TSI in W/m? deposited to the Earth
daily during the period when the Sun is closest to the Earth’s orbit (March-
July) grows with every coming year of this millennium because the Sun
moves closer and closer to the Earth orbit and to other planetary orbits.
This is caused by the solar inertial motion shifting the Sun from the ellipse
focus towards the Northern hemisphere spring equinox position. It can be
seen that the total solar irradiance magnitudes calculated for the spring-
summer months when the Sun is closest to the Earth orbit follow rather
closely the temperature trend.

The sharp increase of the terrestrial temperature after 2010 can be
reasonably explained by the temperature measurements on the surface in-
stead of two meters above it used in previous years and carrying the mea-
surements in urban areas which are higher by default because of asphalt
coverage of the surface [80, 81]. However, if the sum of TSI calculated
for the whole year, the deposited solar radiation has a wide variation in
magnitudes imposed by the smaller SIM effects remaining though nearly a
constant wide strip over the time of two centuries. Not least contribution
to the increase of the temperature can come also from the increase of solar
activity in cycle 25, which approached its maximum in 2022-2025.

This growth of solar irradiance during spring and summer months
caused by the Sun moving closer to the Earth orbit is evidently reflected
in the temperature trend measured by the NASA stations, which seems to
miss the temperature measurements in the same locations during the other
months September - February when TSI and, consequently, the tempera-
ture, drops much lower than expected for a normal Sun’s position in the
focus of the elliptic orbit of the Earth and other planets. This is a very im-
portant finding because of a close correlation of the this temperature curve
with the ocean level shown in Fig. 3 as it indicates that the extra-heating
provided by the Sun at the times, when it is closer to the Earth orbit, is
consumed by the ocean and is likely to be processed over the next months
or years.

The fact that the ocean level correlates with the spring-summer TSI
magnitudes, which is not considered when producing the solar forcing for
the terrestrial temperature models [3] is likely to create the discrepancy be-
tween the solar heating function used in the current temperature models.
Besides any increases of the terrestrial temperature caused by the temper-
ature measurements in urban conditions where temperature by default is
higher [80, 81]., there is additional solar heating caused by solar orbital
motion induced by the gravitation of large planets.

In the other words, the solar heating applied in the IPCC models uses
the TSI magnitudes averaged over the annual Earth orbit while the real
temperature measurements they use to interpret are likely too be carried
only during the spring-summer periods when the Sun’s input is maximal
because it is closest to the Earth orbit. What is also important that only
the current temperature measurements made in March—August are closely
linked to the ocean level as discovered in this study, thus affecting the
exchange between the ocean and atmosphere.
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4. Discussion and conclusions

In this study we explored the links of the terrestrial temperature measure-
ments, the world sea level and ice area in both hemispheres with a) the solar
activity indices expressed through the averaged sunspot numbers, the sum-
mary curve of two largest eigen vectors of the solar background magnetic
field and b) the changes of Sun-Earth distances caused by solar inertial
motion imposed by the gravitation of large planets of the solar system.

We explored the two sets of the terrestrial temperature variations ob-
tained since 1850 using the wavelet analysis and detected in the GLB
datasets a clear period of 21.4 and 36 years, while in the HadCRUTS
dataset only weaker indication of the period of about 19.6 years. This
21.4 y period is clearly associated with the variations of solar activity de-
fined by the eigen vectors of the solar background magnetic field (SBMF)
[52, 53]. The similar period of 21.4 years was also reported previously in
the frequency of volcanic eruptions [69].

It was established that the sea level curve showed rather close similarity,
in average, to the temporal variations of the temperature curves that was
also reported by the other studies [25, 26, 27, 28, 29, 30]. A comparison
shows that there is clearly present a dominant 21.4-year period of variations
of the world sea level linked to the summary curve of the largest eigen
vectors of SBMF [40] coinciding with the period of 21.4 years detected in
the GLB temperature variations, while there is no recognisable tendency
of the temperature variations from the sunspot index of solar activity.

Although, the weather patterns seem to affect the Northern and South-
ern hemispheres very differently. For example, the ice cover in Antarctica
demonstrates much smaller variations compared to the ice cover areas in
the Northern hemisphere. Wavelet analysis shows that in the Southern
hemisphere the ice and snow areas were growing until approximately 2013
without any links to the solar periods while in the Northern hemisphere
there is continuous noticeable decrease of the ice areas, which occurs peri-
odically with a period of 10.7 years that is a usual solar cycle defined by
sunspots [43]. There is a clear absence of correlation between the curves
of the sea level and the ice areas meaning that the ice areas are not also
dependent on the terrestrial temperature which is shown linked to the sea
levels.

Also it was established that the Arctic ice area changes periodically with
a period of 10.7 years that is the averaged period of solar activity defined
by averaged sunspot numbers. While Antarctica’s ice areas do not reveal
this link with the solar activity showing some periods of 5.6 and 15.6 years
within the 95% confidence level, possibly, affected by some local events.

Most interesting results, though, are found from the comparison of the
temperature and sea level curves with the total solar irradiance variations
caused by solar inertial motion induced by the gravitation of large planets
on the noticeable shift of the Sun from the focus of the elliptic orbits. The
TSI during the period when the Sun is closest to the Earth’s orbit (March-
July) grows with every coming year of this millennium because the Sun
moves closer and closer to the Earth orbit and to other planetary orbits.
The annual variations of TSI have a wider dispersion but more steady TSI
curve without a very sharp increase in the last two centuries. This steady
TSI trend is used by the IPCC as the current solar forcing.
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This TSI growth is evidently reflected in the temperature trend mea-
sured by the NASA stations, and in the sea level variations via its link with
the temperature. This reflects the fact that the solar forcing works during
the spring-summer months depositing the solar energy into the ocean and
seas, which process it in the later months. Not speaking about the prob-
lems of how the temperature curve is obtained from the measurements in
the urban areas or by taking only the measurements in the same location
during the hottest months and underestimating the temperature measure-
ments in the colder months. Definitely, the solar forcing function has to be
amended to reflect this deposition of solar energy during the spring-summer
months, which follows closely the temperature variation curve and the sea
level curve linked to the temperature variations.

This means that the solar energy deposition to Earth is much higher in
these spring-summer months and this deposition occurring in the Southern
hemisphere in March-April and the southern part of the northern hemi-
sphere in May-August, which is mostly covered by the world oceans. This
explains a close correlation between the temperature and sea level detected
in this study and the increase of the sea level during the summer months.
It turns out that the sea water has to play a very important role in transfer-
ring this solar energy into the terrestrial atmosphere via the water vapour
[56, 57].

The sea level variations are shown to be linked to solar magnetic field
variations, or more precisely, to the summary eigen vectors of SBMF vary-
ing with a period of 21.4 years and having maximal sea level when the
summary curve has the southern polarity and the minimal one when the
summary curve polarity is northern. These variations are similar to those
detected for the frequency of volcanic eruptions with a period f 21.4 years
with maximal number of eruptions occurring during the maxima during
the cycles when the summary curve has the southern polarity and minima
during the cycles when the summary curve has the northern polarity.

In summary, we have presented a growing evidence that the terrestrial
temperature, sea level and ice coverage variations on Earth are linked to
the variations of solar magnetic field, or its summary curve of two largest
eigen vectors reflecting the cycles of solar activity, and the orbital motion of
the Earth and solar inertial motion of the Sun caused by the gravitation of
large planets of the solar system. The combined effect of the solar heating
from solar activity and orbital motion imposing the variable Sun-Earth
distances, approaches its maximum magnitudes during March-July of each
year causing substantial heating of the Earth’s atmosphere and sea that
will keep increasing with every year of the current millennium (1600-2600)
following the trajectory of solar inertial motion and magnetic polarity of
the summary curve of the SBMF.
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Figure 2: Top plot: The GLB temperature variations (black line) and averaged variations presented by a
polynomial of the 4th degree (red curve). Middle plot: the sea level variations (black curve) and averaged
curve presented by a polynomial of the 4th degree (red curve). Bottom plot: A comparison of the GLB
temperature variations (black curve) with the de-trended sea level variations (blue curve) calculated by
subtracting the averaged sea level from the real sea level curve, thus revealing the finest deviation of the
sea levels.
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Figure 3: The sea level variations (blue curve) versus the terrestrial temperature dataset HadCRUT (black
curve).

Weddell—-Area
38x10° 1
.k 3.6x10° -
34x10° ] Indion—Area
3.2x10° 1.6x10°
3.0x10° 'E 1.5x10°
1980 1990 2000 2010
Dota, yr 2°° E 1.4%10°
> 4 1.3x10°
Weddell Sea Sector 1.2%108
- + 1980 1990 2000 2010 2020
- . st Data, yr
Indian Ocean
Sector
1.3%10° Bel S
1.2x10°
'k 1.1x10°
1.0%10°
9.0x10°
8.0x10°
1980 1990 I,"'.w:‘l:.o’r 2010 Pacific—Area
1%10%
.k ox10°
8x10°
/ 7%10°
1980 1990 Dﬁ?:yr 2010
. Western Pacific
Ross Sea Ocean Sector,
Sector '

Ross—Area

160° E

Figure 4: Change of the ice areas in different parts of Antarctica.
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ice ares of the Northern and Southern hemispheres (blue curve). Bottom plot - same as above but with the

de-trended sea level curve revealing the finest level variations calculated by subtracting from the real sea
level curve the averaged sea level variations (see the text for details).
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Figure 6: Top plot: The HadCRUTS terrestrial temperature variations (upper line), the wavelet spectrum
of the temperature (left bottom plot) with the power marked by the colour bar (the top right plot). The
global wavelet spectrum of temperature (black solid line), 95% confidence interval (black dashed line)..
Bottom plot: The GLB terrestrial temperature variations (upper plot), the wavelet spectrum of temperature
(bottom plot) with the power marked by colour bar (the top right plot). The global wavelet spectrum of
temperature is shown by the black solid line), 95% confidence interval by the black dashed line.
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Figure 7: The wavelet spectra of the ice areas in Arctics (top plot) and Antarctica (bottom plot). The
global wavelet spectra (black solid line), of ice areas are shown on the right hand side from the wavelet

spectra, while the 95% confidence interval is shown by the black dashed line.
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Figure 8: Top plot: The summary curve (in arbitrary units) of two principal components, PCs, for cycles
21-26 derived from the magnetic field data for cycles 21-23 and extrapolated for cycles 24, 25 and 26 (a
courtesy of [40]). Bottom plot: Modulus summary curve, in arbitrary units, derived from the summary
curve above overplotted on the averaged sunspot numbers in cycles 21-24 used as the current solar activity
index (a courtesy of [42]).
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Figure 9: Top plot - The variations of the level of the world ocean level (black line) versus the summary curve
of SBMF (red curve) . Bottom plot - The variations of the de-trended total ice areas in both hemispheres
(black curve) versus the summary of the SBMF (red curve) (see the text for details).
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Figure 10: Top plot - The variations of a level of the terrestrial temperature (black curve) versus the
summary curve of SBMF (red curve). Bottom plot - The variations of the temperature (black curve) versus
versus the averaged sunspot numbers (yellow curve).
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Figure 11: Top plot: The terrestrial temperature variations (black line) and averaged temperature (red
line) versus the total solar irradiance (TSI) of the Sun affected by SIM in the spring- summer months as
per the legend on the plot. Bottom plot: The temperature plot as above. The dots show the annual total
solar irradiance affected by SIM averaged for every 4 years including the leap years. The solar irradiance
is calculated by adding the daily irradiance for given spring-summer months in the Northern hemisphere
when the Sun is closest to the Earth’s orbit [51].
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