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ABSTRACT
A major source of energy on Earth is solar irradiation. This paper uses the Kolmogorov-Zurbenko
filter to smooth and examine sunspot numbers and proves that solar irradiation levels near Earth are
strictly proportional to sunspot numbers. This paper also examines the transport of that energy through
the atmosphere to Earth’s surface. Long term air temperatures on the surface of Earth perfectly follow
the cosine square law along latitudes. Time components of long term temperatures have oscillations
which follow oscillations in sunspot numbers, but due to the regular delays in energy transmission they
are delayed 4-7 years. Cloud formations and vapor accumulations also contribute to those delays, which
have a well-organized time-space structure. The main purpose of this paper is the numerical
identification of human influence over changes in solar activities, which may allow researchers to
identify the effects of various sources of those influences. This evaluation can only be achieved by
separating the scales in order to avoid any false influence from other scales. The clear separation of
scales can only be achieved using the Kolmogorov-Zurbenko filter.
Keywords: sunspots numbers, total solar irradiation, regional climate change, Kolmogorov-Zurbenko
filter, spectral analysis, separation of scales
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1. INTRODUCTION
Life and climate on Earth essentially depend on the Sun’s energy supply. Gravity was the
main contributor to the creation of the Sun and continues to be the main component for the
Sun’s permanent functioning. While on its own gravity is the main component for the Sun’s
plasma mass function, the Sun’s planetary system provides additional gravitational effects. The
self-gravity of the Sun remains a constant, but the gravity of each planet has a period based on
its direction and location around the Sun. These periods are highly synchronized by
astronomical forces. Planetary periods are precisely known and can be used for calculations to
determine the precise spectral lines in the periodic component of gravity on the Sun. It is also
very well known that solar activity has periods well recorded by sunspots numbers.
Sunspot numbers have been observed for thousands of years by the Chinese and accurate
observations have been recorded since the 18th century (Hathaway 2015; Stephenson and Clark
1978). Periodicities in sunspot numbers can be investigated by spectral numerical analysis,
which provides reliable answers for periods up to 100 years. In recent years there has been a lot
of research conducted involving the visual influences of the Sun on Earth’s climates (Grey et
al. 2010; Kossobokov et al. 2010; Soon and Legates 2013; Trenberth 2014; Sun et al. 2016;
Tiwari et al. 2016). However, the research does not attempt to separate the numerically different
scales that are identified through spectral analysis. In some cases, without the separation of
scales confusing effects between different variables is possible (Zurbenko and Sowizral 1999;
Tsakiri and Zurbenko 2010).
The purpose of this paper is to separate those scales, which are dictated by different
physical phenomena. The separation of scales can only be done by using the KolmogorovZurbenko filter. In addition, based on the separation of those scales we find and discuss a
relationship with an extraordinarily high correlation between the longest recorded solar variable
(that is sunspot numbers) and solar irradiation near Earth by satellite measurements. The
identification of similar scales in long-term temperature data permits researchers to remove
numerically solar influences on the climate and numerically identify long term human effects.
Sunspot numbers are available for a very long time period. This allows researchers to make
long-term predictions of solar activity and use it to independently predict two major long
influences of Earth’s climate. Regular attempts of the examination of trends in a temperature
dataset are incapable of the separation of the different sources of those trends. Numerical
identification of human influences may allow researchers to identify the effects of various
sources of those influences.
Periodicities of more than 100 years cannot be detected from the sunspot numbers data
due to the insufficient length of available data. The spectrum of sunspot numbers derived from
available data provides a very good fit between sunspot numbers periodicities and planetary
induced periodicities. Matching spectra are commonly used for identification in scientific
investigations. Planetary induced periods can be reliably calculated for a very long time. In the
past, the climate of Earth has had essential fluctuations and periods in solar energy supplies can
be one of the factors for those changes. This paper provides calculations of some long hidden
periodicities in the Sun’s gravitational forces. We track solar energy supplies from space to
Earth’s surface and explain some visible correlations between solar energy fluctuations and
climate effects on Earth. We remove solar energy fluctuation effects from global temperature
data in order to clearly evaluate the effect of human impact. Depending on the area of
consideration those evaluations display increases of up to 1 degree in the last 40 years.
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2. DATA SOURCES
In this paper, we use several datasets pertaining to sunspot numbers and total solar
irradiance data measured both in orbit and at ground level locations. The average monthly
sunspot observations were retrieved online from the Sunspot Index and Long-term Solar
Observations (SILSO). This website (http://www.sidc.be/silso/datafiles) contained average
monthly observations which dated back to January 1749. We retrieved the orbital measurements
of the total solar irradiance (OTSI) from the Active Cavity Radiometer Irradiance Monitor
(ACRIM) at their website http://acrim.com/ This data is freely available online through the
ACRIM website. We downloaded Virgo version 6_005_1602 created on March 14, 2016. The
downloaded file contained daily OTSI measurements dating back to January 1996 (Frohlich et
al. 1997) and are measured in watts per meter squared. Due to some missing values, we
considered the portion of this file from 2000-2015, which was sufficient for their study.
We used ground observations of total solar irradiance (GTSI) collected at Phoenix,
Arizona, USA and Massena, NY, USA. Both GTSI datasets span the 30 years from 1961-1990
and contain average monthly direct normal solar measurements. The data was collected from
the National Solar Radiation Data Base (http://rredc.nrel.gov/solar/old_data/nsrdb/).
The temperature data for the locations in Arizona and New York State over the same 30
year span were also downloaded in the same station information files as the GTSI data. Monthly
temperature data collected at the Winslow Municipal Airport in Arizona, U.S.A. and daily
temperature data for Massena, New York, U.S.A. were downloaded from The National Oceanic
and Atmospheric Administration’s National Center for Environmental Information website
(https://www.ncdc.noaa.gov/cdo-web/datasets).
The average monthly temperature data from tropical regions we used in this paper were
collected by Research Data Archive/Computational and Information Systems
Laboratory/National Center for Atmospheric Research/University Corporation for
Atmospheric Research in 2° by 2° grids. We downloaded and accessed subsets of this dataset
(ds540.1) titled the International Comprehensive Ocean-Atmosphere Data Set (ICOADS) for
research in this paper.

3. KOLMOGOROV-ZURBENKO FILTER
In this paper, we apply the Kolmogorov-Zurbenko (KZ) filter to the various datasets in
order to smooth the data. The KZ filter is an iterated moving average with two parameters, the
window size (m) and the number of iterations (k) and is denoted by KZ(m,k). The parameters
for the application of the KZ filter are always chosen from a physical sense of the data. The KZ
filter is a robust filter that performs well even when datasets have missing values. The KZ filter
also can be applied to multidimensional datasets and continues to work well here even when
values are missing. The KZ filter is available in the KZA package of R-software (Close,
Zurbenko and Sun 2018). Several extensions of the KZ filter which include the KolmogorovZurbenko Fourier Transform and the spatial KZ filter are also available in R-software. For more
information on the KZ filter refer to (Yang and Zurbenko 2010).
Throughout sections 4 and 5 of this paper, we apply the KZ filter to the datasets in order
to filter and smooth the data. We take the DiRienzo-Zurbenko (DZ) spectra over the considered
data then we determine the spectral areas of the different components based on our examination
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of the spectral outcome. We determine the cut-off frequencies out of the spectral outcome and
then start to separate between the low frequency component and the higher frequency
component. The cut-off frequency of the lowest component is providing the parameters of the
lower KZ filter (Yang and Zurbenko 2010). The low frequency part is separated and removed
from the original data. For the remaining part we are applying the same procedure to remove
the next (mid-scale) frequency scale. The final part (the high frequency part) typically
resembles noise which stops this process.
The KZ filter is a symmetric filter and at the edge of the available data it uses mostly past
data and overestimates it. In section 4 it was necessary to make a correction for this edge effect
due to the fact that there was only a limited amount of available data. Further details regarding
the application of the KZ filter to the data used in this paper are provided at each discussion
point in the paper.

4. ORBITAL TOTAL SOLAR IRRADIANCE
Sunspot numbers have recorded observations dating back to ancient China (Hathaway
2015; Stephenson and Clark 1978). Records of average monthly sunspot numbers exist for a
sufficiently long time. Sunspot numbers are usually associated with strong anomalies on the
Sun’s surface due to the inversion of deep layers of active plasma to the outside space. These
inversions provide a very strong release of energy to space. It has been noticed that sunspot
numbers have a well-organized periodicity that is frequently referred to as the 11-year solar
period (Hathaway 2015). Zurbenko and Potrzeba (2013) and Zurbenko and Smith (2017)
attempt to associate those periodicities with some specific interferences of planetary periods.
Zurbenko and Potrzeba (2013) and Zurbenko and Smith (2017) argue that the difference
frequency of the appearance of Jupiter and Saturn over a point on the Sun’s equator is
approximately 10 years and that Venus and Earth contribute to a period of approximately 10.5
years. The difference frequency corresponds to a frequency of interference of two gravitational
tidal waves. Figure 1 displays the spectrum of average monthly sunspot numbers received by
application of the DZ semi-adaptive algorithm (DiRienzo and Zurbenko 1999; Close, Zurbenko
and Sun 2018; Zurbenko and Smith 2017).
The DZ algorithm was designed to accurately identify all spectral lines of hidden
periodicities above the desired percentage level of total energy in the spectrum. The algorithm
smooths out noisy fluctuations in the spectrum below the provided percentage level. Simulated
examples have demonstrated the very high quality identifications of the hidden frequencies.
The DZ algorithm along with its extension to the Kolmogorov-Zurbenko Periodogram (KZP)
are provided in the KZA package of R-software (Close, Zurbenko and Sun 2018).
The explanation and prediction of time series request the consideration of the log of the
spectrum, which moves to the information approach that constructs a similar adaptive algorithm
of local information that concentrates on equal amounts of information in the spectrum
(Kolmogorov 1941; Wu 1997; Zurbenko 2001). Obviously separate spectral lines provide much
more information compared to the flat spectrum of noise. The information algorithm detects
separate lines in the spectrum better than the DZ algorithm, but practically provided algorithms
in R-software can be applicable over the log of the periodogram. The spectrum of sunspot
numbers surely uncovered a few periodic high energy components in a range of 9-11 years and
a periodic component of 90 years.
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It also provides on the edge of detection limit a periodicity of approximately 22.5 years.
The spectrum uncovered a few periodic components in a range of 9-11 years and a periodic
component of 90 years. In high frequencies the spectrum remains very flat, which provides
noisy fluctuations for the frequencies of periods less than 3-5 years. These short fluctuations
may be filtered using the KZ filter; an iterated moving average with two parameters: m, the
window size and k, the number of iterations, denoted by KZ(m,k) (Yang and Zurbenko 2010).
We applied KZ(13,3) to the sunspot numbers dataset. This operation removes the random noisy
portion of the average monthly sunspot number observations (see Figure 2).

Figure 1. Smoothed spectrum using DZ Method of average monthly sunspot numbers.
Periods of main peaks are identified with vertical lines indicated on the plot

Can one associate sunspots numbers with energy transmission to the planet Earth from
Sun? Satellite measurements of orbital total solar irradiance (OTSI) exist for a shorter time
(http://acrim.com/; Frohlich et.al, 1997). We applied the same filter to the OTSI data as to
sunspots numbers to smooth out stochastic short-term fluctuations. Figure 3 provides a plot of
the raw sunspots numbers with the raw OTSI data whereas Figure 4 provides a plot of KZ(13,3)
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applied to both of these raw datasets. They perfectly fit each other through linear regression
equation (where Y represents OTSI and X represents sunspot numbers):
Y = 1360.569 + 0.00691X, with 𝑅 2 = 98.21%

(1)

Figure 2. Raw average monthly sunspot numbers overlaid with KZ(13,3) applied to the sunspot
data to smooth and filter. Raw numbers are indicated by the solid line and filtered data by the
dashed line

Nevertheless one may notice some deviation in OTSI at the end of available time of data.
This deviation may be attributed to a so called edge effect of KZ filtration. The KZ filter is
symmetric averaging of data around a current time point by polynomial coefficients (Yang and
Zurbenko 2010). When the averaging window is approaching an end point of the dataset it
counts unavailable data ahead of the end as missing, but still the total sum of the coefficients in
the available part must be equal to 1. Hence, the filter close to the edge begins to enhance the
effects of the previous data. This creates an outcome out of the memory of past data prior to the
last time point. For example, if the data ends nearly after the top of a sine wave, the KZ filter at
the edge will start to extend values on the top instead of diving down the sine wave. Generally
speaking, half the length of the filter before the end point may be affected by such effect. The
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total length of KZ(13,3) is 39 months so, the last 1½ years of filtration can be affected by
unavailable data up front.

Figure 3. Plot the raw average monthly sunspot numbers in thin black line overlapping
the raw orbital total solar irradiance (OTSI) data shown in the thick black line.

We provide here an edge effect correction procedure for the KZ filter. This procedure can
also be applied in any different situation. By any kind of parametric model one may try to
predict unavailable data above the edge time. Therefore, we may use our very accurately fitting
regression model (1) to predict OTSI by available sunspots numbers. Equation (1) may calculate
the prediction of OTSI out of KZ filter of sunspot numbers. Displayed in figure 5 is the KZ
filter of sunspot numbers simultaneously with KZ filter of available OTSI and an extension of
it by predicted values of OTSI. The predicted values definitely may be trusted as reliable due
to the strong correlation from the linear regression of available data in equation (1). For edge
correction we used the prediction ahead of the investigated variable which, as stated above,
conveniently used the available second variable (in this case sunspot numbers) with
observations well available after to the edge of first variable (in this case OTSI) for a sufficient
time. Since the second variable was highly correlated with the variable of interest this allowed
us to make a prediction that is very reliable in advancing time. In some other cases only one
variable may be provided for investigation. Nevertheless a parametric prediction of it ahead in
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time may easily be constructed. For example, seasonality of variables or other periodicities may
provide a very good opportunity for this. One may use for prediction the average seasonal curve,
which may be calculated from the past observations. Parametric ARMA or SARIMA models
also may be used for that purpose (Tsakiri and Zurbenko 2010).

Figure 4. Plot contains KZ(13,3) of average monthly sunspot numbers in thin black line
overlapping KZ(13,3) to the orbital total solar irradiance (OTSI) data shown in the thick black
line. The edge of the plot is the end of the OTSI data that was available. Therefore, with the
filtering there is an edge effect which accounts for the sudden larger gap between the sunspot
data and the OTSI

Therefore, we may use the original OTSI data and its extension by prediction to perform
the KZ filtration again over this new total data. The prediction thus moved the edge of the total
data much further in time. The application of the KZ filter to this total original data plus
reconstructed data no longer experienced an edge effect at the end point of original data.
Provided in figure 6 is a plot of the KZ filter over the extended OTSI data. It is apparent in the
plot that the OTSI goes smoothly along the linear connection with the KZ filter of the sunspots
numbers with a linear regression equation of:
Y = 1360.563 + 0.00692X and 𝑅 2 = 99.1%.
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The variance of the unexplained part in equation (2) is about 2 times less than that
variance in equation (1). With the high correlation we recommend this be used for the prediction
of OTSI when the OTSI data is not available.

Figure 5. A linear regression was done between KZ(13,3) of sunspots (X) and KZ(13,3) of
OTSI (Y) over available data. The equation was determined to be: Y = 1360.6 + 0.0069X.
Displayed in the plot in a thin black line is KZ(13,3) of sunspots. Displayed in the thick black
line is the OTSI data. The gap between points 192 and 193 separate the actual data with the
predicted values from the linear regression. The thick tail at the right side of the plot are the
OTSI values outputted from the linear regression

OTSI is measuring the total energies delivered from Sun to the space near Earth. The KZ
filter of those energies is linearly connected with the same KZ filter of sunspot numbers with
the fit above 99%. OTSI measurements are very expensive and not available through a
sufficiently long time. However, the extraordinarily high fit in equation (2) permits us to use
sunspots numbers for evaluation of energies and their fluctuations delivered from the Sun to
the space near Earth. Sunspot numbers are available for a long time and can be treated like solar
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irradiation energies in a space near Earth by equation (1). Therefore, our results prove that
sunspot numbers can be used in lieu of solar irradiation when the latter is not available. In fact,
Zurbenko and Cyr (2011, 2013) provide an attempt of using a long series of sunspots numbers
to evaluate effects of fluctuations in solar energy supplies on Earth climate changes. Sunspot
numbers and relevant solar radiation levels affect many aspects of human life, including public
health issues (Valachovic and Zurbenko 2014, 2017; Arndorfer and Zurbenko 2017)

Figure 6. After using a linear regression to extend the OTSI dataset to avoid edge effects, the
KZ filter was reapplied to the new combined dataset which was the raw OTSI data extended by
20 data points which were predicted using the linear regression. Displayed is KZ(13,3) of this
“updated” dataset in the thick black line overlaid with KZ(13,3) of sunspots in the thin black
line. 𝑅 2 = 99.6%

5. SUN ENERGIES TRANSPORT FROM SPACE TO THE SURFACE OF EARTH
Through data analysis we proved in the previous section that orbital total solar radiation
(OTSI) is linearly proportional to sunspots numbers with very high accuracy (see Figure 6).
Satellite measurements of solar radiation were limited in time. The very high accuracy of that
linear connection, 99.6%, permits us to use sunspot numbers at any time to estimate fluctuations
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in solar radiation (OTSI) in a space near Earth. In this section we will investigate how that
energy from the space near Earth is transferred to the surface of Earth. We are only interested
in the oscillations of those energy powers so correlation analysis in arbitrary units of sunspot
numbers is sufficient for our use. In this section we present an example of a data analysis
describing the relationship between the oscillations in long-term temperature with the
oscillations corresponding to the ground total solar irradiation (GTSI) and orbit total solar
irradiation (OTSI).
Displayed in Figure 7 is a simultaneous plot of ground measurements of solar radiation
(GTSI) at Phoenix, Arizona and Massena, NY together with sunspot numbers. All three
variables were smoothed by KZ(25,3) to avoid seasonality and high frequency noise. Clearly
visible are some phase shifts in ground radiation with an approximate 10 year oscillation when
compared to space radiation represented by sunspot numbers.

Figure 7. Displayed is the Ground Total Solar Radiation measurements over a 30 year span
(January 1960 – December 1990) for both Phoenix, Arizona and Massena, New York. Values
for GTSI at Massena were adjusted by the cosine square law to account for the difference in
locations. Also displayed are the sunspot numbers over this time period. A vertical axis for
sunspot numbers is not displayed
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Figure 8. For the time period January 1961 – December 1990, KZ(25,3) applied to average
monthly temperature and ground total sun radiation (GTSI) at locations in Arizona (Phoenix,
AZ for the GTSI and Winslow Municipal Airport for temperature). Overlapping the
temperature GTSI curves is the curve of monthly sunspot numbers. GTSI measurements are in
Wh/m2. There is no vertical axis for sunspot numbers

We examine effects in Arizona by using the available GTSI at Phoenix, AZ and OTSI,
which we substitute with the highly correlated sunspot numbers. In order to avoid big city
effects at Phoenix, we considered ground temperature measurements at Winslow Municipal
Airport, AZ. Figure 8 displays long-term oscillations in those variables. The local minimum of
GTSI and sunspot numbers occurs between 1965 and 1966 where the temperature local
minimum is delayed to 1968. The oscillations in temperature as energy accumulation are always
delayed when compared with the actual delivery intensity. Another local minimum of
temperature occurs during 1976 and it perfectly corresponds to the minimum in sunspot
numbers. Ground temperature measures are affected by GTSI and by OTSI as well since the
higher layer of atmosphere are more strongly exposed to OTSI. Temperature as energy
accumulation oscillations are stretched to periods of approximately 13 years compared with
initial variables of energy supplies that have a period of approximately 10 years. A portion of
the energy supply may contribute to vapor accumulations, which consume enormous amounts
of energy that later may be released through precipitation.
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This mechanism may cause an inversion in oscillations of the regarded variables that one
may observe in years 1980 – 1990. The same explanations are applicable to the temperature at
Massena, NY (see Figure 9). Effects of vapor and cloud mechanism delays are obviously
stronger in the Northeast areas of the United States compared to the Southwest.

Figure 9. KZ(25,3) applied to average monthly temperature and ground total sun radiation
(GTSI) in Massena, NY. GTSI measurements are in Wh/m2

Long-term temperature oscillations may also be compared with long-term sunspot
number oscillations. For this purpose we needed to exclude scales close to 10 years in sunspot
numbers and scales close to 13 years in temperature. We did this by applying the KZ filter with
a window size parameter of 129 months (approximately 10.8 years) to sunspot numbers and a
window size parameter of 157 months (approximately 13.1 years) in temperature for a sufficient
time length at a tropical location in Peru. Figure 10 displays a simultaneous plot of the outcomes
of those filters. The oscillations in temperature are sufficiently close to those oscillations in
sunspot numbers and the two have a correlation of 0.42. Zurbenko and Cyr (2011) also refer to
a similar correlation of 0.56 in a range of 250 years. Nevertheless, at the end of the time interval
the oscillations in temperature are higher than the similar oscillations in sunspot numbers.
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Figure 10. KZ(129,2) applied to Sunspot numbers is displayed with KZ(157,3) applied to
temperature in a 2° by 2° grid in the area of Peru. Coordinates for the grid are 14S – 12S by
78W to 76W

This effect can be removed by a linear projection of long term temperature over longterm sunspot numbers (or OTSI). Zurbenko and Smith (2017) explain the sense of linear
regression over filtered variables by the Gauss least square approximation. We determined the
described linear projection using the Peru data to be Y = 18.339192 + 0.007284X. Figure 11
displays the remaining portion of temperature that is unexplained by OTSI. One may consider
that the portion unexplained by OTSI is part of a long-term temperature increase that came from
human influences on the deliverance of energies to Earth’s surface.
While the correlations for total variables are low and ineffective we are examining the
correlations in different scales which are frequently high and provide a perfect linear
relationship. In figure 11 it can be seen that the average unexplained temperature after 1980
was approximately 0.66 degrees higher than the average before 1980. This effect can slightly
depend on the region of consideration, but the identification of patterns in global changes of
Earth’s climate is very important for human activities.
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The oscillation of approximately 100 years that is visible in the spectrum of sunspot
numbers and a corresponding oscillation in OTSI both approach low levels near present time.
A decline was also slightly noticeable in the temperature data as well but with lower levels in
temperature being delayed by up to 5-10 years. Water vapor can accumulate a large portion of
the delivered solar irradiation and release it much later in time. Zurbenko and Luo (2012, 2015)
and Zurbenko and Smith (2017) discuss how over the last couple of decades vapor
accumulations have grown intensively in the North Atlantic, which has caused increased
instability of weather and extreme events in the eastern and middle parts of the U.S.

Figure 10. KZ(129,2) applied to Sunspot numbers is displayed with KZ(157,3) applied to
temperature in a 2° by 2° grid in the area of Peru. Coordinates for the grid are 14S – 12S by
78W to 76W

The temperature effects due to the energy from solar irradiation is always delayed in time
due to the substantial time the energy takes to accumulate. A large part of this accumulation
occurs in tropical regions following the cosine squared law (Zurbenko and Cyr 2011).
Greenhouse atmospheric effects enhance those effects as well. Compared to tropical areas there
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may be longer delays in higher latitudes. Therefore similar temperature curves of temperatures
in higher latitudes at present are on an increase and have yet to be effected by the decline of
solar irradiation. We use scales of 5-13 years and longer in our discussion of energy fluctuation.
The 5-year scale that is frequently attributed to the El Niño oscillations is relevant to
redistributions of energy over Earth’s surface caused by transmissions of vapor and cloud
creation transmissions. This scale is close to a half-scale of the main solar irradiation component
and can be counted as a supplemental double-frequency component. Near present time is a
minimum of the approximate 100 year oscillation and it is in line with the next minimum of the
approximately 10 year scale. In the near future this will cause an inevitable effect which can
also be delayed for another 5-10 years as we previously discussed.

Figure 11. Display of the unexplained portion of a linear regression of the KZ(157,3) Peru
temperature (Y) on KZ(129, 2) Sunspot numbers (X). The linear regression equation was Y =
18.339192 + 0.007284X. The line segments indicate the average of the unexplained portion
below 0 (-0.23) and the average of the unexplained portion above 0 (0.42). Their difference is
0.66. The left scale is temperature

In order to conduct our analysis it was necessary for us to separate the scales using the
information provided by the spectrum of sunspot numbers. Zurbenko and Sowizral (1999) as
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well as Tsakiri and Zurbenko (2010) prove that by ignoring separation of different scales the
results of the linear regression analysis can be badly obscured. We separate scales of 5-13 years
and longer based on the spectral analysis of the data (see Figure 1) as was similarly done by
Zurbenko and Cyr (2011). We base our analysis on monthly data to avoid daily fluctuations,
but annual fluctuations in temperature remain very strong. Annual scales are created by the
Earth’s movement around the Sun and must be excluded from consideration in a Sun and
climate analysis. Long term oscillations have different physical explanations, but they have
very small variations compared with the annual scale.

Figure 12 Synoptic fluctuations of temperature at Massena, NY are displayed by taking the raw
daily maximum temperature values at Massena less KZ(511 days, 3) of the maximum daily
temperature data at Massena, NY for the timeframe 1/1/1960 – 12/31/2016

Yang and Zurbenko (2010) argue that KZ-filtration can separate those different scales
with practically zero overlap and correlation less than 10−5. Folland and Sitaram (1997) discuss
the Heisenberg uncertainty principle, which the KZ filter follows exactly. Since it allows the
product of the time interval of the filter with its frequency determination to remain constant it
is allows us to create a KZ filter for this specific application. The filter KZ(1.5 years, 3) restores
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all scales longer than 5 years. The remaining part of this filter I-KZ(1.5 years, 3) will then
contain only the annual component.
This filter has been applied to the daily maximum temperature values at Massena, NY
and the result is displayed in Figure 12. The result is a very flat component of seasonal and
synoptic fluctuations in temperature without any indication of longer scales. This proves that
our separation of longer scales was a very accurate separation of longer scales within the total
signal, where main variances were concentrated in short scales. Since the total variance of the
shorter scale is substantial in the total variance of temperature data the examination of longer
scale effects must be done only after making the separation of seasonal and synoptic scales.
Since the ratio of the total variance of the long-term components in temperature to the short
term is 0.00315. It is impossible to make accurate inferences in the long-term component with
the presence of the short-term component. Without this separation of scales erroneous results
can occur in the examination of the longer scales.

6. CONCLUSIONS
The simultaneous examination of the time series for sunspot numbers and total solar
irradiation recorded at satellites provide an extraordinary high time correlation, thus permitting
us to conclude that solar energy delivered to space above the Earth’s atmosphere is proportional
to sunspot numbers. Satellite observations are not available for a very long time so one may
substitute those by sunspots numbers, which are available for a very long time. Delivery of
solar energy from space to the ground is interrupted by the Earth’s atmosphere. Atmosphere
can absorb part of that energy and redistribute it to different regions through clouds and vapor
transport. Ground solar radiation can produce evaporation of local water where energy
consumption can be a reasonable percentage of the total solar energy supply. That vapor will
condense to the clouds, which will provide precipitation in some other remote, cooler regions
thereby creating an energy transport mechanism on Earth. The main component of that transport
starts from tropical regions to higher latitudes and as a result of the Coriolis Effect forces further
transport in the eastern direction by jet streams. The main energy supplies from the Sun have a
very well organized 9-11 year periodic component. Redistribution of that energy over the
Earth’s surface causes delays of that oscillation that is different for different regions. Those
delays may reach half of the main period causing those 4-6 years periods of energy
redistribution known as the El Niño scales. Undoubtedly, there exists longer periodicities in
sunspot numbers, which may cause longer periods in Earth’s climate. Global temperatures
display partial correlations with solar energy supplies. Removal of that component from total
global temperatures can explain with high accuracy the regional human effects on global
climate. Maps of regional human effects over Earth will provide very good explanations for
the possible reasons of the causes of human influences and their numerical evaluations.
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