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2.1 INTRODUCTION
Natural climate variability causes the Earth’s climate to change on all time
scales, both long term and short term. Naturally occurring fluctuations
have always existed and have caused temporary and cyclical regional and
global changes in temperature, average precipitation, and other weather
phenomena. It is very likely that the interglacial and glacial events that
occurred hundreds of thousands of years ago occurred due to natural
climate change cycles. Throughout several millennia, the Earth’s c limate
has been fluctuating between extreme periods of cold and extreme periods
of warmth. However, the question now being posed is whether the recent
trends toward a warmer period are the results of these naturally occurring cycles or whether anthropogenic factors have overwhelmed the
environment and thus become another contributing factor.
It is well known that the climate in recent years has turned toward
a steep warming trend. It has been well documented by many renowned
organizations such as the Intergovernmental Panel on Climate Change
(IPCC), the National Oceanic and Atmospheric Administration (NOAA),
the National Aeronautics and Space Administration (NASA), and many
others that the warming trend is being seen globally. However, it is still
unknown whether these changes in climate are due to natural cycles.
This discussion analyzes several of the most influential global and
regional natural cycles and correlates them to observed data on climate
change. Each of these cycles is explained through known theories that
have developed over years of scientific and data analysis. It is very
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s atisfying when field data support theories and this is what the following
discussion attempts to reinforce. Two cycles responding to external
causes—Milankovitch cycle and the sunspot cycle—as well as several
other cycles due to pattern changes in the Earth’s systems—the El Niño
Southern Oscillation (ENSO), the Pacific Decadal Oscillation (PDO),
the Arctic Oscillation (AO), the North Atlantic Oscillation (NAO), and
the Atlantic Multidecadal Oscillation (AMO)—are closely analyzed and
discussed with their relative impacts on climate. Some of these cycles
are much more influential to long-term global temperature change, while
others mainly affect short-term weather patterns and have no implications
on long-term climate change. It is heartening, however, that these theories
are not controversial, and have not been rejected by the majority of experts
in the field.

Copyright © 2015. Momentum Press. All rights reserved.

2.2

MILANKOVITCH THEORY

In the late 19th century and early 20th century, Serbian engineer M
 ilutin
Milankovitch studied the orbital variations of Earth and their influence
on long-term climate change. He developed what is now known as the
Milankovitch Theory, which states that “as the Earth travels through space
around the sun, cyclical variations in three elements of Earth-sun geometry
combine to produce variations in the amount of solar energy that reaches
Earth” [1]. The three varying elements are the Earth’s orbital eccentricity,
the Earth’s axial inclination, and the direction of the Earth’s axis of r otation.
Through many observations and astronomical calculations, Milankovitch
determined the length of each of these variations. The Earth’s orbital
eccentricity has a period of approximately 100,000 years, the changes in
obliquity of Earth’s axis has a period of roughly 41,000 years, and cycle
of precession has a period of roughly 21,000 years [1].
The cycle of orbital eccentricity influences the amount of sunlight
that the Earth receives. The shape of Earth’s orbit can be more elliptical
with higher eccentricities or more circular with lower eccentricities. At
higher eccentricities, Earth is much closer to the Sun at the perihelion and
thus receives more radiation, which causes an increase of the temperature
of the planet. At the aphelion, Earth would be at its farthest point in the
orbit and thus receives a lesser amount of solar radiation [1]. This cycle
appeared to have reached a maximum about 11,000 years ago when the last
ice age occurred [2]. Earth’s orbital eccentricity can range anywhere from
0 to 0.07. Earth’s current eccentricity is 0.017, which means that there is a
difference of about 6 percent between the amount of solar r adiation during
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the perihelion and the aphelion. This percent difference is low compared
to a difference in radiation of approximately 20 to 30 percent when the
Earth is at its maximum orbital eccentricity [1]. This means that at present,
the Earth is very nearly at the beginning of the 100,000-year cycle. In fact,
due to this low level of eccentricity, the Earth is in an interglacial period
[3]. Changes in climate over the past few decades are clearly not of the
same order of m
 agnitude as the 1 00,000-year Milankovitch cycle [4]. As a
result, it is unlikely that the orbital eccentricity cycle is greatly significant
in any currently observed climate changes, except to tell us that we are in
a “variable warming period.”
The cyclical variation in the tilt of the Earth’s axis and the precession of Earth’s axis affect the strength of the seasons and the seasonal
contrast [5]. These cycles do not affect the amount of sunlight that the
Earth receives, but rather the intensity of sunlight that one region at a
certain latitude would receive in a particular season [5]. The inclination of
Earth’s axis varies from 22.1° to 24.5°. With less of a tilt, there are warmer
winters and cooler summers. As the tilt increases, there are cooler winters and warmer summers. The Earth’s axial tilt is currently at 23.5°. This
means that the planet is in middle, nearing the latter half of the 40,000year cycle [1]. This would account for more extreme seasons because
there is a greater contrast between the winter and the summer. The paper
by Hansen, Sato, and Ruedy [6] confirms via statistical data that there
is more extreme seasons in recent years, on a global scale. The increase
in extreme seasons and natural climatic “disasters” could be contributed
by the tilt of the Earth’s axis as well as to anthropogenic climate change
causes.

2.3

SUNSPOT CYCLE

The first sunspot was observed in 1610 by astronomer Galileo Galilei. In
1843, astronomer Samuel H. Schwabe determined that sunspots followed
an 11-year cycle of waxing and waning [7]. The correlation between the
sunspot cycle and the climate became apparent looking at early records
from well-known periods of more intense sunspot cycles and cycles with
less activity. In the 17th and 18th centuries, records show that very few
sunspots were observed from 1645 to 1715 [8]. This reduced number of
sunspots was a period of solar inactivity known as the Maunder Minimum, which c orresponds to the period, known as the “Little Ice Age,”
during which many regions around the planet experienced very low
temperatures [8].
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With these well-documented correlations between solar activity and
global temperatures, scientists concluded that Earth’s temperatures rise
with an increase in solar activity and temperatures fall with a decrease in
solar activity. More recent studies even show that sunspot cycles can also
greatly influence regional weather patterns. Based on data collected by
the Goddard Institute of Space Studies, an increase in solar activity was
consistent with an increase in precipitation in the Northern H
 emisphere
[9]. Weather events such as the South Asian monsoons and 15 to 20 percent
of local rainfalls around the world were also partly attributed to the solar
activity [9].
Sunspots affect climate by influencing solar emissions as well as
ultraviolet and x-ray emissions from the Sun to Earth [8]. Sunspots are
regions where the temperature drops nearly 1,500°C from the surrounding
surface of the Sun. When the sunspot regions are centered on the “solar
disk,” studies have shown that the Sun has a reduced amount of solar
radiation. Based on data from space satellites, solar radiation is reduced
by nearly 0.1 percent when the sunspot regions are located at the center
of the Sun as observed from Earth [10]. The more striking effect that sunspots have on Earth’s climate comes from the magnetic nature of the dark
spots. The sunspot regions have a “spectral radiance” that can influence
certain layers in the Earth’s atmosphere, which have a direct impact on
climate and weather patterns. The spectral radiance refers to the level of
UV and x-ray radiation that is emitted from the sunspots and can vary
by 10 percent [10]. Ongoing studies are trying to determine which of the
two impacts that sunspot activity have on the Earth’s climate, total solar
irradiance or spectral radiance, is more influential. However, it is certain that they definitely affect short-term weather patterns and long-term
climate change.
Space satellite data collected over several decades show that the
0.1 percent change in solar irradiation between the minimum and m
 aximum
periods of the sunspot cycle has an effect 0.2 W/m2 at the ocean surface
[11]. This corresponds to a change in ocean temperature by about 0.02°C
to 0.06°C [11]. This is a substantial temperature difference considering
the magnitude of the ocean and the amount of heat that is required to
increase the temperature of the ocean by 1°. Additionally, the total solar
irradiation data showed that an increased amount of irradiation over land
could intensify local natural weather events such as monsoon and other
wind and ocean responses that are directly associated with La Niña.
Furthermore, an increased amount of total solar irradiation over ocean
regions could increase evaporation and moisture levels in the atmosphere,
leading to more rainfall [11].
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The second mechanism associated with sunspot cycles is the increase
or decrease in spectral radiance. During a solar maximum, there is an
increase in incident UV rays into the atmosphere. The increase in i ncident
UV rays causes an increase in mid level ozone in the atmosphere. The
increase in ozone warms the region because more heat is absorbed via
short- and long-wave absorption [9]. The increased level of ozone during
solar maximum conditions leads to a larger temperature gradient between
the higher and lower latitudes, resulting in stronger stratospheric west
winds [9]. This causes upwelling in the Southern Hemisphere outside
of the tropics and downwelling in the Northern Hemisphere outside of
the tropics [9]. Downwelling in the Northern Hemisphere causes limited
convection and rainfall, meaning that the Northern Hemisphere summer
would be drier [9]. Based on experiments and calculations conducted
by NASA, it was determined that UV radiation exceeded 12.27 W/m2
during solar maximum years and was less than 12.15 W/m2 during solar
minimum years [11]. This led to an annual difference in total solar radiation of 0.2 W/m2 between solar maxima and minima [11]. This effect is
about the same as that of solar irradiation; therefore, it is unclear which of
the two effects has a greater influence on the Earth’s climate.
The parallels between the consequences of the sunspot cycles and
the climate on Earth are undeniable. As a result, it would be useful to
use predictions of future sunspot cycles to forecast their effect on c limate
for years to come. Sunspot cycles are numbered starting at Cycle 1,
which began in 1755 [12]. The current sunspot cycle is Cycle 24, which
began in November or December 2008 [7]. Figure 2.1 shows the monthly
average of sunspot numbers plotted against time during Cycle 24. This
sunspot cycle reached its peak in April 2014 as determined by NOAA
[13]. Thus, this would follow with Hansen’s statistical data showing more
extreme seasons and weather events in recent years [6]. However, using
the sunspot cycles as the only determining factor in climate change, the
extreme-season and increased number of severe weather patterns should
be decreasing in the upcoming years following the decline of Cycle 24. As
shown in Figure 2.1, Cycle 24 seems to already have passed its peak and,
therefore, should be in decline following a slower period of solar activity.
Not only is Cycle 24 in decline, but also the past few cycles have
exhibited characteristics of the well-documented Dalton Minimum [15].
The monthly averages of sunspot numbers during the Dalton Minimum
and during the past few sunspot cycles are shown in Figure 2.1. As shown
in Figure 2.2, when the most recent sunspot cycles from 1970 to the p resent
time are overlaid over the sunspot cycles from 1770 to 1830, the cycles are
very similar. This has led many to believe that the Sun is e xperiencing a
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Figure 2.2. Current sunspot cycles versus Dalton Minimum [14].

period of inactivity and weaker sunspot cycles [16]. Based on p redictions
of future sunspot cycles, the current cycles are said to continue to be in
a minimum state for another 30 years [16]. Although the effects of the
sunspot cycles are not necessarily strong enough to overcome any anthropogenic impacts, the sunspot cycles are in decline which should lead to
some global cooling.

2.4 SEA SURFACE TEMPERATURE AND
PRESSURE OSCILLATIONS IN THE PACIFIC
OCEAN
2.4.1

EL NIÑO SOUTHERN OSCILLATION

The ENSO refers to the variation of sea surface temperatures, wind
patterns, and surface air pressures over the equatorial Pacific Ocean [17].
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The cycle has an average period of three to five years; however, it can range
anywhere between two and seven years [18]. Normally, trade winds blow
in the westerly direction around the equator and create warmer waters on
the western half of the Pacific Ocean known as a “warm pool” and colder
conditions in the eastern half of the Pacific Ocean [18]. Throughout the
cycle, the trade winds weaken and strengthen, causing the warm pool to
extend beyond its normal boundaries into the eastern half of the Pacific
Ocean or remain confined to the western half of the Pacific Ocean [17].
This oscillation causes the phenomena of the El Niño at one extreme or
the La Niña at the other [17]. The effects of El Niño and La Niña are
also accompanied by fluctuations in surface air pressure over the Pacific
Ocean. This is known as the Southern Oscillation [18]. The Southern
Oscillation describes the shift between below-average and above-average
air pressures in the western part of the Pacific Ocean around Indonesia and
the eastern tropical region of the Pacific Ocean [18].
There are normally warmer sea surface temperatures in the western
half of the Pacific Ocean near Australia and Indonesia due to the east–west
trade winds that blow across the ocean [19]. The warm sea temperatures
force heat and moisture to evaporate into the atmosphere [19]. With
enough moisture in the air, clouds and rain form over the region, leading to
wet and stormy conditions. The rain and storms over the region leave dry
air to move to the eastern regions of the Pacific Ocean due to convection
patterns over the Southern Hemisphere [19]. However, every few years
the easterly trade winds weaken and in some cases even reverse for
reasons still unknown [17]. This allows the warm pool of water normally
confined to the western region of the ocean to flow and spread throughout,
causing rising sea temperatures in the eastern half of the ocean near the
coast of South America [19]. As a result, hotter air with more moisture
evaporates and causes wetter and stormier conditions in the eastern half of
the Pacific Ocean. This event is known as El Niño and is characterized by
above-average temperatures and above-average amounts of precipitation
in the places like the coast of South America [19]. If the opposite occurs
and the easterly trade winds strengthen, then the warm pool of water is
confined even more to the western half of the Pacific Ocean, causing
stormier c onditions near Australia and even cooler temperatures and drier
conditions near South America [19]. This is the La Niña.
The warming effects from the El Niño begin in December of the
first year of the cycle and peak during late fall of the following year
[18]. During a strong El Niño cycle, the weather effects are felt globally,
causing 

torrential downpours and mudslides in places like Peru and
southern C
 alifornia, and extreme droughts and dry conditions in I ndonesia,
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Africa, and Australia [20]. After the peak of the natural phenomena, the
waters cool down slowly but naturally over the next year [20]. During
the period from 1950 to 1998, ENSO accounted for a 0.06°C increase
in global temperatures [21]. The warming associated with ENSO usually
occurs three months after the peak of the sea surface temperatures in the
Niño region 3.4 and the warming can extend up to a ±30° latitude around
the region several months after [21]. During periods of El Niño, this can
account for rising ocean temperatures in the center and tropical regions
of the Pacific Ocean extending from the subtropical latitudes of North
America all the way down to the western coast of South America [21].
Moreover, the warm episodes of ENSO affect atmospheric circulation and
cause the jet stream over the Pacific Ocean to strengthen. This in turn
impacts storm paths and can even cause extratropical storms in the Northern Hemisphere allowing mid latitude low-pressure systems to increase
in strength in the Northern Hemisphere, which causes milder conditions
in Canada and the northern United States year-round [21]. Storms also
increase in frequency due to the low-pressure systems around the Gulf of
Mexico, causing wetter conditions in the United States [21].
Two indices, namely the Southern Oscillation Index (SOI) and the
Oceanic Niño Index (ONI), are used as indicators of the ENSO [22].
The ONI is a measure of sea surface temperature anomalies in degrees
Celsius in four different regions along the Pacific Ocean [22]. The four
regions are known as Niño 1, Niño 2, Niño 3, and Niño 4. The ONI values
are normally taken at the El Niño 3.4, which is in between region 3 and
4. According to established regression and statistical analysis made by
NOAA, the ONI values need to exceed +0.5 or −0.5 for a full effect of the
Southern Oscillation [22]. In an event that the ONI value exceeds +0.5,
then there is an El Niño; when the ONI values exceed less than −0.5, then
there is a La Niña episode [22]. The SOI, on the other hand, measures
the difference between air pressure at sea level in Tahiti, to the east, and
Darwin, to the west [22]. Negative values of SOI mean that the pressure
in the eastern region of the Pacific Ocean is above average and below
average in the western region of the Pacific Ocean, while positive values
of SOI mean the opposite [22].
In Figure 2.3 is shown both ONI values and SOI values overlaid on
the same graph. As this graph indicates, negative values of SOI c orrespond
to positive values of ONI. This means that negative values of SOI showing
higher pressure in the eastern region of the Pacific Ocean than in the
western region of the Pacific Ocean correspond to above-average sea
surface temperatures as shown through positive ONI values [23].
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Figure 2.3. ONI and SOI 1960 to 2015 [23, 24].

El Niño episodes normally last 9 to 12 months, but in some cases
they can last several years [17]. The longest recorded El Niño occurred
during 1990 to 1995 where the ONI values exceeded +0.5 for five years
as shown in Figure 2.3 [25]. La Niña episodes usually last a little longer,
around one to three years [17]. However, as shown in Figure 2.3, the cycle
is very irregular [17]. Thus, ENSO is very difficult to predict long term
with certainty and accuracy. As a result, only short-term predictions can be
made affecting the very near future.
Looking very closely at Figure 2.3, the most recent readings of both
ONI and SOI values show that an El Niño episode is very likely to occur
[25]. The ONI values have been consistently above 0, meaning that sea
surface temperatures are above average. Likewise, SOI values have been
negative, which show that air pressure is below average on the eastern
region of the Pacific Ocean [25]. The positive ONI values combined with
negative SOI values indicate that a period of El Niño is beginning to
appear. This may have been the cause of increased storm weather patterns
over the United States and warmer temperatures in the past few years.
Additionally, it will account for any future wetter and warmer periods over
the United States until the normal conditions return. According to NOAA,
the El Niño conditions are supposed to continue through until the winter
of 2015 or the spring of 2016 [25].
2.4.2

PACIFIC DECADAL OSCILLATION

The PDO is usually described as the long-term fluctuations of the ENSO
variability [26]. The PDO pattern is characterized by periodic fluctuations
in sea temperatures in the northeastern and tropical Pacific Ocean regions,
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resulting in a warm and cool phase much like that of ENSO [26]. H
 owever,
one of the main differences between the PDO and ENSO is that while ENSO
lasts only for 6 to 18 months, PDO can last anywhere from 20 to 30 years
[27]. The implications that PDO has on the climate are very similar to that
of ENSO, leading many to believe that the two are interrelated.
During a warm phase of the PDO, the sea surface temperatures in
the central Pacific Ocean are below average and above average along the
Pacific coasts and the North Pacific experiences below-average sea level
pressures [26]. This leads to climate conditions very similar to that of
El Niño with above-average air temperatures in the northwestern North
American region and below-average temperatures in the Southeastern
North American region [28]. In addition, there is above-average precipitation recorded in the southern North American region and below-average
precipitation in the northwestern North American region around the Great
Lakes [28]. During a cool phase of the PDO, the sea surface pressures in
the central Pacific Ocean are above average, while those along the coast
are below average and the North Pacific experiences above-average sea
level pressures. As a result, conditions are the reverse of those seen during
a PDO warm phase and resemble that of the La Niña [28].
The PDO index is used to measure the phases of the PDO. A positive
index value corresponds to a warm phase and a negative index value
corresponds to a cool phase. In Figure 2.4 is shown the PDO index values
plotted against time from 1950 to the present overlaid with ONI values from 1950 to the present. From this figure it is clear that the two
oscillations seem to be in phase. It has been observed that when the PDO
is in warm phase, the effects of El Niño on climate and weather patterns
are stronger and more frequent [29]. In contrast, when the PDO is in a
cold phase, the effects of El Niño are weakened [29]. As a result, it can
be concluded that the strength of ENSO is dependent on the PDO phase
[28]. If the PDO and ENSO are in phase, then their combined effect
causes much stronger climate effects during periods of El Niño and La
Niña. However, if the two cycles are out of phase during a particular
period, then they can somewhat cancel each other out and the effects
from El Niño and La Niña are much lighter and weakened. During the
winter of 1997 to 1998, as Figure 2.4 indicates, both the PDO and the
ONI indices showed very positive values. This would mean that the PDO
and ONI were very much in phase and would likely work together to
produce a very strong El Niño event. Consequently, the El Niño event
during the winter of 1997 to 1998 was the strongest El Niño on record in
the 20th century [30].
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Currently, as Figure 2.4 indicates, the PDO has recently shifted to a
warm phase, and the ONI shows that there is an El Niño occurring soon
[32]. Additionally, neither the ONI nor the PDO seem to have very positive
values, meaning that both are in a strong warm phase. Since both cycles
seem to be in phase with each other, the effects of El Niño will probably
be much stronger than in past periods. As a result, the combination of a
warm phase in the PDO and the ENSO will lead to a milder winter and
wetter conditions in the winter of 2015 to 2016 in the western region of
the United States near California and northern Mexico [32]. Additionally,
the current PDO warm phase seems to have begun very recently, meaning
that it could last for a couple of decades.

2.5 SEA SURFACE TEMPERATURE AND
PRESSURE OSCILLATIONS IN THE ATLANTIC
OCEAN
2.5.1 ARCTIC OSCILLATION
The AO refers to natural fluctuations in mean sea level pressure north of
20°N [33]. The AO measures differences in sea level pressures between
the Arctic region and the Northern Pacific and Atlantic regions [33]. The
AO experiences two phases: a positive phase associated with warmer
temperatures, and a negative phase associated with colder temperatures
[33]. The AO can change phases anywhere from days to months [33]. As
a result, it is a better indicator of short-term weather patterns rather than
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long-term climate change. The AO does show, however, climate changes
in its effect on the sea ice in the North Pole [34].
Normally, an area of low pressure sits over the higher latitudes of the
Northern Hemisphere known as the “polar vortex.” During the p ositive
phase of the AO, the sea level pressures in the northern latitudes of the
Arctic are lower than in the lower latitudes, causing stronger westerly winds
[35]. The stronger westerlies work to confine the permanent low-pressure
system to the Arctic regions and allow the polar vortex to strengthen [35].
With a stronger polar vortex, there are below-average geopotential heights,
meaning that there is dense cold air in the a tmosphere causing the pressure
surfaces to lower [36]. As a result, during a positive phase with below-
average geopotential heights, cold air masses are restricted to the Arctic
region. Consequently, there are below-average temperatures in northern
latitude regions such as Greenland and N
 ewfoundland and above-average
temperatures in the eastern United States [36]. The strengthened low-
pressure system also creates strong winds blowing toward northwestern
Europe, which bring warm, humid air and storms over the Atlantic toward
Europe [37].
At the other extreme, during a negative phase of the AO, the sea
level pressure differences in the Northern Hemisphere are smaller [35].
As a result, the westerlies are much weaker, allowing the polar vortex
to extend further south [37]. The negative phase of the AO has also been
correlated to above-average geopotential heights in the northern latitudes
and below-average geopotential heights in the mid latitudes [37]. As a
result of this, there are warmer temperatures in the northern regions of
Greenland and Newfoundland and colder temperatures in the United
States and Europe [36].
The AO index is used to measure the extent of the arctic oscillation.
The AO index was established by D. Thompson and M. Wallace and
comprised monthly mean sea level pressure in the Northern Hemisphere
for each year [38]. A positive AO index value corresponds to a positive
phase, and a negative index value corresponds to a negative phase.
In Figure 2.5 is shown the recorded AO index values from 1995 to the
present. In the winter of 2010, the AO was extremely negative, as can be
seen in the graph. The negative phase accounts for the extreme cold snap
that hit the United States in the winter of 2010 [36]. The negative phase of
the AO allowed for the weather and cold masses of air in the poles to move
southward and enter Canada and the eastern United States. Thus, due to
the AO, the United States experienced several winters of colder and wetter
than normal conditions.
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2.5.2

NORTH ATLANTIC OSCILLATION

The NAO describes variations in air pressure between regions in the
Northern Atlantic that have implications on climate around the Northern
Hemisphere [40]. The NAO causes shifts in weather patterns and conditions
between the Greenland region and Northwestern Europe [41]. Normally,
there is lower air pressure in the northern latitudes of the Atlantic Ocean
near Iceland and Greenland known as the “sub-polar low” with air flowing
counterclockwise and there is a zone of higher air pressure in the central
latitudes of the Atlantic Ocean near the Azores known as the “subtropical
high” with air flowing clockwise [41]. This naturally creates a north–south
pressure gradient and causes westerly flow of wind through the Northern
Atlantic region [42].
The NAO alternates between a positive and negative phase. During
a positive phase, both the sub polar low and the subtropical high are
stronger than normal, meaning that regions near Iceland experience lower
than average air pressure and regions near the Azores experience higher
than average air pressure [41]. The extreme subpolar low favors cold
advection over the Greenland region, moving masses of mild and humid
air to northwestern Europe [40]. Consequently, there are below-average
temperatures in the Greenland region and above-average temperatures
in Northwestern Europe and the eastern United States [40]. The eastern
United States and northwestern Europe also experience increased stormy
weather due to the increased winds in the upper levels of the atmosphere
[40]. During a negative phase the exact opposite occurs. The sub p olar low
and the subtropical high are both weaker and thus the pressure gradient
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Figure 2.6. NAO index 2001 to 2015 [44].

between the two regions is smaller [41]. As a result of the reduced pressure
gradient, the westerlies weaken allowing cold air to build up over Canada
[40]. This causes below-average temperatures and drier conditions in the
eastern United States and in northwestern Europe [41]. On the other hand,
the Greenland region and the Mediterranean region experience wetter
conditions [41].
The NAO index is used to measure the exact intensity of the
oscillation each month of the year [43]. When the NAO index is below
0, the o scillation is experiencing a negative phase, and when the NAO
index is above 0, it is in a positive phase. In Figure 2.6 is shown
monthly NAO index values from 1950 to the present based on data
from NOAA [44]. As seen from this graph, the NAO does not have a
defined pattern. However, several conclusions can be made—the oscillation usually changes phase at least once within a decade, making the
cycle an interdecadal oscillation [45]. As it is shown in Figure 2.6, the
NAO seems to be in a positive phase with positive NAO index values
dominating in recent years. As a result, the eastern United States and
northwestern Europe may be seeing milder and wetter conditions in the
upcoming years.
2.5.3 ATLANTIC MULTIDECADAL OSCILLATION
The AMO refers to the variation in sea surface temperatures in the
Atlantic Ocean that has implications on climate around the world. Based
on historical data, the North Atlantic sea surface temperatures change by
0.4°C over a 65- to 80-year period [46]. The AMO describes the change
in the circulation of water and heat in the Atlantic Ocean [47]. This cycle
was only recently established as the AMO by Kerr in 2000 [46]. However,
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based on reconstructions of past data, the AMO cycle has been occurring
for the past 1,000 years [47].
As with the AO and the NAO, the AMO experiences a warm phase and
a cool phase. Each phase could last for about 20 to 40 years [48]. During
a warm phase, moist air is displaced northward over the tropical Atlantic
Ocean and the westerlies strengthen, causing a reduction in rainfall over
the United States and the northeastern regions of Brazil and an increase
in precipitation over the Sahel region in Africa and northwestern Europe
[48]. Additionally, the circulation of air in the atmosphere changes in
such a way, thus allowing more hurricanes to form over the Sahel region
in Africa [48]. During a cold phase, the opposite occurs and the United
States and northeastern regions of Brazil experience increased amounts of
precipitation and the Sahel region experiences lower amounts of rainfall
and hurricane formations [48].
The AMO accounted for the droughts during the 1930s, the 1950 to
1960s, and 1996 to 2004 when the cycle was in a warm phase and the
decades of increased rainfall during the 1940s and 1976 to 1995 when
the cycle was in a cold phase [49]. The AMO has been in a warm phase
for almost 20 years since the mid-1990s as shown in Figure 2.7 [47].
This means that there has been a warm phase for just about 20 years.
Since the AMO still cannot be predicted accurately, it is unknown how
much longer the warm phase will last [47]. However, looking at the
graph and p revious cycles, the warm phase is most likely nearing its
end. Consequently, the cool phase of the AMO should take place within
the next couple of decades. This means that, currently, there is below-
average US p recipitation; however, this will likely change with the cold
phase leading to an increase in precipitation over the United States and a
reduction in hurricane formations.
0.6
0.4
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Copyright © 2015. Momentum Press. All rights reserved.

CLIMATE CHANGE AND THEORIES  • 19

0.2
0

−0.2
−0.4
−0.6

Year
AMO Index

Figure 2.7. AMO index 1948 to 2015 [50].
Wong, Kaufui Vincent. Climate Change, Momentum Press, 2015. ProQuest Ebook Central,
http://ebookcentral.proquest.com/lib/uu/detail.action?docID=4307182.
Created from uu on 2019-01-19 07:05:27.

20  • CLIMATE CHANGE

DISCUSSION AND CONCLUSION

Index value

The question of whether these naturally occurring cycles play a d ominant
role in climate change has many complexities. In Figure 2.8 is shown the
historical concurrent effects of the natural cycles discussed. When their
quantifiable impacts are considered together, they clearly yield a net
warming trend for the short term. As seen in the figure, majority of the
cycle indices correlate and are above zero and, thus, are in a w
 arming
phase. This could be used to explain current climate change trends.
However, several of the cycles have only recently entered their warming
phase and some show that the current cycle activity is much lower
compared to p revious years.
As previously discussed, the two cycles known to impact long-term
climate change are the Milankovitch Cycle and the Sunspot Cycle. The
Milankovitch cycle shows that the climate should be currently in the
interglacial period. The sunspot cycle, on the other hand, shows that
the Sun is entering a period of inactivity with low sunspot numbers and
solar radiation much like what happened during the Dalton Minimum,
which led to colder global land temperatures. These two cycles show
contrasting opinions. However, the Milankovitch cycle is a longer cycle
and is likely the major cause of the last glacier periods. This means
that the effects of the Milankovitch cycle are still important in terms of
long-term c limate change, while the other cycles with smaller periods
affect climate for a shorter period. Therefore, the Milankovitch cycle
shows a period of v ariable warming trend, while the minimum of the
sunspot cycle could mean below-average temperatures for a few more
decades.
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Figure 2.8. Correlation between all climate cycles.
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The regional oscillations interact with each other and affect weather
patterns. The ENSO and NAO are currently in their warm phases, while the
AO is in a cool phase. As a result, there should be more rainfall in the United
States accompanied by some below-average temperatures. H
 owever, these
trends are only in the short term and not global but a more regional or local
nature. These cannot explain large-scale, more expansive warming trends.
Additionally, neither of these cycles has defined periods or durations.
Consequently, they are very difficult to predict, making it problematic to
use them to forecast any future trends. The AMO and PDO, however, are
regional oscillations that are multi decadal, meaning that their phases can
last several decades. These two trends also have more defined cycles and
durations for each of their events, making them more effective in determining long-term trends. The AMO has been currently in a warm phase for the
past two decades, which could in part explain the recent warming trends
due to the far-reaching effects of the AMO. The PDO is also in a warm
phase, which could also explain the recent and future warming trends. The
cause of both of these cycles is still unknown, however. While they are well
defined and observed, it is still unknown why either of them occurs. This
makes forecasting difficult. As a result, these regional oscillations would
not be sufficient to warrant the determination of a climate change state due
to lack of information on the exact nature of their variations.
While the combined impact of the trends do seem to be causing
above-average temperatures and greater amounts of rainfall in certain
areas of the Earth, they are merely phases that could last anywhere for
a few months, to a couple of years, to thousands of years. Consequently,
it is unlikely that these cycles can explain the warming trend that has
occurred over the past several decades since many of the natural climate
cycles change phases on a very short-term basis. As a result, in addition
to the natural climate variations, there are anthropogenic factors that need
to be studied and quantified further to be able to determine their regional
or local impact and their short- and long-term consequences. Only then
would it be possible to introduce their quantifiable mark with the rest of the
natural cycles and measure their true materiality in the overall discussion
of climate change impacts.
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