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Summary
It is an unquestionable fact that the Arctic climate is being transformed and as a result of
these changes it is being warmed at a rate two to three times higher than the global average (IPCC,
2013). The evidence of climate change can be observed in the sea, in the reduction of the Arctic
Ocean ice cover, in the melting of glaciers and permafrost, and in changes in the functioning of biotic
elements (Report on the Goals…). These widely observed impacts of changing climate in the Arctic
provide a very strong evidence of the magnitude and level of environmental consequences for the
rest of the world (Brönnimann et al., 2007). It is obvious that the changes reach far beyond the Arctic
and have a global impact. They affect biodiversity, and many aspects of social and economic systems
(Brönnimann et al., 2007). Therefore, changes in the Arctic should obtain major attention by all
parties, from scientists, through policy makers to the public worldwide (IPCC, 2013).
Introduction
The Arctic encompasses the area around the North Pole. In principle it is a large water body
surrounded by land. Its territory includes the northern regions of two continents, the North America
and Eurasia, as well as Greenland and Iceland. The word Arctic, according to Wikipedia, comes from
the Greek word ἀρκτικός (arktikos), "near the Bear, northern" and that from the word ἄρκτος
(arktos), meaning bear. The term may refer to the constellation Ursa Major, the "Great Bear", which
is prominent in the northern sky, or to the constellation Ursa Minor, the "Little Bear", with the North
Star.

Figure 1. Polar bear at the frozen Arctic seawater (Photo: M. Darecki).

In reality, there are a number of more detailed descriptions of the Arctic and what regions
are included within the term Arctic. These, are e.g. an area north of the Arctic Circle (66° 33'N), the
approximate southern limit of the midnight sun and the polar night. Another definition of the Arctic
is as follows: area for which an average air temperature for the warmest month of the year (July)
does not exceed 10 °C.

Figure 2. Arctic boundary as defined by the Arctic Research and Policy Act.
As for the Arctic marine area, it covers 25% of the world’s continental shelves, 35% of
the world’s coastlines, and intakes water from 20 of the world’s 100 biggest rivers, which contribute
11% of global river runoff. Still, the Arctic region inhabits only 0.05% of the global human
population, which makes it one of the most pristine reservoirs on Earth.
Arctic marine ecosystems differ a lot from other ecosystems on the planet, including those in
the Antarctic. The Arctic Ocean is surrounded by continents, while in the case of the Antarctic, ocean
surrounds the continent. Such situation results in significant differences in climate, oceanic and
atmospheric circulation patterns, species composition and seasonal and long term ice patterns
between both regions. The Arctic is also inhabited by around 4 million people, with the associated
indigenous cultures and heritage that have been developing over centuries.

Figure 3. Map of the Arctic marine environment (Source: CAFF 2013).
Species in the Arctic present great adaptation skills to extreme, very changeable climate
conditions. There are approximately 7,600 marine species in the Arctic, which is similar to the
Antarctic. However, both ecosystems have very distinct species.
One thing is for sure though. The Arctic is a unique region among our environments, its
ecosystem includes organisms living in the ice, zooplankton and phytoplankton, fish and marine
mammals, birds, land animals, plants and human societies (ACIA, 2004). Although the Arctic region
only occupies a relatively small part of the globe, its role in moderating climate globally is
undoubted. Nowadays, the Arctic is undergoing large‐scale climatic changes that are unparalleled
elsewhere else (IPCC, 2013).
Background
Arctic climate is variable and under significant impact of the Arctic Ocean and the
surrounding land masses. It is here, where cold north‐westerly, polar air masses (high pressure over
Greenland and the Polar basin) meet mild, moist marine air masses from the south (low pressure
between Greenland and Spitsbergen) (Brönnimann et al., 2007). This results in creation of very
dynamic cyclonic circulation, thus cloudy and rainy fronts and fast winds (cyclonic movement is the
movement in the same direction as the Earth’s rotation). The Coriolis Effect causes cyclonic rotation
to be in a counterclockwise direction in the northern hemisphere, and clockwise in the southern
hemisphere. Therefore, the most characteristic feature, for which the Arctic is mostly known, is its
severe climate, with very cold winters and relatively cool summers (Brönnimann et al., 2007).
The Arctic Circle is an area where the sun can remain continuously above or below the
horizon for twenty‐four hours. This is known as polar day and night. No sunlight and thus heat is
obtained by the Arctic during the polar night, and thus the surface of the region is cooling off for up

to 150 consecutive days. During summer (polar day), long days with many hours of sunlight, create
conditions with mean temperatures exceeding 10°C. Majority of precipitation is in the form of snow
and is rather not abundant, since majority of the region receives not more than 50 cm of
precipitation per year (Report on the Goals….). These are major factors which determine the
changeable weather over e.g. Svalbard, which in various parts of the archipelago is significantly
different (Report on the Goals…).
The Arctic environment is colder not only because Sun is most of the year low and delivers
less energy compared to latitudes closer to the equator but also because high albedo of the snow
and ice, covering the Arctic. Albedo is the ratio of radiation (solar energy) reflected from the surface
(sea, land, ice, snow cover) to incident radiation (Myhre et al., 2013). The differences between
albedo of the typical sea surface (usually less than 10%) and albedo of the sea covered by ice or
snow (even more than 90%) is significant. The increase of snow and ice free area in the Arctic,
results in an increased amount of solar radiation absorbed in the ocean (IPCC, 2013).
The Arctic climate, like the global climate, is being transformed. Indeed, it has warmed two
to three times the global rate, which is named the Arctic Amplification (IPCC, 2013). These changes
are reflected at rising surface temperatures, in reduction of Arctic Sea ice, glaciers, permafrost and
changes in functioning of the biota (IPCC, 2013).
The Arctic amplification is not a new phenomenon, since it has been observed in history,
found in past warm and glacial periods, and reported as a result of climate model experiments. It is
worth to mention that the ratio of the temperature increase in the Arctic to the temperature
increase for the whole planet during the climate warming, typical around 3:1, is similar to the ratio
of temperature change in the Arctic to the temperature change for the whole planet in historical
glacial cycles. During the last Glacial maximum, the Arctic was around 15 degrees colder than it is
presently, while the whole planet was about 5 degrees cooler. So far, many suggestions have been
made as to the nature of this phenomenon. Some researchers focus mostly on the feedback effects
related to temperature, water vapor and clouds, while other put emphasis on the surface albedo.
Climate model simulations made with use of the Coupled Model Intercomparison Project Phase
showed that, the greatest influence on the amplification is attributed to temperature feedbacks.
With warming surface, larger amounts of energy are radiated back to space in low latitudes, than in
the Arctic (Myhre et al., 2013).
The decreasing amounts of ice cover change the temperature patterns in the Arctic, and thus
climate patterns. How does Arctic amplification work? Sea ice causes that the Arctic atmosphere is
cold. Ice surface is white and reflects large amounts of solar radiation back to space. This regime
protects the atmosphere from heating by the Arctic Ocean beneath. With smaller areas covered by
sea ice, more dark oceanic water is exposed. Dark surface absorbs the Sun's energy in summer,
which leads to heating the ocean, which in turn leads to more ice melting. Smaller ice covered sea
areas, mean less insulation, and as a result more heat from the ocean escapes and warms the Arctic
atmosphere in the autumn and winter.

Figure 4. Mean temperature (°C) averaged over a 1951‐1980 mean period and time interval relative
to a December 2016 (Source: https://data.giss.nasa.gov/gistemp/).
Consequences of the fast warming Arctic climate (Global)
Not only climate change creates increasing pressure on fragile Arctic ecosystems, but the
Arctic warming consequences have worldwide impact (Arrigo et al., 2010). Changes in the Arctic can
influence the global climate through a number of major mechanisms. The amount of solar energy
reflected back to space decreases with ice and snow melting, which results in increased surface
warming. Ice melting together with increased precipitation can lead to the inflow of greater amounts
of freshwater to the oceans, which may affect the North Atlantic currents (GreenFacts).

Figure 5. Frozen Arctic seawater in summer 2016 (Photo: M. Darecki).

During each year, frozen seawater cap on the surface of the Arctic Ocean is created in the
fall and winter, with its maximum annual extent between February and April. Then it melts in spring
and summer. In 2016 researchers reported that on March 24, Arctic sea ice extent covered an area
of 14.52 million square kilometers, which was the lowest winter maximum extent in the satellite
record that started in 1979 (Goddard Scientific Visualization Studio, NASA). Even more worrying is
that the 13 smallest maximum extents, as measured from satellites, have occurred in the last 13
years.

Figure 6. Satellite image of the Arctic ice cap showing the extent of summer sea ice in 2012,
compared with summer sea ice in 1979 (yellow outline) (Source: Goddard Scientific Visualization
Studio, NASA).
Research results show it is not only covering less of the planet, but it’s also getting
significantly thinner, which causes easier melting, which may lead to alteration of local ecosystems,
shipping routes as well as ocean and atmospheric patterns (IPCC, 2013). Unfortunatelly, current data
based on different sources, from Navy submarines to satellites, show that thinning is happening
faster than models have estimated (Report on the Goals…). The results of calculations show that in
the central region of the Arctic Ocean, sea ice has thinned by 65% since 1975. In September, time
when the ice thickness is at its annual minimum, ice thickness is smaller by a 85%! (Alaska Dispatch
News).
Ice extent is only one of statistical factors which has recently showed especially low levels.
The March snow cover in the Northern Hemisphere was the second‐lowest in a 50‐year record
(Rutgers University Global Snow Lab, the National Snow and Ice Data Center). Correlation between
low snow cover and low September sea ice is observed. It is presummed that the low snow cover
influences the atmosphere, resulting in reduced sea ice extent.

Figure 7. Ice age for the Arctic Basin (Source: https://www.adn.com).
The thickness of the ice can be assessed based on direct measurements of the drilled ice
cores (Fig. 7) or it can be assessed remotely, e.g. from sattelite measurements. In order to assess ice
thickness, satellites must measure thickness differences of a meter or so, from a distance of
hundreds of kilometers which is not an easy task, however, some satellites, provide such data. Other
methods for such research involve airborne missions, moorings and submarine cruises below the ice.

Figure 8. Scientists exploring the ice core (Photo: M. Darecki)

As warming progresses, more greenhouse gases could be released into the atmosphere by
the thawing of the permafrost (IPCC, 2013). Also, by year 2100, melting Arctic glaciers alone will
most likely contribute to a sea level rise of some 5 cm out of the projected 10‐90 cm total rise in the
21st century (IPCC, 2013).
Consequences of the fast warming Arctic climate (Local)
Availability of Arctic resources will be related to climate change, including: wildlife, such as
whales, seals, birds, and fish sold on world markets; and oil, gas and mineral reserves (Arrigo et al.,
2010; Bates and Mathis, 2009, Polyakov et al., 2004). Arctic ecosystem changes will have global
influence, via, e.g. affecting migratory species’ summer breeding and feeding grounds (IPCC, 2013).
Arctic vegetation zones will be shifting, which will have global impact. Among the main types
of Arctic vegetation these are predominant: northern polar deserts, boreal forests in the south, with
tundra in between. Increasing temperatures are likely to cause an enhanced northward expansion of
boreal forest into the tundra, and of tundra into the polar desert (GreenFacts). This may likely
amplify global warming, since green/forested areas are darker than the tundra they replace, and
thus absorb more of solar radiation (Kaufman et al., 2002). The other effect of this process is such
that green areas, covered by green plants, absorb more carbon from the atmosphere because the
green plants utilize CO2 in the process of photosynthesis, producing new organic matter. Another
result is that insect outbreaks could be more numerous and they will affect forest areas. Climate
change processes, will however, lead to a greater areas for agriculture in the Arctic and to extend
the growing season.

Figure 9. Arctic tundra (Photo: M. Darecki).

Just like in an entire “Arctic story”, also from the ecosystem point of view, the key elements
that make a difference between the Arctic and surrounding areas are: polar light cycle (Polar Day
and Polar Night), low temperature of the sea water (down to 1.89oC) and presence of sea ice
(seasonal fast ice and perennial ice pack). These three elements are driving forces that control
important bio‐geo‐ chemical processes, important, means significant beyond the region of the Arctic
(Report on the Goals…).
Primary production fetched by marine plants (production of organic matter with the use of
solar light, C02 and nutrients which for marine plants are mainly nitrates, phosphates, and silicates)
is high or very high (over 100g C per m2/year) along the Arctic shelf seas (Greenland, Barents, Kara,
Beaufort and Chukchi seas) and low (below 50g C/m2/yr) in the Central Arctic basin. The main
reason for this difference is the easy and fast nutrient exchange (and supply) in shallow seas,
associated with land discharge (large Siberian and American Arctic rivers, discharge substantial
amounts of nutrients) and very limited nutrient input in the deep central Arctic. The Arctic primary
production is provided mainly by microplankton – protists floating in the upper layer of the sunlit
water column, but also by protists associated with the sea ice. These ice algae form a dense mat on
the ice undersurface, and often develop into a long (up to few meters long) string. Very important
difference between ice algae and microplankton is the speed, they may sink to the bottom. Single
cells of microplankton may stay in the water column for very long time, enough to be eaten by
grazers – minute invertebrates of zooplankton. On the contrary, ice algae often sink very fast – as
mucous aggregates, once detached from the ice, may speed down to reach the depth of 1000 m in
one day. This is the way how the Arctic microplankton supplies energy flow in the water column
(zooplankton and fish) while ice algae are important also for the sea bed – variety of benthos
animals that wait for the rain of organic carbon falling down from the sea surface. The observed
climate warming causes the retreat of sea ice, its faster melt and later formation in the season. All in
all, less sea ice means more light on the sea surface and better conditions for microplankton
(stronger support to zooplankton and fish) and worse conditions for the benthic life. Still, besides
light and ice, the supply of nutrients is a controlling factor for primary production (photosynthesis).
Nutrients are provided by land transport (rivers and glaciers) and mixing (waves) as well as the
microbial processes that decompose organic matter and recycle nutrients.
Carbon sequestration ‐ storage is a process of removing carbon form the atmosphere,
further incorporation into the organism (algae or plants) body and deposition of such organic matter
in the sea bed, where some time (often thousands of years) will pass before it will be remineralised
and turned into the form of gas (C02). This process is known as a biological pump and belongs to the
ecosystem processes that may control the climate (Le Quéré et al., 2016, Yasunaka et al., 2016). The
Arctic system is important as an efficient biological pump, that is active in ice covered areas, and
glaciated fjords, as well as in the marginal ice zone over the shallow shelf seas.
Energy transfer in ecosystem is the way in which the primary production is transferred from
algae and plants to grazers and then to small and large predators. On each step of this transfer about
90% of energy is lost (to have 1kg of wolf you need a 10 kg of sheep and this needs a 100 kg of
grass). On land, the grazer/herbivore (cow, antelope, etc.) may feed on large plants (bush and
vegetables), contrary to the sea, where the plants are of microscopic size (microplanktonprotists),
which requires a small herbivore like zooplankton (usually few mm in size). Larger zooplankton feeds
on small grazers, and falls itself as a prey to small and larger fish and sea mammals. Finally, in the
sea, the way from primary producer (0.001mm in size) to the top predator (3m long dolphin) is a
long chain of intermediate links, each connected with 90% energy loss. Finally, to have 1 kg of

dolphin you need 10 000 kg of microplankton. Uniqueness of polar areas, both the Antarctic and the
Arctic relies in the presence of ultra‐short energy transfer – similar to such on land. Cold water in
polar areas slows down the life cycle – metabolic rates (heartbeat, food digestion, oxygen
consumption) that makes organisms to grow slowly and attain large sizes. Polar, marine herbivores
are the largest in the world ocean – Antarctic krill is 6 cm long, Arctic about 3 cm. This facilitates
large carnivores, such as e.g. whales, dolphins, seabirds and seals to graze on them. Big whales of
the world spend winter and give birth in warm, subtropical waters, and feed in the summer time in
polar waters. Warming of the Arctic is connected with the larger inflow of warm Atlantic waters, that
carry boreal plankton – much smaller and more diverse compared to the cold water Arctic
organisms. In such way the energy flow gets dissipated – and better conditions for small predators
prevail (pelagic fish like herring, capelin) on the expense of large predators (plankton feeding
whales).
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Figure 10. Diagram of energy flow in the ecosystem on land and in the sea.

Figure 11. Diagram of energy dissipation in Arctic and subarctic (warmer) waters.

Figure 12. Diagram of the relation between sea temperature, growth, size and age
of marine invertebrates.

Changes in the Arctic ecosystem are not only connected with the climate fluctuations. In the
European Arctic, major shift in the pelagic system occurred after the discovery of Spitsbergen by a
Dutchman, Willem Barentsz, in 1596. Soon after the massive arrival of whalers from the
Netherlands, England and Germany, slow Greenland whales (bowheads) became their main target.
The archeological excavations, and well preserved logbooks of whaling companies, allowed to
estimate the Svalbard bowhead stock in the beginning of 16th century at a level of some 40 000
individuals. Intensively hunted, whale population was close to total extinction by the end of that
century, and finally became almost extinct. A small group of bowheads has been observed between
Svalbard and Franz Josef Land since 1990‐ies. The absence of huge plankton feeders for almost 350
years means that amount of polar plankton was available for other predators. Figure 13 shows the
likely scenario of ecosystem shift. The surplus of plankton was consumed by small pelagic fish (polar
cod, capelin), plankton feeding birds (Little auks) which facilitated the present day population
increase of those species. Archeological examinations of whalers camp sites confirmed the absence
of large Little auk colonies during the whaling period. Similar phenomenon was documented in the
Antarctic, where the removal of large whales in 1920‐1960, resulted in massive krill surplus and
increase of penguin and seal populations that benefitted from the free food base.

Figure 13. Changes in the Arctic pelagic food web: left before arrival of Europeans, right after the
whales removal from the system (Weslawski et al, 2000).

Rising temperatures are causing continuous modifications in the Arctic coastline. Some
settlements, industrial installations and facilities are already objects to damage as a result of
erosion, and may be forced to be moved. Reduced sea ice is opening new possibilities for an
increased marine transport, with new shipping routes, as well as access to natural resources (IPCC,
2013). However, increased shipping activities in the region raise the risk of spills, pollution, and even

harm to marine mammals Thawing of permafrost, and thus ground will cause the disruption of
transportation, in buildings, and other infrastructure, thus leading to significant engineering
challenges for road, building, pipeline etc. constructions, since new constructions will require deeper
foundations, thicker and more efficient insulation, and other measures, which lead to increased
construction costs (GreenFacts).
Climate change is now a problem of every country, regardless of regions or continents. It
affects economies and lives. It is a global challenge that does not respect any borders, including
national ones. Sources of pollution anywhere have impact on living creatures, including people
everywhere. Such a global issue requires solutions at the international level.
Apart from regular challenges, related to current social, economic, and political conditions,
Arctic indigenous communities whose cultures and activities are based on the local environment are
facing new types of challenges because of climate change (GreenFacts). Elevated ultraviolet
radiation levels have impact, mostly adverse on people, plants, and animals. How the Arctic
communities will deal with these changes will, to a great extent, depend on political, legal, and
socioeconomic factors such as growing populations, urbanization, or self‐determination movements
(IPCC, 2013).
Global changes, including those related to climate change pose a major threat and thus an
essential challenge to the world, and as described above, especially to the Arctic. Future
ecosystems and thus future societies will have to face the implications of our activities, which were
made by humans in the past and are undertaken these days. All changes to environment will very
much affect the entire region of the Arctic. Although, majority of these changes may be seen as
adverse, they also open new possibilities for humans. Retreating sea ice has adverse influence on
future of a number of species. On the other hand it opens a number of opportunities, from new
transport routs, through new population regions, to access to natural resources, buried in the Arctic
Ocean bottom. Majority of prognostic results assume gradual changes. However, since the Earth’s
atmosphere‐ocean system is a very complicated system with a large number of unknowns, factors
and their interactions it is possible that the predicted changes will go differently, perhaps not
gradually. One example may include e.g. ocean currents in the North Atlantic, which may change
their patterns, which would lead to major climatic consequences on a global scale.
In order to address global change, including climate issues, international community
adopted the Paris Agreement in Paris on 12 December 2015. The Agreement entered into force
shortly thereafter, on 4 November 2016. The agreement, states that all countries agreed to make
any effort to limit global temperature rise to well below 2 degrees Celsius. This is our hope for the
Planet and for the Arctic.

Figure 14. Signing of the Paris Agreement.
Message to take home:
1. Arctic is quickly warming, and scientists project further and significant changes.
2. Changes in the Arctic have global implications.
3. We observe changes in the range of Arctic vegetation zones. This has also got global
consequences.
4. Biodiversity patterns in the Arctic are changing.
5. Disappearing sea ice in the Arctic will cause increased sea traffic in the region.
6. It also opens new opportunities to reach for natural resources buried in the Arctic Ocean bottom.
7. Decreasing range of permafrost affects transportation and land constructions.
8. Indigenous communities are affected in every aspect of their lives, which leads to major economic
and cultural changes.
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