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Abstract: The article presents methods for managing natural and environmental risks in the conditions of increasing
continentality of the climate in the polar regions of gas production. It is shown that natural risks associated with the
rise in summer temperatures can manifest themselves in the form of various epizootics. The leading factor in the
manifestation of such natural risks are large-scale disturbances of tundra soils, in particular, on the Yamal Peninsula
due to overgrazing of reindeer. Against the backdrop of an increase in the continentality of the climate, in recent
years, on the territory of the Taz Peninsula, biogeochemical technologies for the reclamation of tundra soils, adaptive
to the climatic conditions of the Far North, have been successfully tested, based on methods protected by patents
of the Russian Federation.
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Sazetak: U radu su predstavljene metode za upravljanje prirodnim i ekoloSkim rizicima u uslovima sve vece
kontinentalnosti klime u polarnim regionima proizvodnje prirodnog gasa. Pokazano je da se prirodni rizici povezani
sa porastom letnjih temperatura mogu manifestovati u obliku razli€itih epizootija. Vodeci faktor u manifestaciji takvih
prirodnih rizika su poremecaiji tundrskih zemljiSta velikih razmera, posebno na poluostrvu Jamal zbog prekomerne
ispase irvasa. U kontekstu povecéanja kontinentalnosti klime, poslednjih godina, na teritoriji poluostrva Taz, uspesno
su testirane biogeohemijske tehnologije za rekultivaciju tundrskih zemljista, adaptivne klimatskim uslovima Dalekog
severa, zasnovane na metodama zasti¢enim patentima Ruske Federacije.
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INTRODUCTION

Global surface temperatures in the Earth system
have been increasing over the past century. Aver-
age warming in 1880-2012 was 0.85 K (with an
uncertainty range of 0.65 to 1.06 K), and in 1951-
2012 up to 0.72 K (with an uncertainty range of 0.49
to 0.89 K) (Hartmann et al., 2013). According to
generally accepted views, the main cause of warm-
ing is the anthropogenic greenhouse effect, acc-
ompanied and sometimes compensated by other
anthropogenic and natural influences and internal
variability of the climate system (see, for example,
(Bindoff et al., 2013)).

However, the rise in global temperatures has
now slowed significantly. In Fig. 1 shows that the
global temperature was practically constant for 8
years and 4 months, varying by 0.2°C from the 1991
level taken as the standard. This may be due to
weakening of the North Atlantic Oscillation (NOA),
cooling of the North Atlantic and associated global

temperature changes, such as between 1950 and
1970 (Omrani et al., 2022).

However, there are several alternative hypoth-
eses about the nature of the observed climate
changes. In contrast to the highly politicized alarmist
position supported in many media, according to
many researchers, the main contribution to its form-
ation is made by natural (non-anthropogenic) factors
(Soon et al., 1996; Cioccale, 1999; Dahl-Jensen,
1998; Dean & Schwalb, 2000; Grove & Switsur,
1994; Hong, 2000; Huang et al., 1997; Forecasting
Climate Change, 2016).

One widely used argument in support of these
hypotheses is the time lag between changes in
global temperature T and atmospheric carbon
dioxide gCO:2 obtained from Antarctic ice cores:
according to these data, changes in qCO: lag
behind changes in T by several centuries (Bez-
verkhny, 2014; Scholar et al., 2012).
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Figure 1. UAH satellite global temperature anomaly data in °C relative to the mean from 1991 to 2020. In
green is the linear trend of the series (+0.13 °C/decade) and in blue is the linear trend since 2016. Data:
UAH 6.0 Graph: Woodfortrees. (based on data - the University of Alabama in Huntsville, USA
https://lwww.researchgate.net/institution/University-of-Alabama-in-Huntsville)

In addition, it has been shown that interannual
changes in qCO:2 also lag behind the corresponding
changes in T for instrumental data over recent dec-
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ades. Since the effect is not expected to lead to its
cause, such delays are used as an argument to
refute the role of the anthropogenic greenhouse
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effect in climate change (e.g. (Quinn, 2010; Kuo et
al., 1990)).

Increasing levels of COz2 in the atmosphere may
be a consequence of warming, rather than its cause.
The statistical analysis performed showed that
although there is a correlation between qCO:2 and
global temperature, changes in qCO:2 appear after
changes in temperature with a lag of approximately
5 months. A possible explanation may be the fact of
global temperature changes due to natural causes
and a corresponding increase in the temperature of
ocean waters, where more than 90% of the total
mass of COz is contained. This, in turn, leads to an
increase in the flow of CO2 from water into the
atmosphere in accordance with Henry's law.

Although these arguments have been criticized
on various grounds (see, for example, (Richardson
et al., 2018)), the lag between changes in climate
variables as a reliable indicator of cause-and-effect
relationships in the Earth's system has not been
guestioned by most critics.

Articles (Muryshev et al., 2019a, 2019b) descr-
ibe a possible mechanism for the mutual delay
between changes in the global surface temperature
T and the CO:2 content in the atmosphere of the
Earth. This mechanism can be triggered when the
Earth's climate system is exposed to single-phase
emissions of carbon dioxide and methane.

At the same time, research (Lobkovsky et al.,
2022) suggests that among the natural causes of
global warming, the identification of such a factor as
the trigger activation of methane emissions under
the influence of seismic activity. In the Arctic, the
triggering activation of methane emissions began in
the late 1970s of the last century, when tectonic
waves caused by large earthquakes in the Aleutian
Arc in 1957-1965 reached the Arctic shelf, traveling
a distance of about 2000 km at a speed of about 100
km/year during approximately 20 years. This proc-
ess was associated with a sharp warming of the
Arctic environment in 1979-1980 due to the green-
house effect of methane emissions.

At the same time, it has been shown (Bogoyav-
lensky et al., 2023) that there is a significant decre-
ase in the area of possible existence of frozen soil
and methane hydrates in the post-glacial period.
Based on an extensive analysis of the zones of
degradation of underwater frozen soil on the shelves
of the Laptev, East Siberian, Chukchi and Beaufort
seas (=57% of the total area), it can be concluded
that there is a relatively low probability of a
significant contribution of methane released from
dissociating gas hydrates to climate change. Along
with this, in recent decades, many authors have
noted the phenomenon of increasing continentality
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of climate (Bashkin et al., 2017). This is accomp-
anied by increased natural and environmental risks.

Consequently, the purpose of this work was to
consider the issues of managing natural and
environmental risks in the context of increasing
continentality of climate in the polar regions of gas
production.

1. THE PHENOMENON OF INCREASING
CLIMATE CONTINENTALITY

As is known, the continental climate is charact-
erized by consistently hot summers and frosty
winters with little precipitation. At the same time, an
increase in climate continentality or an increase in
the index of this phenomenon indicates an impend-
ing global cooling, which can occur both due to a
decrease in the flow of solar radiation entering the
Earth and through a reduction in the flow of heat
from the ocean to the atmosphere (Andreychik &
Mongush, 2009; Anisimov et al., 2012; Pereved-
entsev & Shantalinsky, 2015; Karimov & Krymsk-
aya, 2016; Mustafina, 2017). As for the continental
climate of the polar latitudes, it is characterized by
large annual fluctuations in air temperature and
warm but short summers, as well as very cold and
long winters.

An increase in continental climate indicates the
onset of another global cooling, which is expressed
in changes in the climate of the Earth as a whole or
its individual regions over time, which is expressed
in statistically significant deviations of weather
parameters from their long-term values over a
period of time from decades to millions of years. A
number of authors (Dansgaard et al., 1969; Abdus-
amatov, 2011, 2014; Bashkin & Galiulin, 2012,
2017; Archibald, 2007) have found that climate
change, in particular during the Quaternary period -
Holocene, which has continued for the last 11
thousand years until the present, is characterized by
combinations of periods of cooling and warming at
different time intervals, which indicates the cyclical
nature of changes in this phenomenon on Earth.

Despite the temperature and humidity fluctu-
ations noted above, in the relatively near future the
Earth may be on the verge of repeating the same
Little Ice Age that took place in the northern
hemisphere in the 171-18™ centuries. The possibility
of cooling is associated with a sharp decrease in the
radiation power of the Sun, as the only source of
energy for the Earth, and, consequently, the main
factor in changing its climate. Two physical reasons
have been noted for changes in insolation
(irradiation of the Earth's surface with sunlight) in the
upper layer of the atmosphere - these are long-
period variations in the elements of the Earth's orbit
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and short-period variations in the solar constant, i.e.
total solar radiation power of 1367 W/m?2 (Abdus-
amatov, 2011, 2014; Archibald, 2007). At the same
time, changes in the solar constant were measured
empirically only during the era of observations by
spacecraft, and in the period up to 11 thousand
years ago (the beginning of the Holocene) they were
reconstructed from the content of radiocarbon (14C
isotope) in tree rings. It was shown the relationship
between solar activity cycles and large-scale climate
changes on Earth (Abdusamatov, 2011). The author
presented the connection between solar activity and
climate change: when there is a deep minimum of
solar activity, cooling occurs. It can be expected that
the onset of the deep minimum phase in the current
quasi-bicentennial cyclical activity of the Sun will
occur at the beginning of the 27(x1)" 11-year solar
cycle, approximately in 2043x11. This will cause the
era of a new 19t Little Ice Age in recent years 7500
years (Abdusamatov, 2011). Although the Earth has
already begun to receive less solar energy, it has not
yet had time to cool down accordingly due to the
thermal inertia of the World Ocean. Consequently, it
gives, and will continue to give, more energy by
radiation into space than it receives during the entire
decline phase of the quasi-bicentennial cycle (Abd-
usamatov, 2017). As a result of such a long-term
deficit of incoming solar energy, the average annual
energy budget of the Earth as a planet will continue
to be negative, which can lead to the beginning of
the cooling of the planet.

Currently, an increase in continental climate is
already observed in a number of regions. Many
scientists view this as a sign of the onset of another
global cooling. So, at the beginning of the 21st
century (2001-2006) at all weather stations in the
Tuva mountain region (50-54°N, 89-99°E) there was
a tendency towards an increase in the climate
continentality index (Andreychik & Mongush, 2009).
As already noted, at the beginning of the 21st
century, the nature of the North Atlantic Oscillation
and the regional climate systems associated with it
began to change to the next relatively cold scenario,
which can last until 2030-2035. This emphasizes the
tendency of these systems to transition to a new
phase, similar in a number of characteristics to the
scenario of the 1940-1970s (cold phase). At that
time, there was an increase in continental climate on
the continents (Anisimov et al., 2012). The results of
the analysis of spatiotemporal changes in the
temperature and wind regime in the Northern
Hemisphere, in the zone of temperate latitudes (30-
70°N) for the period 1948-2013, showed that since
the beginning of the 21t century, winter temperat-
ures began to decrease, and summer temperatures

ECOLOGICA, Vol. 32, No 119 (2025)

starting from 1975, on the contrary, to increase in
the latitudinal zone 50-70°N, which also indicates an
increase in the continental climate (Perevedentsev
& Shantalinsky, 2015). A similar picture was noted
for Central Asia and Tatarstan, where since the
beginning of the 21st century there has been an
increase in continental climate, since as a result of
colder winters and increased summer temperatures,
the annual amplitude of air temperature fluctuations
has increased (Karimov & Krymskaya, 2016; Must-
afina, 2017).

An assessment of changes in the climate
continentality index and its components in the
territory of Transnistria for the period 1952-2018
revealed an increase in the continentality index and
all its components in this region (Kolvenko et al.,
2020). It is shown that over the past three decades
the rate of change in the considered climate indic-
ators has increased. Over the past 30 years (1988-
2018), there has been a statistically significant incre-
ase in the continentality index (by 0.47% per year)
and all its components: annual air temperature
amplitude (by 0.10 °Cl/year), average annual daily
temperature amplitude air (by 0.03 °Cl/year), aver-
age annual air humidity deficit (by 0.06 mbar/year).
The increase in continental climate occurred against
the background of an increase in average annual air
temperature (by 0.04 °C/year). Fluctuations in clim-
ate continentality indicators occurred independently
of each other, sometimes even in antiphase. The
nature of the fluctuation curve of the actual values of
the continentality index was determined mainly by
the values of the annual amplitude of air temp-
erature.

In the last decade, there has been a change in
the intensity and distribution of the Siberian
anticyclone, and it plays a key role in the formation
of atmospheric processes over the Asian continent
and affects the general circulation of the atmosphere
in the Northern Hemisphere. It is very interesting to
note that the forecast model of the Intergov-
ernmental Panel on Climate Change assumed that
variations in the intensity of the Siberian anticyclone
will show a steady downward trend from the end of
the 20th century and throughout the 21st century,
which will lead to a decrease in its intensity by about
22% by 2100 compared to the average of the 1958-
1980 interval. However, in reality, in the last two
decades, there has been a sharp increase in the
intensity of the Siberian anticyclone (https://ieig.sfu-
kras.ru/node/119 - Institute of Ecology and Geogr-
aphy of Siberian Federal University). This is reflect-
ed in the increased continentality of the climate in
the northern regions (Zakharova, 2022; Bashkin,
2022).

161



V.N. BASHKIN, R.A. GALIULINA

MANAGEMENT OF ENVIRONMENTAL RISKS ...

Thus, observations show that the increased
continentality of the climate in the polar latitudes
and, in particular, in the territory of the Yamalo-
Nenets Autonomous District, had certain geo-
ecological consequences on the Yamal Peninsula
(71°N, 70°E) and was expressed in the manif-
estation of natural and environmental risks.

2. ENVIRONMENRAL RISKS OF INCREASING
CLIMATE CONTINENTALITY IN THE YAMAL-
NENETS AUTONOMOUS DISTRICT AND WAYS
TO SOLVE THEM

The geoecological consequences of increased
continental climate manifested themselves, in part-
icular, in 2016 in the form of abnormal heat (29-34°C
in June-July) in the Yamalo-Nenets Autonomous
District, which caused an outbreak of an anthrax
epidemic on the Yamal Peninsula, the causative
agent of which is the bacterium Bacillus anthracis
(Popova et al., 2016; Shestakova, 2016). As a result
of the epidemic, 2,650 reindeer fell ill, and as a result
of contact with sick and dead animals, 36 people
were infected with one death. The negative impact
of abnormal heat on the immune system of deer due
to the cessation of vaccination, as well as an incre-
ase in the number of blood-sucking insects, appar-
ently became the cause of a massive disease of
anthrax in reindeer.

As is known, anthrax is a particularly dangerous
bacterial zoonotic infection, i.e. an infection transm-
itted to humans from animals and, due to the long-
term presence of Bacillus anthracis spores in the
soil, capable of maintaining the threat of return and
repeated outbreaks in affected areas for many
decades. The main source of infection for humans is
a sick animal or its corpse. Transmission factors
include livestock products, soil and other environm-
ental objects. The spread of infection occurs both
through the alimentary route, when spores from the
secretions of sick animals or through corpses enter
the soil and vegetation, and from there to healthy
animals, and through transmission, i.e. with the
participation of blood-sucking insects - horse flies
(Tabanidae), sting flies (Muscidae) and midges
(Diptera) (Bogdanov & Golovatin, 2017). In addition,
during grazing, especially on the sparse vegetation
of the tundra, spores with soil particles enter the
intestines or lungs of the animal.

So, the soil is the place where Bacillus anthracis
resides for the longest time, where they passively
remain in the form of spores for tens and hundreds
of years, waiting for the time favorable for reprod-
uction, i.e. soil is a constant reservoir of the path-
ogen. The noted temperature anomaly on the Yamal

162

Peninsula contributed to an increase in the depth of
seasonal thawing of permafrost and the movement
of Bacillus anthracis spores from deep layers to the
surface of the soil with interpermafrost waters. At the
same time, primary soil foci of this bacterium are
formed as a result of direct infection of the soil with
secretions of sick animals on pastures, in places
where animals are kept in stalls and in places where
deer corpses are buried (cattle burial grounds), and
secondary foci are created by washing off or
introducing spores to new territories with rain, melt
and sewage waters.

In such situations, the sanitary-epidemiological
service with its laboratories must certainly work to
identify outbreaks and stop emerging problems.
However, given that the territory of the Yamal-
Nenets Autonomous District exceeds the size of
most European countries, and this territory has an
extremely low number of permanent residents, a
significant part of which leads a nomadic lifestyle,
and poorly developed infrastructure, such a task
becomes simply physically impossible. And solving
this problem, of course, should be done based on
incredibly low number of specialized and certified
sanitary and epidemiological laboratories. One of
the options for solving the problem is to develop
indicator technologies that allow standard environm-
ental laboratories included in the staffing schedule
of gas production enterprises to carry out an indic-
ator assessment of the epidemiological state in the
controlled territory of licensed areas and under
agreements with the local administration in the
territories under its control. An indicator assessment
is necessary in order to call specialists from the
sanitary and epidemiological service only if such a
need arises, rationalizing its functioning in the
Yamalo-Nenets Autonomous District and other regi-
ons of the Far North.

An average representative sample of manure is
then collected from the grazing area, dried (at room
temperature) and sifted (through a 3 mm sieve) to
obtain a dry sample.

For example, experiments were carried out with
an average representative sample of manure taken
from a grazing site in a pastoral area. The sample
was subjected to drying and sieving operations, and
dry manure samples and agueous manure samples
were obtained from it. After carrying out the descr-
ibed and additional laboratory testing procedures,
statistically proven microbial contamination of water
was established, which was determined by anal-
yzing the activity of the dehydrogenase enzyme,
Table 1.
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Table 1. Identification of microbial contamination of the aquatic environment from cattle manure by
analyzing the activity of the dehydrogenase enzyme

The activity of the enzyme Number of microbes
dehydrogenase,
Sample Manure: water ratio | pg CisHisN4/(g-day) [sample #1] cells/g [sample No. 1]
No. and cells/ml
and pg CioHieNa/(ml-day) [samples No. 2, 3, 4 and 5]

[Probe #2, 3, 4 and 5] T
1 1.0 667 2,2-10°
2 11 248 0,7-108
3 1.2 177 5,2-10°
4 1:3 59 1,7-106
5 14 33 1,0-10¢

At the same time, the activity values of the
dehydrogenase enzyme were confirmed by the res-
ults of an analysis of the number of microbes prod-
ucing this enzyme in various samples, carried out
according to the generally accepted method (see,
for example, (Zvyagintsev et al., 1980)). From these
analytical data and comparative studies, it is clear
that dry manure sample No. 1, as the primary focus
of microbes, is characterized by maximum values of
dehydrogenase enzyme activity, 667 ug CioH1sNa4/(g
day), and the number of microbes, 2.2 - 10° cells /g
producing this enzyme. In water samples of manure
No. 2, No. 3, No. 4 and No. 5, as a secondary focus
of microbes, with the expansion of the manure:water
ratio in the series - 1:1, 1:2, 1:3 and 1:4, the enzyme
activity turned out to be directly proportional to the
number of microbes, i.e. the lower the dehydro-
genase activity, the fewer microbes were identified
in the water sample and vice versa. It should be
noted that if the results of the analysis show a zero
value for the activity of the dehydrogenase enzyme,
this means a complete absence of microbial cont-
amination of the aquatic environment from manure.

The method allows you to quickly (within 1 day):

e identify microbial contamination of the aqu-
atic environment from livestock manure,
which occurs as a result of rain and melt
water seeping through the manure, which
form surface and subsurface runoff;

e ensure high accuracy and quality of assess-
ment of the epidemiological situation caus-
ed by pathogenic microbes in the areas of
grazing livestock, the primary source of
which may be the manure of sick animals;

e justify the adoption of preventive or remed-
iation measures to avoid infection of the
local population through contaminated surf-
ace and underground water sources used
for drinking purposes.

According to (Loginov et al., 2017), as soon as
the grazing load is excessive, the vegetation cover

is completely damaged or fragmented, and, accord-
ingly, the soil surface is exposed, the epizootic
mechanism, i.e. animal epidemics start. In a word,
the degradation of vegetation contributes to the
formation of sandy outcrops on positive (convex)
forms of relief. This allows us to come to the
conclusion that restoration of soil and vegetation
cover is a fundamental way to prevent epizootics.

As can be seen from the above, the strength-
ening of the continental climate in the Yamalo-
Nenets Autonomous District and, in particular, on
the Yamal Peninsula, also manifests itself in the
form of such geo-ecological consequences as out-
breaks of the anthrax epidemic. Nevertheless,
reindeer husbandry is developing in the district,
natural gas is being extracted and transported, and
modern infrastructure is being created. These types
of anthropogenic activities lead, in turn, to no less
serious geoecological consequences, expressed in
the disturbance of tundra soils.

CONCLUSION

Thus, the fact of increasing continental climate,
manifested in temperature anomalies, is obvious, as
a sign of the coming global cooling of the Earth. The
consequence of this is an increase in both natural
and environmental risks. Natural risks associated
with rising summer temperatures (for example, in
2016) can manifest themselves in the form of
various epizootics. The leading factor in the
manifestation of such natural risks is large-scale
disturbances of tundra soils, in particular on the
Yamal Peninsula due to overgrazing of deer. This
leads to loss of pasture areas. Disturbances of
tundra soils associated with the development of
hydrocarbon deposits are local in nature. Against
the backdrop of increasing continental climate, in
recent years, on the territory of the Tazovsky
Peninsula, a biogeochemical technology adaptive to
the climatic conditions of the Far North has been
successfully tested for the reclamation of tundra
soils disturbed due to the extraction and transport of
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natural gas, as well as overgrazing of deer, the basis
of which is the methods protected by 8 patents of the
Russian Federation.
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