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Introduction
 

Global climate change with its effects is one of the most important issues of 
the 21st century. The Fourth Assessment Report of the Intergovernmental Pan-
el on Climate Change (IPCC) states that progressive climate warming takes 
place virtually throughout the world. There is solid scientific evidence that this 
change is caused mainly by human economic activities involving combustion 
of increasing amounts of fossil fuels and deforestation, and thus leading to 
emissions of greenhouse gases and increasing greenhouse effect. 

Russia is also affected by global climate change. According to the Russian Fed-
eral Service for Hydrometeorology and Environmental Monitoring (Roshy-
dromet), in 2007 annual average temperature exceeded the average value for 
the previous 121 year (since 1886) by 2.1°С (Assessment Report on Climate 
Change and its Effects in Russian Federation, 2008). Continuation of this trend 
may lead to undesirable and even dangerous effects on natural and economic 
systems, and on human health. IPCC’s findings also support this conclusion. 

In order to achieve stabilization of greenhouse gas concentrations in the at-
mosphere at a level that would prevent dangerous anthropogenic interference 
with the climate system, and in accordance with the UN General Assembly 
resolution 46/169 of 19 December 1991 on protection of global climate for 
present and future generations of mankind, the United Nations Framework 
Convention on Climate Change (UNFCCC) was adopted by more than 180 
countries at the Earth Summit held in Rio de Janeiro in 1992. The Convention 
entered into force on March 21, 1994; in 1994 the UNFCCC was ratified by 
the Russian Federation.

In order to further develop UNFCCC provisions with regard to commitments 
on greenhouse gas emissions reduction; in 1997 the Kyoto Protocol to the 
UNFCCC was adopted. The Protocol has defined commitments of the Parties 
(developed countries and countries with economies in transition) to reduce or 
stabilize their greenhouse gas emissions in 2008-2012 compared to 1990.

The Protocol has been ratified by 185 countries (collectively responsible 
for more than 80% of the global greenhouse gas emissions). The first com-
mitment period has started on January 1st 2008, and will last for five years,  
till December 31, 2012, followed by entering into force of a new agreement 
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(it is expected that the new agreement will be adopted in December, at the UN 
Conference in Copenhagen). 

In order to meet international commitments arising from the UNFCCC and the 
Kyoto Protocol, in the Russian Federation:

■ the Federal Law No. 128-FZ of November 4, 2004 “On the Ratification of 
the Kyoto Protocol to the United Nations Framework Convention on Cli-
mate Change” has been adopted;

■ Russian Registry of Carbon Units has been created (order of the Govern-
ment of the Russian Federation No. 215-r of February 20, 2006);

■ the activities on implementing provisions of the Kyoto protocol regarding car-
bon sequestration through afforestation are carried out, in particular, on unused 
agricultural lands (pilot projects in Ulyanovsk and Nizhny Novgorod Regions);

■ about 50 Joint Implementation (JI) projects to be hosted by Russia in ac-
cordance with Article 6 of the Protocol have been prepared; 

■ a legal framework necessary for hosting JI projects in accordance with the 
article 6 of the Protocol has been created, in particular: 

• the Commission for the Review of the Applications for the Project Activ-
ities Implemented in Accordance with the Article 6 of the Kyoto Protocol 
to the UNFCCC has been established; 

• a list of independent expert organizations accredited to issue expert con-
clusions on JI projects has been approved;

• Russian system of JI projects and Russian participation in emission trad-
ing have to be more robust and user-friendly (order of the Government 
of the Russian Federation No 884-r of June 27, 2009);

■ Russian Climate Doctrine is prepared, its’ main principles were success-
fully considered by the Presidium of the Government at April 23, 2009. The 
document was presented for comments on the web-site of the Ministry of 
Natural Resources and Ecology at May 28, 2009. Currently the Doctrine 
has been sent to the President for signature.

The Concept of long-Term Socio-Economic Development of the Russian Fed-
eration for the Period till 2020 (approved by the Order of the Government of the 
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Russian Federation No. 1662-r of November 17, 2008) defines climate change as 
one of the main factors affecting global economic development, which will have 
a serious impact on socio-economic processes in Russia for the next 10 – 15 years. 

In view of the importance of the issue, a project for elaborating scenarios of 
development of natural processes and changes in water resources, taking into ac-
count impacts of human activities and global climate change, has been included 
in the list of Research and Development Activities, approved by the Decree of 
the Government of the Russian Federation No. 988 of December 24, 2008. 

However, existing assessments of potential effects of climate changes are focused 
mainly on various economic sectors, including energy (thermal power plants, hy-
dropower etc.), agriculture, forestry, water resource management (water supply 
systems), transportation infrastructure, metal and oil refinery industry.  

In assessing potential measures to minimize climate change and its effects, 
taking into account financial potential of these measures, preference is given 
to financially sound options for greenhouse gas emissions reduction in eco-
nomic sectors, first in the processing industry (cement production and ferrous 
metal industry) and transportation, and then in the energy sector. 

This is a reasonable approach, since these measures are aimed at meeting 
commitments arising from the UNFCCC provisions regarding preparation 
of regional programmes containing measures to mitigate climate change by 
addressing anthropogenic emissions by sources and removals by sinks of all 
greenhouse gases.

At the same time, existing assessments of the effects of climate changes do 
not pay sufficient attention to impacts of these changes on biological diversity 
(particularly on vulnerable ecosystems, including Arctic ones, as well as rare 
and endangered animal and plant species), and reversibility or irreversibility 
and magnitude of these impacts.

The area studied even less and therefore ignored is the mutual influence of 
climate and ecosystems. It remains unclear whether the effects of global 
warming are amplified or dampened by functioning of natural mechanisms. 
For example, a higher concentration of carbon dioxide in the air increases 
photosynthesis in some plants. On the other hand, increased arid zones reduce 
carbon processing by plants. 
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In addition, the need for measures to facilitate adequate adaptation to climate 
change, also envisioned by the UNFCC, is almost completely overlooked. 
This provision covers measures aimed particularly at:

■ damage prevention (e.g. by establishing new protected areas in the parts of 
species ranges least affected by climate changes); 

■ damage reduction (e.g. by prevention of invasive species spreading in order 
to ensure conservation of indigenous ones); 

■ damage sharing or allocation (e.g. by imposing temporary restrictions on 
certain types of economic activities causing adverse impacts on natural 
complexes, objects or species already under an excessive pressure);

■ restoration of natural complexes, objects, or species (e.g. by restoring natu-
ral ecosystems in their historic locations and/or reintroducing endangered 
species within their historic ranges);

■ elaboration of other adaptation strategies and options.

The next step is development of a Climate Change Adaptation Strategy and a 
Programme of Measures to Facilitate Adequate Adaptation to Climate Change 
as a outcome of the Russian Climate Doctrine. In parallel further systematic 
collection and analysis of information on climate changes and effects of these 
changes, including the effects on ecosystems, natural complexes, objects, and 
species, are necessary; as well as urgent adaptation measures in places where 
climate impact definitely damages ecosystems.
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Chapter I

Observed climate changes

1. Surface air temperature

The results of observations and modeling show that the rate of climate warm-
ing in Russia exceeds the respective global value. According to the Roshy-
dromet, for the last 100 years (1907-2006) average warming throughout Rus-
sia has been 1.29°С, while, according to the IPCC Fourth Assessment Report, 
the average global warming has been 0.74°С. From 1976 to 2006, the average 
warming across Russia has amounted to 1.33°С (see Fig. 1)

In the Arctic, the rate of climate change has been about 2 times higher than the 
global average. The increase in temperatures in various sectors of the Arctic 
for the last few decades has been between 0.7 and 4°С, with more increase in 
winter temperatures than in summer ones. 

1935          1945          1955          1965         1975          1985          1995          2005

-2.0

-1.0

0.0

1.0

2.0
Russia

Fig. 1. deviation of the annual near-surface mean temperatures (°C) from the average in  
1961-1990. Bold curve is smoothed 11-year moving average; bold line is the trend for 1976-2008

Source: Report on climate features on the territory of the Russian Federation in 2008.  
               Roshydromet, Moscow, 2009, 48 pp. www.meteorf.ru. 
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2. Precipitation

Precipitation changes are evaluated with much less confidence than surface air 
temperature changes. According to the Roshydromet, annual precipitation over 
Russia increased for the period 1976–2006 (7.2 mm/10 years). The most pro-
nounced changes included an increase in spring precipitation (16.8/10 years) 
in Western Siberia, northeastern regions of Eastern Siberia, the Far East, and 
in European Russia, as well as a decrease in winter precipitation in the north-
eastern regions of Siberia, including the Magadan Region, the northern part of 
the Khabarovsk Region, and the eastern part of the Chukotsky Autonomous 
Okrug. Some decrease in summer precipitation has been observed. 

At the same time Russia, like many other countries, faces more frequent floods, 
including rain floods, turning into natural disasters with severe consequences. 
Flooding of the town of Lensk in Yakutia during spring floods in 2001 became 
a national tragedy; the town was virtually washed off the map. For many cities 
and regions of Russia characteristic frequency of partial flooding is one time 
in 8–12 years; Barnaul, Biysk, Orsk, Ufa and some other cities face partial 
flooding one time in 2–3 years.

According to the Roshydromet, the frequency of cases of heavy precipitation 
shows an insignificant increase, while the maximum duration of long dry pe-
riods has decreased. 

3. Snow cover

Satellite measurements showed that snow cover in the Northern Hemisphere 
considerably decreased for the last 30 years (approximately by 10%). The snow 
period has decreased on average by 2 weeks for the last 30 years. The main 
cause of these changes has been an increased surface air temperature. 

4. Permafrost

In the second half of the 20th century and, particularly, in its last quarter, the 
rise of temperature of the upper ground layer was observed at many sites of the 
permafrost zone, and the increase in seasonal thawing depth took place in some 
regions. Although climate changes in European Russia are less pronounced than 
in Western Siberia, changes in the permafrost condition in the former region 
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are no less significant. For the last 20–30 years, the average permafrost tem-
perature in the permafrost zone of Western Siberia has increased by 1.0°C, in 
the northwestern regions of European Russia – by 0.8–1.0°C. Observations also 
show a progressive increase in seasonal thawing depth and ground subsidence 
by 14-80% for the last 10 years in certain areas of the Russian Arctic (Kolyma 
lowland, eastern part of the Chukchi Peninsula, Bolshezemelskaya Tundra). A 
northward shift of the permafrost zone as a whole and a decrease in the area of 
island and sporadic permafrost zones have been observed. 

5. Sea ice in the Arctic basin

long-term variation of sea ice extent is the best indicator of climate change in 
the Arctic. Satellite observations have shown a steady downward trend in the sea 
ice extent for the last two decades. Since the beginning of satellite observations 
in 1979, the minimum seasonal sea ice area observed in September every year 
has been decreasing by 9% per decade. For the last 30 years, the overall area of 
the Artic sea ice has decreased from 7.5 million km2 in the late 1970s to 4.3 mil-
lion km2 in September 2007, reaching the minimum value ever recorded. The 
decrease in the overall sea ice area is accompanied by a synchronous decrease 
in the ice cover of the Siberian seas (the Kara, East Siberian, Chukchi, laptev 
and Beaufort Seas). In 2005, the ice cover of the Siberian seas was as low as 200 
thousand km², while in the warmest years of the middle of the 20th century in 
never dropped below 500 thousand km² (see Fig. 2, p. 41).

Even more pronounced is the decrease in thickness of the ice, in particular, of 
the multi-year pack ice several years old. For the last few years the area of such 
ice has decreased several times. The area and thickness of the multi-year pack 
ice provide a good indication of long-term changes in the winter sea ice cover 
(see Fig. 3, p. 42).

Much less data is available on the thickness of the drift ice. According to the 
Roshydromet, the average thickness of the drift ice has decreased from 3.1 m to 
1.8 m between 1958-1976 and 1993-1999.
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Chapter II

Projected climate changes

1. Climate models

Predicting climate changes is a complicated task depending on many factors.

At present predictions of climate change and evaluations of probabilities of changes 
in various components of the climate system rely on modern research tools that al-
low to study processes in the climate system, natural variations of climate, and its 
response to external impacts, including anthropogenic ones. The most effective tool 
of such kind is climate models – physical and mathematical models of processes 
and feedbacks significant to climate and its variations, such as:

■ integrated models of general circulation of the atmosphere and ocean built 
of interactive units representing the key components of the climate system, 
including the atmosphere, ocean, soil, cryosphere and biosphere (global cli-
mate models); and

■ regional climate models representing extreme climate phenomena for a par-
ticular area in a more realistic manner.

Predicting climate changes on the timescale of millennia (e.g. coming of a new 
glacial age) is a kind of reliable astronomical forecasting. As for the coming 
decades, current models allow to calculate average surface air temperature de-
pending on the greenhouse gas concentration in the atmosphere – effectively 
on the level of anthropogenic emissions of СО2.

Calculations made for the coming decades (e.g. until 2100) show that radiative 
forcing of the atmosphere (in W/m²) will be determined mainly by anthro-
pogenic increase in the greenhouse effect. The role of natural factors on the 
timescale of a century will be relatively insignificant. Therefore a simplified 
process of modeling calculations includes three stages:

1) prediction of emissions of СО2, as well as other greenhouse gases and aerosols;

2) calculation of concentrations of СО2 and other greenhouse gases and aero-
sols in the atmosphere;



11SEARCHING FOR WAYS FOR ADAPTATION

PROjECtEd CLIMAtE CHAnGES

3) year-by-year calculation of projected future temperature, precipitation, con-
dition of the snow cover etc., using general circulation models and projected 
greenhouse gas concentrations. 

For the purpose of predicting and assessing future climate change, the IPCC 
has developed a set of long-term scenarios of greenhouse gas and aerosol emis-
sions in the 21st century. These scenarios are based on different assumptions 
on demographic, economic, and technological factors determining greenhouse 
gas emissions. Three scenarios – B1, A1B, and A2 – were selected as basic for 
the 21st century. 

The mildest B1 scenario assumes the maximum coordination of the global 
community efforts. The global population stabilizes by the middle of the cen-
tury; energy efficient low-carbon or carbon-free technologies are being intro-
duced to the maximum extent possible. 

The A1B scenario involves strong global economic growth; the planet’s popu-
lation reaches its maximum by the middle of the 21st century with a subse-
quent decline. Under this scenario, the development of the energy sector is 
based on the balance between fossil energy and alternative energy sources.

The most “severe” A2 scenario assumes that the global community is unable 
to join its efforts on the reduction of greenhouse gas emissions; each major 
country or region develops in a self-reliant manner involving less interaction 
with other regions; no stabilization of the global population is achieved. More-
over, the scenario assumes that reduced СО2 absorption by the ocean increases 
global warming by 1°С by 2100.

Climate models predict substantial differences between the scenarios in the 
progress of average warming and average temperature change by the end of 
the 21st century both for the world as a whole and for Russia. The difference 
between the two extreme scenarios (A2 and B1) in the average temperatures 
at the end of the century may reach 1.5°С for the planet as a whole, and 2.9°С 
for Russia. However, due to large thermal inertia of the climate system and 
dependence of the warming rate not only on greenhouse gas concentration, 
but also on the atmosphere – ocean heat exchange, the difference between the 
two extreme scenarios (A2 and B1) for Russia may reach only 0.54°С by the 
middle of the century.
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 2. Surface air temperature

The increase in annual average temperature is expected to be much larger in 
Russia than globally. By 2020, its growth will exceed 1.1±0.5°C, and by the 
middle of the century (2041–2060), the temperature rise will be even larger 
(2.6±0.7°C), particularly in winter (3.4±0.8°C). 

By the middle of the century, the rise of the lowest daily temperature minima 
by 4–6°C is expected; the rise of daily temperature maxima will not exceed 
3°C. Thus, the annual difference between the highest and lowest daily tem-
peratures will decrease for Russia as a whole.

3. Snow cover

A considerable reduction in snow cover as a result of climate warming is ex-
pected in most of the country. In European Russia, the main contribution to the 
increase in winter precipitation will be made by liquid phase, while in Western 
and Eastern Siberia most of the increase will be attributed to solid phase (snow). 
Thus, in European Russia the decrease in snow mass and the increase in winter 
runoff will occur, while in Western and Eastern Siberia further accumulation of 
snow mass in winter and its more intense melting in spring can be expected. 

4. Permafrost

In the 21st century, degradation of permafrost due to climate warming will result 
primarily in an increased depth of seasonal thawing and temperature of the frozen 
ground. In some regions, separation of the seasonally frozen surface layer from the 
deeper relict permafrost layer may occur (with unfrozen ground between them). 
Tundra landscapes are more vulnerable to external impact, and ground thawing 
in this zone will lead to land subsidence, waterlogging of the area or drying of 
wetlands, and a decrease in bearing capacity of the ground. Sandy soils are more 
prone to thawing. This soil type is prevailing in the river beds of the northern part 
of Western Siberia, and at gas extraction sites in the Yamal Peninsula.

Most areas of intensive agriculture in Russia are located in the seasonal ground 
freezing zone. In the 21st century, a decrease in freezing depth in European 
Russia and southern areas of Siberia is expected, while the freeze-free area in 
Southwest Russia will expand.
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5. Sea ice in the Arctic basin

Considerable reduction in the ice covered area will continue during the 21st 
century. The maximum sea ice extent, normally observed in March, will con-
tinue to decrease by 2% per decade, while the minimum (September) ice ex-
tent, will be shrinking by 7% per decade relative to the ice area for the period 
1910–1959, with a faster reduction in the multi-year ice area compared to the 
seasonal ice area.
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Chapter III

Effects of observable and projected 
climate changes in Russia

1. Effects of observable and projected  
    climate changes on biodiversity

Decline in biodiversity accompanying economic development is a key envi-
ronmental issue of our time. Human activities have accelerated natural evo-
lutionary processes of extinction and formation of species several hundred 
fold. Natural ecosystems are being destroyed at an alarming rate, and more 
and more species become extinct. Natural ecosystems have been completely 
transformed in one fifth of the total land area. Thousands of species face the 
threat of extinction – the IUCN Red list includes more than 9 thousand animal 
species and almost 7 thousand plant species. Since 1600, 484 extinctions of 
animal species and 654 extinctions of plant species have been recorded. 

Global climate change contributes to further acceleration of biodiversity de-
cline processes, with can result in destabilization of the Earth’s biota, as well 
as loss of biosphere’s integrity and its capability to maintain vital parameters 
of the environment. Irreversible transition of the biosphere to a new state may 
render the planet incapable of maintaining its human population. Conserva-
tion of the diversity of life on Earth is a necessary condition of survival of 
humans as a species and sustainable development of the civilizations. Russia 
plays a key role in protecting global biodiversity and maintaining biosphere’s 
services, since its area hosts the largest conglomerate of natural ecosystems 
and a significant share of the global species diversity. 

Elaboration of effective measures to protect biodiversity under changing 
climate requires studies of observable effects of climate changes on various 
components of biodiversity (ecosystems, natural complexes, species, and pop-
ulations) and prediction of more remote consequences of these effects. Elabo-
ration of effective policies requires detailed studies of such consequences for 
all components of biodiversity. However, priority efforts should be focused 
on the components of biodiversity which are the most sensitive to climate 
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changes and can be the best indicators of their effects. This includes the most 
vulnerable ecosystems and species, as well as species that themselves become 
factors of adverse impact on species and ecosystems under changing climate. 

Sensitivity is the degree of response of an ecosystem or species’ population 
to a given climate change. Sensitivity determines the magnitude of change in 
composition, structure, and functioning of an ecosystem, or in composition 
and structure of a species as a result of a given increase in temperature. Vulner-
ability determined the magnitude of damage or harm to ecosystems as a result 
of climate changes. It depends not only on the sensitivity of an ecosystem or a 
species, but also on their resilience and adaptability to the change.

1.1. Terrestrial Arctic ecosystems

Russia holds the almost entire range of Eurasian natural ecosystems, including 
those of polar deserts, tundras, forest tundras, taiga forests, temperate broa-
dleaf and mixed forests etc. Russia hosts unique natural complexes, natural 
and cultural UNESCO World Heritage sites, as well as important centers of 
endemism, including, in particular, coastal areas of the Barents Sea, primary 
forests of Northern European Russia and Siberia, the Kamchatka Peninsula, 
the Chukchi Peninsula (Chukotka), Wrangel Island etc. All these areas require 
special attention in the context of conserving Russia’s biodiversity. 

Russia’s natural ecosystems are of unique value to the biosphere as a whole, 
making a major contribution to the vital global regulating services. Until now, 
conservation of many types of Arctic ecosystems (particularly of those of tun-
dra, northern and middle taiga etc.) did not raise serious concerns. The general 
state of species diversity in Russia has been estimated as satisfactory. The 
main faunal and floral associations of all landscape zones of the country and 
its freshwater and marine ecosystems have been preserved. However global 
climate changes can impact the condition of species and ecosystem diversity. 
Climate factors, particularly thermal, directly influence the state and function-
ing of components of terrestrial ecosystems, geographic distribution of the 
biota, its seasonal variations, species composition of ecosystems, biodiversity 
and productivity. The climate can also influence biological systems indirectly 
through a system of geophysical and geochemical factors affected by climate 
change and variability.
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The Russian sector comprises no less than one third of the total area of the 
Arctic. It includes main glacier-free continental areas of the region hosting 
the most typical Arctic ecosystems, as well as five of the nine Arctic seas, and 
most of the area of the central Arctic Ocean basin. In the mainland and islands 
of the Russian Arctic a number of well-pronounced landscape zones are found, 
including forest tundra – a transitional ecotone belt; tundra with its subzones 
(southern, typical and Arctic tundras); and Arctic desert zone. In these areas all 
main types and variants of ecosystems, phytocenoses and biocenoses typical 
to the Arctic are found. 

Russia has a key role in conserving Arctic ecosystems, since it is the Russian 
sector that hosts the most typical Arctic landscapes. The most prominent ex-
ample of typical features of Arctic territorial ecosystem complexes is found in 
Taymyr – Severnaya Zemlya physiographic area, where extensive mainland 
area hosts all Arctic zones and subzones clearly replacing each other. It is in 
this area that respective zonal ecosystems are found in the highest latitudes 
with increasingly severe climate pessimum. 

Occupying 4% of the total area of the Earth, the Arctic hosts only 1% of the 
planet’s biological species. This is a result of general decline in species diver-
sity from tropical to polar areas caused by decreasing amount of climate heat 
available. Despite relatively low species richness, protection of the Arctic’s 
biodiversity is a key element of conserving the global biodiversity. Such a 
low general level of species diversity makes evolutionary and ecological sig-
nificance of each species, its practical value, and environmental role in the 
structure of communities and ecosystems particularly high. It is in the Arctic 
that the principle of total biodiversity conservation, as opposed to selective 
one, is the most relevant. 

The Russian sector of the Arctic hosts about 80% of the total number of all 
species found in Arctic ecosystems (the overall species richness of the Arctic 
amounts to approximately 20,000 species), and 90% of the typical Arctic spe-
cies. The overall number of the latter hardly exceeds 3500 (including 800 in-
sect species, 500 – other arthropod, 400 – high plant, 100 – fish, 74 – bird, and 
20 mammal species). Ecological peculiarities and modes of life make many 
Arctic species extremely vulnerable to various disruptions of their living en-
vironment.



17SEARCHING FOR WAYS FOR ADAPTATION

EffECtS Of OBSERVABLE And PROjECtEd CLIMAtE CHAnGES In RuSSIA

A slow rate of production bioenergetic processes combined with low resilience 
and self-purification capabilities leads to occurrence of resonance and domino 
effects in ecosystems and populations, amplifying and expanding disturbances 
caused by changes in the environment, excessive removal of animals, biologi-
cal contamination and other kinds of impact. 

In the Arctic, as nowhere else in the world, localized, point and selective forms 
of adverse anthropogenic impacts occur, in some cases disrupting normal life 
of populations of certain species, or even destroying them. Due to a relatively 
small area of the Arctic region, even localized impacts gain particular signifi-
cance here. 

In terms of formal criteria, the current background state of the biodiversity 
of the Russian Arctic can be considered relatively satisfactory. The region 
comprises vast tundra and sea areas not affected by direct human impact and 
hosting pristine-type ecosystems. These areas include, in particular, the Tay-
myr and Gydan Peninsulas, interfluves of the Yana and Indigirka Rivers, the 
laptev and East Siberian Seas.

However, the recent decades have seen extremely rapid increase in processes 
threatening the biodiversity of the region. While earlier the industrial develop-
ment was limited to isolated spots, current trends involve contiguous or even 
complete development of large land and sea areas. Currently the areas affected 
by economic development have expanded, in many cases leading to consolida-
tion or fusion of industrial clusters, settlements and transportation routes. Vast 
areas of the Kola Peninsula, lower reaches of Pechora River, Bolshezemels-
kaya Tundra, Southern Taymyr, Northern Yakutia, Chukotka etc. have become 
threatened. These areas face rapid destruction, transformation, reduction, and 
fragmentation of natural ecosystems, as well as habitats of animal and plant 
species. Widespread uncontrolled use of off-road vehicles in summer causes 
particularly damaging effects on the ecosystems.

The issue of pollution of Artic seas and sea coast also becomes increasingly 
acute. The main pollution sources include global and regional pollutant trans-
ports. Global pollution is related mainly to the Gulfstream, runoff of Sibe-
rian rivers and air pollution transport, while regional factors include conse-
quences of Novaya Zemlya atmospheric and sea nuclear tests, toxic emissions 
of non-ferrous metal plants (Norilsk Nickel, Pechenganickel, Severonickel), 
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operations of nuclear fleets and land bases, oil and gas production in Yamal, 
Kolguyev and other coastal areas, as well as offshore oil and gas exploration. 
Particularly concerning is the risk of oil pollution of the Barents and Kara Sea 
ecosystems. 

One should particularly emphasize the fact that has not been widely recognized 
in the theory and practice of nature management and protection in the Arctic. 
In the system of global pollution transport processes (air pollution transport, 
transport with rivers and sea current), it is in the Arctic that many pollutants 
are finally accumulated. Therefore the system for protecting the Arctic en-
vironment should pay special attention to the issue of chemical pollution, to 
which Arctic species and ecosystems are particularly sensitive. This consid-
eration should be given a priority attention in calculating effects of global 
anthropogenic processes on the Arctic and developing respective conservation 
programmes. 

The processes of anthropogenic degradation of Arctic ecosystems are particu-
larly threatening since it is the most typical Artic species that are the most 
vulnerable to them. Conversely, invasive species coming from other natural 
areas, as well as cosmopolitan or synanthropic forms closely associated with 
human settlements gain certain advantages over native species replacing them 
and thus also contributing to the degradation of natural ecosystems. These pro-
cesses are particularly pronounced in the southernmost areas of the Arctic – in 
forest tundra and, to some extent, in southern tundra.

In the recent years, commercial harvesting of the Arctic’s biological resources 
has reached the level of uncontrolled predatory exploitation. Poaching is prac-
ticed on an industrial scale. The scale of catch and collection of rare animals 
and biological materials, and their uncontrolled export from the country and 
Arctic regions has exceeded all acceptable limits. This results in degradation 
of populations and reduction of ranges of a number of mammal, bird, fish and 
invertebrate species. Uncontrolled harvesting is particularly widespread in the 
areas closest to the Atlantic basin, and in the Northwest. 

Stemming from the conservation agenda for the region is an urgent challenge 
of balancing traditional natural resource use practices of indigenous peoples 
of the North with modern forms of intensive natural resource development. 
Currently some areas inhabited by indigenous peoples have fallen within the 



19SEARCHING FOR WAYS FOR ADAPTATION

EffECtS Of OBSERVABLE And PROjECtEd CLIMAtE CHAnGES In RuSSIA

sphere of interest of resource extracting companies, with operations of the 
latter disrupting traditional systems of nature use. One should note that these 
traditional systems do not lead to degradation of the environmental quality and 
even effectively help to maintain it, at the same time contributing to preserva-
tion of cultural values of the indigenous population.

In the coming century the magnitude of climate change in the Arctic will be 
approximately 1.5-2 times more than the global average. The change in tem-
perature in various parts of the Arctic for the last several decades ranges from 
0.7 to 4°С with winter temperatures rising more than summer ones; the aver-
age duration of freeze-up period on rivers and lakes has decreased. An earlier 
beginning of spring ice-melting and a longer melting period result in a reduced 
area of the ice cover in the end of summer. For the last 30 years the duration 
of snow period decreased on average by 2 weeks. The average precipitation 
throughout the Arctic region has increased by about 8% for the last century.

Climate change will particularly affect transitional areas at the sea-land inter-
face characterized by the most intense interaction between various natural me-
dia. A typical feature of northern coastal landscape is marshes or laidas – vast 
coastal wetland meadows, periodically flooded during tides, with vegetation 
well-adapted to excessive salinity. Laidas are associated with silty and sandy 
accumulative coasts with extensive mud flats, and give rise to a variety of dif-
ferent conditions. Laidas are transitional areas between sea and coastal tundra, 
which weaken the impact of storms, at the same time being vital producers of 
organic matter. Such marshes are widespread in bays of the White Sea, in the 
southeastern part of the Barents Sea (Pechora Sea), on the coast of the Yamal, 
Gydan, and Chukchi Peninsulas, and in some other parts of the Russian Arctic 
coast. It is on laida coasts that mass staging sites of aquatic and semi-aquatic 
birds are found, with sandpipers, Branta geese (black geese) and other goose 
species feeding there. 15 of 130 aquatic and semi-aquatic bird species of cir-
cumpolar Arctic area nest in the narrow coastal strip, mainly in laida areas. 

The coast of the Chukchi Sea, unlike most other Arctic seas, is fringed by 
chains of spits, or peresyps, separating coastal lagoons of different types from 
the sea. Current processes affecting the Chukchi Sea coast include mainly ero-
sion and transformation of the coastal zone, accompanied by movement of spits 
toward the mainland. Climate warming, thawing of permafrost and sea ice in 
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the Arctic will result in substantial rise in sea level and can potentially lead to 
loss of some spits – important habitats of birds and aquatic mammals, – as well 
as salinization of lagoons and their transformation into sea bays. In this case 
formation of coastal plant communities will shift to earlier stages potentially 
leading to serious and, at the moment, difficult to predict consequences for the 
whole coastal ecosystem.

Continuously expanding exploration and extraction of mineral resources, oil 
and gas in the Arctic coastal area can become another serious adverse impact 
factor for fragile coastal ecosystems. Use of heavy off-road vehicles results in 
damage to or irreversible loss of soils and vegetation. 

Another type of transitional biotope is polynyas, sites of the most intense in-
teraction between ocean and the atmosphere. Polynyas are stationary open-
ings of clear water in pack sea ice or at its edges. They are characterized by 
some unique features and play an important role in physical and biological 
processes taking place in northern seas. Polynyas are formed as a result of spe-
cific meteorological process, with offshore winds and currents being the most 
important. The presence of open water and thin new ice in a polynya, while 
surrounding sea is covered by thick ice and air temperature is much lower than 
0°С, results in intense energy exchange and massive transfer of heat and water 
from polynya surface to the atmosphere.  Continuous freezing of water leads 
to formation of enormous amounts of ice drifting from the polynya, and to in-
creased content of salt in the surrounding sea water. At the same time polynyas 
themselves, characterized by intense energy exchange processes, can close a 
feedback loop by influencing climate processes through regulating flows of 
heat and water between ocean and the atmosphere, contributing to formation 
of cyclones and affecting their behavior. 

Biological significance of polynyas makes them “oases of life” in ice-covered 
seas. Growing season, unusually early and long for the Arctic, contributes to 
increased biological productivity and support of communities with multi-level 
food chains. Benthic communities of polynyas are also characterized by a high 
community biomass due to increased vertical water circulation and inflow of 
biogenic elements. The largest birds colonies of the high-latitude Arctic are 
associated with polynyas; the latter also provide wintering sites for walrus-
es, white whales (belugas) and bowhead whales. Sea birds use systems of 
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polynyas to reach their nesting sites in early spring, when all the sea except for 
polynyas is covered with ice. 

For millennia indigenous peoples of the Arctic and, later, early explorers no-
ticed two important features of polynyas: the presence of open water in win-
ter, as well as abundance of birds and marine mammals. locations of ancient 
and current settlements of indigenous population of the Chukchi Peninsula, 
as well as routes of early exploratory expeditions have been associated with 
polynyas. 

In case of warming easier ice condition would make sea polynyas particu-
larly attractive in terms of navigation and economic activities in the Arctic. 
This will pose an inevitable threat to highly vulnerable biotic communities 
of polynyas under current conditions of industrial expansion into the Arctic 
offshore areas.

In tundras, increase in temperature, precipitation and depth of seasonal per-
mafrost thawing will result in an increased role of hygrophilous thermophilic 
grasses, as well as low shrubs.

The 21st century will see gradual change in species composition and population 
size in plant communities, as well as a shift of boundaries between vegetation 
zones. By 2020-2030, the number of shrubs and thermophilic grasses in tundra 
ecosystems will increase; in 2050s moss tundras will be gradually replaced by 
shrub ones; by the end of the century expansion of forest into tundra – spreading 
of tree species in tundra, shift of forest boundary northward – is expected.

At the same time one should expect disturbance of vegetation as a result of 
intensified thermokarst and solifluction processes.

Similar changes are expected in forest tundras. Forecasts predict an increase 
in forest and open woodland area in forest tundras by mid-21st century; an 
increase in crown closure in forest communities and, in the south of forest 
tundras, invasion of thermophilic forest species by the end of the century.

The area under reindeer lichen – the main fodder of reindeer – will decrease, 
which can potentially lead to decreased abundance of this ungulate species.

A change in faunal composition of Arctic ecosystems is also possible. As a 
result of climate changes the range of fox will expand northward, leading to 
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strong competition between this animal and polar fox. Significant increase 
in summer temperatures and stronger droughts in Taymyr can result in dra-
matic decline in lemming population, forcing polar foxes and predatory birds 
to “switch” to Branta geese thus undermining populations of the latter. Even 
moderate warming scenario envisions the decrease in red-breasted goose range 
by 67%. The main threat to ungulate species – reindeer, musk ox etc. – is as-
sociated with increased frequency and intensity of alternating thaws and frosts 
in spring and autumn, since ice crust formed on the snow as a result of these 
processes prevents animals from reaching fodder.

 Climate warming, as well as changes in precipitation amount and patterns 
in the Arctic leads to decline in the extent of drift ice, change in properties of 
land-fast ice, and gradual shift of the edge of drift ice in late summer – early 
spring northward, beyond the continental shelf. This will lead to changes in 
ranges of ringed seal and bearded seal. As a result, the animals will be dis-
placed to low productivity areas and will face difficulties feeding themselves. 
Food stress will adversely affect condition and abundance of the animals. This, 
in turn, will have a negative impact on the population of polar bear, for which 
these seals are the main prey species. 

1.2. Ecosystems of northern seas of Russia 

Russia is one of the largest maritime power of the world. Its shores are washed 
by 13 seas –Baltic, Barents , White, Kara, laptev, East Siberian, Chukchi, Ber-
ing, Caspian, and Black seas, as well as seas of Okhotsk, Japan, and Azov – of 
three oceans – Atlantic, Arctic, and Pacific. Russia has the longest mainland 
coastline in the world – about 60 thousand km. Its coasts are located in almost 
every natural zone of the country – from Arctic deserts and tundras to broadleaf 
forests of the Far East, Caspian semi-deserts, and Mediterranean-type arid open 
woodlands of the Black Sea coast. As interfaces between terrestrial and aquatic 
ecosystems, coastal zones are characterized by extreme biodiversity. Areas with 
the highest level of animal and plant species diversity are associated with sea 
costs: for example, in the Far East richness of local flora and mammal fauna 
reaches 1200 and 75 species per 100 km² respectively. Sea coasts host largest 
wetlands of international significance providing nesting, staging and wintering 
sites for tens of millions of aquatic birds (Volga Delta, Murmansk coast etc.).
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Seas and coasts of Russia are habitats of many rare and endangered plant and 
animal species listed in the Russia’s Red Book, including 17 invertebrate spe-
cies, 15 cyclostome and fish species, about 20 bird species, and 29 mammal 
species and subspecies.

long-term changes in ecosystems are determined by such factors as climate 
fluctuations and lifecycles of aquatic biota. Significant fluctuations in abundance 
between individual generations of aquatic animals are observed in both com-
mercial species and those having no commercial value. Global climate changes 
dramatically affect biological productivity of seas. Severe climate anomalies 
have particular significance to functioning of marine ecosystems. It is in these 
periods when trophic and other relationships within ecosystems go out of bal-
ance. Currently these processes become extremely significant, as the climate 
system of the Northern Hemisphere gets increasingly unstable. Natural intergen-
erational fluctuations in abundance of fish species and climate variations may 
concur, leading to a combined impact difficult to predict. Intense harvesting in 
low productivity periods leads to rapid collapse of population. 

Powerful ocean currents also have a dramatic influence on marine ecosystems. 
For example, inflow of water from the Atlantic affecting thermal and salt bal-
ance is a key factor of productivity of the Barents and Baltic seas. 

Climate change has already affected all northern seas of Russia. Changes in 
physical (temperature and ice regimes, sea level, salinity) and biological (spe-
cies composition, species ranges, structure of ecosystems and populations etc.) 
characteristics of these seas have been recorded.

Particular vulnerability of the northern seas to climate change is determined by 
their peculiarities including, in particular, light regime, duration of ice period, 
water temperature, and structure of food chains. Climate-related changes have 
been observed in such parameters of northern marine ecosystems as microbio-
logical indicators, biological parameters of phytoplankton, zooplankton, zoo-
benthos, fish fauna, as well as populations of sea birds and mammals.

Baltic Sea

In bays of the sea, species composition and phenology dates of phytoplankton 
have changed, its diversity has increased, mainly due to green algae. For ex-
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ample, in Curonian lagoon three peaks instead of two are currently observed: 
spring, summer and a new one – autumn peak, not observed in 1970s. Growing 
season of plankton algae has extended, spring and summer peaks shifted about 
three weeks earlier. Decreased salinity and increased temperature of the water 
resulted in a decreased share of zooplankton species adapted to high salinity 
and low temperature and an increased share of warm-water and smaller forms. 
Since 1970s, a trend of increasing zooplankton biomass has been observed; in 
late 1990s – early 2000s, zooplankton biomass in winter was 1.7 times more 
than in the previous years, in summer –11.4 times more. Successful immigra-
tion of a number of species from other areas took place. Changes in vertical 
distribution of salinity and oxygen content resulted in some depletion of ben-
thic fauna by the end of the 20th century. Environmental changes caused by 
changing climate facilitated successful introduction of benthic species from 
other regions such as Black Sea – Caspian regions. Fish communities in the 
open part of the sea were dominated by cod, sprat and herring. As a result of 
climate change, the weight-age ratio in herring has reduced in 1980s in vari-
ous sectors of the Baltic Sea; individual weight of sprat has reduced later, in 
1990s. Climate changes affected populations of sea birds, changing their rang-
es, abundance, species features and peculiarities, migration dates and routes. 
In the period 1987-2002, a massive northward shift of population core of such 
bird species as mute swan, tufted duck, common goldeneye, and common mer-
ganser took place. In some cases breeding and spring migration periods shifted 
to earlier dates.

White Sea

In the late 20th century a pronounced trend of increasing air temperature was 
observed in the region. The climate has become wetter. Since late 1970s – 
early 1980s the average annual level of the White Sea increased by 10-12 
cm. Climate changes have led to increased abundance and species diversity of 
bacterial plankton. less severe winters and reduced ice coverage resulted in 
favorable conditions not only for wintering of a number of migratory aquatic 
bird species, but also for emergence of non-migratory White Sea populations 
of common eider and black guillemot. However reduced ice coverage nega-
tively affects conditions for reproduction of the White Sea population of harp 
seal thus leading to a decreased abundance of this species. 
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Barents Sea

Climate change resulted in increased water temperature, reduced ice cover-
age of the northern part of the sea, and an increase in sea level of 10–12 cm 
between 1970 and 2005. The aquatic fauna used to be dominated by cod, 
haddock, capelin, pollock, herring, as well as shrimp. These were the main 
commercial species (comprising up to 90% of the total catch). As a result of 
climate change, new immigrant species have been observed; it is expected 
that their presence can lead to some changes in the marine ecosystem. Poten-
tial consequences of such modification have not been estimated yet. Current 
climate change facilitates immigration of North Atlantic populations of sea 
birds. There are 12 whale species living in the sea including, in particular, 
bowhead whale (Greenland right whale), narwhal, white whale (beluga), and 
common minke whale, with the latter two being the most abundant. Climate 
change leads to an increase in abundance of some whale species. There are 
7 pinniped species living in the sea with harp seal being the most abundant 
one. However, climate change and associated northward shift of the edge 
of Arctic ice have resulted in deteriorated habitat conditions for this seal. 
Decline in the extent of Arctic ice leads to decrease in the number of habitats 
suitable for polar bear.

Chukchi Sea

Since 1993 to 2002 the density of bacterial microflora of the Chikchi Sea has 
increased on average 1.5-2 times, while average density of heterotrophic sap-
rophytic bacteria increased 3.7 time. 

Bering Sea

Since 1981 to 1993 the abundance of bacterial plankton in the epipelagic zone 
of the Bering Sea increased on average 4 times, while daily production of 
bacterial biomass increased 6.7. These are signs of eutrophication processes 
caused by anthropogenic factors and, probably, by climate change. In 1993 
compared to 1950, an increased number of phytoplankton species with tropi-
cal range type was found under conditions of increased temperature in the 
western part of the Bering Sea. According to 1993 data, in the deep layers of 
the Gulf of Anadyr algae species never encountered there before were found.
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Expected climate changes will substantially affect the habitat conditions of aquat-
ic life, as well as structural and functional features of ecosystems of the northern 
seas. Climate change may become the main factor affecting marine biological 
resources for the next few decades. According to existing scenarios, potential 
effects of climate change can be both favorable and unfavorable to valuable com-
mercial fish species, mammals, birds and other forms of marine life. The main 
expected effects of changing temperature of the ocean surface layer on marine 
ecosystems include shifts of geographic distribution of marine biota and changes 
in biodiversity, particularly at high latitudes. Climate changes, along with the 
regime of fisheries exploitation, will significantly affect the fishing industry.

Baltic Sea

According to regional modeling data, the average temperature across the 
basin will increase by 3–5°С during the 21st century. It is expected that the 
increase will be more pronounced in the eastern and northern parts of the 
basin in winter, and in the southern part – in summer. As a result, by the end 
of the century growing period will increase by 20–50 days in the north of the 
basin, and by 30–90 days in the south. The area of the sea ice in winter will 
substantially decrease with the Gulfs of Bothnia, Finland, and Riga, and out-
er parts of the Southwest Finland Archipelago being the most affected. The 
duration of ice season will decrease by 1–2 month in the northern part of the 
sea, and by 2–3 months in the central part. The overall annual precipitation 
will increase, particularly in the northern part of the sea; winter precipitation 
will increase more than summer one. Precipitation increase in the southern 
areas will be less pronounced than in the northern ones, particularly in sum-
mer. River runoff to the sea will increase, in northern areas more than in the 
southern ones, and in summer less than in winter. Average salinity will prob-
ably decrease. Warming along with associated changes in sea regime may 
result in an increased activity of bacteria, leading to increased cycling and 
mineralization in the surface layer and consequently in reduced sedimenta-
tion of organic matter. Possible effects of warming also include changes in 
phytoplankton species composition and dates of its blooming, which may 
disrupt existing food chains and lead to changers at higher trophic layers. 
Temperature increase in the surface layer of the Baltic Sea may lead to a 
decrease in spring and autumn convective mixing, thus affecting distribution 



27SEARCHING FOR WAYS FOR ADAPTATION

EffECtS Of OBSERVABLE And PROjECtEd CLIMAtE CHAnGES In RuSSIA

of food elements in the photic zone, while changes in river runoff may affect 
the inflow of food elements from the catchment area. 

Expected increase in water temperature will probably positively affect survival 
rate of mesozooplankton in winter, as well as its growth and breeding in summer. 
The role of smaller mesozooplankton (protozoans, cladocerans, rotifers, small 
estuarine copepods) in the pelagic food chain will increase. Climate warming will 
affect marine mammals mainly through significant decrease in the area of the ice 
cover with adverse impact on seals breeding on the ice, particularly on ringed 
seals and grey seals. It is expected that the ice cover will substantially decrease 
in the breeding areas of ringed seal, with only 18–48 ice days remaining for seal 
breeding in the southern part of the basin in 2071–2100. As a result, the ringed 
seal range will shrink and shift northward. loss of populations breeding in the 
Gulfs of Finland and Riga, and in the Finland Archipelago is possible. 

Expected increase in sea level and wind waves may negatively affect distri-
bution of grey seals and harbor seals, as well as their feeding and breeding 
grounds. At the same time, increase in the temperature of the water surface and 
decrease in the ice cover may be favorable for porpoises and harbor seals.

Migrating sea birds wintering on the Baltic Sea will possibly be among the 
most affected by climate warming – they will be able to winter further north 
than at present. 

Chukchi and Bering Seas

Expected climate warming in the region of the Chukchi Sea and related pro-
cesses – changes in temperature of the surface water layer, increased duration of 
phytoplankton growing season, thawing of permafrost and increased river runoff, 
coastal erosion – will finally result in an increased inflow of organic matter to the 
sea and more active development of heterotrophic saprophytic microflora. Increase 
in temperature of the top quasi-uniform water layer by 1, 2 and 4°С will result in 
increase in primary production of organic matter by 1, 2.6 and 4.6% respectively, 
and in increase in bacterial destruction by 2, 4 and 7% respectively. Temperature 
increase by 2–4°С will lead to an increase in biomass, being the most pronounced 
in zooplankton – by 2-4%. At the same time nitrate concentration will decrease 
by 1–2%, while ammonium concentration will increase by 1–1.6% (these values 
correspond to the temperature increase during the warm season).
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1.3. Animals

1.3.1. Rare and endangered animal species

Climate change has already affected some rare and endangered species in the 
most dramatic and threatening ways, producing prominent examples of its im-
pact. This kind of impact is characteristic for species, whose habitats are asso-
ciated with vulnerable ecosystems, particularly for polar bear and various seal 
species. 

Climate change has already transformed key habitats of certain species. Tem-
perature increase by 2.5°C may result in extinction of 20–30% of the species.

Polar bear

The condition of polar bear as a species to a large extent depends on avail-
ability of ice habitats. The animal needs them as a platform for hunting its 
main prey – seals – and for seasonal migration. Decrease in extent of the sea 
ice cover leads to loss of natural habitats of polar bear, reduces opportunities 
for successful seal hunting, and forces bears to cross large areas of open water, 
with sometimes results in drowning of the animals. This trend is clearly seen 
in many parts of the Arctic, particularly in the Barents and Chukchi Seas, and 
in the southern part of the Beaufort Sea.

Climate change in the Arctic results in increased velocity of the drift ice 
and longer distances traveled by it. Studies have shown that polar bear liv-
ing in the areas with highly dynamic drift ice maintained larger individual 
home ranges and on average moved faster compared to those inhabiting 
areas with more stable ice conditions. Increased mobility will require bears, 
particularly younger animals, to make additional efforts and expend more 
energy.

One of the consequences of climate change is increased fragmentation of the 
ice cover. As width of ice fractures or area of open water increases, polar bears 
will need to spend more time traveling and to swim across larger expanses of 
water. Although polar bears are able to swim long distances, they prefer to 
walk on the sea ice. When the ice concentration decreases below fifty percent, 
bears are quick to leave the sea ice and move to the land. 
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Reduction of the sea ice cover has particularly dire consequences for preg-
nant bear females that usually return to particular denning areas on land to 
give birth to their cubs. The distance to the edge of the sea ice, where most 
bear spend summer, increases, which makes it difficult or even impossible 
for females to reach their usual denning areas. Earlier ice break-up dates 
resulting from warmer springs correlate with decreased fatness of females 
found on land, lower birth rate, as well as lower survival rate of cubs, ju-
venile bears, and bears aged twenty years and more. A further decrease in 
fatness of pregnant females during the period prior to maternal denning is 
expected. This will result in a reduced share of females able to successfully 
give birth to cubs and rear them. Females with less fat reserve will likely 
produce more litters of one cub or more smaller cubs with lower probability 
of survival.

Decreased ice cover of the Arctic seas and reduced share of several-years-old 
drift ice resulting from climate changes in the region lead to increasingly fre-
quent encounters with polar bears on the coast, near settlements, seal hunting 
or animals dressing grounds, meat and hides storages, or at waste dumps. This 
leads to an increased probability of bear-human conflict, when humans may be 
forced to kill the bear. For example, during the winters of 2006 and 2007 resi-
dents of Ryrkaypiy, Mys Shmidta and Vankarem settlements on the Chukchi 
Peninsula suffered from invasions of polar bears. It is likely that such encounters 
will become more frequent as the Arctic climate further changes. 

Other factors of climate change observed during the last decades include 
changes in precipitation amount and patterns. According to observations, 
for the last century overall precipitation across the whole Arctic increased 
approximately by 8%. This change results from increased precipitation in 
the form of winter rains, and, to a lesser extent, from increased autumn and 
spring precipitation. According to forecasts, an increase in the frequency 
of winter and early spring rains in the Arctic is expected. This may lead to 
disruption of maternity dens or changes in temperature regime inside them. 
Taking into account pronounced “immaturity” of newborn cubs and the 
need to rear them for three or four month before leaving the den, substantial 
changes in protective properties of dens may negatively affect survival rate 
of cubs. 
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Thus climate change will lead to a chain of changes in habitat conditions of polar 
bear. These changes, mostly adverse, will finally lead to decrease in populations of 
the predator.

Seals

Climate change affects the condition of Arctic seals. Since seals are depen-
dent on the ice during most of their lifecycle, reduction of ice fields (chang-
es in extent and concentration of the sea ice) seriously affects condition of 
the animals. long periods of swimming without being able to rest on an ice 
floe weaken seals. Their annual migration routes and location of colonies are 
changing. In some cases new colonies emerged close to human settlements. 
For example, new colony near Ryrkaypiy settlement emerged on an aircraft 
approach route. Noise of low flying planes spurred a stampede among walrus-
es, in which many young animals were killed. According to researches, about 
85% of walrus deaths in coastal colonies are associated with stampedes caused 
by external factors, with most of those killed being young walruses.

In the future, the following changes in abundance and distribution of seals are 
expected:

■  decline in seal abundance as a result of warmer winter temperatures and in-
creased winter rains disrupting and destroying birth lairs, causing increased 
mortality in pups and preventing populations from recovery; 

■  re-distribution of ringed seal as a result of reduced area of the drift ice and 
changed properties of the land-fast ice, on which ringed seals make their 
birth lairs;

■  decline in ringed seal condition and abundance resulting from progressive 
receding of the drift ice edge in late summer – early autumn further north, 
beyond continental shelf, and associated displacement of ringed seals to 
low productivity areas, where it is more difficult for the animals to feed 
themselves (food stress); 

■  increased abundance of walruses in the eastern sector of the Russian Arctic 
and emergence of coastal colonies in the north of the Chukchi Peninsula, 
near human settlements, which will lead to increased disturbance of the 
animals and direct adverse impact on them. 
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five times compared to the previous average level of 500 thousand, reaching 
the lowest point since 1934. This was the result of the disruption of the Soviet 
reindeer herding system and uncontrolled hunting. Import of reindeer from 
Yakutia in early 2000s and restoration of the system of reindeer herding teams 
(brigades) helped reverse the trend. 

In order to effectively maintain local reindeer population, Yakutia has adopted a 
system of measures, which appears to be sound, transparent, and worth replicat-
ing as a good practice. Proposed measures include, in particular, creation of a 
working group comprised of specialists for studying main threats to the reindeer 
populations and identifying approaches to protecting the latter under the con-
ditions of increasing industrial impacts. The working group should elaborate 
proposals for locations where wild and domesticated reindeer population come 
or may come in conflict with industrial projects, putting particular emphasis on 
restoration and sustaining of reindeer herding in those areas. The working group 
should also elaborate proposals on management and protection of reindeer pop-
ulations under the conditions of global warming, coordinating these proposals 
with local authorities. It is also proposed to create a “Coordination Committee 
for Monitoring of Wild and Domestic Reindeer Population” under the auspices 
of the regional government. Responsibilities of the Committee will include: 

■ implementation of reindeer-related projects and financial programmes of 
the government of Yakutia and international organizations; 

■ contracting individual researchers and organizations to carry out aerial 
counting and satellite monitoring of migrating herds and condition of pas-
tures. These activities also include monitoring of various parameters (popu-
lation size, distribution, age and sex structure, success of breeding and sur-
vival rate in various seasons) of wild and domesticated populations; 

■ development of correspondent networks comprising hunters, herders and lo-
cal residents, including indigenous population, in all administrative units of 
the Republic, mailing and collecting questionnaires, providing correspondents 
with means of communication, and introducing financial incentives for them; 

■ drafting legislation on management and monitoring of reindeer populations 
in the areas affected by industrial development, and presenting it in the Re-
publican Parliament; 
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■ organization and support of thematic conferences, publication of  informa-
tion letters, organization of a dialogue between herders, hunters, officials 
and scientists aimed at elaborating common solutions.

1.3.3. Aquatic and semi-aquatic birds

As a result of climate change and, in particular, of longer frost-free periods, 
boundaries of ranges of aquatic and semi-aquatic birds shift northward. For 
example, in the Middle Amur area northward shift of range boundaries of such 
birds as great crested grebe, crested honey hawk, Swinhoe’s rail, paddyfield 
warbler, black-winged stilt is observed. It is expected that in the short-term 
perspective (15-20 years) these processes will continue and increase.

In the Baltic basin, climate changes led to changes in dates and routes of mi-
grations as well as migratory behavior of aquatic and semi-aquatic birds. Sci-
entists report earlier spring arrival dates and later autumn departure dates of 
migratory bird species. In the period 1987-2002, a massive northward shift of 
population core of such bird species as mute swan, tufted duck, common gold-
eneye, and common merganser took place. In some cases breeding and spring 
migration periods shifted to earlier dates. 

Conservation of populations of migratory Arctic birds, their wintering sites and 
migration routes is an extremely complex and multi-faceted problem, which can 
be effectively addressed only within the framework of international programmes. 
Of particular concern is the state of populations of aquatic birds nesting in tundra 
zone of the central sectors of Eurasia (between the Urals and lena river). 

1.3.4. Ichthyofauna

Global warming leads to changes in ranges of a number of freshwater fish spe-
cies and northward shift of range boundaries. 

According to scientific studies, blue bream Abramis ballerus, a common species 
in water bodies of South Karelia, was spotted in some sectors of Vodlozero lake 
since 1935; since 1954-1955 its abundance has been gradually increasing. Cur-
rently this species is abundant in the lake, being the third or forth it terms of its 
share in total catches. The increase in abundance of blue bream, as a relatively 
thermophilic species, at the northern boundary of its range is apparently the re-
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sult of climate warming during the last few decades. The same factor can be 
used to explain northward progress of other species in the basin of the Northern 
Dvina River. For example, individual specimens of white-eyed bream Abramis 
sapa were first found in the Norhern Dvina basin in 1960s. In 1971 white-eyed 
bream was first spotted in Vychegda River, and then penetrated into Northern 
Dvina, becoming increasingly abundant there. Currently this species is found 
throughout Northern Dvina, including river delta and estuarine offshore areas. 
Asp Aspius aspius was also originally absent in the rivers of the Arctic Ocean 
basin, but in the recent years it penetrated into Northern Dvina and spread across 
the river reaching as far as Arkhangelsk. Ziege Pelecus cultratus was first spotted 
in the Northern Dvina basin in 1970s.

Climate warming certainly affects also marine fish species, however, the 
nature of this influence is much more complex. Water temperature is the 
main factor limiting distribution of nekton species. In addition, spawning 
dates of a number of fish species, including commercial ones, are associated 
with long-term annual average temperature of the surface layers at spawning 
grounds. For example, according to the data of hydrometerological stations, 
located at the Peter the Great Gulf, a general trend of increasing water tem-
perature with prolonged periods of temperature increase and decrease has 
been observed for the last 70 years. Higher water temperatures in the Peter 
the Great Gulf during summer and autumn are related to the influence of the 
warm East Korea Current and insolation heating of coastal waters, while 
lower temperatures are related to the wind upwelling – rise of colder bot-
tom water to the 20-40 m thick surface layer and cooling of the latter. The 
intensity of periodic penetrations of thermophilic ichthyofauna into coastal-
estuarine systems of the Far East depends on the combination of these condi-
tions, and also on river runoff volume in a particular year, as it was the case, 
for example, in low water 1997. The East Korea Current helps thermophilic 
fish reach the Peter the Great Gulf, from where they move northward along 
the coast. Since the middle of 1990s, a new increase in abundance of south-
ern fish species in the waters of Southern Primorye has been observed. The 
abundance of konoshiro gizzard shad, Japanese anchovy, garfish, flathead 
mullets has increased.

Under conditions of changing climate in the 20th century, northern marine 
ecosystems have undergone significant changes in microbiological indicators, 
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composition of phytoplankton, zooplankton, and zoobenthos, which, in turn, 
affected composition and distribution of marine ichthyofauna. Under condi-
tions of changing climate in the 21st century more changes are expected, in-
cluding further northward shift of ranges of many marine species, as well as 
changes in biodiversity and populations size. This will seriously affect condi-
tions of fisheries in the northern seas and may result in an increased anthropo-
genic pressure on the populations of marine ichthyofauna. 

1.4. Plants

Climate-related changes affect dates of phenological events in plants, incre-
ments of trees, boundaries of vegetation zones, plant species diversity etc. 

Climate warming may lead to significant changes in dates of phenological 
events in plants. Even a small ubiquitous warming of 1°С will shift calculated 
dates of leaf expansion in birch in some regions by several days earlier, while 
forecasts predict global warming of 1.8 – 4.0°С and more by the end of the 
21st century compared to the 20th century. Projected warming in the 21st cen-
tury will lead to changes in species composition and population sizes in plant 
communities, and to shift of vegetation zones.

According to long-term observations, dates of phonological events in plants 
(leaf expansion, blooming, leaf yellowing etc.) have already changed. In Eu-
ropean Russia these events have shifted to earlier dates – an expected response 
to climate warming. In many regions plant growing season has increased by 
5–10 days. 

Results of dendrochronology studies of larch from various Siberian regions 
(Taymyr, Indigirka River area, Tyva Republic) show that radial increment of 
the trees has not responded to climate warming in an expected way. Despite 
climate warming in the second half of the 20th century, radial increment index 
(an indicator reflecting radial increment of a tree in mm per year with short-
term fluctuations smoothed and the influence of tree age removed) shows 
a decrease in radial increment in that period. Since theoretically warming 
should lead to an increase in the increment, provided that sufficient amount 
of water is available, observed decrease can only be explained by peculiari-
ties of climate changes in the seasons most significant in terms of the annual 
increment. 
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Expected future trends include further increase in growing season and arrival 
of new plant species that were not characteristic to the host communities and 
regions earlier. Changing dates of phenological events in certain plant species 
can result in desynchronization of lifecycles in various components of natural 
ecosystems, which may potentially affect their structure and functioning.

1.5. Invasive species 

Invasive (alien) species always affected ecosystems in significant ways. How-
ever, their impacts become particularly pronounced in the second half of the 
20th century, when expansion of ranges and arrival of species to new commu-
nities began to take place in the context of broader climate and anthropogenic 
changes. 

In the 20th century, processes related to invasion of alien species and their im-
pact have been amplified as a result of intense globalization of economical rela-
tions (international trade in agricultural products and exotic species, tourism). 
These processes affect, among other countries, Russia, whose area comprises a 
significant part of the Eurasian continent. Invasions of alien species negatively 
affect not only indigenous species, their habitats, and natural ecosystems as a 
whole, but also public health and economy of affected countries. Introduction 
and spreading of invasive species leads to deterioration of agriculture, forestry 
and fisheries, and to increased spending on monitoring and control.

Invasive species have been found in all types of ecosystems and represent 
all categories of living organisms: from viruses and fungi to higher plant and 
mammals. Biological invasions are one of the main threats to biodiversity. 
Invasive species are especially threatening to endangered native species (par-
ticularly endemic ones) and to the most vulnerable types of ecosystems, in-
cluding island, freshwater, marine, mountain and some other ones. Invasive 
species affect vulnerable ecosystems and native species, acting as limiting fac-
tors, in a number of ways:

■ invasive species may substantially alter the living environment of indigenous 
species by changing structure and functioning of the affected ecosystem;

■ invasive species may become competitors of indigenous species eventually 
replacing them;
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■ invasive species may take the role of a predators with regard to native spe-
cies, thus contributing to removal of the latter;

■ invasive species may be vectors or agents of diseases.

Global climate changes have already affected the process of species’ invasion 
into ecosystems located beyond their original (natural) range. Climate warm-
ing results in expansion of invasive species ranges, boundaries of which were 
originally limited by unsuitable climate conditions.

1.6. Animals – agents or vectors of dangerous diseases

Climate change leads to changes in distribution conditions and range expan-
sion of ticks, mosquitoes, fleas and other invertebrate vectors of infectious and 
parasitic diseases.

Effects of climate change – warmer temperature regime and increased humid-
ity – have become the main factor of range expansion of ixodes and increase 
in their abundance. This, in turn, resulted in an increased incidence of such 
diseases as tick-borne borreliosis (lyme disease) and tick-borne encephalitis 
in the late 20th century, observed, in particular, in Volga-Vyatka region, as well 
as in Urals and Siberian regions. 

Increase in winter temperatures (milder winters), precipitation and snow cover 
thickness contribute to better overwintering and increased abundance of ro-
dents, including bank vole, a background species. This species is a vector of 
hemorrhagic fever with renal failure syndrome (HFRS), a viral disease. The 
prevalence of this disease has been increasing since the middle of the 1980s, 
growing three times by the beginning of the 21st century. 

2. Arctic specially protected natural areas  
    in the conditions of changing climate

According to the studies, the 21st century in the Arctic will see continuation of 
a number of trends, including increase in surface air and soil temperature, per-
mafrost thawing, negative balance of land glacier ice accumulation, decrease 
in extent and thickness of the sea ice, decrease in the share of the drift sea ice, 
increase in river runoff to the Arctic Ocean, changes in species composition of 
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Arctic and Subarctic ecosystems, and a number of other changes in  the natural 
environment.

Climate change brings about a high probability of changes in boundaries, de-
crease in area, as well as fragmentation and degradation of habitats and, con-
sequently, ranges of rare and endangered animal and plant species. 

At the same time effects of climate change add up to existing impacts of hu-
man activities on natural complexes and objects, thus amplifying adverse pres-
sure on the latter.

Specially protected natural areas (SPNAs) is the most effective form of biodi-
versity conservation, in particular, in Arctic regions. Arctic ecosystems (laidas, 
polar deserts, tundras, forest tundras) are particularly vulnerable and sensitive 
to the impact of climate changes.

At present there are 32 national SPNAs in the Russian Arctic, including 17 
strict state nature reserves (zapovedniks), 3 national parks, and 12 state nature 
reserves (zakazniks) (see Fig. 5, p.43). 

In the conditions of changing climate, the following key objectives of SPNAs 
become particularly important:

1) Conservation and maintenance of the natural condition of biological diver-
sity, including: 

■ species diversity, with particular attention to rare and endangered animal 
and plant species, and their natural habitats; and 

■ ecosystem diversity, with particular attention to the key and the most 
vulnerable or sensitive to climate change ecosystems.  

2) Preservation and maintenance of natural ecological processes in order to 
ensure their sustainable long-term functioning and development. 

3) Monitoring of the state of the environment, its components, and natural 
processes, including monitoring of effects of changing climate on nat-
ural complexes and objects. The Nature Chronicles programme main-
tained by strict nature reserves and national parks can be one of the most 
effective tools of such monitoring, and therefore needs to be further 
developed.
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In 2009, Russian specialists have completed a gap analysis of national SPNA 
system and prepared proposals for a prospective development scheme of na-
tional protected areas of the Arctic zone, aimed at ensuring complete repre-
sentativeness of the SPNA system with regard to the contemporary state of 
biodiversity (see Fig. 6, p. 44). 

In addition to national protected areas, there are 23 regional protected areas in 
the Russian Arctic. 

Overall, SPNAs occupy about 10% of the total area of the Russian Arctic. 
Provided the prospective schemes are implemented and ecological corridors 
between existing and proposed SPNAs are maintained, this system is capable 
of ensuring biodiversity conservation even under the conditions of expected 
climate changes. 

In this situation, priority attention should be given to two key areas of activi-
ties, including:

1) Implementation of the prepared prospective schemes of the SPNA system 
development in order to ensure complete representativeness of the system 
and protection of the areas critical to maintaining ecological balance.

2) Creation of environmental corridors with more flexible protection regime 
and sustainable natural resource use to help maintain ecological connec-
tions between SPNAs with models of climate changes taken into account.

Ecological Network (Econet), being an internationally accepted integrated 
strategic approach to terrestrial conservation and spatial planning1, is an opti-
mal mechanism for achieving these objectives. 

While the core areas of the Arctic Econet would be SPNAs, buffers zones and 
corridors may also include areas of high conservation importance, such as ter-
ritories of traditional nature use including offshore parts, fishery refuge zones, 
marine mammals protected zones, areas under special shipping rules, as well 
as terrestrial and marine areas with specially regulated nature and resource use 
regimes (e.g. oil and gas no go zones, etc.). 

1)   see also Graham Bennett and Kalemani Jo Mulongoy. REVIEW OF EXPERIENCE WITH ECO-
lOGICAl NETWORKS, CORRIDORS AND BUFFER ZONES. CBD Technical Series No. 23. 
March 2006. ttp://www.cbd.int/doc/publications/cbd-ts-23.pdf
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Fig. 3. the ice cover of the Siberian seas in february 1999, 2004, and 2008
blue color – young thin ice of the current year (thickness 0–30 cm)

green color – young ice of the current year (thickness 30–200 cm)

brown color – old ice of the previous years (with at least one summer survived), data by the AARI
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Fig. 5. federal specially protected natural areas of the Arctic zone of Russia
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Fig. 6. Proposed federal specially protected natural areas
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Such combination of areas/elements under different protection / nature use 
regime would allow to provide a timely and promptly response to the chang-
ing climate conditions and ecosystems change in the Arctic by adjusting the 
corridors and buffer zones size and location. In practice, polynias in the Arctic 
ocean already provides some background structure for planning the corridors, 
especially with respect to the climate change and sea ice dynamic.

In general Arctic Econet would allow to establish and support the interlinked 
network of more “constant” key (M)PAs, buffer zones and more or less “tem-
porary” corridors, rapidly reacting on the changing environment. Such network 
would be based on existing legal provisions, but require adoption some additional 
instruments at national and international level, reflecting the change of biota and 
sustainable resource use commitment under the changing climate conditions. 

3. Impact of observed and projected climate changes  
    on economic systems

3.1. Transportation routes, buildings and infrastructures

The seas of the Russian Arctic have been traditionally used as transportation 
routes for providing northern towns and settlements with fuel, equipment, and 
food. The Northern Sea Route has become the main transportation route for 
the most Arctic and Subarctic areas of Russia. The importance of the Northern 
Sea Route will particularly increase after the plans of commercial navigation 
between Western Europe and Southeast Asia begin to be implemented. 

Sea ice melting will improve navigation conditions in the Arctic seas. By 
the end of the 21st century the navigation period in the Vilkitsky Strait – the 
“bottleneck” of the Northern Sea Route – may increase to 120 days, while at 
present it lasts on average 20–30 days. At the same time disruption of glaciers 
of Severnaya Zemlya, Novaya Zemlya, Greenland and Alaska will result to an 
increased risk of iceberg collision. Thus in a few decades the navigation con-
ditions in the Arctic seas will generally improve, but the problem of moving 
ice field and icebergs will arise. However, effective functioning of a satellite 
monitoring system may help address the problem. 

Permafrost thawing poses a major threat to permanent buildings and structures 
(roads, oil and gas pipelines, tanks, oil and gas industry sites, buildings etc.) 
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located in the Far North. The Russian North holds more than 30% of Russia’s 
oil reserves, about 60% of natural gas reserves, huge coal and peat deposits. 
Extensive infrastructure has been created to support resource extracting opera-
tions. Many structures were built on pile foundations, using permafrost soils 
as a base, and therefore require particular temperature conditions in order to 
retain their stability. Changes in the condition of soils and rocks along with in-
creased loads on engineering structures may result in more frequent damages 
and accidents involving oil spills and gas releases.

In June 2002, in Chersky settlement (in the upper reaches of the Kolyma Riv-
er) an apartment building collapsed as a result of permafrost thawing under 
the foundation.

In summer of 2006, in Yakutsk several parked cars fell into a cavity formed 
near the surface as a result of permafrost thawing. 

For the last 30 years in Yakutsk subsidence of frozen soils resulted in serious 
damages to more than 300 buildings. Even in 1992 the share of damaged build-
ing in Norilsk amounted to 10%, in Tiksi – 22%, in Dudinka – 35%, in Pevek 
and Amderma – 50%, in Magadan – 55%, in Chita – 60%, in Vorkuta – 80%. 
For the decade between 1990 and 1999 the number of structures damaged as 
a result of uneven foundation subsidence increased, compared to the previous 
decade, in Norilsk – by 42%, in Yakutsk – by 61%, in Amderma – by 90%.

If current trends continue, as predicted by scientific forecasts of climate 
changes, dangerous geoecological consequences of permafrost degradation 
will become inevitable. 

Studies show that for the next 20–25 years the overall permafrost area may 
decrease by 10–12%; by the middle of the century the decrease will amount 
to 15–20% with permafrost boundary receding 150–200 km northeastward. 
The depth of seasonal thawing will increase on average by 15–25%, while 
on the Arctic coast and in certain areas of the West Siberia the increase may 
reach 50%. In West Siberia (Yamal, Gydan) the temperature of frozen soils 
will increase on average by 1.5–2°C (from –5...–6°C to –3...–4°C), which may 
lead to formation of unstable high-temperature frozen grounds. In the southern 
zone thawing of permafrost islands will take place. Since in this area perma-
frost layers are relatively thin (from several meters to several tens of meters 
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thick) within several decades complete thawing of most permafrost islands 
is possible. In the coldest northern zone, where more than 90% of the area 
is underlain by permafrost, the seasonal thawing depth will increase. Taliks 
(unfrozen pockets) may also develop and grow in this area, mainly under large 
rivers and lakes, with separation of deeper permafrost layers from the surface. 
The intermediate zone will be characterized by discontinuous distribution of 
permafrost with the area of the latter decreasing and seasonal thawing depth 
increasing as warming progresses.

The expected changes in permafrost will have a negative impact on the in-
frastructure of the Far North areas. Risks of damage to structures can be es-
timated using the geocryological hazard index. This index takes into account 
projected changes in temperature and seasonal thawing depth of the perma-
frost, ice content and salinity of frozen soils an rocks, as well as peculiarities 
of climate change in various regions. Using the index, the whole area in ques-
tion has been divided into zones of high, moderate, and low geocryological 
hazard. The area of the maximum geocryological risk includes Chukotka, up-
per basins of the Indigirka and Kolyma Rivers, southwestern part of Yakutia, 
a substantial part of the West Siberian Plain, the Kara Sea coast, Novaya Zem-
lya, as well as some areas of discontinuous permafrost in Northern European 
Russia. These areas are characterized by developed infrastructure, including, 
in particular, oil and gas extracting facilities, Nadym–Pur–Taz pipeline system 
in the southwest of Siberia, as well as the Bilibino nuclear power plant with 
associated transmission lines spanning from Chersky on the Kolyma River to 
Pevek on the coast of the East Siberian Sea. 

Permafrost degradation on the Kara Sea coast may result in a substantial in-
crease in the coastal erosion which already leads to an annual receding of the 
coastline by 2–4 m. 

Particularly high risks are associated with permafrost weakening in Novaya 
Zemlya, in the areas where radioactive waste storage sites are located. At the 
same time in large areas of Yakutia and West Siberia reliability margins of 
buildings and engineering structures built on permafrost and designed for sta-
bility under the current climate conditions will suffer insignificantly.

In the northern part of the high-risk zone the biggest threats are associated with 
possible damage to foundations of buildings and structures built on permafrost 
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as a result of reduced bearing capacity of grounds. In the southern part of the 
high-risk zone the most significant threats are associated mainly with possible 
uneven soil subsidence as a result of permafrost thawing, and washing out 
of thawed soils, which leads to formation of thermokarst cavities. These fac-
tors are particularly hazardous to linear structures (roads, runways, pipelines) 
crossing areas with active thermokarst processes.

3.2. Oil and gas industry 

The Arctic is given an extremely important role in the programmes of eco-
nomic development of Russia. The Arctic continental shelf holds significant 
hydrocarbon reserves. Full-scale development of these resources will begin 
in the nearest years. The main areas of oil and gas extraction will include the 
Barents Sea, the Ob and Taz Estuaries in the Kara Sea, the Yamal Peninsula 
and, later, other Arctic seas of Russia.

Offshore development of oil and gas deposits in the Arctic may have a positive 
impact on the economic development of the northern regions. At the same time 
industrial expansion exacerbates environmental safety problems and poses 
threats to the biota of marine and coastal areas. 

In 2001, Sibneft oil company started exploratory drilling within Tumansky na-
ture reserve (which has been closed down in the next year). In 2002, offshore 
exploratory drilling in the Gulf of Anadyr was carried out. So far these activities 
have not produced any significant results, but it is clear that the oil exploration 
and, possibly, extraction in the coastal areas of Chukotka will continue. At this 
stage it is difficult to assess threats to biodiversity, associated with this kind of 
activities. However, one can certainly expect severe local impact and coastal 
degradation resulting from use of heavy machinery in exploratory operations.

In the future, the development of hydrocarbon deposits found in the East Sibe-
rian and Chukchi Sea is possible, which will inevitably lead to an increase in 
sea cargo and oil traffic, and creation of massive infrastructure in some coastal 
areas. Some of these areas are important animal habitats used, in particular, by 
polar bears for hunting, migrations, and maternal denning. 

A necessary condition of minimizing impacts of resource extraction projects 
(particularly, oil and gas related) on Arctic ecosystems and adaptation of the 
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activities to climate changes is the environmental impact assessment (EIA). 
The Guidelines for Environmental Impact Assessment (EIA) in the Arctic, 
prepared under the auspices of the Arctic Council, particularly emphasize the 
need for broad stakeholder involvement in assessment of cumulative impacts. 

A number of preventive measures, including EIA, can help reduce adverse 
impacts of oil and gas extraction projects, but it is impossible to avoid these 
impacts completely. No operator of oil production can guarantee complete 
absence of oil spills throughout the project lifetime. In addition to extreme 
vulnerability of the Arctic region, its climate and other natural conditions 
make oil spill more probable, and their removal more difficult than in other 
regions. These conditions include the lack of natural light, low temperatures, 
ice drift, strong winds and a number of other factors. A series of recent oil 
spills in different countries, including Russia, have convincingly shown that 
emergency response services are still unable to ensure effective elimination of 
spill consequences even in less complicated natural and climate conditions. 
Currently new techniques of oil spill elimination in Arctic conditions are being 
developed, but the studies have not been completed yet, and the approaches 
proposed have not been tested in real-world setting.

3.3. Fishing industry

The Russian Arctic, including Barents and Bering Seas, is on of the most im-
portant region for domestic and international fishing industry. Fishery resourc-
es of these seas include one of the last remaining stocks of cod (Barents cod 
stock) and Alaska pollock – the most abundant gadoid species (i.e. species of 
the cod family or Gadidae). Other gadoid commercial fish species in the Rus-
sian Arctic waters include haddock, pollock, saffron cod, blue whiting, and 
polar cod.

Increase in water temperature will cause migration of commercial fish species, 
including gadoid ones, which may result in reduced catches in the Bering Sea. 
Changes in water circulation and increase in temperature create more favor-
able conditions for development of aquatic parasites and pathogenic micro-
organisms, which will also lead to decrease in fish abundance and catches. It 
has been noted that climate changes also affect cod and shrimp catches in the 
Atlantic, where adverse effects are also possible. 
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In addition to cyclic climate variations, one of the main causes of the decline 
in populations of cod and other commercial species is illegal and uncontrolled 
fishing. For example, comparison of respective estimates shows that for the last 
30 years the North Sea cod population has declined by 85%. In the Barents Sea 
catches dropped from 1.3 million tons in 1956 to 212 thousand tons in 1990. The 
issue of illegal fishing is not limited to the Barents Sea only; this practice usually 
affects the most valuable marine biological resources. According to expert esti-
mates, overfishing of Alaska pollock, a species with the largest annual catches, 
amounts to about 150% of the established acceptable catch.

The area of the Chukchi Peninsula, despite relatively small catches of fish and 
seafood (about 20 thousand tons per year) off its coast, plays an important role 
in maintaining fishery resources, since its shelf zone is used for reproduction 
by a number of valuable commercial species, including Alaska pollock, cod, as 
well and various shrimp and crab species. Pacific salmon migrate to Chukotka 
rivers for spawning. In addition, climate warming forces many cold water spe-
cies to migrate northward, which results in the respective shifting of fisheries. 
Therefore the area of the Chukchi Peninsula requires particular attention due 
to its role in reproduction of valuable species and increasing fishing pressure.

The existing capacities of the Arctic commercial fishing fleet built-up for the 
decades of harvesting substantially exceed fishing limits being established 
nowadays. The pressure of excessive capacities leads to two extremely nega-
tive practices – illegal catches and smaller fish being thrown overboard. 

Fisheries management based on understanding of the processes within eco-
systems and influencing, to some extent, these processes with the purpose of 
conservation and sustainable use of all products of a marine ecosystem is the 
essence of the modern ecosystem-based approach to fisheries management.  

One of the largest corporate buyers of white lean fish in the world – Unilever –  
undertook an initiative aimed at promoting sustainable management of fisher-
ies. The company has introduced its own rating of “environmental friendliness” 
of fish products on the market and announced that it will buy only fish produced 
in accordance with the responsible fishing standards, as set forth by the FAO 
Code of Conduct for Responsible Fisheries. Unilever together with the WWF 
have founded the Marine Stewardship Council (MSC). MSC has established 
a programme of environmental certification of fisheries. A company certified 
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as exploiting marine biological resources in an environmentally responsible 
way can mark its products with the MSC eco-label, which confirms compli-
ance with environmental standards of fishing and processing. The eco-label 
allows a consumer to support sustainable fisheries run without undermining 
the reproduction of fishery resources by choosing certified products in a shop 
or a restaurant. MSC certification is a voluntary initiative not required by any 
legislation or governmental regulation.

4. Impact of observed and projected climate changes  
    on the public health

The effects of climate change will manifest themselves in the most dramatic 
way in the Arctic region, with thawing and degradation of permafrost being of 
particular concerns. These phenomena are associated with certain epidemio-
logical hazard, since they pose a risk to integrity of water supply and sewer 
engineering systems. Climate warming already causes adverse impacts on the 
health and traditional nature use practices of the indigenous peoples of the 
North. According to the studies carried out in Northern Canada, unusually 
high air temperatures (up to 30°С) caused changes in respiratory function in 
the elderly population. Another issue in this area was problems with preserva-
tion of food products caused by climate warming and leading to an increased 
incidence of infectious intestinal disease. 

Although no similar studies have been carried out in the Russian North, a poll 
of Chukotka residents proved that indigenous population faces adverse effects 
of climate change. In the Arctic region, it is small indigenous peoples of the 
North that will be most affected by social consequences of changing climate. 
Traditional social organization of those peoples is aligned to maintain both re-
lations between people and a balance with the extremely fragile environment. 
Traditional modes of nature use, being a core of unique livelihood systems of 
northern ethnic groups, are a part of the common cultural heritage of humankind. 
They exemplify an ancient and successful approach toward adaptation of human 
groups to extreme natural conditions, an approach radically different from what 
was practiced by the European civilization for the last few centuries. 

Another cause of possible expansion of ranges of infectious diseases is chang-
es in migratory routes of bird species which used to follow the same routes for 
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generations. For example, some exotic Asian bird species, which potentially 
can be vectors of tropical fevers, began to visit Alaska annually.

Changing climate creates favorable habitat conditions for species previously 
unable to survive in the area. Accidental introduction into an ecosystem as a 
result of human activities may also result in spreading of alien species in the 
new ecosystem. For example, some alien species were brought to Alaska with 
ballast water of ships. Arrival of alien species or new diseases may become a 
catastrophe for fishers and local residents. 

Reduced ice thickness directly affects human health being a cause of injuries 
and fatalities resulting from falling through the ice. In particular, there is a 
trend of increasing number of accidents during hunting related to an insuf-
ficient ice thickness. Accidents of this and other kinds are a major cause of 
death in indigenous population of the North. Many rural settlements in the 
Arctic are accessible only by sea or air. Since there are no regular air connec-
tions with remote settlements in many areas, the settlements become isolated 
for a long period each autumn and spring, when there is too much ice in the 
water to travel by a boat, but the ice is not strong enough to use a dog sled or 
a snowmobile. In the period when customary modes of hunting, fishing, and 
transportation between settlements are limited, some communities often face 
interruptions in normal supply of food and other goods, aggravated by the lack 
of local reserves. A severe storm may suddenly arise, constraining common 
everyday activities outside the settlement. An increased feeling of isolation 
may result in more frequent cases of interpersonal conflict, depression, and 
other forms of social stress.
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Climate change adaptation measures

1. Approaches to adaptation

Since the climate system responds to changes in concentration of greenhouse 
gases with some delay determined, in particular by thermal inertia of oceans 
and inertia of ecosystems, emission reduction activities, which are of utmost 
importance, should be complemented by adaptation measures, aimed at mini-
mizing damage to biodiversity.

Therefore “adaptation strategies” need to be prepared at different levels – local, 
national, regional, and/or international. Currently there is a growing scientific, 
economic, political, and social consensus that elaboration of appropriate ad-
aptation measures and careful analysis of risks related to climate change will 
require significant time. Adaptation strategies require integration of numerous 
components including, in particular, assessment of vulnerability to climate 
change, respective technologies, capacity assessment, local adaptation prac-
tices, and governmental measures.

In order to elaborate and implement adaptation measures related to biodiver-
sity conservation, one should take into account the following elements pro-
posed by the Ad Hoc Technical Expert Group on Biodiversity and Adaptation 
to Climate Change (UNEP/CBD/SBSTTA/11/INF/5):

(a) Development of adaptation options;

(b) Assessment of adaptation options;

(c) Effective management of particular ecosystems;

(d) Promotion of societal actions;

(e) Restoration of degraded ecosystems; and

(f) Integration of adaptation activities into other policies and strategies.

Adverse consequences to biodiversity can be minimized, and positive benefits 
enhanced to it, if biodiversity considerations are incorporated formally and rou-
tinely into adaptation planning. Adaptation plans and programmes should take 
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into account the maintenance and restoration of ecosystem resilience, which is 
an essential element to sustain the delivery of ecosystem goods and services. 

As emphasized in the Report of the Ad Hoc Technical Expert Group on Biodi-
versity and Adaptation to Climate Change (UNEP/CBD/SBSTTA/11/INF/5), 
reduction of other pressures on biodiversity arising from habitat conversion, 
overharvesting, pollution, and alien species invasions is an important means of 
increasing ecosystem resilience. Targeted actions aimed at reduction of such 
pressures open ample opportunities for both sustaining the ecosystem services 
and positive effects on biodiversity. 

Implementation of adaptation measures aimed at conservation and sustainable 
use of biodiversity in accordance with the Convention on Biological Diversity 
can have positive, neutral or negative effects on biodiversity and sustainable 
delivery of ecosystem goods and services. Use of flexible management tools 
and risk assessment methodologies in development, implementation and mon-
itoring of adaptations can help minimize adverse impacts on biodiversity. 

Various approaches, methods and tools, available at the moment, can be used 
in planning, development, and implementation of adaptation measures. Inte-
gration of these approaches, methods and tools provides concrete opportu-
nities for exploiting and addressing the synergies between the objectives of 
multiple environmental conventions and sustainable development goals

Sectoral adaptation measures include actions developed for specific sectors 
that can potentially be affected by climate change.

For example, in the field of biodiversity conservation, climate warming, de-
creased precipitation and increased evaporation rate lead to degradation and 
decline of Arctic ecosystems, which may result in serious adverse effects, in-
cluding reduced carbon sequestration and loss of other ecosystem services, 
and require costly restoration measures.

Development and implementation of adaptation measures aimed at polar bear 
conservation will require strengthening policy in the field, development of a 
polar bear conservation strategy taking into account relevant effects of climate 
change, as well as integration of certain aspects of long-term climate changes 
and adaptations into existing long-term agreements on polar bear conserva-
tion, and in regional socio-economic development plans.
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Cross-sectoral or multi-sectoral adaptation options include approaches to 
natural resource management, covering several sectors, e.g. integrated water 
resource management, integrated river basing management, and integrated 
management of marine and coastal protected natural areas. 

2. Proposals on conservation and enhancement  
    of ecosystem resilience in the Russian Arctic

The central question addressed by this report is what can be done for conser-
vation and enhancement of ecosystem resilience in the Russian Arctic, and in 
what ways. The meltdown of Arctic ice and vulnerability of the region to any 
human-induced impact, in particular to climate change, are now well-known 
facts. It is also known that the Arctic itself may cause very serious and dan-
gerous effects on the climate of many regions and even the planet as a whole. 
These effects have been investigated in a recent WWF report, “Arctic Climate 
Feedbacks: Global Implications”. We consider the findings of this report as a 
very serious warning to those who do not show sufficient responsibility with 
regard to greenhouse gas emissions reduction. There is the need for a dramatic 
reduction in carbon emissions, at least by 50 percent by mid-century, and ef-
forts of the entire global community are aimed at achieving this objective. 
However, it is impossible to stop the climate change immediately, and we 
should create “the most favorable regime” for ecosystems in order to help 
them survive through the hard times.

Presented below are recommendations on concrete practical measures aimed at 
conservation and enhancement of ecosystem resilience in the Russian Arctic, 
prepared and compiled by WWF Russia. These recommendations are based 
on the assumption that the Arctic states will take joint and concerted actions 
aimed at ecosystem conservation and enhancement of their resilience under 
the conditions of changing climate. No country is able to tackle this objective 
alone. The Arctic states have working relations, which have been formed for 
many years, and multilateral institutions to help them join efforts. What is re-
quired in the face of the new threat posed by climate change is to improve the 
effectiveness of these efforts.

As the first recommendation, WWF Russia calls on the governments of Russia 
and other Arctic states to dramatically expand their environmental activities 
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in the Arctic, while improving the effectiveness of these activities. This can 
be done within the framework of both multilateral institutions, like the Arctic 
Council or Barents Council, and bilateral agreements, particularly joint pro-
grammes on Arctic monitoring, protection of marine environment, and conser-
vation of Arctic fauna and flora.

The second critical condition for biodiversity conservation and enhancement 
of ecosystem resilience is economic development with the minimum adverse 
impact on the environment as a whole and zero impact on protected natural 
areas. As a first step in this regard, it is necessary to enhance emergency 
preparedness and ensure continuous monitoring, in particular satellite one, 
as well as early warning of technogenic incidents and accidents in the areas 
used for mining, oil and gas extraction and transportation. Detailed plans 
for prevention, minimization and elimination of adverse impacts of oil spills 
should be elaborated in advance; a system for animal rescue in case of a 
spill should be in place. All this should be done prior to oil exploration, let 
alone production. Where oil production and transportation operations are 
expected to take place in ice conditions, it is necessary to wait for the emer-
gence of relevant spill elimination technologies, which are unavailable at the 
moment. EIAs of oil and gas projects should be carried out in accordance 
with the Arctic Council’s recommendations, with necessary consideration of 
potential cumulative effects of oil and gas related operations together with 
other human activities. 

The recommendations presented below in this report can be organized into 
three groups.

The first group deals with approaches to strengthening and expanding the 
network of protected areas (referred to as special protected natural areas or 
SPNAs by the Russian legislation) in the Russian Arctic. 

However, many animals cannot be permanently confined to protected ar-
eas, and only a small fraction of a plant’s range is usually covered by 
protected areas. Therefore a set of broader measures aimed at protecting 
the whole population throughout year is necessary, while protected areas 
will focus on the locations and seasons where and when the species are 
most vulnerable. This is the kind of objectives addressed by the second 
group of recommendation.
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Nevertheless, no matter how well recommendations of the two previous 
types are elaborated, the climate change with all its aspects is a complex sys-
tem, resembling, in a sense, a living organism and characterized by a great 
deal of uncertainty. The environmental conditions may alter in unexpected 
ways, migration routes of species may change contrary to the predictions; 
the very forecasts of Arctic climate change may need to be updated. In 2001 
– 2004 WWF Russia published Climate Passports of Chukotka, Taymyr, and 
the Kola Peninsula – booklets summarizing the latest information on climate 
change available at the moment and containing predictions regarding future 
issues and conflicts. Now we see that the forecasts not only are coming true, 
but often need to be adjusted toward more severe and adverse impacts. In 
addiction, new issues are emerging that were impossible to foresee only five 
years ago. Therefore the point of the third group of recommendations is to 
continuously track the unfolding of the situation, review and update fore-
casts, and react to unexpected changes in a flexible manner. 

Enhanced system of protected areas 

Ensure adoption and implementation of prospective schemes of SPNA de-
velopment and siting at both federal and regional levels in order to guaran-
tee complete representativeness of the SPNA system as a system of areas 
critical to biodiversity conservation and maintaining ecological balance. 

The prospective schemes for SPNA development should provide for:

■ creation of new SPNAs, as well as expansion of existing protected areas 
and adjustment of their boundaries taking into account climate changes 
and related changes in boundaries of species ranges, locations of sea bird 
and marine mammal colonies, migration routes, and boundaries of veg-
etation zones and ecosystems;

■ new marine and coastal SPNAs;

■ SPNAs of different status with different conservation and nature use re-
gimes.

As a priority measure, ensure the establishment of national parks in the 
Russian Arctic already envisioned by a government’s decision (the Order of 
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the Government of the Russian Federation No 275-r dated May 23, 2001): 
Onezhskoe Pomorie in Archangelsk Region, and Beringia in Chukotsky 
Autonomous Okrug.

Make provisions for the creation of protected areas (both terrestrial and 
marine) with a special, more flexible conservation and use regimes, in-
cluding:

■ Arctic marine fishery protection zones (with restrictions on various types 
of economic activities), particularly, in the most vulnerable locations of 
the Arctic – areas of stationary polynyas and laidas.

■ protected areas (both terrestrial and marine) based on the spatial and tem-
poral structure of Arctic ecosystems and populations ensuring ecological 
links between SPNAs (so called “ecological corridors”), with projected 
effects of climate change taken into account.

Focus efforts at improving the effectiveness of existing Arctic SPNAs with 
particular emphasis on conservation of individual unique sites and habitats 
of rare and endangered species, subspecies, and populations. The main ar-
eas of activities in this regard should include: 

4.1. Enhancing the enforcement of environmental legislation in the pro-
tected areas, in particular, with regard to illegal harvesting of animals. 
Energize efforts to combat poaching.

4.2. Ensuring the further development of the environmental monitoring 
system in the SPNAs, including:

• development of the system of meteorological stations and posts in 
state strict natural reserves and national parks for the purpose of 
monitoring the state and pollution of the natural environment in 
high-latitude and polar areas;

• enhancement of the environmental monitoring programme covering 
the state of the environment, as well as its components and natural 
processes, with particular attention to climate changes and effects 
of these changes on natural complexes and objects within protected 
areas;
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• enhancement of the Nature Chronicles programme carried out by 
state strict natural reserves and national parks.

4.3. Ensuring the development of an SPNA-based programme of scien-
tific research activities aimed at studying possible effects of climate 
changes on biological diversity (with a priority emphasis on vulnerable 
Arctic ecosystems and animal and plant species, particularly rare and 
endangered ones), as well as reversibility or irreversibility and magni-
tude of these effects, with anthropogenic impacts and global climate 
change taken into account.

The research programme should pay particular attention to the fol-
lowing areas:

• mutual influence of climate and ecosystems (including, in particular, 
feedback loops which may give rise to a runaway amplification of 
adverse effects of climate change);

• development of a programme of measures to facilitate adequate 
adaptation to climate change in the context of biodiversity conser-
vation. 

4.4. Energizing environmental awareness raising activities aimed at local 
communities (explaining goals and objectives of protected areas, val-
ue of Arctic ecosystems, particularly under the conditions of climate 
change, and services delivered by these ecosystems). Developing co-
operation with representatives of Arctic indigenous peoples involving 
them into joint activities aimed at conservation of Arctic biodiversity 
and maintenance of protected areas of the region.

Conservation of unique biodiversity as a whole

Ensure continuous monitoring of the state of the environment, including 
regular observations of:

■ the state of populations of marine mammals and polar bears;

 migration routes and the state of wild and domestic reindeer herds;

 the state and migration routes of birds and other animals;
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■ changes in the condition of stationary polynyas;

■ changes in the vegetation;

■ degradation of permafrost and coastal erosion.

Develop preventive measures aimed at conservation of species and eco-
systems outside protected areas in the conditions of changing climate, with 
particular attention to prevention of alien species invasions. 

Introduce special shipping and aircraft flight rules for areas of stationary 
polynyas and seasonal aggregations of mammals and birds.

Ensure the enforcement of environmental legislation in Arctic, in particular 
by means of:

■ energizing and expanding efforts to combat poaching;

■ facilitating strict compliance with rules and restrictions regarding the use 
of off-road vehicles in tundra during the snow-free period, and promot-
ing the use of state-of-the-art vehicles less damaging to soil and vegeta-
tion cover, in particular, vehicles with large low-pressure tires.

Support continuation and expansion of activities of voluntary local groups 
like WWF’s Polar Bear Patrol, thus helping identify the most significant habi-
tats of rare and endangered species, including polar bear and walrus, organize 
observations and recording of polar bear encounters, carry out environmental 
awareness raising activities, and prevent animal-human conflicts. 

Energize environmental awareness raising activities aimed at local com-
munities, explaining goals and objectives of protected areas, value of Arctic 
ecosystems, particularly under the conditions of climate change, and ser-
vices delivered by these ecosystems. 

Monitoring and early warning systems, timely update  
of prognoses and planned measures 

Strengthen the system of early warning of hazardous hydrometeorological 
phenomena. These activities should be based, in particular, on meteorologi-
cal stations and posts of state strict nature reserves and national parks.
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Develop an integrated information and analytical system on the state of the 
Arctic environment, covering natural ecosystems (particularly marine and 
coastal), biotopes, landscapes, and species. Such system can be used as an 
instrument to assess the state of the natural environment, predict changes in 
this state, and support decision-making in various sectors of environmental 
protection and nature use.

Ensure appropriate support of scientific studies and forecasting of climate 
changes and their effects in the Arctic.

Make provisions for a regular review of the effectiveness of the SPNA 
strengthening and biodiversity conservation measures, as well as a timely 
update of these measures based on the most recent scientific data.
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