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ABSTRACT
It is well agreed upon that the global temperatures are trending upward, and Earth’s climate is
impacted by these increasing temperatures. While there are regional differences to the impact of global
climate change, there are evident effects globally. Fluctuations in solar energy delivered to Earth is a
factor in Earth’s climate and temperature changes. The fluctuations in solar energy are a factor that
cannot be changed. However, some of the influences on global climate changes are due to human
contribution, which can be changed. The purpose of this paper is to review long-term fluctuations to
global temperature change and their relationship and impact to other essential global variables. Some
regional projections are used to present a view of effects of these findings. Real data analysis with
separation of scales is intensively used to deliver all inferences.
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1. INTRODUCTION
Numerous publications have examined temperature trends over specific regions as well
as in total over the planet and the effects of those trends on aspects of the climate, including
Barkhordarian et al. (2012), Fang et al. (2019), Khanna et al. (2020), and Zahradníček et al
(2021). Rising temperature trends are impacting atmospheric variables which together are
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leading to extreme weather phenomena in some areas. Zurbenko and Sun (2015, 2016) use KZ
filtration methods to show that absolute humidity is intensifying and in turn leading to an
increase of water vapor transport from tropical regions to higher latitudes. This in turn is
intensifying the Jet Stream. The purpose of this paper is the investigation of long-term
fluctuations in global temperatures in conjunction with some other global variables such as
solar activity, total solar irradiation, water levels in the ocean, and specific humidity levels over
different regions. Zurbenko and Potrzeba-Macrina (2019a) prove that the total solar irradiation
is highly correlated with sunspot numbers. Due to the strength of this relationship sunspot
numbers can be used as a substitute for total solar irradiation measurements in research. The
authors examine different scaled components of atmospheric variables and their cooperation
and influences in conjunction with other atmospheric variables. The separation of scales is
essential to the analysis because without the separation of scales the results would be erroneous
as there would be undue influences. For more on the necessity of separation of scales refer to
Zurbenko et al. (2021), Zurbenko and Sowizral (1999) and Tsakiri and Zurbenko (2010).
The authors will be following a linearly additive energy approach to their investigations
for the different variables. Energy distributed from different sources is the only additive variable
between many other atmospheric variables. This property makes energy a unique common entry
for global climate data analysis. Different sources of energy are providing independent entries.
This paper is using this method to separate the effects coming together from different
reasons. The authors use three main sources of energy in Earth’s atmosphere. Those sources
are fluctuations in time of energy supplies from the sun to Earth, the changing of energy
accumulations within the atmosphere due to human activities, and the changing of energy
accumulations due to trends in the amount of water vapor within the atmosphere. This additive
approach allows for the application of linear statistical models and the numerical estimation
and prediction of effects in the different sources which come together with total effects of global
climate changes.

2. DATA SOURCES
The data used in this paper was freely available online and includes datasets for sunspot
numbers, total solar irradiance (TSI), temperature, water levels and specific humidity. The
sunspot numbers dataset is average mean monthly totals from January 1749 – January 2021. It
was downloaded from the Sunspot Index and Long-term Solar Observations (SILSO) website
(sidc.be/silson/infosnmtot).
Total solar irradiance measurements were collected daily, and observations are measured
in watts per meter squared from the ACRIM (Active Cavity Radiometer Irradiance Monitor)
monitors. The authors considered the subset of available data from 2000 – 2015. The data was
downloaded from the ACRIM website (Frohlich et al. 1997).
The global temperature data was the Global Historical Climatology Network Monthly
Version 3 (NCDC_NOAA_GHCNM_TempAVG_QCA v3) data downloaded from the
National Climatic Data Center website (www.ncdc.noaa.gov).
Specific Humidity data was downloaded by the authors from the NCAR UCAR Research
Data Archive website. Several subsets of the International Comprehensive Ocean-Atmosphere
Data Set (ICOADS) Release 2.5, Monthly Summaries (dataset ds 540.1) were downloaded in
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January 2021. The subsets included specific humidity data for several 1° × 1° grids near
Syracuse, New York and Bakersfield, California.

3. SOLAR ENERGY INFLUENCES
The Sun is the main source of the energy that is provided to the surface of Earth. Solar
activity has been measured by sunspot numbers since ancient times (Stephenson and Clark
1978; Hathaway 2015).

Figure 1. Mean monthly total of raw sunspot number observations and its long-term
component from January 1749 – January 2021.
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Zurbenko and Cyr (2011, 2013), Potrzeba-Macrina and Zurbenko (2019), and Zurbenko
et al. (2021) observe clear periodicities within sunspot numbers, which they identify through
spectral analysis and explain those periodicities using periods from the entire solar system.
Spectral analysis clearly confirms the identification of the well-known periodicity that is
close to 11 years as well as some longer oscillations of approximately 90 years. Both oscillatory
cycles, 11-year and 90-year periods, were in their lowest stage around 2019 and have since
started to rise. The authors used the available monthly mean total sunspot numbers dataset from
SILSO to plot the raw sunspot numbers and extract its long-term component by use of the
Kolmogorov-Zurbenko filter, KZ(11 year, 3) as shown in Figure 1.

Figure 2. Comparison of Sunspot numbers and TSI with their short term components
removed through the application of KZ(1yr, 3). An edge effect correction method was applied
to TSI for this comparison.

-84-

World Scientific News 159 (2021) 81-94

Spectral analysis results shown that sunspot numbers can be decomposed into three main
components, namely the long-term component, mid-term component of approximately 11
years, and short-term (noise) component. Within the next 30 years sunspot numbers will likely
rise to a level over 200 and may essentially contribute to a further rise of global warming effects.
The 11-year component will provide an additional acceleration burst around the year
2025. This may add an extra 1 °C to global temperatures, a similar situation was observed
around 1960 according to Zurbenko and Cyr (2011) and Zurbenko et al. (2021).
Sunspot numbers are easily attainable and have been observed for a longer period than
total solar irradiance. Total solar irradiance (TSI) is the measure of solar energy received on
Earth’s atmosphere and is measured on satellites near Earth. Solar energy impacts climate on
Earth and the capacity to measure and predict TSI is essential in forecasting atmospheric
variables to examine influences on climate change. However, historical records of TSI are not
as lengthy as that of sunspot numbers and TSI observations not as easily recorded as those of
sunspot numbers. There is a strong correlation, in excess of 99%, between smoothed sunspot
numbers and total solar irradiance (TSI) by a comparison between TSI measurements from the
ACRIM monitor with measurements between 2000 – 2015 and the aforementioned sunspot
numbers of data after removing the monthly random fluctuations from each (Zurbenko and
Potrzeba-Macrina, 2019a). The result of Zurbenko and Potrzeba-Macrina (2019a) thereby
proves that the energy supply received on Earth from the Sun is proportional to the widely
measured and easily attainable sunspot numbers.
Figure 2 depicts a result of resulting comparison and clearly visible is a very strong
relationship after the necessary removal of the short-term, noisy fluctuations from both
variables. The removal of short-term, noisy fluctuations from both variables is necessary to
avoid destructive effects of noise in linear regression (Zurbenko and Sowizral, 1999). The
figure display does account for a correction to the edge effect that was occurring due to the
nature of the KZ filter and the short length of available TSI data. However, even without the
application of the edge correction method, Potrzeba-Macrina and Zurbenko (2019) determined
there was a high correlation between TSI and sunspot numbers. This important result allows
researchers to use sunspot number measurements as a statistically accurate substitute for TSI
measurements in analyses linear relations between different variables. The authors are only
interested in the linear correlation effects between global temperatures and TSI so the unit scales
in TSI are not affecting their results. Therefore, the authors can substitute the smoothed TSI
with the same smoothing in sunspot numbers, which are available for a very long period of
time.

4. HUMAN CONTRIBUTION TO GLOBAL CLIMATE CHANGE
Some fluctuations in the global temperatures may be due to the fluctuations in solar
activity. Long-term global temperatures are well correlated with the long-term component of
sunspot numbers (Zurbenko & Cyr 2011, 2013; Zurbenko & Potrzeba-Macrina 2019a;
Potrzeba-Macrina & Zurbenko 2020; Zurbenko et al. 2021). Total solar irradiation energy
delivered to Earth is highly proportional to sunspot numbers. Since sunspot numbers are
available for a longer period of time the authors use the sunspot numbers measurements as the
main solar energy supply variable. The linear effect of sunspot numbers to global temperatures
can be removed and then the result is an independent component that the authors call the human
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component of total energy change in the atmosphere. Part of this component may be due to the
greenhouse effect of excess energy accumulation within the atmosphere. Another part of this
component could be solar energy accumulations in atmospheric water vapors measured by
specific humidity. Zurbenko and Luo (2012, 2014) and Zurbenko and Smith (2017) display an
enormous regional effect of vapor energy accumulations within the last 50 years which they
argue is more than the total energy of all nuclear arsenals. KZ filtration is used to separate the
scaled components of data, in particular it can be used to conduct an analysis of long-term
temperature to study the impact humans have on global temperatures, refer to Zurbenko and
Potrzeba-Macrina (2019a), Potrzeba-Macrina and Zurbenko (2020) and Zurbenko et al. (2021).

Figure 3. Long-Term components of sunspot numbers and specific humidity at Syracuse,
NY with the human contribution to global temperature changes.
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To analyze such an impact, it is essential to separate the scaled components of sunspot
numbers and temperature. The decomposition of the variables into their scaled components is
essential because without such a separation the evaluation could have false influences from
other scales. Their resulting analysis concludes that the human contribution to long-term
temperature is approximately 0.6 °C over the past 50 years (refer to Figure 3).
Potrzeba-Macrina and Zurbenko (2020) use a linear regression of long-term global
temperature on long-term sunspots to predict an increase of approximately 1 ℃ in global
temperatures due to solar activity in the next 30 years. These results show that the forecast of
long-term global temperatures will be a total increase of more than 3 ℃ by 2050 (PotrzebaMacrina & Zurbenko 2020; Zurbenko & Potrzeba-Macrina 2019a). A total increase in global
temperature of 3.5 ℃ within one century will yield dramatic changes in the climate on planet
Earth.

5. RISING WATER LEVELS
Long-term global temperatures are rising and affecting the intensity of melting glaciers
in the northern and southern poles of Earth. Mountain glaciers are also shrinking. The water
from these melting glaciers is increasing the water levels in Earth’s oceans as well as other
bodies of water. Water levels are strongly affected by lunar gravitational tides in addition to
annual tidal effects. These influences should be removed in order to observe long-term effects.
Global warming is causing water levels to rise. The rise water levels are causing an increase in
specific humidity levels which further accelerates global warming. This loop is contributing to
a nonlinear increase in global warming and extreme weather events. There is an overall increase
of water levels at various locations, including North Carolina, Hawaii, Alaska, and Australia.
Zurbenko and Potrzeba-Macrina (2021) remove these aforementioned short-term and
annual fluctuations on water levels. An application of this method to water levels in various
global locations along with the human contribution to long-term global temperatures is
displayed in Figure 4. The water levels at all regions are on the rise with an increase of up to
0.25-foot in some locations due to the human impact (Figure 4). The most dramatic increase
can be seen in the North Carolina region (Figure 4).
Ezer et al. (2013) also investigate the sea-level rise in the mid-Atlantic region which they
term as a “hot-spot”. Zurbenko and Potrzeba Macrina (2021) investigate the long-term
temperature trends in the Arctic and Antarctic regions and the rising long-term water levels and
their predictions show a rise in the long-term components of ocean water levels of 1-3 feet by
2050 using linear or parabolic predictions in the mid-Atlantic region. Undoubtedly there is an
upward trend in the rising water levels. Rising water levels inevitably are increasing water
covered surface evaporation rates. Specific Humidity which directly impacts energy levels
increases as discussed will be investigated in the next section.
6. IMPACT OF RISING SPECIFIC HUMIDITY ON EARTH’S CLIMATE
Most of specific humidity as the water vapors are created in tropical areas. Zurbenko and
Luo (2012, 2014), Zurbenko and Smith (2017) and Zurbenko et al. (2021) display maps of total
specific humidity levels which prove that the water vapors are mostly generated in the tropics
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and are inevitably transported out to the north or south by air expansions. Latitudinal transport
by the Coriolis effect creates jet streams. An increase in transport results in much stronger
effects. In early winter 2021 there was evidence of an unusually strong effect of the jet stream
in North America with unusual snowfalls and deep freezing in the southern and midwestern
regions of the United States.
Vapor transport along the oceans is stronger than along the continent, which provides
North America with the typical V-shaped Jetstream and over the last couple decades there has
been increased activities in jet streams corresponding to increases in extreme weather events;
for more details refer to Zurbenko and Sun (2014, 2015 and 2016).

Figure 4. The long-term component of water levels at various locations.
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The V-shape of mountain chains in the United States also contributes to the V-shape of
the Jetstream Cool air from the north is approaching warmer Gulf regions collecting more
moisture and causing further atmospheric instabilities. In 2019 the lowest point in solar activity
within the last two centuries occurred. In the near future, the 90-year and 11-year components
inevitably will be increasing and causing further natural global warming effects. Specific
humidity levels easily will exceed the levels of 1990 and reach dangerous levels thereby causing
extreme weather (see Figure 3). The long-term components in Figure 3 are easily predictable
by linear extensions or periodicities which are moving total values never seen before. While the
solar contributions cannot be changed, changes to the human component are achievable.

Figure 5. Specific Humidity monthly averages from near Syracuse, NY over the period
January 1964 – September 2016. The raw data is plotted with KZ(1yr, 3) and the linear
regression of the long-term component KZ(10yr, 2). The 10-year change in trend is 0.15.
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Figure 6. Specific Humidity monthly averages from near Bakersfield, CA over the period
January 1960 – September 2016. The raw data is plotted with KZ(1yr, 3) and the linear
regression of the long-term component KZ(10yr, 2). The 10-year change in trend is 0.0225.

When the cold artic air reaches the warm and wet Mexican gulf it creates an explosive
atmospheric effect with opportunities of torrential rains, snow, and tornadoes.
Figures 5 and 6 display long-term changes in specific humidity in areas in central New
York and California, which display a strong upwards trend in New York and an increasing trend
that is much less in California. One decade change in the trend of specific humidity in New
York is 0.15 units or more than 2% of the total whereas in California the decade change in trend
is only 0.02 or 0.2% of the total. It is obvious that the difference in specific humidity between
the East Coast and West Coast of the United States is rising. Rising temperatures in California
are causing a decrease in relative humidity, which in turn are causing droughts.
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Zurbenko and Smith (2017) displays specific humidity maps in 1972 and 2013, which are
displaying a dramatic rise of specific humidity in the Northeast portion of the United States and
over the North Atlantic region. On the western coast of the United States is the opposite effect
which is that specific humidity is flat or lower near the Pacific Ocean and the results are similar
in Australia. Rising temperatures with flat specific humidity levels are causing lower relative
humidity and droughts in the western United States and Australia, whereas the dramatic
increase in the Northeast U.S. is leading to enormous accumulations of energy in the
atmosphere, which are in turn being released into dangerous weather anomalies (Zurbenko and
Sun 2014, 2015, 2016; Zurbenko and Potrzeba-Macrina 20019, 2013). Additionally, Wang and
Wang (2019) also investigate hydroclimatic variables and predict an increase in extreme
weather events such as flash floods and drought episodes in Texas.
The rise in specific humidity levels in New York (shown in Figure 5), the rising trend in
solar activities and the human contribution may contribute to further rising and accelerating
total global climate change on Earth. Further acceleration of global climate change is likely to
have regional differences and more should be investigated on the regional level.

7. CONCLUSIONS
Accelerating total global climate change on Earth is approaching unknown and never
before seen levels. Climate changes are already at the levels not known for interpolations to the
past, but the increase in solar activities in the next few decades can make those weather effects
stronger. The human component in global warming passed its lowest point 50 years ago and
started to rapidly rise since then with a very small dip during a low point in specific humidity.
The continental scale of North America provides the opportunity of a strong V-shape
Jetstream with a low point near the Gulf which contributes strongly to extreme weather events.
It makes the western areas of the United States cooler and drier and makes the Eastern U.S. and
North Atlantic region more wet.
High specific humidity in the North Atlantic region is causing less evaporations at the
middle of the Gulf Stream current and may contribute to slowing it down. Further investigation
of the Gulf Stream, its effects, and the rise in sea-levels especially in the mid-Atlantic region
near Cape Hatteras is discussed by Ezer et al. (2013). This slowdown of the Gulf Stream in turn
may cause essential climate changes in Europe. Rising water levels may further accelerate all
these changes. It may also cause structural damages in the buildings in coastal areas.
The contribution of solar activities cannot be changed, but societal changes may reduce
human contributions to the accumulation of total contributions. TSI was at its lowest point in
2019 but will be on the rise essentially over the next 50 years. While society cannot affect solar
activities, it can work to slow down the human contribution. The total effect of global climate
changes is close to unseen levels which can cause unpredictable catastrophic events in some
regional areas and affect total human life over planet Earth.
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