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Abstract. During the period of global climate change, the territories of the Russian Federation, within which
permafrost is widespread, are at particular risk. The aim of this article is to identify the social consequences
of permafrost degradation on the example of a number of rural settlements in the Republic of Sakha (Yaku-
tia) and to determine the emerging mechanisms of adaptation to the challenges associated with changes in
the habitual state of the environment. In this regard, for the first time, the villages of Amga, Yunkur, Ar-
gakhtakh, Lippe-Atakh and Ulakhan-An, located in Yakutia, were the focus of relevant interdisciplinary re-
search conducted during 2019-2022. The work in these settlements made it possible to establish local fea-
tures of both the consequences of the degradation of permafrost and the specifics of their perception by
the local population. It is noted that in the rural settlements studied, permafrost degradation limits the de-
velopment of traditional economic activities, including among the Arctic and Subarctic indigenous popula-
tion, limits the possibilities for the spatial development of settlements, leads to problems with the safety of
the housing stock, and hinders transport communication. The observed changes entail an increase in the
financial burden on the population, economic entities and local administrations, and negatively affect the
social well-being of the inhabitants of the studied villages. At the same time, the conducted research al-
lowed to reveal that the mechanisms of adaptation and sustainability of rural communities that are being
formed in this regard are largely based on traditions of rural mutual assistance.
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Introduction

The Republic of Sakha (Yakutia) (hereinafter referred to as the RS(Ya)/Yakutia) occupies an
area of 3103.2 thousand km? and is not only the largest subject of the Russian Federation, but also
the largest administrative-territorial unit in the world. The vast territory of the region is almost
entirely located in the zone of continuous distribution of deep-frozen soil — permafrost. This nat-
ural phenomenon reaches its maximum thickness here — about 1.5 km [1, Suleymanov A.A,, p. 117].

Highly icy soils (volumetric ice content from 0.4 to 0.8) occupy 39.8% of the total area of
Yakutia [2]. In the conditions of modern climate change with a rapid increase in average annual air
temperature in the Arctic and Subarctic, they are in the high-risk zone. Analysis of meteorological
data from 52 weather stations in Yakutia, conducted by the candidate of geographical sciences
Yu.B. Skachkov, showed that the region has seen a widespread increase in average annual air
temperature over the past half century. This indicator increased by 2.0°C on average over the ter-
ritory of Yakutia. At the same time, the increase is caused mainly by the warming of the winter
seasons, which are the seasons with the largest deviations from the temperature norms [3].

The resulting “cold deficit” (its comparative shortage in relation to previous periods) [4,
Suleymanov A.A,, pp. 29-30] along with the consequences of anthropogenic impact led to the ac-
celeration of permafrost degradation processes. The most vulnerable permafrost is located under
open landscapes (mainly meadows) of the ice complex or yedoma, which are characterized by a
thin protective layer40.2 m), i.e. the zone between the base of the seasonal thawing layer and the
top of the ice complex [5, Efimov G.F.], while in areas covered with boreal forest, its thickness
reaches 0.7-1.0 m [6, Fedorov A.N.]. The peculiarity of this layer is also very high ice content of the
surrounding soils (up to 60-70%). This horizon prevents permafrost thawing [7, Shur Y.]. As a re-
sult of climate warming, the protective layer is being destroyed, which leads to the rapid devel-
opment of thermokarst processes — soil subsidence due to the melting of underground ice [8,

Grosse G.]. Thermokarst refers to cryogenic processes that result in the formation of characteristic

relief forms [9, Kachurin S.P.; 10, Fedorov A.N.] (Fig. 1-2).

&

Fig. 1. Thermokarst landforms — bylars and duyodya — Fig. 2. Thermokarst landforms — bylars — on the
on the territory of the village Yunkyur, September 2022, territory of the village Amga, September 2021.
Photo by A.A. Suleymanov. Photo by A.A. Suleymanov.
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It is expected that permafrost degradation, including the development of thermokarst, will
affect 33.6% of the infrastructure in Yakutia by the middle of the 21st century, which will entail
large social and economic costs for the region [11, Streletskiy D.A.]. The established life support
systems of both urban and rural communities in the region are under threat. However, the latter
are most dependent on the state of the environment and are currently experiencing the main
pressure. Thus, the study of various aspects of the dynamics of the permafrost zone and its impact
on the population of Yakutia has significant relevance and practical significance.

Research in this direction can contribute to the development of timely measures to pre-
vent the occurrence and mitigation of the impact of dangerous cryogenic processes on the popula-
tion and economic entities, taking into account the experience accumulated by representatives of
local communities affected by thermokarst in responding and adapting to negative changes in the
state of the environment, developing effective recommendations for authorities at various levels
based on a set of obtained materials.

The relevance and significance of the above-mentioned problems cause an increased inter-
est in the scientific development of a wide range of issues related to it both from domestic and
foreign researchers. In recent years, a number of scientific works related to the degradation of
permafrost soils have been published [12, Lupachev A.V.; 13, Sannikova E.E.; 14, Melnikov V.P.; 15,
Zhirkov A.; 16, Lytkin L.V., etc.]. In particular, according to the results of recent studies conducted
in the central regions of Yakutia, a high intensity of thermokarst development was noted, while
the rate of surface subsidence can reach 10-15 cm per year [10, Fedorov A.N.; 17, Saito H.].

At the same time, there are relatively few papers that cover the consequences of perma-
frost degradation for the life of the population of Yakutia. For example, N.I. Shiklomanov and D.A.
Streletskiy analyzed potential changes in the sustainability of Russian urban infrastructure built on
“permafrost” under predicted climate changes, as well as the negative effects of climate change in
the Arctic for urban settlements in the area, including the city of Yakutsk [18]. N. Doloisio and J.-P.
Vanderlinden studied the perceptions of permafrost degradation among the population of the
administrative center of the region [19]. In addition, there are a number of studies (except for
several articles by the authors of this work) that examined the economic and sociocultural conse-
guences of global climate transformations, including permafrost degradation, for the indigenous
peoples of Yakutia [20, Svinoboev A.N.; 21, Fujiwara J.; 22, Ananicheva M.D. et al.].

In terms of cooperation between representatives of the natural sciences and humanities, it
is worth noting the work of Russian and Japanese researchers within the framework of the project
“Designing educational materials for environmental education related to the local history of Sibe-
ria, synthesizing cultural memories with scientific knowledge” in 2016—2020. Research conducted
in the Churapchinskiy and Gornyy uluses of Yakutia addressed the problems of the impact of cli-
mate change, including permafrost degradation, on local rural communities and their adaptation
to changing conditions. At the same time, the focus of the research was mainly aimed at identify-

ing the characteristics of local residents’ perception of climate change, as well as the dynamics of
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change and contradictions in public opinion when assessing the observed natural transformations.
The project participants identified, among other things, 3 measures that the population of the
Churapchinskiy and Gornyy uluses undertake to mitigate the consequences of degradation of
permafrost: leveling the land surface in places of thermokarst development, constructing em-
bankments under houses, as well as “selecting cultivated crops and varieties that correspond to
ongoing climate changes” [23, Takakura H.; 24, Takakura H.].

The authors of the presented work agree that the problem of permafrost “melting” should
be studied precisely through the interaction of representatives of various scientific disciplines. At
the same time, it seems necessary to note that, as our experience has shown, there are quite seri-
ous local features in the consequences of permafrost degradation, its perception and ways of ad-
aptation associated with both the geographical conditions of a particular area and the specificity
of life support systems locally formed. Accordingly, the more settlements in Yakutia are covered
by such research, the more objective and multifaceted the picture of the analyzed problems will be.

The aim of this study is to determine the impact of permafrost degradation and thermo-
karst processes on the livelihoods of rural communities in Yakutia on the example of 5 settlements
of the region, to identify the consequences of emerging challenges, as well as the mechanisms of

adaptation to them.

Materials and methods

The authors focused their work on research in the villages of Amga of Amginskiy and
Yunkyur of Olekminskiy uluses (districts). These settlements were chosen due to a number of fac-
tors. Both villages are united by history: Russian settlers made the first attempts to introduce re-
gional agriculture on their territory. During the Soviet period, the Amginskiy and Olekminskiy dis-
tricts of Yakutia were even called the “second Ukraine”. As will be shown below, the development
of thermokarst processes is quite closely related to soil cultivation for agricultural crops. For this
reason, Amga and Yunkyur are characterized by active degradation of permafrost. However, these
processes and their impact on local communities were not the focus of scientists’ attention at the
beginning of our research. There are also certain differences between Amga and Yunkyur that are
of comparative interest. First of all, they are located in different geographical areas of Yakutia:
Amga is located in Central Yakutia, Yunkyur is in South-Western Yakutia.

For the same purposes — for comparison and more complete coverage of the various as-
pects and features of thermokarst processes in different geographical conditions — the materials
identified during research in the villages of Argakhtakh of Srednekolymskiy, Lippe-Atakh of Verkh-
nevilyuyskiy and Ulakhan-An of Khangalasskiy uluses (districts) were used in writing this article.
The first of these villages is located in the Arctic zone of Yakutia and the consequences of perma-
frost degradation here have their own serious specifics; the same can be said about Lippe-Atakh,
located in the western part of the region, which is less susceptible to thermokarst. Despite the fact

that the bulk of the field materials obtained in autumn 2022 has not yet been processed, the au-
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thors decided to include the example of Ulakhan-An village (central part of the region) in the arti-
cle. Only in recent years, the villagers have closely encountered the manifestations of permafrost
degradation, which has led to certain nuances in the perception of ongoing processes and the pe-

culiarities of their response to them.

100°0'0"E  110°0'0"E 120°0'0"E 130°0'0"E 140°0'0"E 150°0'0"E  160°0'0"E
n n L L L n r

Argakhtakh,
Lippe-Atakh
- R s Yakutsk E
5 akhan-An 8
3 Yunkyur, *  Amga
:Z
" 120“‘0’0"E 130°b'O"E 140°b'0"E

Fig. 3. Research locations in 2019-2022.

Field research in Amga (with the adjacent village of Chapchylgan) and Yunkyur was carried
out in autumn 2019, 2020 and 2021 within the framework of project No. 19-78-10088, supported
by the Russian Science Foundation, “Cryoanthropology: natural low temperatures in the life sup-
port system of rural communities of Yakutia (traditional practices, modern challenges and adapta-
tion strategies)”. The importance of conducting research within approximately the same time
frame is due to the need for maximum representativeness and correct correlation of the data ob-
tained, since the seasonal thawing of permafrost reaches its apogee in September—early October;
the consequences of its degradation for residential and commercial structures, infrastructure and
farmland become most obvious.

In the first year, the work included landscape-permafrost surveying of the area, selection of
key research areas and equipment of sites for temperature monitoring of permafrost soils. The
selected key areas are located in the vicinity of Amga and Yunkyur and represent open surfaces
where thermokarst processes are actively developing. Two boreholes were drilled in the vicinity of
each settlement to assess changes in the active layer and temperature regime, which have a direct
impact on thermokarst activation. The location of one of the boreholes was confined to a human-
disturbed surface, which was formed by bylars [25, Solovyov P.A.] (the initial stage of thermokarst
in the form of a hilly surface) (Fig. 4-5). The choice of location for the second borehole was linked
to the limits of the natural landscape covered with larch forest, not subject to significant anthro-

pogenic impact and not affected by thermokarst.
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Fig. 4. Location of borehole no. 1 in the vicinity of the Fig. 5. Location of borehole no. 4 in the vicinity of
village Yunkyur, September 2021. Photo by A.A. the village Amga, September 2021. Photo by V.M.

Suleymanov. Lytkin.

Boreholes 4.5 and 8 meters deep were drilled in the vicinity of the village of Yunkyur.
Borehole no. 1 was drilled within an abandoned arable land, where thermokarst is now intensively
occurring. In this well, at a depth of 2 m, ice-wedge casts was discovered, which can be traced to
bottom (4.5 m). Borehole no. 2 was drilled on the surface of a mixed spruce-birch forest, which
was not affected by anthropogenic impact (natural landscape). In this mine, ice-wedge casts was
exposed in the interval of 4.9-7.2 m.

As a result of the work performed on the territory of the village Amga, boreholes with a
depth of 7.5 (no. 3) and 10 (no. 4) meters were drilled. Well no. 3 was drilled in a mixed birch-larch
forest, well no. 4 — on the surface of an abandoned arable land at the top of a bylar.

The drilled boreholes were equipped with logger-type sensors produced by Rusgeotech LLC
with an accuracy of +0.01°C to record soil temperatures at depths of 0, 1, 3, 5, 7 and 10 meters. In
addition, orthophotomaps of key research areas were created. The orthophotomaps were ob-
tained using a DJI Mavic 2 Pro unmanned aerial vehicle (UAV) and GNSS georeferenced based on
the creation of a reference frame. The reference points were georeferenced using Trimble 5700
high-precision geodetic equipment.

The geocryological part of the research in Amga and Yunkyur during the second and third
years of work included repeated landscape-permafrost surveys of the area, documentation and
GPS-mapping of decipherable relief features for further mapping of these territories. Along with
the above-mentioned surveys, repeated aerial photography of the monitoring sites was carried
out using UAVs. In addition, data from logger devices was extracted, which provided continuous
monitoring of the temperature regime of the soil.

Based on the analysis and comparison of multi-temporal aerial images and a digital relief
model of key research areas made in 2019, 2020 and 2021, the calculation of the dynamics of
thermokarst processes was also carried out. The UAV-derived images were processed using the

specialized ArcMap 10.1 software.
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At the same time, a sociological survey was conducted during the field surveys in Yunkyur
and Amga villages, covering 37 people in 2019, 211 people in 2020 and 80 people in 2021. The so-
ciological research tools included sociological survey questionnaires and questionnaires for expert
survey. The questionnaire consisted of 22 questions. For most of them, respondents had to give
one of two or more answer options. The processing of materials obtained during the survey and
the formation of final data sets were carried out in the format of a specialized statistical program
SPSS Statistics v. 25. Heads or leading specialists of the village administration, as well as repre-
sentatives of large (by local standards) business entities, took part in the expert survey. The main
objectives of the expert interviews and questionnaires were to obtain information on local com-
munities’ assessment of the current state of the natural environment, existing or expected threats
due to the “cold deficit” and active thermokarst processes, as well as to track current and poten-
tial practices of response and adaptation.

In parallel with the sociological research in Amga and Yunkyur, historical and anthropologi-
cal research was conducted to study the historical evolution of the significance of permafrost in
the livelihoods of local rural communities. This part of the work included conducting in-depth and
narrative interviews based on a single questionnaire, mainly among old-timers, i.e. people who
lived in the studied locality for at least 60 years, and covered 29 people over three years of re-
search. For in-depth and narrative interviews, the “snowball” method was used to identify re-
spondents with specific knowledge of the issues addressed by the project, since neighborhood ties
are strong in local rural communities and the interviewees could quite accurately identify persons
of interest for the study.

These methods were combined with visual identification and recording of material sources
indicating the consequences of permafrost degradation, using photo and video equipment. In par-
ticular, damaged rural buildings (residential and commercial), infrastructure and landscapes were
recorded. For better clarity and understanding of the ongoing processes, the article presents pho-
tographs taken in September 2022.

As noted, in order to create a more complete and comprehensive picture characterizing
the consequences of permafrost degradation, field research were carried out in other settlements
of Yakutia. In March—April 2021, surveys were carried out in the Argakhtakh village, in September
2021 — in the Lippe-Atakh village, in August 2022 — in the Ulakhan-An village. Activities in these
settlements also included a complex of interdisciplinary work, but for this article, the results of
reconnaissance geocryological surveys, expert and in-depth interviewing, conducted according to

the same program as before, are mainly of interest.

History of economic development of territories and climate regime dynamics
Before proceeding directly to the analysis of the results obtained during the research, it
seems necessary to briefly characterize the history of economic development and the current so-

cio-economic situation, as well as the dynamics of the air temperature regime.
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As noted, the Amginskiy and Olekminskiy uluses (districts) of Yakutia were the pioneers in
the introduction of agriculture in the region by Russian settlers. Thus, according to F.G. Safronov,
the first attempt to settle the middle reaches of the Amga river dates back to 1652. Thirty years
later, 17 families lived in the Amginskaya settlement. In 1862, the population of the settlement
was 798 people. Farming and cattle breeding remained the leading branches of economy all this
time [26, Safronov F.G., pp. 114-115]. In 1930, Amga became the administrative center of the cre-
ated Amginskiy district of Yakutia. AlImost simultaneously, the Pobeda collective farm appeared in
Amga, which later became part of the Amginskiy state farm that existed until the collapse of the
USSR. The increase of the area cultivated by the Amginskiy state farm is an important indicator in
terms of the problems under study. Thus, in the period from 1957 to 1992, 1702 hectares of un-
cultivated and about 4200 hectares of virgin and fallow lands were ploughed [27, Fedorov V.V., pp.
18-25].

After the collapse of the Soviet Union and the socio-economic crisis in Russia, large state-
owned collective farms were liquidated and replaced by much smaller enterprises representing
both state and private forms of ownership. At the same time, the area of cultivated land in Amga
ulus was significantly reduced from about 13 thousand hectares in 1990 ! to 8 thousand by 2018 2,

Another indicator that should be emphasized is the dynamics of the Amga population. The
Soviet period was characterized by a significant increase in population. Thus, in 1939, there were
1230 people living in Amga, and in 1989 — already 5191 people 3 The population of Amga, with ra-
re exceptions, increased annually in the post-Soviet period due to the fact that the village, as not-
ed, is the regional center of the Amga ulus. As of the beginning of 2022, the population of Amga
was 6645 people ., Agriculture occupies a leading place in the economy: meat and dairy cattle
breeding, meat herd horse breeding, growing crops — vegetables, grains and fodder °.

The agricultural development of the modern territory of Yunkyur began approximately at
the same time as the development of the Amginskaya settlement. In the middle of the 17th centu-
ry, on the right bank of the Malaya Cherepanikha River in the area of its mouth, i.e. approximately
where Yunkyur is located now, the village of Olekminskaya was founded by Russian peasants [26,
Safronov F.G., p. 113]. At the end of the 18th century, Vilyui and Amga peasants were resettled to
these places due to poor harvests. They founded a new village, which the latter named “Amgin-
skaya” in memory of their native places. The main occupation of the peasants was agriculture and
cattle breeding. Thus, according to data for 1917, 655 hectares of land were sown here [28, Redko

M.A., pp. 5-6]. During collectivization, since 1927, Yunkur served as the center of various collec-

! Statistical Yearbook of the Republic of Sakha (Yakutia), 2018, 418 p.

> Statistical Yearbook of the Republic of Sakha (Yakutia), 2019, 350 p.

* According to demoscope.ru: URL: http://www.demoscope.ru/weekly/ (accessed 24 October 2022).

4 Population of the Russian Federation by municipalities as of January 1, 2022. Official Internet portal of the Federal
State Statistics Service (Rosstat). URL: https://rosstat.gov.ru/storage/mediabank/Chisl_nasel_RF_MO_01-01-2022.xlsx
(accessed 24 October 2022).

> Passport of socio-economic development of the Amginsky nasleg of the Amginsky ulus of the RS (Y) for 2021. Current
archive of the administration of the Amginsky nasleg municipal organization of the Amginsky ulus of the RS (Y).
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tive farms, since 1951 — of the united collective farm “Pravda”, and since 1971 — of the state
farm “Olekminskiy” °.

The most important sectors of the economy of the Yunkur people in the USSR years were
cattle breeding and grain growing, as well as well-developed vegetable growing. As in the case of
the Amginskiy state farm, the Yunkyur branch was characterized by a significant increase in the
area of cultivated plots. For example, this figure was 4697 hectares in 1977 ’. For comparison, the
area of cultivated plots decreased to 2260 hectares by 2019, i.e. more than halved 8,

The population of Yunkyur was constantly increasing during the Soviet period: in 1938,
there were 335 people in the village °, in 1984 — 1058 people *°. After the collapse of the USSR,
the number of residents in Yunkyur remained quite stable for a long time and in 2012 it was 1139
people 1 However, in recent years, the outflow of population has accelerated significantly, and
now the village is inhabited by less than a thousand people. As of 2022, the population of Yunkyur
was 953 people 12 At the same time, these indicators are quite high by the standards of modern
Yakutia for a rural settlement that is not the administrative center of an ulus (district) of the re-
public and is far from its capital. This fact is connected, first of all, with the proximity of the re-
gional center — the city of Olekminsk, where, according to information received during an inter-
view with the head of the village, about 3/4 of the working population travels from Yunkyur to
work 2. The economy of Yunkyur is still based on meat and dairy cattle breeding, herd horse
breeding and cultivation of grain crops 4 The production base of one of the modern flagships of
Yakutia’s agriculture, LLC Kladovaya Olekmy, is located here.

Thus, summarizing a brief overview of the history and current situation in Amga and
Yunkyur, three key characteristics should be noted. In both cases, there has been an increase in
the area of land brought into agricultural circulation for more than three centuries, especially ac-
celerated during the Soviet period. In both cases, with the collapse of the Soviet Union and the
economic crisis, there was a significant sequestration of the area of cultivated land. The second
point is the population growth in Amga and Yunkyur. While in Yunkyur it stopped, although the
number of residents is still significant, in Amga it continues to grow to this day. Finally, the basis of

the economy of both settlements is agriculture.

e Municipal archive of the municipal district "Olekminskiy district" (hereinafter - MA MDOD). F. 66. L. 1. File 1. S. 1-2.
”MA MDOD.F. 36. L. 1. File 87. 5. 1.

8 Passport of socio-economic development of the Malzhagarsky nasleg of the Olekminskiy district of the Republic of
Sakha (Yakutia) for 2019 // Current archive of the administration of the municipal municipality "Malzhagarskiy nasleg"
of the Olekminskiy district.

° MA MDOD. F. 3. L. 1. File 12. S. 4-5.

“ MA MDOD. F. 3. L. 2. File 378.S. 2.

" Passport of socio-economic development of the Malzhagarskiy nasleg of the Olekminskiy district of the Republic of
Sakha (Yakutia) for 2012.

12 Population of the Russian Federation by municipalities as of January 1, 2022. Official Internet portal of the Federal
State Statistics Service (Rosstat). URL: https://rosstat.gov.ru/storage/mediabank/Chisl_nasel_RF_MO_01-01-2022.xlsx
(accessed 24 October 2022).

B Authors' field materials, p. Yunkyur, Olekminsky district of the Republic of Sakha (Yakutia), September 2020.

" Passport of socio-economic development of the Malzhagarskiy nasleg of the Olekminskiy district of the Republic of
Sakha (Yakutia) for 2019.
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Another unifying characteristic is the rhythmic increase in average annual air tempera-
tures: according to the Amga weather station, during 1966—2021, the average annual air tempera-
ture increased from -12.5°C to -8.8°C, in Olekminsk during the same period — from -8.4°C to -
5.1°C (see Fig. 6-7).
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Fig. 6. Dynamics of average annual air temperature in
1966-2021 according to data from the Olekminsk weather
station.

Fig. 7. Dynamics of average annual air tempera-
ture in 1966-2021 according to the Amga weather
station.
To a large extent, it was the superposition of two factors: extensive cultivation of lands and
subsequent abandonment of croplands, as well as a rhythmic increase in average annual air tem-

perature that led to the consequences that will be discussed below.

Consequences of anthropogenic impact and climate change

The creation of arable land was associated with the cutting down of forest plantations and
bushes, which had previously shaded these areas and prevented them from being warmed by sun-
light. If constant cultivation and sowing of lands together with a colder temperature regime gen-
erally neutralized the processes of permafrost degradation, their abandonment in the post-Soviet
period led to a significant activation of thermokarst [29, Ugarov |.S.]. The situation was aggravated
by the fact that the needs for spatial development of rural settlements that were quite large, by
the standards of Yakutia, led to the fact that part of former arable lands was given over for hous-
ing construction.

In this regard, the results obtained during the research conducted in Amga and Yunkyur in
2019-2021 are indicative. Research has shown that for natural landscapes, where the original
natural conditions were not disturbed during the economic development of territories, the perma-
frost temperature regime turned out to be stable over the entire observation period. The devel-
opment of negative cryogenic processes in such areas was not detected. Thus, in borehole no. 2 in
the vicinity of Yunkyur village, at a depth of 3 m, the average annual soil temperatures are below -
1°C and drop to -1.5°C at a depth of 8 m. In borehole no. 3 at the Amga site, soil temperatures at
the same depths were -1.7 °C and -1.8 °C, respectively. As a result, the depth of the seasonally
thawed layer does not reach the roof of heavily icy soils and is 1.7 m in the Yunkyur village and 1.3
m in Amga. This circumstance has a beneficial effect on the resistance of such landscapes to ther-
mokarst processes. The noted differences in soil temperatures are associated with the natural ge-

ographical features of Yunkyur and Amga: the first is located on the southern border of the con-

Arctic and North. 2023. No. 52



NORTHERN AND ARCTIC SOCIETIES

Aleksandr A. Suleymanov, Vasiliy M. Lytkin, Liliya I. Vinokurova, Stepan A. Grigoryev ... 178

tinuous permafrost zone, where the climate is milder and average annual air temperatures are
about -5.1°C, and the second one is located in the central part of the continuous permafrost zone,
where its thickness can reach 600 m, and the average annual air temperature is about -8.5°C.

These factors also play an important role in the formation of soil temperature regime in an-
thropogenically disturbed areas — the territory of abandoned arable land. For such landscapes,
ground temperatures were much higher due to the disruption of the heat balance regime of the
surface because of the reduction of dense vegetation cover. The temperature regime of soils at a
depth of 3 m is of the greatest interest. This horizon is the roof of ice-wedge casts in the studied
areas, changes in which affect the development and dynamics of thermokarst processes. During
the observation period, the average temperature in disturbed landscapes at this depth remains
stable at two study sites. However, the average annual temperature in well no. 1, located in the
vicinity of the Yunkyur village, is only -0.31°C, in well no. 4, located in the vicinity of the Amga vil-
lage, — -0.64°C [30, Lytkin V.M., p. 426].

The obtained temperature regimes of soils in disturbed landscapes on the roof of perma-
frost and ice-wedge casts affect the depth of seasonal thawing (in the vicinity of Yunkyur — 2.1 m,
in Amga — 2.4 m), which is reflected in the rate of thermokarst processes. These territories are
characterized by the annual deepening of inter-bylar hollows. At the key study site in the vicinity
of Yunkyur village, the relief surface subsided by an average of 14 cm during the observation peri-
od due to subsurface ice melt: by 8 cm during 2019-2020 and by 6 cm during 2020—-2021; near the
village Amga — on average by 11 cm: by 6 cm in 2019-2020 and by 5 cm in 2020-2021 (Fig. 8-9).

Fig. 8. Inter-bylar hollows in the Yunkyur village, Fig. 9. Inter-bylar hollows in the Amga village, Sep-
September 2022. Photo by A.A. Suleymanov. tember 2021. Photo by A.A. Suleymanov.

Due to the deepening of such hollows and their merger, duyodya is tormed — a form of
thermokarst relief in the form of round depressions filled with water, which are the original ther-
mokarst lakes (Fig. 10—11). There are 21 such lakes on the Yunkyur territory. Their maximum area
is 10.672 m?, minimum — 620 m®. For the period 2019-2021, the surface area of some lakes in-

creased by 40%, which is likely due to the increase in average annual air temperature.
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Fig. 10. Dyuodya in the Yunkyur village, September 2022. Fig. 11. Dyuodya in the Yunkyur village, September

Photo by A.A. Suleymanov. 2022. Photo by A.A. Suleymanov.

In general, the research showed that negative cryogenic processes cover 19.5% of all yard

areas in the Yunkyur village and 18% in the Amga village (Fig. 12-13).

T
120178 120188 120198

Fig. 12. Distribution of thermokarst processes (bylars) in the Yunkyur village. Compiled on the basis of the results of
the 2019-2021 research.

Arctic and North. 2023. No. 52



NORTHERN AND ARCTIC SOCIETIES
Aleksandr A. Suleymanov, Vasiliy M. Lytkin, Liliya I. Vinokurova, Stepan A. Grigoryev ...

131'578 131888 131598 13208 13218

60°54C:

T T
131°668 131°578 1317688 131°598 1208

Fig. 13. Distribution of thermokarst processes (byllars) in the Amga village. Compiled on the basis of the results of the
2019-2021 research.

Influence of permafrost degradation on local life support systems
The noted processes led to a number of negative consequences for the existing life support
systems of Amga and Yunkyur. Thus, the degradation of permafrost leads to the deformation of
residential and commercial buildings. In Yunkyur, the area of thermokarst forms (bylars) includes
249 residential and utility buildings, in Amga — 540. Some of the affected houses and buildings
have to be regularly repaired by the local population (19% of respondents in Amga and 36% in

Yunkyur), and some are completely abandoned and rebuilt in another place (Fig. 14—-15) B

Fig. 14. One of the houses affected by thermokarst. Fig. 15. Abandoned and new houses on the site

A new house, to which the owners of the site were forced damaged due to the activation of thermokarst on
to move, is in the background on the left, Yunkyur, the site in Amga, September 2021. Photo by A.A.
September 2022. Photo by A.A. Suleymanov. Suleymanov.

> Authors' field materials, p. Yunkyur, Olekminskiy district of the Republic of Sakha (Yakutia), September 2019 (PMA,
2019a), September 2020 (PMA, 2020a), September 2021 (PMA, 2021a); Authors' field materials, p. Amga, Amginskiy
ulus of the Republic of Sakha (Yakutia), September 2019 (PMA, 2019b) and October 2020 (PMA, 2020b).
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Among the affected, for example, is the “Orphanage” in the Yunkyur village, intended for
socially vulnerable groups of the population (Fig. 16-17) *°. An example of one of the apartment

buildings in the Amga village, located on Mira Street, is also indicative. The municipality had to re-

settle its residents because of the threat of house collapse due to permafrost degradation (Fig.
18-19) V.

Fig. 16. “Orphanage” in the Yunkyur village,

Fig. 17. “Orphanage” in the Yunkyur village, Sep-
September 2022. Photo by A.A. Suleymanov.

tember 2022. Photo by A.A. Suleymanov.

Fig. 18. Apartment building on the Mira Street,
affected by thermokarst.

Fig. 19. Apartment building on the Mira street,
affected by thermokarst. At the time of re-
search, only one family lived in the house, pre-
paring to move, Amga, September 2021.
Photo by A.A. Suleymanov.

The population of entire micro-districts on the territory of former arable lands suffers from the
degradation of permafrost. In this case, the example of the new Neleger micro-district in Amga, locat-
ed on the territory of the abandoned lands of the Amginskiy state farm, is representative. Plots here,
among other things, were allocated to low-income families with the condition of rapid development.
As a result, as can be seen from Fig. 20-22, the construction of houses had to be carried out on an area
completely covered by thermokarst processes. The main reason is the shortage of land in Amga, su-
perimposed on the continuous population growth. For this reason, among other things, a significant

density of buildings in the village was observed.

¢ Authors' field materials (AFM), 2020a.
7 authors' field materials, p. Amga, Amginsky ulus of the Republic of Sakha (Yakutia), September 2021 (2021b).
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Fig. 20. Fig. 21. Construction of houses in the Neleger micro-district on areas with deeply dissected bylars, Amga, Sep-
tember 2021. Photo by A.A. Suleymanov.

Fig. 22. Construction of houses in the Neleger micro-district on areas with deeply dissected bylars, Amga, September
2021. Photo by A.A. Suleymanov.

Unfortunately, such examples when the population of newly built-up areas in rural Yakutia
faces the activation of thermokarst processes are not isolated. In particular, a similar situation is
observed in the new Chechir micro-district in the Ulakhan-An village (the population of the village
in 2022 was 1132 people), where plots were given primarily to young families with children, as
well as in micro-districts unofficially named First, Second, Third and Fourth arable land, located on

the territories that used to be allocated for agriculture (Fig. 23-24).

Fig. 23. Construction in the zone of thermokarst Fig. 24. Building freeze in areas where thermokarst
processes activation, Chechir micro-district, Ulakhan-An processes have actively developed in recent years,
village, August 2022. Photo by A.A. Suleymanov. Third arable land micro-district, Ulakhan-An village,

August 2022. Photo by A.A. Suleymanov.
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The reduction of buildable areas due to the formation of bylars and the flooding of areas
due to the degradation of permafrost poses serious problems for the spatial development of
Yunkyur, which continues despite the observed population decline. It is bounded on the north,
east and west by active thermokarst processes occurring mainly in abandoned pastures, and on
the south — by deep ravines.

All these factors affect the cost of construction works due to the need for preliminary back-
filling of the territory to create a thermal insulation “cushion”, construction of a piled foundation,
as well as location of objects in places difficult to reach from a logistical point of view . The in-
creased financial burden also determines the life strategies of villagers who, for example, are

forced to continue working instead of retiring in order to pay for the necessary repairs and/or con-

struction of a new house (Fig. 25-26) 19,

Fig. 25. Consequences of permafrost degradation:
the owner of this house had to take a loan for building on
a new site and reconsider plans for retirement, Yunkyur,
September 2021. Photo by A.A. Suleymanov.

Fig. 26. Consequences of permafrost degradation:
the owner of this house had to take a loan for build-
ing on a new site and reconsider plans for retire-
ment, Yunkyur, September 2021.

Photo by A.A. Suleymanov.

The burden on local administrations has also Increased signiticantly, as they are torced to
carry out additional filling of public areas, solve the issues of resettlement of affected residents
and redistribute already limited financial resources for these works, diverting them from other
important tasks 20

Violation of the permafrost temperature regime and “deficit of cold” also affect the tradi-
tional economic activities of the population. In particular, cellars and glaciers — structures for
storing food, dug in permafrost — are thawing. Thawing leads to a reduction in the period of their
use or complete impossibility to use them. In this regard, it is indicative that only 28% of respond-
ents in Amga and 16% in Yunkyur have preserved their glaciers, despite the fact that previously

» 21

they were “used by everyone” “*. Of course, a significant role was played by the increased stability

of electricity supply to rural areas in Yakutia, the growing availability of freezers and the increased

¥ AFM, 2019a; AFM, 2019b; AFM, 2020b.

¥ AFM, 2021a.

° AFM, 2021a; AFM, 2021b.

I AFM, 2019a; 2019b; 2020a; 2021a; 2021b.
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supply of products on the market, which made storing large volumes of food unnecessary. At the
same time, we have repeatedly noted the fact that glaciers were forced to be abandoned: due to
their regular flooding or because they stopped “keeping cold”. In addition, there were cases when
cellars were specially buried to prevent degradation of permafrost under the house. According to
our sociological survey, 27% of respondents in Yunkyur and 11% in Amga had to resort to such a
measure. Large agricultural enterprises also have problems with the preservation of glaciers. In
particular, about 5-6 years ago, the glacier of the Amma ACPC (89 m long) in Amga, used in sum-
mer for storing meat products, began to flood %2 In Yunkyur, a 50-ton glacier owned by Kladovaya
Olekmy LLC was flooded and abandoned 3,

Similarly, permafrost degradation limits the possibilities of agricultural activities both with-
in the personal plots of local residents (22% of respondents in Yunkyur were forced to relocate
and/or reduce the size of their vegetable garden) and at the scale of leading actors of agricultural
development. Territories affected by thermokarst fall out of agricultural use (Fig. 26—-27). In addi-
tion to the impossibility of re-commissioning previously abandoned fields, the surface of which has
almost completely degraded to bylars, existing fields are also affected. We were able to identify
one of the illustrative cases during an interview with the head of an important economic entity in
Yunkyur — the Poisk cooperative. Just a day before, a sudden subsidence of soil had occurred un-
der one of its tractors while harvesting crops **. Another example is related to the activities of
Berte Horse Farm LLC in the Khangalasskiy ulus. In addition to similar cases of ground subsidence
under agricultural machinery, in recent years the enterprise has been forced to reduce the area of
cultivated lands as it becomes impossible to use harvesters due to the active development of

thermokarst processes 2,

Fig. 27. The trritoy f ormer arable lands of the

Fig. 28. The territory of former arable lands of the
Olekminskiy state farm (Yunkyur village, September 2022). Amginskiy state farm (Amga village, September
Re-introduction of these lands into agricultural turnover 2021). Re-introduction of these lands into agricul-
is impossible in the current situation.
Photo by A.A. Suleymanov.

tural turnover is impossible in the current situation.
Photo by A.A. Suleymanov.

2 AFM, 2021b.
> AFM, 2019a.
** AFM, 2019a
> AFM, 2022.
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In the context of the negative impact of permafrost degradation on traditional economic
activities, the example of the village of Argakhtakh is even more representative. Founded in the
second half of the 1940s as part of the settlement policy and located on the bank of the Alazeya
River, this settlement was regularly subjected to floods 6. However, since the 1990s, floods
reached catastrophic proportions. The most serious floods were in 2007 and 2017 (Fig. 29-30). In
the first case, the water level reached 869 cm, in the second — already up to 897 cm, at a critical
level for the village of 782 cm ?’. At the same time, unlike transient floods, which are typical for
most rivers of Yakutia and last for several days, Alazeya is characterized by a long-lasting rise in
water level, which lasts for months. This explains the fact that floods in Argakhtakh can continue

for two summer seasons in a row if freeze-up occurs at critically high water levels.

Fig. 29. Streets of Argakhtakh during the flood of 2007. (5 30 streets of Argakhtakh during the flood of 2017.
Photo from the museum of the Argakhtakh village.

Photo from the museum of the Argakhtakh village.

Permafrost degradation played a significant role in the genesis of modern floods on
Alazeya. An increase in seasonal thawing of heavily icy rocks led to an increase in the amount of
supra-permafrost groundwater entering the basin of this river [31, Gotovtsev S.P., p. 7].

After the floods, forage grasses did not grow on the flooded agricultural land, because the
entire area remained covered with silt. For example, during the last major flood in 2017, 85% of
agricultural land and 50% of harvested hay were flooded. As a result, all plots in the vicinity of the
village were withdrawn from economic use. The need to exploit more distant lands and to use
transport naturally increased the economic burden on economic entities 2%, The lack of feed led to
the forced slaughter of livestock or the subsequent abandonment of its maintenance due to signif-
icant costs and labor inputs. In particular, while in 2015 the population of Argakhtakh kept 139
cattle, in 2019 there were already 87. The number of horses decreased from 477 head to 325 over

the same period. In addition, another branch of traditional economic activity — animal farming —

?® Municipal archive of the Municipal District "Srednekolymskiy Ulus" (MAMD SU). F. 1. L. 1. File 428. S. 2-35; Current
archive of the administration of the municipal municipality "Alazeiskiy nasleg" of the Srednekolymskiy ulus (CA AMM
AN SU) RS (Y).

7 CA AMM AN SU) RS (Y).

?® Authors' field materials, p. Argakhtakh, Srednekolymskiy ulus of the Republic of Sakha (Yakutia), March-April 2021
(AFM, 2021c).
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came to ought from a figure of 45 heads for the period 2015-2019 2,

An important consequence of the 2017 flood was also the increased transport isolation of
Argakhtakh. The village has traditionally been connected to the administrative center of the ulus
— Srednekolymskoe — by a stable land connection only in winter time via the Arktika winter road.
In summer, an airplane made flights to Argakhtakh. In 2017, the landing site was flooded and
damaged so much that it became possible to use only expensive helicopter services. Flights to the
village take place twice a month *.

As a result of permafrost degradation, prerequisites for the deformation of land transport
routes are also being created. In this regard, the example of the Lippe-Atakh village is illustrative.
Our research has shown that negative cryogenic processes directly within this settlement cover
only 5% of all courtyard areas. At the same time, in the vicinity of the village, thermokarst pro-
cesses are widely observed in anthropogenically disturbed areas, which include lands intended for
roads and power lines. Thermokarst landforms are formed here — bylars and duyodyas, the depth
of which can reach 3 m, with the thickness of ice-wedge casts up to 5 m. As a result of this, for ex-
ample, one of the two roads connecting Lippe-Atakh with the Verkhnevilyuysk regional center was

taken out of operation (Fig. 30) **.

Fig. 31. A section of the former road linking the Lippe-Atakh village and the Verkhnevilyuysk village, September 2021.
Photo by V.M. Lytkin.

In Amga and Yunkyur, problems with the safety of communication routes due to perma-
frost degradation are also observed, but they are much less pronounced (Fig. 32—33). At the same

time, respondents in the Yunkyur village reported significant trail deformations and landscape

> CA AMM AN SU) RS (Y).
** AFM, 2021c.
> Authors' field materials, p. Lippe-Atakh, Verkhnevilyuiskiy ulus of the Republic of Sakha (Yakutia), September 2021.
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changes within their hunting grounds in the last decade 32 It is difficult to verify this information

due to the significant remoteness of these lands from the territory of the village.

Fig. 32. Examples of deformation of intra-village Fig. 33. Examples of deformation of intra-village
communication routes in the Yunkyur village, communication routes in the Chapchylgan village,
September 2021. Photo by A.A. Suleymanov. September 2021. Photo by A.A. Suleymanov.

Peculiarities of perception and adaptation

The ongoing processes have a negative impact on the social well-being of the local popula-
tion and their confidence in the future (Fig. 34—35). In this regard, the results of the survey are in-
teresting: in Amga, about 53% of respondents identified their own observations as the source of
information about climate change, while in Yunkyur — about 75%. At the same time, 62% of re-
spondents in Amga experienced negative manifestations of environmental change and permafrost
degradation; in Yunkyur, this figure was 86%. Such answers, as well as the opinions expressed dur-
ing the interviews, indicate a more sensitive, “acute” perception of permafrost degradation and its
consequences on the part of Yunkyur residents than on the part of Amga respondents. The differ-
ence is probably due to two main factors: different times of conscious manifestation and the
speed of thermokarst processes. The latter, as noted, is somewhat higher in Yunkyur. At the same
time, while active thermokarst processes in Yunkyur started closer to the end of the 20th century,
in Amga they appeared in the Soviet period, and its inhabitants, accordingly, had more time to

adapt and accept them.

32 AFM, 2019a.
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Fig. 34. Sports ground of the Yunkyur Secondary Fig. 35. Sports ground of the Yunkyur Secondary
School, 2007. School, September 2022.
Photo by A.A. Suleymanov.

It is indicative that in Ulakhan-Ana, where thermokarst processes entered their active
phase only during the last decade and permafrost degradation is an unfamiliar phenomenon for
the population, cases of freezing of building for an indefinite period in selected areas were record-
ed, when visible hollows began to form within its boundaries 31t is indicative that in Ulakhan-
Ana, where thermokarst processes entered their active phase only during the last decade and
permafrost degradation is an unfamiliar phenomenon for the population, cases of freezing of

building for an indefinite period in selected areas were recorded, when visible hollows began to

form within its boundaries) 34,

s

Fig. 36. Construction of houses in areas with active

thermokarst processes. According to the owner of the
plot, the backfilling in the photo cost more than
300 thousand rubles, Chapchylgan village.

September 2022. Photo by A.A. Suleymanov.

Fig. 37. Construction of houses in areas with ac-
tive thermokarst processes, Chapchylgan village.
September 2022. Photo by A.A. Suleymanov.

In search of answers to the problems that have arisen, representatives of rural communi-
ties of Yakutia have developed a number of adaptation mechanisms that make it possible, to a

greater or lesser extent, to neutralize the threats associated with the degradation of permafrost.

3 AFM, 2022.
* AFM, 2021b.
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First of all, this is a change in the construction technology familiar to rural communities of
Yakutia. In this regard, preliminary backfilling of sites during the construction of residential build-
ings has become widespread in order to create a thermal insulation cushion to reduce the heating
effect on the soil. It is quite common to build houses on “beds” for these purposes, the role of
which can be played by old car tires. Moreover, if the area around the house is regularly cleared of
snow, the effect of a ventilated underground arises, which should have a favorable effect on
ground freezing. Houses built on pile foundations have also become widespread (Fig. 38—41). The
technology of “black” (double) flooring, which goes back centuries, has also acquired new life.
However, if earlier the main purpose of its use was the desire to protect the house from the pene-

tration of cold coming from the proximity of permafrost, now it protects the latter from warming up *°.

Fig. 38. Adaptation of construction technology to the
conditions of permafrost degradation: building
a house on old car tires in compliance with the
principle of a ventilated underground, Yunkyur,
September 2022. Photo by A.A. Suleymanov.

Fig. 39. Adaptation of construction technology to
the conditions of permafrost degradation: building a
house on a pile foundation, Amga, September 2022.

Photo by S.A. Grigoryev.

Fig. 40. Adaptation of construction technology to the
conditions of permafrost degradation: building a house
on a bedrock fill and a metal frame as a foundation,
Ulakhan-An, August 2022. Photo by A.A. Suleymanov. piles, Ulakhan-An, August 2022.

Fig. 41. Adaptation of construction technology to
the conditions of permafrost degradation: con-
struction of house foundation on 5-metre larch

Photo by A.A. Suleymanov.

** AFM, 2019a; 2019b; 2020a; 2020b; 2021a; 2021b; 2022.
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The source of information about the advisability of using such technologies seems to be,
first of all, the personal experience accumulated by the residents themselves, or, more precisely,
living in an environment with quite rich traditions of taking into account the permafrost factor.
The phrases “we build like in the city” (where apartment buildings stand on pile foundations) or
“like our neighbor” are rather routine explanation for the choice of technology for building new
houses, for example, in Amga and Ulakhan-An >°.

At the same time, there is an obvious demand from representatives of rural communities
of Yakutia and economic entities to obtain scientifically based data on leveling or preventing pos-
sible costs, including, for example, assistance in choosing suitable sites for construction. In this re-
gard, the example of the mentioned company Kladovaya Olekmy is representative. In 2017, they
constructed a new farm building in an area of permafrost with low ice content (Fig. 41). According
to the information we received from one of the managers of Kladovaya Olekmy during an inter-
view, it was decided to involve qualified specialists in construction in cryolithozone conditions to
select the site, given the active thermokarst processes 37 Our research has shown that the territo-
ry for the construction of the farm was indeed chosen well *. Following the recommendations we
gave to the management of Malzhagarskiy nasleg, the filling of public areas subject to thermokarst
processes started to be carried out in Yunkyur village (Fig. 42) *°. In general, the significant interest
of representatives of rural communities of Yakutia in scientifically based data on “interaction” with
permafrost, recorded during field research, is a potentially important mechanism for adaptation to

emerging challenges.

Fig. 42. Farm building of Kladovaya Olekmy LLC, built on
an area of permafrost with low ice content, Yunkyur,

Fig. 43. Backfilling of the area around the club to

reduce the activity of thermokarst processes,
September 2022. Photo by A.A. Suleymanov. Yunkyur, September 2022.

Photo by A.A. Suleymanov.

However, it should be noted that so far these data have been insufficiently taken into ac-

count. In particular, the mentioned orphanage in Yunkyur was built without a ventilated under-

% AFM, 2021b; 2022.
¥ AFM, 2019a.
% AFM, 2020a.
* AFM, 2021a.
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ground. The fate of the sixteen-apartment “Experimental house”, built in Amga in 2009 without a
pile foundation, turned out to be sad. In 2016, due to critical deformations, a decision was made

to resettle its residents. To date, this house has been demolished (Fig. 44-45).

Fig. 45. Remains of the “Experimental house”
built without a pile foundation, Amga,
September 2021 Photo by A.A. Suleymanov.

Fig. 44. Remains of the “Experimental house” built
without a pile foundation, Amga, September 2021.
Photo by A.A. Suleymanov.

Other adaptation mechanisms we have identified include the mentioned intensification of
the use of land suitable for construction, including denser building, which qualitatively changes the
appearance and structure of the settlement. We encountered a situation quite atypical for stand-
ard households in rural Yakutia, when a second house for another family — the owner’s relatives
— was being built on one plot of land that already had a residential building and several outbuild-
ings.

In this regard, it should be noted that the most important adaptation resource is undoubt-
edly social relations and traditional collectivism, which is largely inherent in Yakutia’s rural com-
munities. For example, in Argakhtakh, residents of flood-affected areas were able to wait out the
disaster for months in the houses of their relatives and fellow villagers located in the higher part of
the village “°. In Yunkyur and Amga, residents who are forced to reduce the area of their vegetable
gardens can use part of their relatives’ homestead plots. Similarly, the costs of the forced aban-
donment of glaciers and cellars are compensated to some extent *1 It is obvious that mutual sup-
port and strong family ties allow local residents to endure various stressful situations more easily,
reduce the threat of desocialization in case of force majeure, and make the life support system of

the population of the studied villages more resistant to various shocks [32, Boyakova S .., p. 220].

Conclusion
Summarizing the data obtained during research in the villages of Amga and Yunkyur villag-
es, it should be noted that thermokarst processes here occur primarily in areas with a developed
ice complex, which are characterized by a large anthropogenic load — the territories of the set-

tlements and active economic human activity. In these areas, due to changes in heat balance

0 AFM, 2021c.
*L AFM, 2020a; 2020b; 2021a; 2021c.

Arctic and North. 2023. No. 52



NORTHERN AND ARCTIC SOCIETIES

Aleksandr A. Suleymanov, Vasiliy M. Lytkin, Liliya I. Vinokurova, Stepan A. Grigoryev ... 192

components and transformation of the climatic regime, thermokarst has rapid dynamics, and its
consequences have a diverse impact on the life support system of the population of the villages
studied. Degradation of permafrost and thermokarst lead to problems with the preservation of
the housing stock, reduction of areas suitable for construction and corresponding restrictions in
the spatial development of these villages, as well as transformations in the usual structure of
households. In addition, they limit the opportunities for the development of traditional economic
practices of local residents, preventing both the potential introduction of additional plots into ag-
ricultural turnover and the use of the former ones. The material accumulated to date suggests that
these conclusions can be fully extrapolated to Ulakhan-An village.

In general, the first simultaneous cross-section of the current social situation, carried out in
rural settlements of 5 administrative districts of Yakutia, which, among other things, differ in natu-
ral and geographical location, made it possible to establish that the consequences of permafrost
degradation have both their local specifics and significant similarities. In particular, research in the
villages of Argakhtakh and Lippe-Atakh made it possible to supplement the picture of the conse-
guences of permafrost degradation with examples of the deterioration of the most important
communication routes, which further separates the population already isolated from the main
transport communications of the country. The impact of environmental changes on traditional
economic activities is obviously most negatively expressed in Argakhtakh, located in northern Ya-
kutia, where the population is a carrier of practices of Arctic indigenous peoples.

As a result, the ongoing transformations negatively affect the social well-being of villagers
and influence their life strategies. Leveling of the costs arising from permafrost degradation and
ongoing thermokarst processes entail a corresponding increase in the financial burden on the
population, economic entities and local administrations. The material revealed allows us to con-
clude that there are certain features of perception of ongoing changes in the usual state of the en-
vironment and response to them, which, in our opinion, are determined, first of all, by different
times of manifestation and the speed of permafrost degradation within and around the studied
settlements. At the same time, the existing and apparently developing set of adaptation mecha-
nisms, as well as the results of a questionnaire survey conducted during our research, showed that
only less than 15% of respondents would like to move to another settlement in case of permafrost
degradation continues, together with the personal observations of the project participants, seem
to indicate a certain stability of the existing life support systems of rural communities in the region

to emerging natural challenges.
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