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Climate warming and anthropogenic impact are causing transformation of geocryological 
conditions in the river basins of Northeast Russia. Changes in the thickness of the active layer, 
configuration of taliks, types of landscapes and other factors lead to the transformation of 
water exchange processes between surface and groundwater runoff. This is manifested in the 
seasonal redistribution of the components of the water balance, accelerated melting of aufeis, 
and change in the ratio of waters of different genesis in the structure of river runoff. As a result, 
natural and anthropogenic risks that affect the safe and efficient development of infrastructure 
and socio-economic processes are increasing. At the same time, the system of observations 
developed in the Soviet period has been practically destroyed in the region. This paper offers 
a vision of organizing complex multidisciplinary research to assess and project changes in 
the conditions of underground and surface water interaction in natural and disturbed river 
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basins of the cryolithozone of Northeast Russia, including for solving applied problems, based 
on permafrost, hydrology, hydrogeology, landscape science and geophysics with applications 
of remote sensing and field research integrated through mathematical modeling methods. To 
achieve this goal, natural and disturbed landscapes will be identified using remote sensing 
data, and key areas will be selected for detailed research. Geophysical and drilling works will 
be carried out within the sites to establish permafrost-hydrogeological conditions, monitoring 
stations will be equipped to determine hydrogeological, hydrometeorological and geocryo-
logical characteristics, including sampling for isotopic and hydrogeochemical studies. As the 
main key sites, we propose using the area of the Kolyma Water-Balance Station and the site of 
the Anmangynda aufeis, where long-term observation series were carried out in the 20th cen-
tury. Field data will become the basis for improving the mathematical model of runoff forma-
tion, considering the relationship between groundwater and river runoff in the conditions of 
permafrost. Mathematical modeling will make it possible to quantitatively analyze the water 
balance of rivers considering various factors, and project water availability both for specific 
industrial facilities and for the region as a whole.
Keywords: water exchange processes, permafrost, river runoff, active layer, talik, supraperma-
frost waters, underground runoff, aufeis, geophysics, remote sensing, mathematical modeling, 
monitoring, isotopes, climate change, anthropogenic disturbances, Northeast Russia.

1. Introduction

Northeast Russia is an important strategic resource base, and according to the devel-
opment plans of the Russian Federation it will soon become one of the most dynamically 
developing regions of Russia in the permafrost zone. Climate change is listed as one of the 
main external challenges in the forecast of long-term socio-economic development of the 
Russian Federation for the period up to 2030. In this regard, it becomes relevant to study 
the interactions and responses of all components of the natural environment to climate 
change and anthropogenic impacts.

At present, the Arctic and adjacent territories are subject to climate change that is 
unprecedented in historical time. This is true both in terms of the degree of climate change 
as well as in terms of its effects on the environment and built infrastructure. The average 
annual temperature in the region is growing twice as fast as the global average, having a 
significant impact on all components of the environment (Assessment report…, 2008; 
Holmes et al., 2013).

Observations of the permafrost temperature in Russia also show its increase in the 
last 20–30 years (Romanovsky et al., 2010). Degradation of the cryolithozone, changes in 
the thickness of the active layer, the configuration of taliks, landscape types, and other fac-
tors lead to the transformation of process interactions between surface and underground 
runoff. This is manifested in the seasonal redistribution of water balance components, 
acceleration of aufeis melting, and changes in the ratio of water of different genesis in the 
river flow structure. Direct and indirect evidence of such changes is observed in various 
regions of the world (Yoshikawa et al., 2003; Osterkamp, 2005; Walvoord and Striegl, 2007; 
Åkerman and Johansson, 2008; Harris et al., 2009; Quinton et al., 2011; Shepelev, 2011; 
Brutsaert and Hiyama, 2012; Hinzman et al., 2013; Jepsen et al., 2013; Fedorov et al., 2014; 
Tregubov et al., 2020).

The mechanisms of interaction between surface and underground runoff, water-bear-
ing rocks, and permafrost are variable and are largely determined by landscape character-
istics. Quantitative estimates of the permafrost response and the impact of the active layer 
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dynamics on the relationship between surface and groundwater and the runoff formation 
in the future remain uncertain due to the nonlinear nature of interactions between climate 
and permafrost landscapes (Burn and Nelson, 2006; Tananaev et al., 2016; Laudon et al., 
2017; Makarieva et al., 2019).

At the same time, the anthropogenic impact associated with the industrial and infra-
structural development of the Northern territories is increasing, including the develop-
ment of mineral deposits, construction of roads, power lines and other linear structures, 
industrial facilities and settlements, construction of hydraulic structures (bridges, water 
intakes, dams, etc.). All these works have an impact on natural landscapes and the pro-
cesses occurring within them.

Climate change contributes to increasing natural and anthropogenic risks that affect 
the safe and efficient development of infrastructure and socio-economic processes in the 
cryolithozone (Selin et al., 2011; Streletsky et al., 2012; Grebenets et al., 2013).

On the territory of Northeast Russia, permafrost has a continuous distribution in the 
Arctic region, and is discontinuous in coastal areas. Water exchange between surface and 
underground waters occurs almost exclusively along sub-stream taliks, leading to the for-
mation of numerous aufeis (Alekseev, 2016; Makarieva et al., 2019). Currently, there are 
only a few studies indicating that the aufeis regime has changed significantly over the past 
30 years, which directly reflects changes in the water exchange system of surface and un-
derground runoff in the region. Presumably, this change is due to an increase in the share 
of permafrost runoff and the dynamics of underchannel taliks due to climate warming, 
but there is currently no direct evidence for this. In addition, a significant change in the 
system of water exchange in river valleys is expected, where for almost a century there has 
been a large-scale change in the structure of riverbed deposits resulting from gold min-
ing, a deep change in geocryological conditions during freezing of gold-mining polygons, 
and anthropogenic changes in talik zones and water exchange processes. In general, the 
dynamics of aufeis formations and runoff changes in the Northeast, including those with 
anthropogenic causes, directly determine (i) the profitability of gold mining, which is the 
basis of the economy of the region, (ii) the risks of operating the road network, which is 
largely associated with river valleys, (iii) the operating mode of reservoirs, and (iv) water 
supply to settlements. Therefore, the scientific study of changes in the water exchange sys-
tem of the Northeast and their projections for the near future is an urgent task for the de-
velopment of the territory of the Northeast. Coordinated interdisciplinary efforts in field 
monitoring, studying processes at various scales, and developing methods for modeling 
water exchange processes are necessary for science-based forecasts of future changes in 
the cryolithozone and the early development of methods for adapting all parts of human 
life to such changes.

It is important that research should be conducted based on data which has already 
been obtained in a stationary climate, supplemented by modern observations in a chang-
ing climate.

This paper outlines the prospects for the development of complex permafrost-hy-
drological sites, including restoring the scientific base of the region developed in the So-
viet period, in order to implement a set of interdisciplinary studies aimed at studying the 
mechanisms of interaction and forecasting water exchange of underground and surface 
runoff in the cryolithozone of Northeast Russia in a changing climate with associated 
industrial development.



Вестник СПбГУ. Науки о Земле. 2021. Т. 66. Вып. 1	 77

Fig. 1. The study area and prospective research objects. (Digital elevation model obtained from the site 
(USGS Data Site, n. d.) was used as a geographic basis for building maps.)

There are unique scientific sites where monitoring of hydrological and cryogenic pro-
cesses typical for the entire region of the mountain territory of Northeast Russia (Maga-
dan region) has been carried out for decades. Among them are the Kolyma Water-Balance 
Station (KWBS) (Stokovoe village), which operated during the period 1948–1997, as well 
as the Anmangynda aufeis station (25 km from Ust-Omchug), where observations were 
made from 1962 to the end of the 1990s. Such sites with a long series of observations do 
not exist in any other northern country (Fig. 1).

2. Research key sites

2.1. The Kolyma Water-Balance Station (KWBS)

The Kolyma Water-Balance Station (KWBS) is located in the upper reaches of the 
Kolyma River, in a mountainous area (elevation 830–1690 m), in the zone of continuous 
permafrost. The average annual air temperature is approximately –12 °C, and the amount 
of precipitation ranges from 250  to 440  mm per year. Most of the territory is covered 
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with rocky talus, thickets of cedar elfin and larch woodlands. The thickness of permafrost 
reaches 400 m, the depth of summer thawing ranges from 20 cm in swampy lowlands to 
3 m in goltsy landscapes. The runoff formation processes are representative of the vast 
territory of the Upper Kolyma and adjacent regions of Northeast Russia.

The KWBS operated ten hydrological gauges in catchments ranging from 0.27 km2 to 
21.6 km2, two meteorological sites, 55 rain gauges, more than 20 permafrost meters, sev-
eral hydrogeological wells, evaporation, water balance and runoff sites, and conducted 
regular snow-measuring surveys and experimental studies of hydrological and permafrost 
processes from 1948 to 1997. The station data are systematized and described in detail by 
Makarieva et al. (2018).

2.2. The Anmangynda aufeis

Aufeis are important elements of the hydrological system of the cryolithozone of the 
Northeast. Their development is associated with the discharge of both underground and 
surface waters, so the response of aufeis to climate change is different depending on the 
type of source water. In recent decades, the variability of aufeis formation processes in var-
ious natural and climatic conditions of the Arctic zone has been noted (Morse and Wolfe, 
2015; Alekseev, 2016; Crites et al., 2020). Well-identified on satellite images, aufeis can 
serve as indicators of changes in water exchange processes in the cryolithozone (Makarie-
va et al., 2019; Crites et al., 2020; Gagarin et al., 2020).

At present, routine interdisciplinary observations of aufeis processes are practically 
absent both in Russia and in the rest of the world despite the study of individual aufeis in 
central and southern Yakutia (Gagarin, 2012; Gagarin et al., 2020).

The Anmangynda aufeis is located in the basin of the Anmangynda River close to 
155–159 km of the Tenka highway (Magadan region), 30 km southeast of the town of 
Ust-Omchug. The elevation of the Anmangynda river watershed ranges from 700  to 
1850 m. The study area is characterized by harsh winters and short summers. The aver-
age air temperature in July and January at the weather station Ust-Omchug is +10.7 °C 
and –27.7 °C, respectively (1966–2012). The absolute minimum reaches –58 °C. The aver-
age annual precipitation is 375 mm (Ust-Omchug). The area is in the zone of continuous 
permafrost, sometimes interrupted by talik zones. The thickness of permafrost reaches 
200 m, deeper along watershed divides and shallower in river valleys (Bukaev, 1966).

In 1962, studies of the aufeis regime in the Anmangynda river basin were organized 
in order to investigate the dynamics of aufeis processes. The research included determin-
ing the size and volume of aufeis; mapping aufeis and fixing aufeis formations; study of the 
processes of runoff formation and the influence of climatic factors on the aufeis regime; 
study of the hydrochemical composition of surface waters (Bukaev, 1966; Lebedev and 
Ipatieva, 1980).

The catchment of the Anmangynda River is representative of Northeast Russia, and 
the Anmangynda aufeis is the only research plot in the world with long-term observa-
tions, including the dynamics of area and volume of the aufeis field.

3. Prospects for comprehensive interdisciplinary research

Different Earth sciences traditionally focus on individual components of a single nat-
ural system even though water exchange processes are the basis for the functioning of the 
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cryolithozone. The complexity of the processes under consideration, combined with water 
and heat flows, necessitates an interdisciplinary scientific approach (Blöschl et al., 2019; 
Yang, 2020).

In this paper, we offer a vision for organizing complex research to assess and project 
the changes in the conditions of underground and surface water interaction in natural and 
disturbed conditions in the river basins of the cryolithozone of the Northeast, including 
for solving applied problems, based on permafrost, hydrology, hydrogeology, landscape 
science and geophysics with applications of remote sensing and field research integrated 
through mathematical modeling methods (Fig. 2).

Fig. 2. The outline of interdisciplinary research. (Digital elevation model obtained from the 
site (USGS Data Site, n. d.) was used as a geographic basis for building maps.)

Mapping permafrost landscapes will allow us to establish their diversity, select key 
sites for the first phase of the project, both in natural conditions and in valleys modified by 
gold mining activities. This part of the study will be implemented based on open satellite 
data, verified for the research tasks during field work. A complex of geophysical surveys 
and drilling of wells for the organization of temperature and hydrogeological monitoring 
of groundwater will be carried out in key areas, and a network of gauging stations will 
be created to monitor the hydrological characteristics of rivers. Hydrogeochemical and 
isotope studies will also be carried out. Hydrological modeling will link all aspects of the 
research, as well as be used to assess the current state of the system and forecast changes 
in water exchange characteristics.

3.1. The use of satellite data and unmanned aerial vehicles for mapping natural 
and anthropogenic disturbed landscapes

Remote research methods traditionally include satellite imagery (for example, 
high-resolution Sentinel-2/MSI images or archives of satellite images of the Landsat mis-
sion) and use unmanned aerial vehicles to create detailed orthophotos with reference to 
coordinates. Analysis of high-resolution satellite images is used to identify characteristic 
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types of terrain (including those disturbed, for example, by the gold mining industry) 
and key areas where equipment is installed and monitored (Joria and Jorgenson, 1996; 
Virtanen et al., 2004; Fraser et al., 2012). The terrain can be evaluated in terms of the trans-
formation of natural landscapes as a result of climate warming or human activities based 
on the analysis of changes of spectral characteristics (Kirpotin et al., 2008; Kravtsova and 
Bystrova, 2009; Jones and Arp, 2015; Swanson, 2019). An example of such use of remote 
sensing methods is the study estimating the long-term dynamics of the aufeis area based 
on Landsat images and historical data (Makarieva et al., 2019a; 2019b) (Fig. 3).

3.2. Geophysical research to establish permafrost-geological and  
hydrogeological structure of the study area

It is necessary to conduct geophysical studies aimed at establishing tectonic distur-
bances for the selected key sites, which may be the underground source of aufeis feed-
ing. Geophysical studies can also help determine the configuration and thickness of per-
mafrost and talik zones (Gagarin, 2012; Olenchenko et al., 2017; Gagarin et al., 2019).  
It is advisable to use the methods of geo-radiolocation, electrical tomography, contactless 
electrical profiling, and near-field formation sensing to solve geological-structural and ge-
ocryological problems (Khristoforov, 2018; Gagarin et al., 2019; Olenchenko et al., 2019). 
A comprehensive analysis of the results of multi-scale geophysical studies will significant-
ly reduce the ambiguity of interpretation of geophysical data. Drilling operations must 

Fig. 3. An example of the use of satellite data in the studying inter-annual dynamics of the Anmangynda 
aufeis (Landsat-8 and Sentinel-2 images). Compiled by the authors
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be carried out in the study area to verify the geophysical data. Boreholes can also be used 
to establish the geological structure and composition of rocks, determine their thermal 
and water-physical properties. Deep boreholes are aimed at studying the hydrogeological 
characteristics of groundwater and determining the values of annual heat of talik zones, 
and shallow boreholes can be used to observe changes in the thickness of the active layer 
in the characteristic landscapes of key sites.

3.3. Monitoring hydrometeorological, hydrogeological, isotopic and  
geochemical characteristics of the natural environment

Hydrometeorological observations include the measurement of both meteorological 
characteristics and elements of the water balance of key sites. Hydrological monitoring also 
includes regular sampling of water and ice to determine their hydrochemical and isotopic 
compositions in order to determine the genesis of natural waters and thus the processes of 
water exchange (Aggarwal et al., 2005; Ekaykin, 2016). Hydrogeological monitoring will 
consist of routine measurements of the groundwater level in specially equipped boreholes, 
their temperature and mineralization, with parallel periodic sampling for hydrochemical 
and isotopic compositions. We will carry out aufeis measurement work to obtain morpho-
metric parameters of aufeis (Bukaev, 1966; Lebedev and Ipatieva, 1980).

3.4. Landscape field research

A permafrost-landscape survey is carried out within key sites based on remote sens-
ing results and includes a field description of the selected landscapes, considering their 
permafrost-geological features, soil and vegetation cover, snow accumulation features, etc. 
(Alekseev, 2005). The traditional field route observations can be used, with GPS tracking 
of observation points and creation of landscape maps and profiles for this purpose.

3.5. Modeling runoff formation processes and projections of changes as  
a result of climate change and human activity

Mathematical modeling links all aspects and results of the above studies into a single 
system describing hydrological and permafrost-hydrogeological conditions, and is also 
used to assess the current state and forecast changes in water exchange characteristics, dy-
namic groundwater storage in the region, water-ice regime of rivers in a changing climate, 
transport, energy and industrial development of the territory (Bolton, 2006; Pomeroy et 
al., 2007; Schramm et al., 2007; Fang et al., 2013; Fang and Pomeroy, 2020; Marsh et al., 
2020). Generalization and prediction of the interaction of permafrost, surface and under-
ground runoff at local and regional levels are possible only based on mathematical models 
that adequately describe both the formation of the temperature field and the hydrological 
cycle in various permafrost landscapes and hydrogeological conditions. 

Traditionally, geocryology, hydrology and hydrogeology have developed various ap-
proaches to modeling natural processes in the cryolithozone. For example, geocryology 
usually models environmental parameters such as temperature, permafrost distribution, 
and depth of thawing and freezing. Water filtration, soil moisture, surface and under-
ground runoff are considered factors of temperature field formation and are practically 
not considered in calculations (Sosnovsky, 2006; Malevsky-Malevich et al., 2007). Hy-
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drological and hydrogeological models for the permafrost zone do not consider the con-
nection between underground and river runoff. The simplified scheme of modeling the 
processes of flow formation in permafrost and methods of parameter calibration that do 
not correspond to the observed natural phenomena, do not make it possible to obtain 
reasonable projections of changes in the hydrological regime and the state of permafrost 
in the future.

In this study, monitoring data and geochemical and geophysical analysis will be used 
to determine the role of underground recharge in the formation of river flow, including 
the time of water exchange and water reserves in underground horizons. The new field 
data obtained will become the basis for improving the algorithms and methods for param-
eterizing the hydrological model. After verification of the model, based on historical and 
newly obtained observational data, model experiments will be carried out to assess the 
impact of taliks and permafrost on ground and surface runoff, as well as projections of the 
possible consequences of climate change on taliks, permafrost and river flow in the region.

Mathematical modelling of soil temperature, active layer properties and dynamics, 
flow formation and interactions between ground and surface water will be performed by 
means of the process-based hydrological model Hydrograph (Vinogradov et al., 2011, Se-
menova et al., 2013). The model has proved to be a reliable tool for the study and forecast-
ing of hydrological processes in the permafrost zone (Semenova et al., 2013). The model 
algorithms combine physically-based and conceptual approaches for the description of 
hydrological processes. The main parameters of the model are the physical properties of 
landscapes that may be measured in nature and are classified according to the types of 
soil, vegetation and other characteristics. The method for modeling heat dynamics in soil 
is integrated into the Hydrograph model. Also, the approaches are proposed to estimate 
thermal conductivity and heat transfer of calculation soil layers in the conditions of soil 
freezing/thawing and variable soil moisture. Physical properties of the materials compos-
ing the soil profile, such as density, porosity, thermal conductivity and thermal capacity, 
the maximum water holding capacity, are used as the model parameters (Semenova et al., 
2014; Lebedeva et al., 2015).

Data obtained at representative sites can become the main source of information 
about processes occurring in poorly studied remote areas of the cryolithozone (Semenova 
et al., 2013). Based on such data, the parameters of the developed model will be estimated, 
their individual elements will be verified, and new modeling systems will be built.

4. Reconnaissance and implementation of the first stage of the research

In July and September 2020, the authors conducted two reconnaissance surveys in 
Northeast Russia to investigate the possibility of organizing research and restoring mon-
itoring of geocryological and hydrological processes. The reconnaissance survey includ-
ed the field study of the Anmangynda aufeis, the installation of basic equipment at the 
Kolyma Water-Balance Station, remote sensing survey of the Kyubume aufeis in eastern 
Yakutia and brief field surveys of the aufeis fields along the Tenka and Kolyma highways.

The landscape profiling of the Anmangynda aufeis glade was performed to assess the 
permafrost-hydrogeological conditions; special attention was paid to the description of 
vegetation cover, properties of rocks composing the glade and geocryological phenomena. 
The conducted landscape studies made it possible to establish the features of the forma-
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tion of aufeis, indirectly determine the presence of taliks, assess the species composition 
of vegetation, identify the places of discharge of groundwater, discover new mechanisms 
of transportation and accumulation of alluvial sediments.

Quantitative assessment of changes in the area of the aufeis was obtained for the same 
period based on remote sensing data from an unmanned aerial vehicle. The area of the au-
feis field decreased from 0.65 to 0.31 km2 from July 4 to July 15 (Fig. 4). The maximum area 
of the Anmangynda aufeis observed in spring before the start of ablation may reach up to 
5–6 km2. By September 16 the aufeis had melted completely. The intensity of ice melting 
at representative sites of the Anmyngynda aufeis was calculated, the maximum total and 
daily values of which for the period from July 10  to July 18 were 68.6 and 7.7 cm/day, 
respectively. Isotopic and hydrochemical analysis of waters from various sources was also 
performed to determine the genesis of the waters that formed the aufeis. The analysis of 
the samples collected showed that the water is ultra-fresh and belongs to a slightly acidic 
environment; the Olchan River (left tributary of the Anmangynda River) is enriched with 
Ca2+ and SO4

2–. Based on field observations, the water balance of the Anmangynda river 
basin was assessed considering the aufeis meltflow. From July 4  to15  total rainfall was 
30 mm, river flow amounted to 27 mm, and aufeis inflow was about 3–5 % of total river 
runoff. 

At the Kolyma Water-Balance Station, a set of data loggers were installed to record 
(1) the water level and temperature in the Kontactovy creek, (2) precipitation at the high-
est part of the watershed at the Morozova creek, which presents the goltsy landscape. 
These data have not been processed yet.

Fig. 4. The orthophoto of the Anmangynda aufeis (resulting from the field research in July, 2020)
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The final point of the survey route was the Kyubyume aufeis. An orthophotoplan 
of the aufeis glade was compiled, and water samples were taken for isotopic and hydro-
chemical analysis. Unlike the Anmangynda aufeis, the Kyubyume aufeis has not melted 
completely and some parts of the aufeis remained throughout the warm season to reform 
in the cold season. This shows that aufeis phenomena are very different and several field 
sites should be chosen for investigation to get a wider understanding of the processes and 
the factors influencing them.

Currently, field observations continue, obtaining meteorological and hydrological 
information on the Anmangynda aufeis, and the data are being prepared for the imple-
mentation of the second stage, which includes the interdisciplinary studies listed above.

5. Discussion and conclusion

Russia has seen an increase in the temperature of permafrost and the thickness of the 
seasonal thaw layer in recent decades (Romanovsky et al., 2010; Garagulya et al., 2012; 
Sherstyukov and Sherstyukov, 2015). Climate warming and degradation of permafrost 
are leading to the transformation of the natural system, but the mechanisms of change 
are poorly understood. However, over the past 30 years, Russia has significantly lagged 
behind other Arctic countries in the field of research on water exchange processes in the 
cryolithozone (Laudon et al., 2017). Thus, to study the mechanisms of interaction and 
forecast water exchange of underground and surface waters in the cryolithozone of North-
east Russia, it is necessary to conduct complex interdisciplinary studies.

The solution of the problem and generalization of the results is possible only at the 
regional scale, considering the specific features of climate, geological structure, topogra-
phy, geocryological characteristics, and landscapes. To a large extent, it depends on the 
availability of field data of joint observations of the dynamics of the permafrost, hydroge-
ological conditions in the catchments and river flow, which allow the identification of the 
mechanisms of their interaction, and also the ability to track the dynamics in the historical 
perspective, to justify the forecast of changes in the future. The scientific novelty of the 
proposed research is as follows:

Comprehensive monitoring of permafrost, hydrogeological conditions and runoff 
formation processes will be organized in Northeast Russia at several key sites for the first 
time in 30 years. The representativeness of the selected key sites will allow the transfer of 
the research results to the regional level, and the approaches developed will be relevant for 
other regions of the cryolithozone.

Newly organized regime observations at the reference aufeis polygon will make it 
possible to study the dynamics of aufeis-forming sources and calculate the dynamic re-
serves of underground water. Geophysical and hydrogeological data will be used to es-
tablish the relationship between the types and structure of the hydrographic network and 
the location of sub-stream taliks. This will make it possible to assess the intensity and 
transformation of water exchange processes as a result of changes due to climate change 
and anthropogenic activity.

For the first time, quantitative estimates of the share of underground flow in general 
runoff during various phases of the water regime will be calculated for the Northeast, based 
on monitoring data, isotope geochemistry, and the developed water exchange model.
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For the first time, an atlas of permafrost landscapes will be compiled based on remote 
sensing data, including landscapes disturbed by the activities of gold mining companies. 
Based on the published and newly obtained data, the atlas will allow for the systematic as-
sessment of predicted changes in water exchange in various types of landscapes depending 
on the response of permafrost and taliks to climate change. It will also allow the assess-
ment of the degree of transformation of the water exchange system within anthropogenic 
disturbed areas, as well as their contribution to changes in the hydrological and ecological 
regime of rivers in Northeast Russia.

For the first time, the projections of changes in the regime and geochemical compo-
sition of natural waters will be developed for the Northeast region as a result of the trans-
formation of the water exchange structure due to climate warming and human activity.

The possibility of implementing the listed prospects for the development of scientific 
sites in the cryolithozone of Northeast Russia is determined by the following factors.

	— Availability of continuous long-term observations on the permafrost, hydrogeo-
logical conditions, and river flow at selected key sites during the historical period, 
which will allow us to track the dynamics of permafrost characteristics, hydroge-
ological conditions and flow and link them to climate changes.

	— Traditional methods of studying the state of thawed and frozen zones (monitor-
ing, landscape indication, drilling) will be supplemented by detailed geophysical 
surveys, methods of isotope and hydrochemistry, automated observations with 
high time resolution and mathematical modeling.

	— Use of modeling methods that explicitly consider the dynamics of the active lay-
er and its variable states in hydrological calculations. New algorithms and para-
metrization describing the mechanisms of communication between ground and 
surface waters will be developed together with permafrost scientists based on 
monitoring data.

	— Availability of infrastructure and human resources for the organization of full-
fledged comprehensive monitoring of research objects.

	— Interdisciplinarity and experience of the team.
	— The research is supported by the government of the Magadan region at region-
al and local scales. They are ready to cooperate and help in the implementation 
of the project. Contacts with municipal authorities were established and positive 
feedback was received from residents during the expedition.

The proposed program requires a strong scientific base and the prospects can be re-
alized only by attracting young scientific personnel, which necessitates close interaction 
between research institutes and universities across Russia.

The authors are grateful to the local authorities of the Tenka district of the Magadan 
region (represented by the head of the Tenka district D. A. Revutskiy) for their support in 
organization of the research. We also thank two anonymous reviewers who provided con-
structive comments to the manuscript allowing for its significant improvement. 
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Потепление климата и  антропогенное воздействие приводят к  разнонаправленным 
изменениям геокриологических условий в речных бассейнах Северо-Востока России, 
в том числе трансформации процессов водообмена между поверхностными и подзем-
ными водами. Это проявляется в сезонном перераспределении составляющих водного 
баланса, ускорении стаивания наледей, изменении соотношения типов природных вод 
в структуре речного стока. Возрастают природные и антропогенные риски, влияющие 
на безопасное и эффективное развитие инфраструктуры и социально-экономических 
процессов. Система наблюдений, сложившаяся в  советский период, была практиче-
ски разрушена в  регионе. В  работе предлагается видение организации комплексных 
междисциплинарных исследований по оценке и прогнозированию изменений условий 
взаимодействия подземных и поверхностных вод в естественных и нарушенных реч-
ных бассейнах криолитозоны Северо-Востока России, в том числе для решения при-
кладных задач, основанных на подходах мерзлотоведения, гидрологии, гидрогеологии, 
ландшафтоведения и геофизики с применением методов дистанционного зондирова-
ния и полевых исследований, интегрированных с помощью математического модели-
рования. Для достижения поставленной цели проведена идентификация естественных 
и нарушенных ландшафтов с использованием данных дистанционного зондирования 
Земли, выбраны ключевые районы для детальных исследований. На площадках про-
ведены геофизические и буровые работы по установлению многолетнемерзло-гидро
геологических условий, оборудованы станции мониторинга для определения гидрогео
логических, гидрометеорологических и  геокриологических характеристик, включая 
отбор проб для изотопных и гидрогеохимических исследований. В качестве основных 
ключевых объектов предлагается использовать район Колымской водно-балансовой 
станции и полигон на Анмангындинской наледи, для которых имеются многолетние 
ряды наблюдений, проведенных в  XX веке. Полевые данные станут основой для со-
вершенствования математической модели формирования стока. Математическое мо-
делирование позволит количественно проанализировать водный баланс рек с учетом 
различных факторов и  дать прогноз водообеспеченности как для конкретных про-
мышленных объектов, так и для региона в целом.
Ключевые слова: процессы водообмена, многолетняя мерзлота, речной сток, деятель-
ный слой, талик, надмерзлотные воды, подземный сток, наледь, геофизика, дистанци-
онное зондирование, математическое моделирование, мониторинг, изотопы, измене-
ние климата, антропогенные возмущения, Северо-Восток России.

Статья поступила в редакцию 17 октября 2020 г. 
Статья рекомендована к печати 14 декабря 2020 г.

К о н т а к т н а я  и н ф о р м а ц и я:

Макарьева Ольга Михайловна — omakarieva@gmail.com
Нестерова Наталия Вадимовна — nnesterova1994@gmail.com
Осташов Андрей Алексеевич — andrey.ostashov@gmail.com
Землянскова Анастасия Александровна — anastasiazemlanskova@gmail.com
Тумской Владимир Евгеньевич — vtumskoy@gmail.com
Гагарин Леонид Александрович — gagarinleo@yandex.ru 
Екайкин Алексей Анатольевич — ekaykin@aari.ru
Шихов Андрей Николаевич — and3131@inbox.ru
Оленченко Владимир Владимирович — olenchenkovv@yandex.ru
Христофоров Иван Иванович — zodik@mail.ru

mailto:anastasiazemlanskova@gmail.com
mailto:gagarinleo@yandex.ru
mailto:zodik@mail.ru

	_Hlk57502340
	_Hlk63288199
	_Hlk57502613
	_wt48gjsvp13f
	_Hlk53805349
	_Hlk57245150
	_1fob9te
	_Hlk53643320
	_Hlk53641341
	_Hlk57502365
	_Hlk63288218
	_Hlk57502547

