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The study aimed to address some aspects of the problem of monitoring climatic anomalies in the Arctic region.
The paper used wavelet analysis methods of individual indicators of climate fluctuations with an assessment
of the consequences of their impact on the nature of the observed climate change. The long-term monitoring
of climate change in the Arctic region and the results of calculations of physical and mathematical climate
models are analyzed, showing that studying the causes and possible consequences of abnormal climatic
conditions is one of the urgent tasks of modern climatology. The results were based on the conducted studies
of the peculiarities of reducing the ice area and their mutual relationship with the Arctic Oscillation Index.
Analysis of the results obtained by the authors showed that in the coming years, there might be significant
changes in temperature with a high probability of its increase in various regions of the Arctic.

1 INTRODUCTION

The Arctic region largely determines climate
dynamics on a global scale. The nature of the
intercontinental movement of air and water masses is
related mainly to the peculiarities of the circulation of
water and air masses in the Arctic Ocean
(Dobrolyubov, 2005).

Climate warming processes have been observed
on the planet for the last 170 years (Gulev, Kattsov,
and Solomina, 2008). Global temperature monitoring
data shows that warming has continued since 1850
(IPCC, 2007; Kaito et al., 2014). According to
modern concepts, the global climate changes
occurring in the modern world are primarily
associated with an increase in the concentration of the
three leading greenhouse gases in the atmosphere:
carbon dioxide, methane, and nitrous oxide. These
changes began at the end of the 19th century. Along
with the beginning of anthropogenic industrialization,
which was characterized by the intensification of
hydrocarbon resources and the reduction in the area
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of forests, a natural regulator of carbon dioxide
concentration in the atmosphere. And since the
middle of the XX century. These changes have
intensified.

It is believed that the significant acceleration of the
warming process recorded in recent decades is also
associated with human activity. The expected rate of
warming in the Arctic is predicted to be twice the
global average (Soloviev, 2020a). According to
calculations  performed using physical and
mathematical climate models of the Institute of
Oceanology, Russian Academy of Sciences, tropical
cyclones may begin to migrate to the Arctic region in
response to anthropogenic greenhouse gas emissions,
which increases the risks associated with climate
change for the most densely populated regions of the
planet (Studholme et al., 2022). The calculations
provide an example showing that tropical cyclones of
the 21st century are likely to occupy a wider
latitudinal belt, which will lead to an increase in
temperature anomalies in the Arctic at the end of the
21st century. Compared to the end of the 20th
century. According to the NCEP/NCAR reanalysis



(Anon, 2022c), observed warming in the Arctic in the
21st century will be more than twice the rate of
temperature increase on average on the globe. The
graph presented in Fig. 1 allows tracking of the
deviation from the average temperature for each year
from 1948 to 2022 for Arctic and global temperature
anomalies. For most of the observations, Arctic
anomalies have fluctuated both above and below the
global mean due to natural variability, but since 2000
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Figure 1: Air temperature anomalies in the Arctic (relative
to the 1979-2000 average temperature) against the
background of global air temperature anomalies. Source:
NCEP/NCAR Reanalysis VI.

Arctic temperatures have remained consistently
above the global mean. The long-term recurrence of
anomalous warming in the Arctic region since 2014
has been different from the previously recorded
periods. It should be noted that the regional
distribution of expected temperature changes at a
qualitative level remains unchanged for most models
of the general circulation of the global atmosphere
and ocean under various scenarios of anthropogenic
impact in the form of greenhouse gas emissions into
the atmosphere. This pattern, with initially higher
warming on land than in the ocean, and maximum
warming in the Arctic, continues in new models of
recent years, such as CMIP6 (Huang, Li, and Song
2022).

2 METHODS, RESULTS AND
DISCUSSION

Climate anomalies in the Arctic region can be
investigated by analyzing characteristic climatic
fluctuations (Khen, Ustinova, and Sorokin 2019). The
Arctic Oscillation (AO) (oscillat ion) is regarded as
one of the most critical climate indices that determine
non-seasonal variations in atmospheric pressure
above sea level North of 20° north latitude (Anon,
2022a). The Arctic Oscillation is a dimensionless
index determined from a decomposition into natural

orthogonal functions of sea level pressure during
winter in the northern hemisphere outside the tropics
as its first mode. Using the AO index, one can assess
the pattern of fluctuations in atmospheric pressure in
the Arctic basin between the positive and negative
phases. During the positive AO phase, warmer and
saltier waters flow from the Atlantic Ocean to the
Arctic. Warmer and wetter climatic conditions
characterize this AO phase in northern Europe, and
cold winter air does not penetrate south of North
America. This leads to the fact that winters for a large
part of the United States become warmer, and on the
islands of Greenland and Newfoundland, winter
temperatures, according to long-term observations,
turn out to be lower. During the negative AO phase,
cold fresh water remains in the bays and gulfs of the
northern seas, preventing the melting of sea ice. The
negative phase leads to an increase in pressure in the
polar region and a decrease in its values in the middle
latitudes (about 45 degrees North latitude).

For the spectral analysis of the AO time series, we
previously used the moving average (smoothing)
method (Rozenberg, Shitikov, and Brusilovsky 1994)
to identify local maxima and the wavelet analysis
method (Astafieva, 1996; Solovyov, 2020b), which
allows us to track the change in the spectral properties
of climate signals over time with highlighting
standard dominant cycles.

Power (C)

Figure 2: Data series (a), wavelet transformation (b) and
global wavelet spectrum (c) Arctic Oscillation Index
(1950 -2022). Source: authors' calculations (Anon, 2022a).



Spectral analysis of the AO index (1950-2022) is
shown in fig. 2, a-c. Over the entire interval, dominant
harmonics are clearly traced with a repeated
maximum of 7 ~ 10 years. The global wavelet
spectrum (Fig. 2, ¢) makes it possible to distinguish
the distinct periods of oscillations of the positive and
negative phases of the AO ~ 3, 9, 16, and 22 years in
the considered time interval. In February 2020, the
Arctic Oscillation Index reached a record high of
3.417. The previous record (3.495) was set 30 years
ago, in January 1993, which confirms the quasi-
decade nature of the recurrence of positive AO
phases, noted in Fig. 2, a. The AO index shows how
often the pressure difference is higher than usual. This
leads to intense cyclones over the North Atlantic and
strong jet streams over the Northern Hemisphere,
including the Arctic region. The results of the AO
wavelet analysis make it possible to predict the
characteristic  recurrence periods of intense
cyclogenesis over the North Atlantic, which in turn
will contribute to the growth of temperature
anomalies with a high probability of its increase in
various regions of the Arctic and a decrease in the
level of sea ice concentration. Figure 3a-c shows a
spectral analysis of the minimum sea ice extent in the
Arctic in September when it reaches its minimum
every year from 1979 to 2021. A general reduction in
ice area, a general characteristic period of 10 ~ 20
years can be noted (Anon, 2022b). Historically, the
ice area increased from 1900-1918. and in 1938-1968,
and a decrease - 1918-1938. and from 1968 to the
present.
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Figure 3: Data series (a), wavelet transformation (b) and
global wavelet spectrum (c) of the minimum extent of sea

ice in the Arctic in September (1979-2021). Source:
authors' calculations (Anon, 2022b).

4 CONCLUSIONS

It is known that the climate of the Arctic experiences
fluctuations with a characteristic period of about
10~20 years (Moore et al., 2017). However, it is not
easy to study the mechanism of such oscillations. In
studies of their mechanism, determining the nature of
a random process and the concept of causes leading
to fluctuations in climatic parameters that differ in
characteristic periodicities, or cycles, are of the most
significant interest. The use of wavelet analysis
makes it possible to trace the change in the spectral
properties of climatic signals over time and identify
standard dominant cycles. Modern climate models
show that warming in the Arctic since the beginning
of the XXI century can be associated with an increase
in heat transfer to high latitudes in the atmosphere and
with indices of decadal fluctuations. Therefore, to
predict climate dynamics, it is interesting to identify
the relationship between the cyclical increase in the
sea ice area against the background of a characteristic
indicator of climatic fluctuations, which was
considered AO. Using the wavelet analysis method
allowed it to demonstrate its capabilities for
comparing the characteristic periods of oscillations of
the AO time series and the minimum extent of sea ice
in the Arctic in September, which showed a standard
characteristic period of 10 ~ 20 years. The cyclic
occurrence of the studied climatic parameters
indicates their common natural - (natural) causes,
which, among other things, can be associated with the
long-term cycle of solar activity (Schatten, 2003).
The hypothesis about the occurrence of a cycle of
climatic anomalies in the Arctic does not contradict
the existing anthropogenic theory of global climate
change. According to the IPCC data, the existence of
natural cyclic processes is indisputable, but in the last
10-20 years, they have been influenced by the
anthropogenic enhancement of the greenhouse effect.

According to the UN Intergovernmental Panel on
Climate Change (IPCC), the current reduction in sea
ice and permafrost in the Arctic is about 1% per year
(Katsov & Porfiryev, 2012). Due to these processes,
there has been a decrease in the area of Arctic ice
since 1978 by 8% and an increase in the temperature
of the upper layer of permafrost by 3°C. The IPCC
also predicts a sea level rise of 0.59 m and a dramatic
reduction in the ice cover of the Arctic Ocean if the
warming trend continues until the end of the 21st
century. At the same time, the melting of the Arctic



ice will not cause artificial disasters on a global scale
but will significantly impact the formation of weather
on the planet.

Since a significant part of the territory of Russia
is located in the region of maximum predicted
warming in the Arctic, a deep analysis of the expected
warming and its consequences is necessary. These
consequences are ambiguous and will have both
positive and negative sides. On the one hand, climate
mitigation can expand the boundaries of the zone of
comfortable human habitation to the North, reduce
thermal energy consumption during the heating
season, increase cargo transportation in the Arctic
seas and promote the economic development of the
resources of the Arctic shelf. On the other hand,
climate warming in the Russian Arctic can also cause
inevitable negative consequences. An increase in
average annual temperatures will lead to the
displacement of some biological species by others,
which will affect flora and fauna of the region and
negatively affect the life of the indigenous peoples of
the North. Russia's most significant temperature
anomalies were noted in the Chukotka and Alaska
regions (Anon, 2022d). It is evident that further
warming in the Arctic will inevitably lead to a rapid
thawing of permafrost and will be associated with an
increase in the frequency of dangerous weather
events, which poses a particular danger to drilling rigs
on the sea shelf and the cargo and transport
infrastructure of the Northern Sea Route. In addition,
it will lead to flooding of regions on the coast.
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