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INTRODUCTION
Global natural processes and anthropogenic impact in the 
Arctic can significantly reshape the region. The northern 
regions have their own, fragile and unique ecosystem, which 
includes a wide variety of species of plants, animals, fungi 
and microorganisms, most of them listed in the Red Book of 
the Russian Federation and the Red Book of the International 
Union for Conservation of Nature (IUCN).

At the same time, with the total population of almost 4 million 
people the Arctic possesses a great potential for its economic 
development.

The mankind has been interested in the harsh transpolar territories 
as a large-scale transit corridor since the 16th century. There has 
been a number of expeditions for the last fi ve centuries; fi rst to 
discover transit to Asia, then to explore the natural resources 
of the region. The foundation of the Northern Sea Route (NSR) 
became possible after the successful expedition of Otto Schmidt 
on the board of the Sibiryakov icebreaker in 1932. After that, all-
season research of the Arctic waters began, including the study 
of logistic corridors in the northern seas.

For further comprehensive development of the Arctic and the 
transformation of the NSR into a year-round transport and 
logistics route providing safety and sustainability for the Arctic 
shipping is required, while establishment of a modern and 
effi cient port infrastructure involves constant monitoring of the 
state of the water and terrestrial Arctic ecosystems of the NSR.

The environmental safety of the Arctic is essential for the 
economic development of the region and requires a systematic 

approach, which should include regulatory and legal support; 
management, navigation and technological solutions; as well 
as timely and responsive interaction between authorities, 
users of natural resources and the expert community.
One of the most effective mechanisms to obtain necessary 
information about the state of environment and biodiversity 
in the Arctic region is an environmental monitoring with the 
biggest possible territorial coverage and the use of state-of-
the-art technology. In order to get analysis of the situation 
in the northern seas and timely forecasts, the measures to detect, 
prevent and eliminate safety risks, localize and neutralize their 
effects, including remote methods of environmental research 
prepared in accordance with generally accepted international 
standards are needed.
Summarizing the available data on earlier papers revealed 
gaps in the available knowledge of the Northern Sea Route 
water area, most of which were obtained in the summer 
months, while the seasonal dynamics of biological processes 
at sea and on land and the annual variability of ecosystems 
have been studied rather poorly. Seas of the Western part of 
the Arctic have been studied more detailed, while research 
in the seas of the central and eastern parts of the water area 
are rather selective, especially the East Siberian Sea and 
the Laptev Sea. In this regard, a more extensive programme 
of comprehensive and systematic research is required to 
ensure environmental safety of the region, taking into 
account global environmental changes and the increasing 
intensity of navigation on the NSR.

Icebreaker Alexander Sibiryakov,
archival photo
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The fi rst step toward this was a joint project of Lomonosov 
Moscow State University Marine Research Center (LMSU MRC) 
and ROSATOM, with the involvement of international and 
Russian research organizations, and a special international 
expert group (IEG).

The project was developed in accordance with international and 
Russian standards for environmental protection and biodiversity 
and recommendations of the Arctic Council and its working 
groups, related to environmental monitoring and assessment 
in the Arctic (Arctic Monitoring and Assessment Programme 
Implementation Working Group, Arctic Flora and Fauna 
Conservation Working Group, Arctic Marine Environmental 
Protection Working Group).

• comprehensive assessment of the current state of 
environment in the waters of the Northern Sea Route and 
study of the impact of Arctic shipping on Arctic biodiversity;

• development of a framework programme for regular 
monitoring of the NSR water area to ensure sustainable and 
environmentally safe development of the region.

A comprehensive analysis reflecting the current state of 
the marine environment in the waters of the NSR based 
on results accumulated from field research, digital services 
for continuous monitoring, updated databases and expert 
conclusions of the IEG (International Expert Group).

Working in compliance with the legislative and regulatory 
framework of the Russian Federation and international 
environmental standards.

Project goals:

Concept

Collection and analysis 
of the archive and historic data

(july-august 2021)

Pilot environmental monitoring
expedition over the whole

water area of the NSR
(august-october 2021)

Laboratory research 
and offi ce studies 
of data obtained

(october-december 2021)

Establishment 
of the international 

expert group 
and its working sessions 

(august 2021-march 2022)

Launch of the pilot version 
of the digital service 

of satellite environmental 
monitoring of ship

traffi c and pollution 
in the NSR water area

(september-december 2021)

Development of the framework programme 
for the environmental monitoring of the NSR water area

The biggest focus is on coastal and transit Arctic shipping 
and port infrastructure of the NSR during its construction 

and operation



ACTIVITIES IMPLEMENTED 
2021–2022:

An international team  
of 60 experts from  
15 organizations worked on the 
project over a span of 9 months. 

Ships travelled a total  
of over 5000 nautical miles  
in 2.5 months of field research 

Yamal,  
the nuclear-powered icebreaker
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The environmental monitoring 
program included studies at  
50 stations along the entire NSR

Satellite environmental monitoring  
of ship traffic and pollution with  
the Earth remote sensing run  
in the NSR water area over 4 months
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PILOT ENVIRONMENTAL 
MONITORING IN 2021 
AT 50 INTEGRATED STATIONS 
THROUGHOUT THE NSR
Field operations within the NSR water area was carried out 
from August to November 2021 on three research vessels: 
Aleksey Maryshev, Professor Logachev, and Kartesh. The 
Professor Logachev research vessel carried out research at 
28 monitoring stations in the Chukchi Sea, East Siberian Sea, 
Laptev Sea and the eastern part of the Kara Sea, while the 
Aleksey Maryshev research vessel carried out research at 
16 monitoring stations in the Gulf of Ob, the Yenisei Bay and 
the western part of the Kara Sea. The Kartesh research vessel 
carried out research at 6 stations in the Gulf of Ob.

A preliminary grid of background environmental monitoring 
stations was developed based on the analysis of public 
archive and historic data obtained during earlier studies. For 
arrangement of stations location of the Northern Sea Route 
and its main variations, as well as planned traffi c patterns of 
the abovementioned vessels were considered. The dislocation 
of highly signifi cant areas (walrus rookeries, their feeding, 
migration and wintering areas; molting, migration, breeding 
and feeding areas of birds, etc.) is an another important criterion 
for station placement was. Some of the location choices were 
also motivated by the areas with an increased anthropogenic 
burden, such as port water areas and active navigation routes.

In total, the ships have travelled
more than 5,000 nautical miles 

in 2.5 months 

Project station map
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Benthos sampling 
with the Ocean 0.1 grab sampler, 

the Chukchi Sea

Ichthyoplankton sampling, 
the Chukchi Sea
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When working at the integrated stations, ecologists, 
hydrologists and hydrochemists examined atmospheric air, 
took samples of seawater and seafl oor sediments, microplastics, 
measured the temperature and salinity of the water layer, and 
recorded the presence of large debris in the water area. The 
study of Arctic seas biota at each station included sampling to 
analyse quantitative and qualitative indicators of plankton and 
benthic communities, and to study existing biological invasions, 
which is vital in shaping a comprehensive picture of the state 
of Arctic marine ecosystems, while zoologists observed marine 
mammals alongside with birds.

Bioindicator species are an important marker of ecosystem 
stability. In 2015, the Russian Ministry of Natural Resources 
issued a list of species, that are indicators of the sustainability of 
marine ecosystems in the Arctic zone of the Russian Federation. 
During the operations, mammologists encountered four of the 
fi ve bioindicator species, such as polar bear, ringed seal, walrus 
and beluga whale.

During shipboard surveys of seabirds, ornithologists also 
recorded 6 of 10 species, such as common eider, glaucous 
gull, tarrock, black guillemot, slender-billed and thick-billed 
guillemot. Walruses were the most frequently encountered 
species seen during trips – over 78% of all marine mammals. 
The long-tailed duck, mutton-bird and tarrock were the most 
abundant species in all ornithological counts – these three 
species collectively constitute 73% of all birds counted.

When navigating through the Bering Strait, the ornithologists 
noted the migration of representatives of the most numerous 
species of cranes, little brown crane. The Chukchi Peninsula is 
one of the main habitats of the cranes. A group of walruses 
swimming toward the easternmost point of Russia, Ratmanov 
Island, which is part of the Diomid Islands, was also observed. 
During observations from Aleksey Maryshev research vessel in 
the Kara Sea, the employees of the LMSU MRC also encountered 
several walruses. Moreover, the ecologists have carried out 
a series of observations of harp seals and bearded seals.

Research vessel Alexey Maryshev in
the Kara sea
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The polar bear (Ursus maritimus) is the world’s largest land 
carnivore. 4 out of 19 currently identifi ed Polar bear’s subpopulations 
inhabit the territory of the Russian Arctic 

The ringed seal (Pusa hispida) is one of the smallest seals species. 
It is one of the main feeding objects of the polar bear, so the 
numbers of both species are closely related

The walrus (Odobenus rosmarus) is a herd animal that forms large 
rookeries on beaches and ice. Females also have fangs in the upper 
jaw, they are thinner and shorter than male species 

The beluga whale (Delphinapterus leucas) is a social marine 
mammal with light skin color and with no dorsal fi n. Chasing the fi sh, 
it can go deep river into bays and estuaries

The common eider (Somateria mollissima) is a large seabird 
species that go ashore only during the nesting period, moving no 
further than 500 meters inland

The glaucous gull (Larus hyperboreus) is the second largest light 
grey gull. This gulls roam along the north coasts and seas until the 
late autumn and pre-winter

The black-legged kittiwake (Rissa tridactyla) is a marine species 
of gulls that commonly nest in colonies on rocky islands and coasts. 
Partly migratory, partly nomadic 

The black guillemot (Cepphus grylle) is a pigeon-sized seabird 
that nests commonly in shelters on the islands. Swims and dives 
well, does not do long-distance migrations 

The common murre (Uria aalge) is a nomadic seabird species 
whose two subspecies nest in the Barents and Chukchi Seas. They 
look clumsy on land, but perfectly adapted to life in the water

The thick-billed murre (Uria lomvia) is one of the deepest diving 
fl ying birds, inhabit the coasts of the Arctic and subarctic seas



In October and December 2021, samples were processed in 
specialized laboratories in Moscow and St. Petersburg with 
further offi ce studies of the materials obtained during fi eld 
operations. Experts analysed 25 atmospheric air samples (see 
Map 1) and 150 seawater samples for more than 35 parameters, 
as well as 48 seafl oor sediment samples for more than 30 
parameters (see Map 2). Hydrobiologists processed 450 samples 
of plankton, including bacterioplankton, phytoplankton, 
zooplankton and ichthyoplankton, and 243 samples of benthos, 
including macrobenthos, meiobenthos and microphytobenthos. 
As a result of those offi ce studies, the Environmental monitoring 
report was issued in December 2021.

The data obtained during the pilot monitoring in 2021 will help 
to consider the necessary adjustments to work procedures, 
subject to the specifi cs of different regions of the NSR water 
area and their applicability, as well as to select the necessary 
list of indicators under study.

The studies showed that the values of estimated parameters 
for most of the indicators depend on seasons and regions 
of observation in summer and autumn of 2021. Continued 
year-round in-situ observations will help compare results 
from future expeditions with the values obtained, observe 
ongoing changes and adjust monitoring programmes based 
on conclusions about the state of marine ecosystems. 

LABORATORY RESEARCH 
AND OFFICE STUDIES 
OF DATA OBTAINED

Sea Ice amphipods 
species identifi cation in the LMSU MRC 

laboratory of hydrobiology

PROGRAMME OF COMPLEX RESEARCH AND MONITORING OF SURFACE AND UNDERWATER ENVIRONMENTAL SAFETY 
OF THE NORTHERN SEA ROUTE08

23,362 specimens of invertebrates 
were found in samples of macrozoobenthos 

(relatively largebenthic inhabitants) 
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Map 1. Distribution map of dissolved oxygen

Map 2. Distribution map of seafl oor sediment types
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INTERNATIONAL EXPERT GROUP
FOR ENVIRONMENTAL MONITORING
OF THE NORTHERN SEA ROUTE (IEG)

The key condition for the sustainable development of shipping 
along the Northern Sea Route is its mandatory compliance not 
only with Russian, but also with international environmental 
standards and best environmental practices. That is why one of 
the priorities of the NSR environmental monitoring project was 
interaction with the international expert community in order to 
share experience and coordinate the monitoring programme 
in future with existing environmental data collection platforms 
in the Arctic.

LMSU MRC together with Akvaplan-niva LLC (Norway) 
created an International expert group for environmental 
monitoring of the Northern Sea Route. The group became an 

international forum for the discussion of project concept and 
implementation.

The IEG work operated in online-meetings, three formal 
online-meetings (a kick-off meeting and two workshops) with 
Russian and international experts were held in 2021-2022. 
At the meetings speakers made presentations and participated in 
discussions covering the impact of Arctic shipping development 
on Arctic biodiversity and approaches to developing an 
environmental monitoring system. Moreover, IEG members were 
directly involved in scientifi c and analytical expert activities in 
environmental monitoring, and provided reviews for the fi nal 
revision of the environmental monitoring programme. 

One-year and two-year old drift ice, 
the East Siberian Sea
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IEG members are the experts on avifauna, zoo- and 
phytoplankton, coastal vegetation, marine mammals, 
ichthyofauna, etc., representing more than 15 leading Russian 
and foreign research institutes, associations, unions and public 
organizations in the fi eld of environmental protection and 
biodiversity conservation from Russia and Europe. Among them 
are P.P. Shirshov Institute of Oceanology, A.N. Severtsov Institute 

of Ecology and Evolution of the Russian Academy of Science 
(RAS), Arctic and Antarctic Research Institute, Akvaplan-niva 
LLC, Murmansk Marine Biological Institute of the Kola Scientifi c 
Centre of the RAS, Lomonosov Moscow State University Marine 
Research Centre, the World Wildlife Fund (WWF, Russia) as well 
as European scientifi c institutions (Norway, Finland, France, 
Great Britain).

• ranking-based selection of monitoring objects (indicators);
• assessment of biodiversity objects’ vulnerability and the 
possibility to use them for the monitoring of shipping effects;

• providing recommendations for each identifi ed monitoring 
object (group of close objects/species) — monitoring 
parameters, its coverage in space and time and methods used.

• the structure of the environmental monitoring programme for 
the Northern Sea Route;

• a conceptual model of monitoring of the NSR impact 
on the development of Arctic marine ecosystems based on 
international experience.

The following was submitted for the IEG review:

High on the agenda was the assessment of the impact on biodiversity 
and the state of the Russian Arctic seas of coasting 
and transit Arctic shipping and port infrastructure of the NSR 
during its construction and operation, including:

The purpose of IEG is to evaluate 
the environmental monitoring framework of the NSR 
and to develop recommendations for its improvement 
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A pilot project of a digital service for satellite-based 
environmental monitoring of ship traffic and pollution in 
the NSR water area was implemented in 2021. The project 
revealed six local contaminations in the Yenisei Gulf, the 
Laptev Sea, the East Siberian Sea and the Kara Sea. Experts 

from the Ocean Optics Laboratory of the RAS’ Institute 
of Oceanology further examined the monitoring results 
and determined the superficial nature of their impact and 
their short lifespan, which does not require any elimination 
measures. 

DIGITAL SERVICE FOR SATELLITE 
ENVIRONMENTAL MONITORING 
OF SHIP TRAFFIC AND POLLUTION 
IN THE NSR WATER AREA

The main goal of the development of both the Northern Sea 
Route and its infrastructure is to ensure a responsible, effi cient 
and safe-shipping in the Arctic. Growing ship traffi c is associated 
not only with an increase in the volume of cargo traffi c, but also 
with an increase in the frequency of research at Arctic seas. For 
example, during the summer and autumn navigation in 2021, 
Hydrographic Enterprise of ROSATOM carried out a survey of 
41,5 thousand linear km of the seafl oor terrain, which was nearly 
twice the volume of studies of the water area.

Ship traffic density during the monitoring period was 
analysed based on data from the Automatic Identification 
System (AIS). The southwest of the Kara Sea is the region 
of the most intensive navigation during the whole period, 
with the maximum intensity in the Gulf of Ob, where river 
transport is a major contributor. In December, when a stable 
ice cover forms, there is a significant decrease in ship traffic.

Monitoring of pollution

Ship traffi c density

Shipping traffi c density
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ADDITIONAL INFORMATION

Icebreaker escort service 
for the LNG carrier Fedor Litke

Unifi ed Digital Service Platform (UDSP):

As a part of the project, the Requirements for the integration of the proposed system of 
regular environmental monitoring on the NSR with the Unified Digital Service Platform 
(UDSP) were developed. The results of the Environmental monitoring will be presented in 
“Environmental situation monitoring in the NSR waters” subsystem as an information-
analytical environmental monitoring portal and a digital service respectively. 

NSR UDSP with the integrated into the service environmental monitoring program will 
become a single-digital platform that provides an effective environmental monitoring 
of the waters of the Arctic Zone of the Russian Federation and helps to ensure the reduction 
of negative impact risks. The platform will also help to minimize anthropogenic impact and 
enable predictive analytics for rapid management decisions in the fi eld of environmental 
protection and prevention of environmental threats. 
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• meteorological parameters and determination of the degree 
of air pollution;

• fuel consumption control (to determine greenhouse gas 
and pollutant emissions);

• determinations of oceanographic and hydrochemical 
parameters;

• monitoring of ice conditions;

• determination of seawater pollution;

• studies of seafl oor sediment quality;

• monitoring of biodiversity objects (plankton and benthos, 
ichthyofauna, birds and marine mammals, coastal vegetation); 

• studies of biological invasions (monitoring of vectors of 
transfer and areas of invasion).

The programme provides
methodology for:

The environmental monitoring programme contains fundamental 
recommendations on the selection of objects and parameters 

of environmental monitoring, research methods and work implementation 
plans. The programme’s integration with existing Russian and foreign 

systems, and the development of standard environmental monitoring 
procedures and a description of the requirements for the storage 

and interpretation of data obtained.

A FRAMEWORK PROGRAMME 
FOR REGULAR ENVIRONMENTAL 
MONITORING 

• collection and analysis of archive and historic data obtained 
during previous studies; 

• pilot environmental monitoring along the entire NSR;

• scientifi c and analytical activities carried out jointly with the 
IEG for the development of a model to assess the impact of 
shipping and port infrastructure on marine ecosystems in the 
waters of the NSR.

Programme was developed jointly with the expert
community based on:
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For further development of the NSR
environmental monitoring system 
the programme encompasses 
the following actions:

• development of detailed programmes for each of the 
monitoring subsystems; 

• integration of background and target environmental 
monitoring results with continuous digital monitoring 
services and augmented databases and analysis systems; 

• coordination with existing national and regional data 
collection and analysis systems; 

• regulatory and legal support for the functioning of 
monitoring programmes in accordance with international 
and Russian legislation;

• ongoing consulting and open interaction with the expert 
community during the development and operation of the 
environmental monitoring system in terms of analysis and 
assessment of the quality of information obtained.

The programme also offers mechanisms for defining 
environmental monitoring subsystems, both by type 
of environmental activities and by type of information 
collection. For each subsystem component there is a brief 
schedule of work, including types of tests, inspection 
frequency and recommended equipment. It should be also 
noted, that the exact network of stations and individual 
targeted operations, for example, for individual species 
of marine mammals, should be developed as part of a 

detailed multi-year programme of activities for each type 
of monitoring. 
Moreover, the programme offers also its own data, GIS and 
software solutions. In particular, a method for the management 
of open databases and a specifi c list of resources with thematic 
databases to be integrated with are proposed. It provides 
a number of solutions with a detailed description of their 
implementation that has already been formed for the analysis 
and interpretation of the data.

Thick-billed 
murres

RV Kartesh, 
the Gulf of Ob
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The pilot environmental monitoring carried out in 2021 is 
the first comprehensive full-scale environmental project 
implemented simultaneously in the entire NSR water area. 
Research results confirm the absence of deviations of 
environmental indicators in question with respect to the 
average background levels at this time. No excessive Maximum 
Permissible Concentrations (MPC) in the atmospheric air, 
seawater, and seafloor sediments that could indicate a 
detrimental impact of economic activities at this stage of the 
NSR development and intensity of navigation were recorded.

The developed framework programme received support and 
was highly appreciated by representatives of the Russian and 
foreign expert community.

In 2022–2023, the project continues with the following 
activities: the development of detailed programmes and 

methodologies for each area of the NSR waters monitoring 
together with the expert community, continued annual field 
observations, and the development and testing of digital 
services for monitoring of ship traffi c and pollution in the NSR 
waters.

According to the Plan for the Development of the NSR 
until 2035, approved by the Government of the Russian 
Federation, a state system of environmental monitoring of 
the NSR should be created by 2024 to ensure continuous 
monitoring of the Arctic ecosystems. 

The project will remain relevant and will require further 
scaling in the context of increased economic activity in the 
northern seas and new challenges related to climate change 
in the Arctic, contributing to the sustainable development 
of the region.

CONCLUSIONS
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