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Research of the Arctic Environmental Laboratory AEL focusses on 
the assumption that rapid climatic and environmental changes and further 
human advances in the Arctic are inevitable. They are deeply intertwined. 
Taking this for granted, the output of our activity is a suite of estimates of 
climatic and environmental conditions affecting the future of sustainable 
life and work of people in the Arctic and recommendations of how to sup-
port this sustainability for the benefit of the Arctic nations.

This monograph «Changing Climate of the Russian Arctic and Its 
Socio-Economic Potential» provides some results and hopefully raises 
further interest is the challenges of understanding and explaining these 
topics. I volume 1 we have addressed some of these issues. The present 
volume contributes further results. They describe processes and their 
interaction in the Arctic climate system. They also establish a basis for 
continued research on the impact on economic and social developments. 

Human activities in the Arctic including fossil fuels and mineral ex-
traction, maritime and land transportation, and infrastructure development 
are of great importance to the Arctic region. They are highly sensitive to 
changes in climatic conditions and have large societal and environmental 
impacts.

We analyse all available synoptic, cryospheric, oceanographic, and 
geophysical data (observational and reanalyses output) in the study re-
gion for the post-1950 period. By calculating time series of socially im-
portant variables (SIV) important for the built environment, housing and 
transportation structures and human wellbeing (e.g., heating and warm 
season degree days, near surface wind speed and sea waves characteris-
tics, icing conditions, duration of the sea ice free period, rates of coastal 
erosion, etc.) we provide information with direct relevance to people and 
for human activities in the region. We compare these time series with the 
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output of the CMIP5 GCM model runs for the 1950–2010 period and 
select only those GCMs that reasonably well reproduce climatology and 
dynamics of these time series (e.g., mean, variance, trends). Thereafter, 
we shall use the output only of these reliable models (rGCMs) (see “Atlas 
of vulnerability of the human wellbeing and infrastructure in Arctic under 
the climate change”).

An important new challenge of the problem is the necessity to de-
tect the observed changes using sparse observational networks. In the 
Arctic, key variables (e.g., humidity, wind, precipitation, and upper air 
data) are reported with biases that have changed with time introducing 
inhomogeneities [Goodison et al. 1998; Groisman and Barker 2002; van 
Wijngaarden and Vincent 2005; Durre et al. 2006]. Automation of synop-
tic observations introduced in the United States during the past 20 years 
and in Canada during the past decade adds to these inhomogeneities (e.g., 
decimated complexity of in situ observations of cloudiness and made 
them incomparable with manually reported cloud reports). The availabil-
ity of data from these networks is time-dependent generating spurious 
trends and biased climatologies [Wang et al. 2012]. 

Another novelty is the focus on the synergy between the observa-
tional data and the results of modern GCMs, which do not yet well 
reproduce several critical aspects of the Arctic cryosphere dynamics, 
in particular the sea ice changes. One potential reason for this under-
estimation lies in ignoring the role of marine storminess in sea ice de-
cline. Initial decline of sea ice extent under the influence of increasing 
temperatures results in the increase of the open water area in the Arctic 
Ocean basin. Even with no change in the wind speed, this results in the 
increasing fetch and potentially in more intense surface wind waves 
(both sea and swell) precluding mechanically the formation of stable 
young sea ice during e.g. autumn when temperatures drop. Positive 
feedback of this effect with growing temperatures may damp the ef-
fectiveness of forming seasonal sea ice during the winter cycle and con-
tribute to sea ice decline. Changes in circulation patterns and strength 
of surface winds, which are likely to occur over the Arctic [Wu et al., 
2012], would further contribute to the sea ice decline. Nonlinearity of 
the Arctic System changes is further expected when the Arctic sea ice 
becomes seasonal and its extent shrinks further. It may well be that 
some of the GCMs, which performed reasonably in simulations of the 
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Arctic changes during the past 60 years, fail miserably at the next tip-
ping point of the Arctic System change. 

In the quest for natural resources and better transportation the impact 
of climate-changes induced needs to be addressed on local and regional 
scales. Most of the Arctic regions have a considerable potential for on-
shore and offshore production and exploration of a variety of non-renew-
able resources. According to USGS estimates, about 30% of the world’s 
undiscovered gas and 13% of the world’s undiscovered oil may be in 
the area north of the Arctic Circle [Gautier et al., 2009]. Beyond fossil 
fuels, the Arctic has large reserves of minerals, ranging from gemstones 
to fertilizers. For these critical commodities, the region’s role is likely 
to increase in the future. Presently prevailing ice conditions severely re-
strict maritime activity in the high Arctic. Climate change is expected 
to increase marine access to the Arctic regions, especially with the pos-
sible opening of passages such as the North-West Passage (NWP) and the 
Northern Sea Route (NSR). Increased offshore/onshore natural resources 
activity will promote maritime and land transportation and development 
of various types of infrastructure in many parts of the region. This will 
lead to changing population composition and pattern. In parallel, existing 
and established transport routes and modes will be hard to sustain and 
therefore their infrastructure will have to be adapted.

Nature-based economic activities in the Arctic are highly sensitive to 
climate change. However, a great uncertainty exists on the overall im-
pact of economic development in the Arctic on the natural environment. 
Although Climate change in the Arctic might make some economic ac-
tivities in the region more profitable and potentially leading to overall 
improvements in welfare in the Arctic and beyond, the distributional im-
pacts of climate-induce changes on the development may be economi-
cally indifferent and/or environmentally hazardous. The Arctic remains a 
most fragile environment.

A potentially dangerous situation is emerging with respect to trans-
portation routes and facilities [Streletskiy at al., 2012]. Across the Arctic, 
railroads, paved roads and runaways built on permafrost suffer from sub-
sidence associated with thawing of the ground ice [cf., Grebenets et al., 
2001]. Arctic countries, especially Russia and Canada, rely heavily on 
winter roads and drivable ice pavements to supply communities in remote 
areas. Climate warming has caused a reduction in the operating period of 
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winter roads as well as a reduction in the bearing capacity of roads both 
in the Russian and in the American sectors of the Arctic [Lonergan et al., 
1993; Streletskiy et al. 2012]. Russian North is the most severely affected 
because there, in contrast to Alaska and Northern Canada, air transport 
is poorly developed. A serious situation was also observed in oil and gas 
pipelines. Approximately 35000 pipeline accidents are reported in the re-
gion of West Siberia alone. Ensuring pipeline operability due to changes 
in permafrost costs up to 55 billion roubles annually [Anisimov et al., 
2010]. Erosion is threatening oil terminals located in Varandei (Yamal, 
Russia) and may affect proposed gasprocessing facilities in Yukon and 
the NWT Provinces of Canada. It is clear that for commodities extraction, 
for marine activities, and for coastal and land infrastructure the climatic 
change will be important and in ways that are relevant not only for the 
Arctic regions. A thoughtful strategy should be developed, in anticipation 
of the natural and anthropogenic changes in the Arctic, in order to allow 
adaptation of the population to these changes, mitigation of major detri-
mental impacts, and to lay down the pathways of sustainable develop-
ment of the region for its population, and the entire Arctic nations. Such 
strategy will have evolve from quantitative assessments of the effect of 
climate-induced changes on the socio-economic development. 
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