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The climate continentality or oceanity is one of the main characteristics of the local climatic conditions, which varies with
global and regional climate change. This paper analyzes indexes of continentality and oceanity, as well as their variations
in the middle and high latitudes of the Northern Hemisphere in the period 1950-2015. Climatology and changes in
continentality and oceanity are examined using Conrad’s Continentality Index (CCI) and Kerner’s Oceanity Index (KOI).
The impact of Northern Hemisphere teleconnection patterns on continentality/oceanity conditions was also evaluated.
According to CCI, continentality is more significant in Northeast Siberia and lower along the Pacific coast of North
America as well as in coastal areas in the northern part of the Atlantic Ocean. However, according to KOI, areas of high
continentality do not precisely correspond with those of low oceanity, appearing to the south and west of those identified
by CCI. The spatial patterns of changes in continentality thus seem to be different. According to CCI, a statistically
significant increase in continentality has only been found in Northeast Siberia. In contrast, in the western part of North
America and the majority of Asia, continentality has weakened. According to KOI, the climate has become increasingly
continental in Northern Europe and the majority of North America and East Asia. Oceanity has increased in the Canadian
Arctic Archipelago and in some parts of the Mediterranean region. Changes in continentality were primarily related to
the increased temperature of the coldest month as a consequence of changes in atmospheric circulation: the positive
phase of North Atlantic Oscillation (NAO) and East Atlantic (EA) patterns has dominated in winter in recent decades.
Trends in oceanity may be connected with the diminishing extent of seasonal sea ice and an associated increase in sea
surface temperature.

1. Introduction

Continentality and oceanity are important parameters which
describe local climatic conditions. They demonstrate the
extent to which local climate is influenced by sea-landmass
interactions. Like most other climate indicators, these pa-
rameters are dynamic and are related to both global climate
change and consequently changes in atmospheric circulation.
Continentality is primarily affected by a range of climatic
variables, such as latitude, distance to sea, and atmospheric
circulation. In most cases, continentality index calculations
are based on the annual air temperature range and latitude.
A larger annual air temperature range is associated with
higher thermal contrasts and greater continentality.

Under changing climate conditions, continentality could
be affected in different ways [1]. Due to global climate
change, air temperature tends to increase in most parts of the
world. In recent decades, the fastest warming was observed
in the mid latitudes of the Northern Hemisphere [2].
Therefore, analysis of changes in different climate indices,
including of continentality changes in the mid and high
latitudes of the Northern Hemisphere, is of considerable
importance. In areas where winter air temperatures have
a more substantial positive trend than their summer
counterparts, corresponding values of the continentality
index decline, and vice versa. An increase in the annual
cycle’s amplitude in the mid latitudes of the Northern
Hemisphere has been identified over the past two decades:
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i.e., winter air temperatures increased slightly, while changes
in the summer were more significant [2-4].

However, changes in the annual air temperature range
vary considerably in different regions, and therefore, trends
in climate continentality also differ. Regional investigations
of climate continentality began in the first half of the
twentieth century. Gorczynski [5], Brunt [6], Raunio [7], and
others described the climate continentality of different lo-
calities on the basis of the annual air temperature range.
Hirschi et al. [1] analysed the global continentality change
using NCEP/NCAR reanalysis data in the period 1948-2005.
A significant decline in continentality was noted in the
Arctic and Antarctic due to a large increase in the tem-
perature of the coldest month. However, the continentality
index in Southeastern Europe also increased [1].

In recent years, regional features of continentality and
oceanity have been analysed in Greece [8], Turkey [9], and
Pakistan [10]. It has been determined that climate con-
tinentality has intensified in the Iberian Peninsula [11].
Negligible increases in continentality were also observed in
Slovakia [12] and no significant changes were found in the
Czech Republic [13], while a statistically significant increase
in continentality was identified in the Middle East and North
Africa [14]. Moreover the authors of [14] argue that regional
circulation patterns (e.g., over the Mediterranean) do not
play a critical role in determining the trends identified in
continentality. Rather, they refer to changes in large-scale
atmospheric circulation over the North Atlantic [14].

Moving poleward in the Northern Hemisphere, land-
masses become larger, so continentality tends to be less
pronounced in periods with enhanced zonal circulation. In
contrast, it becomes more noteworthy with enhanced me-
ridional circulation [15] and the greater influence of the
continental Arctic air masses [16].

Changes in continentality affect both natural (such as
vegetation zones) and anthropogenic (e.g., water resources
and agriculture) systems, so investigations of changes in
continentality are of great importance [8, 14, 17]. Fur-
thermore, relatively few studies have analysed continentality
and its changes on a global scale [1]. In addition, a lack of
research exists analysing the effect of atmospheric circula-
tion on continentality index values.

Therefore, the aim of this research is to evaluate the
spatial distribution of the widely accepted Conrad’s Con-
tinentality Index (CCI) and Kerner’s Oceanity Index (KOI)
in the middle and high latitudes of land areas of the
Northern Hemisphere, as well as to evaluate the changes in
these indexes since the middle of the twentieth century and
their connections to atmospheric circulation.

2. Methods

The annual air temperature range and latitude were included
in the continentality index formulas developed by Gorc-
zynski [18], Johansson [19], Conrad [20], Raunio [7], Marsz
and Rakusa-Suszczewskis [21], and others.

In this research, continentality was evaluated using the
CCI proposed by Conrad [20]:

Advances in Meteorology

max

_ 1.7(T T min) T )

CCl = ———> %/ ,
sin(¢ + 10)

where T, (‘C) is the mean temperature of the warmest
months of the year, T, (‘C) is the mean temperature of the
coldest months of the year, and ¢ is the latitude.

A large annual range of air temperatures results in larger
index values and consequently indicates a more continental
climate. The smallest differences can be observed in the most
oceanic climate conditions. The territories where index
values range from —20 to 20 can be described as hyper-
oceanic, from 20 to 50 as oceanic, from 50 to 60 as sub-
continental, from 60 to 80 as continental, and from 80 to 120
as hypercontinental [11].

In 1905, Kerner proposed an oceanity index [22]. This
index represents the ratio of the mean monthly air tem-
perature difference between October and April and the
difference between mean monthly temperatures of the
warmest and coldest months. Small or negative values in-
dicate high continentality, whereas high index values in-
dicate marine climate conditions [10]. The oceanity index
(KOI) according to Kerner was evaluated as follows:
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where T, and T,,, (°C) are the mean monthly temper-
ature in October and April, respectively, and T, and T';;,
(°C) are the same as in Equation (1). This index is based on
the assumption that due to higher thermal water inertia in
marine climates, springs are colder than autumns, whereas
in continental climates, springs tend to demonstrate
higher or similar temperatures as in autumn. The oceanity
of the climate increases with index values. Small or neg-
ative values demonstrate continental climate conditions,
while large values indicate a marine climate [8]. In order to
visualise the spatial distribution of KOI, the following
classes of index were used in this research: less or equal to
—10 =hypercontinental; from -9 to 0 = continental; from 1
to 10 =subcontinental; from 11 to 20 = oceanic; and from
21 to 50 =hyperoceanic.

The CCI and especially KOI are only feasible in regions
with distinct seasonal air temperature changes. We opted to
analyse continentality and oceanity above a latitude of 30° in
the Northern Hemisphere, where temperature seasonality is
high.

The mean monthly air temperature values for the period
1950-2015 above the land were derived from the CRU
TS4.00 database [23]. The grid cell size was 0.5 x 0.5". CRU
TS is a high-resolution global data set, covering all land-
masses between 60°S and 80°N. The priority of the CRU TS
data set is its completeness, having no missing data over the
land. Particular attention is paid to data quality control [24].
However, the data set is not strictly homogeneous, and larger
uncertainties can be found over regions with a sparse net-
work of meteorological stations, especially deserts and
mountains [25, 26]. Nevertheless, in spite of some limita-
tions, the CRU TS database is widely used for climate in-
vestigations [27-29].
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The long-term trends of the continentality/oceanity
index during the period 1950-2015 were calculated using
Sen’s slope test. The statistical significance of the trend values
was evaluated using the Mann-Kendall test. Changes with p
values of less than 0.05 were considered statistically sig-
nificant. 1981-2010 continentality/oceanity index normals
were also determined.

We also analysed the impact of atmospheric circulation
on seasonal temperature indicators and thus on the vari-
ability of climate continentality and oceanity. The Northern
Hemisphere teleconnection patterns (NHTPs) derived from
500 hPa height field are the leading modes of low-frequency
atmospheric circulation variability in the Northern Hemi-
sphere. The data are available from the website of NOAA
Center for Weather and Climate Prediction. We selected
eight of the 10 available NHTPs because they alone can
explain two-thirds of low-frequency atmospheric circulation
variability within NH extratropics, and they are active all
year and have the same retrieval procedure (Table 1).

One group of NHTPs (NAO and EA) is prominent over
the North Atlantic and Europe. Others—SCA, POL, and
EA/WR—span over the mid and high latitudes of Eurasia,
and PNA, EP/NP, and WP represent the North Pacific and
North America.

The correlations between T ;, and the mean January—
March NHTP values, T, and July-September NHTP
values, T, and March-May NHTP values and T, and
September-November NHTP values were analysed to de-
termine the effect of atmospheric circulation on the variation
of surface air temperatures as well as on CCI and KOI. The
three-month average of NHTP indexes in correlations was
used in order to avoid mismatching T', ;. and T, with the
particular coldest winter/warmest summer month. The same
procedure was subsequently applied to T',,, and T, in order
to unify the assessment of the impact of atmospheric cir-
culation on both CCI and KOI.

NHTP indexes are available at a monthly time scale.
However, every index value represents the three-month
period centred on a particular month owing to its calcu-
lation procedure.

3. Results and Discussion

3.1. Climate Norm and Determinant. In the climatological
standard normal period (1981-2010), the hypercontinental
climate (CCI values >80) was in Northeast Siberia, while the
hyperoceanic climate (CCI values <20) was identified along
the Pacific coast of North America and in coastal areas in
northern parts of the Atlantic Ocean (Figure 1). The surface
air temperature of the coldest month represented the most
important determinant of CCI values in almost the whole
study area (Figure 2). This can be explained by the fact that,
in a substantial part of the analysed territory, winter tem-
perature fluctuations were greater than their summer
counterparts. Meanwhile, the temperature of the warmest
month was the principal factor for CCI only in the western
part of the Mediterranean basin.

The high continentality (CCI) within central-northern
North America and Northeastern Eurasia (East Siberia) was

TaBLE 1: Standardised Northern Hemisphere teleconnection in-
dexes used in the study.

Abbreviation Full name

NAO North Atlantic Oscillation

EA East Atlantic pattern

wpP West Pacific pattern
EP/NP East Pacific/North Pacific pattern
PNA Pacific/North American pattern
EA/WR East Atlantic/West Russian pattern
SCA Scandinavian pattern

POL Polar/Eurasian pattern

primarily influenced by very low air temperatures in the
coldest month of the year. The Siberian High (SH) and North
American High (NAH) favour extreme negative surface
temperatures during the winter in the larger part of
Northern Asia and the northernmost parts of North
America. These are seasonal high-pressure systems com-
posed of cold and dry air; however, SH is much more
persistent than NAH, and due to local topography
(mountain valleys), it initiates the largest temperature in-
versions over the northeastern part of Siberia [30, 31].
Relatively high coldest month temperatures in the larger part
of Europe, Southeastern USA, and the Pacific coast of North
America seem to be responsible for the low CCI values there.

The strongest oceanity (large KOI) was observed within
coastal areas of the Arctic Ocean, North Atlantic, Medi-
terranean, and the Far East (Figure 1). The lowest KOI was
found within the inner part of Eurasia (particularly Central
Asia and the Tibetan Plateau), the Canadian Prairies, and
Yukon. Such spatial variation of KOI can partly be explained
by sea surface temperature (SST) differences in October and
April: October SST was always higher than April SST in the
Arctic, North Atlantic, Mediterranean, and so forth;
moreover, many coastal areas in high latitudes in April are
covered by sea ice, but in October they are ice-free.

The relationship between KOI and the average tem-
perature of the warmest (T',,,,,) and coldest (T,;,) months is
weak (R”<0.15). Both the April and October temperatures
have a greater effect on variations in the KOI (Figure 3).
Fluctuations of air temperature in April play a leading role
(especially in the central parts of continents), whereas Oc-
tober temperatures are more important in coastal areas. The
land surface temperature in April is usually higher than in
October at the same latitude over inland areas as long as
there is no snow cover.

The areas of low KOI do not exactly correspond with
those of high CCI; indeed, low KOI areas are situated to the
south and west of their high CCI counterparts (Figure 1).
Cyclonic activity as well as mean wind speed over the Arctic,
North Atlantic, and North Pacific is higher in October than
in April and represents one of the main drivers of heat flux to
the high latitudes, thus contributing to the high KOI in the
coastal areas of these regions [32, 33].

3.2. Long-Term Trends. Annual minimum and maximum
monthly air temperatures and temperatures in April and
October increased across the majority of the study area in the
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FIGURE 2: The determination coefficient (R*) between Conrad’s Continentality Index (CCI) and the average temperature of the (a) coldest

(T,,,) and (b) warmest (T,,,,) months in 1950-2015.

max

period 1950-2015 (Figure 4). The annual minimum monthly
temperature increased by more than 0.5°C/10 years in
Western Russia, East Siberia, and in some parts of Central
Asia (Figure 4), while the largest rise of T';, was found in
the northwestern part of North America (more than
1.0°C/10 years). The annual minimum monthly temperature

declined slightly only in the northeastern part of Siberia and
in the eastern part of North America.

The magnitude of the annual maximum monthly tem-
perature (T,,,) trend was smaller than that of T, in
1950-2015. Trends above 0.25°C/10 years were observed in
the northeastern part of Siberia, in large parts of Central Asia
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FIGURE 3: The determination coefficient (R*) between Kerner’s Oceanity Index (KOI) and the average temperature in (a) April (T'

October (T, ) in 1950-2015.

and Europe, and northern North America. A larger T,
increase rate relative to T',,, reduced the annual tempera-
ture amplitude and CCI over the majority of North America,
Asia, and Eastern Europe (Figure 5). In Southwestern
Europe, the CCI increased in the areas where T, grew
more than T ; . In the northeastern part of Siberia and the
eastern part of the USA, the increase of CCI was related to
a decrease of T, and a rise of T',,.

Some teleconnection patterns also demonstrated clear
tendencies: the prevalence of a certain phase in the last few
decades—EA (positive), EA/WR (negative), and EP/NP
(negative) due to the same reasons as for NAO.

A strong reduction in oceanity in most of Europe and
Mongolia in addition to an increase in the Caspian Sea-
Caucasus region as well as in a large part of North America
during recent decades also indicates the prevalence of certain
phases of particular circulation patterns in April and Oc-
tober: EA, EA/WR, SCA, POL, and PNA. However, recent
research has argued that heating anomalies over the sub-
tropical Northwestern Atlantic, as well as storm-track ac-
tivity over the North Atlantic, are able to produce well-
organised EA/WR-like wave patterns with associated
widespread anomalies from the continental USA to Central
Asia, with the strongest impact on the Caspian Sea and
Western European regions [34].

In 1950-2015, through April (T,,,) and October (T,,),
the increase in monthly temperatures was greatest in areas
near the Arctic Ocean (>0.50°C/10 years) (Figure 4). In lower
latitudes, both April and October temperatures increased,
but the spatial pattern of trends was very different, especially
in Asiaand North America. The April temperature trend was
highest in East Siberia and the eastern part of Central Asia,
while October temperatures increased more significantly in

[] 0.00-0.20 B 0.61-0.80
g 0.21-0.40 I 0.81-1.00
0.41-0.60
(b)

)and (b)

apr

the northern and northeastern parts of Siberia and in some
areas of Central Asia. Insignificant negative changes were
observed across a large part of North America in October.
The differences in the trends of spatial patterns resulted in
statistically significant changes in the KOI over the Baltic Sea
region and parts of Siberia and Mongolia (Figure 5). The
climate became more oceanic in the northern part of
Canada, outermost parts of the Far East and Africa, and large
parts of the Mediterranean region.

3.3. Atmospheric Circulation. Atmospheric circulation is an
important driver of spatial distribution and temporal
variation of selected temperature parameters: T,;, T .
T, and T The correlation between Northern Hemi-
sphere teleconnection patterns and the analysed temper-
ature parameters permits identification of the areas where
atmospheric circulation has a significant effect on the
temporal variation of seasonal temperature differences and
thus CCI and KOI (Figure 6). The used teleconnection
patterns are identified using rotated principal component
analysis, and in theory, there should not be multi-
collinearity between different patterns and their effects on
temperature indicators.

Atmospheric circulation had the largest effect on T ;,
variation in latitudes between 40° and 60° (Figure 6). NAO
had a statistically significant positive correlation with T ;  in
the larger part of Eurasian mid and high latitudes. Therefore,
CCI tends to decrease in Northern Eurasia during winters
with a prevailing positive NAO phase and vice versa during
a negative NAO phase (Figure 6). NAO, or its hemispheric
counterpart Arctic oscillation (AO), has a significant impact
on the shape and strength of the Siberian High (SH) and thus
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) monthly temperatures and temperature in (c) April

) and (d) October (T,) in the Northern Hemisphere above 30°N latitude in 1950-2015. The magnitude of trends is expressed as
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on land surface winter temperatures [35]. PNA and WP
patterns have a similar effect on T';, in the northern part of
North America. Other NHTPs seem to only have a regional
effect on T, EA in Europe, SCA in the western part of
Eurasia, POL in parts of Siberia, and EP/NP in the Eastern
Arctic and Siberia. Positive phases of NAO (AO) and to an
extent EA imply larger equator-to-pole temperature gradi-
ents during the winter season, which is linked with stronger
zonal winds bringing maritime air masses far into the in-
terior parts of continents [36, 37]. In summer, NAO also
seems to play a significant role in determining the distri-
bution of surface temperature anomalies across Northern
Hemisphere continents, especially over Eurasia and the
North Atlantic [38].

The correlations between NHTPs and T, contribute
less to CCI than does T, (Figure 2). Furthermore, almost
all of the selected NHTPs have a merely regional effect on
T hax- The most important ones are EA for Europe and the
Far East, POL for Europe and Southern Siberia, EA/WR for
Eastern Europe and the Ural region, and EP/NP primarily
for North America and some parts of Eurasia [39]. The most
important circulation modes in winter and NAO and PNA
in summer appear to have significant correlations only in
very discrete and local land surface areas in the Northern
Hemisphere (Figure 6).

For KOI, according to correlations between NHTPs and
Tyt and T, the most important patterns appear to be SCA,
EA/WR, POL, and EA for Eurasian regions, PNA for North
American regions, NAO for Greenland and Northeastern

Canada, and EP/NP and WP for both Eurasia and North
America (Figure 6). The most crucial factor influencing KOI,
with reference to its formula, may be patterns that have an
opposite effect on temperature in October and April in the
same areas during their different phases. This is particularly
important within inland regions of Eurasia and North
America (low KOI regions) as well as in coastal areas in high
and mid latitudes (high KOI regions). Such NHTP patterns
are NAO and SCA for Siberia and the Ural region, EA/WR
for Eastern Europe, Caucasus, and Turkey, EA for Central
Europe and Eastern China, EP/NP for eastern North
America, and WP for Northeast Siberia and the Great Plains
(Figure 6).

The sum of eight determination coefficients describing
the relationship between T, Tppo Topr and Ty and
teleconnection indexes was used as the measure of cumu-
lative effect of selected Northern Hemisphere teleconnection
patterns on T, Thaxr Toer and T, and hence CCI and
KOI values (Figure 7). The impact on T ;) has a latitudinal
extension between 40°N and 60°N in Eurasia and between
50°N and 70°N in North America (Figure 7). Such a spatial
effect coincides with the extension of the Siberian High to
the west in Eurasia and the winter Arctic anticyclone in
North America. These areas appear to be sensitive to signs of
an NAO phase as well as to a POL, EA, and PNA phase. The
cumulative effect on T, is rather discrete and consequently
depends on NHTP patterns representing the Rossby
wavetrain: EA, EA/WR, EP/NP, WP, and POL. Given that
the CCI is largely contingent on T ;,, NAO seems to be the

min>
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main contributor to its temporal variation in Eurasia and
NAO and PNA in North America. For KOI, the cumulative
effect of NHTPs on temperature seems to be strong in
Eastern Canada and the northeastern part of Siberia (T,
and T.) and a little weaker in Western Siberia, the Ural

region, and Northern Kazakhstan (only T, ). Therefore, the
main contributors to the cumulative effect here are EP/NP
and WP, while other teleconnection patterns contribute to
the cumulative effect only in a particular season, e.g., EA/WR
in October and SCA in April (Figure 7).
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FIGURE 7: The spatial distribution of the sum of eight determination coefficients describing the relationship between (a) T\, (b) T
() Typr> and (d) T and selected Northern Hemisphere teleconnection indexes.

Large-scale atmospheric circulation patterns and oscil-
lations affect continentality (CCI) and oceanity (KOI) of
many regions in the Northern Hemisphere. Their asym-
metry in phases during certain time periods can affect the
trends of CCI and KOL. For instance, the NAO exhibited the
predominance of its positive phase in the final three decades
of the twentieth century, with a peak in the early-1990s
[40-42]. This coincided with the change in magnitude and
shift in position of the centres of action, especially in the cold
season of the year: the Azores High, Siberian High, North

American High, Icelandic Low, and Aleutian Low. This is
also confirmed by trends of CCI and KOI (Figure 5).

4. Conclusions

This paper has investigated variations in continentality and
oceanity in the middle and high Northern Hemisphere
latitudes in the period 1950-2015. The Conrad Con-
tinentality Index (CCI) and Kerner Oceanity Index (KOI)
were employed for this purpose. The impacts of atmospheric
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circulation on the variability of these indexes were also
analysed.

The spatial pattern of climate continentality and oceanity
is contingent on distance to the ocean, topography, and
atmospheric circulation. The interannual variation of surface
air temperatures of the coldest month (T ;) is greater than
temperature variations during summer months in the ma-
jority of the study area. Therefore, the most important factor
determining the magnitude of annual air temperature am-
plitude and CCI values is T,;,. The warmest month’s
temperature (T',,,) is the leading factor for CCI only in the
western part of Europe and North Africa. The temporal
variation of differences between April (T,,,) and October
(T ) surface air temperatures is larger than the variation of
annual air temperature amplitude, and it has a greater
impact on the temporal dynamics of KOI. The KOI in central
parts of continents better correlates with air temperatures in
April, while in coastal areas KOI is closely connected to
October temperature fluctuations.

Since 1950 in many regions of the Northern Hemisphere,
positive and statistically significant trends of T ., Ty .0
T pr> and T, were recorded. The direction and magnitude of
the CCI trend were determined by the ratio of T';, and T’
trends. Climate continentality has declined in areas where
the difference between T, and T',,, trend values is positive,
and vice versa. For example, the dramatic reduction in
strength of the Siberian High, which is responsible for ex-
treme continental conditions over larger parts of Siberia and
East Asia, has been observed since the 1980s [43, 44], and it
was primarily influenced by dominant positive phases of
NAO/AO and EA patterns. Meanwhile, the T,,. and T,
positive trend spatial patterns resulted in significant changes
in KOI over most of Eurasia and the northern part of North
America in the period researched. According to KOI, cli-
mate continentality has increased in the Baltic Sea region
and in parts of East Siberia, Mongolia, and the Great Plains,
while the statistically significant increase in oceanity was
mostly found over the northern part of Canada. According
to CCI, continentality has decreased in western parts of
Canada and the USA as well as in parts of Central and
Eastern Asia. In summary, we can highlight that statistically
significant CCI trends on larger areas display reduced
continentality, while statistically significant KOI trends
show decreased oceanity from 1950 until 2015. This can be
explained by the fact that, during the study period, larger
temperature increases were noted in winter and spring. A
statistically significant decrease of CCI in areas surrounding
the North Atlantic and Eastern Arctic and within the
Southeastern USA and an increase of CCI in Inner Mongolia
and the Mediterranean seem to be the consequence of the
change in position and magnitude of centres of action, both
semipermanent (e.g., NAO) and seasonal (e.g., the Siberian
High) [45, 46].

El Kenawy et al. [14] have asserted that changes in the
spatial variability of continentality are closely coupled with
the Atlantic modes of variability, especially with the Eastern
Atlantic pattern (in the Mediterranean, Middle East, and
northern part of Africa). Similar findings concerning the
North Atlantic Oscillation were also detected at an earlier
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point in the large domain extending from Eastern Canada to
the Central Arctic via Europe [47-49]. On the contrary, the
high spatial variability of continentality as well as changes in
its gradients in specific areas (e.g., Greenland) could be due
not only to large-scale circulation patterns but also to local
effects [50].

Not all areas of decreasing (increasing) CCI (KOI) can
however be explained by the prevalence of particular tele-
connection patterns. The higher latitudes of North America
and the most northeastern parts of Siberia were most likely
affected by the retreat of seasonal sea ice (later freezing time)
driven by an increase in sea surface temperatures [51].

It is very likely that continentality will alter in the future
and its changes may be amplified in the following decades.
Therefore, climate projections are important to assess po-
tential continentality/oceanity changes and to evaluate the
associated impact on natural and anthropogenic systems.

Data Availability

The gridded mean monthly air temperature values were
derived from the CRU TS$4.00 database (https://crudata.uea.
ac.uk/cru/data/hrg/). The Northern Hemisphere telecon-
nection patterns (NHTPs) were derived from the website of
NOAA Center for Weather and Climate Prediction (http:
/lwww.cpc.ncep.noaa.gov/data/teledoc/telecontents.shtml).
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