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EuRUCAS (European-Russian Centre for cooperation in the Arctic and Sub-Arctic environmental and
climate research) Project aims on extension, consolidation and strengthening scientific cooperation between
researchers from EU Member States and Associated Countries and Russia using Nansen International
Environmental and Remote Sensing Centre (NIERSC), established in St. Petersburg by institutions from
Norway, Germany and Russia, as a joint research facility. The selection of NIERSC for this goal was
justified by solid expertise of its personnel in the Arctic and Sub-Arctic climate and environmental research,
critical importance of this research for the European Union and Russia and a wide network established by
NIERSC with Russian and foreign organizations. The project partners from EU Member States and
Associated Countries are selected basing on their scientific expertise in these fields of research as well as
their motivation to work with Russian scientists. The strengthening cooperation in the proposed research area
between EU and Russia in the framework of EURUCAS has been implemented through research visits of
European scientists from project partner institutions for joint work at NIERSC with Russian scientists, new
future joint projects initiated at the international workshops at NIERSC, summer school with the goal of
involving the young generation of researches, and opening NIERSC institutional arrangements for new
additional partners from EU Member States and Associated Countries. Joint research work at NIERSC was
organised within on-going NIERSC projects and included such tasks as the Arctic and Sub-Arctic climate
change, land and sea ice and snow, remote sensing of marine environment and polar atmosphere, marine
ecosystems, land hydrology and permafrost dynamics and socioeconomic impact of climate change.

/" 0-12#%""%13*1-"(&+"

EuRUCAS Project Consortium consisted of twelve partners from EU Member States and Associated
Countries and Russia with the NIERSC as Co-ordinator.
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3.1 Project concept and objectives
3.1.1 Concept

EuRUCAS used the Nansen International Environmental and Remote Sensing Centre (NIERSC) in St.
Petersburg, Russia, as the joint research facility to extend and consolidate scientific cooperation between
researchers from EU Member States and Associated Countries with those from Russia.
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The research area of EURUCAS included study of climate and environmental changes in the Arctic and Sub!
Arctic in the 21% century and their socioleconomic impact. This research area is becoming increasingly
important for Europe and Russia due to impact of climate change on the Arctic environment combined with
increased demand for energy and other natural resources. Russia has huge natural resources stored in the
shelf zone of the Arctic seas that will be exploited in the future. This will stimulate the growth in the
economic activities in the high northern latitudes, especially in the oil, gas and mineral resources exploration
and exploitation, transportation, fisheries and tourism. Climate change will further impact the Arctic
environment with consequences for human beings and socioleconomic activities; particularly they will
simplify the economic activities in the Arctic and Sub!Arctic. Several examples can be mentioned here, such
as: 1) reduction of the Arctic sea ice cover with impact on marine transportation, oil and gas extraction,
ecosystems; 2) thawing of permafrost with impact on infrastructure; 3) increase of air temperature with
impact on ecosystems, agriculture, fisheries. In turn, the growing human activity in high northern latitudes
will enhance the impact of climate change, both positive and negative, on the environment, which can be
manifested in many different ways. Therefore, extensive and multidisciplinary studies are needed to build up
the comprehensive knowledge about the climate change and their impact on environment and society,
particularly in high northern latitudes. This has a high priority for both Europe and Russia. From this point of
view EU Member States and Associated Countries as well as Russia, where many institutions carry out
research activity in this area, have high research potential to answer the emerging challenges in the Arctic
and Sub!Arctic. However, this research activity, performed in European and Russian institutions, was not
sufficiently coordinated.

EuRUCAS contributed to improving this situation by means of building strategic R&D partnerships between
institutions in Europe and Russia for performing joint multidisciplinary research in the area of climate and
environmental change in the Arctic and Sub!Arctic, including socioleconomic impact. This has been done
through the Nansen Centre, established in St. Petersburg in 1992 by Norwegian, Russian and German
founders. It is envisaged that NIERSC might become the European!Russian Centre for cooperation in the
Arctic and Sub!Arctic environmental and climate research and serve as a focal point for its further
development. The further extending and enhancing cooperation will be attained by implementation of joint
projects beyond EURUCAS Project, both on-going and oncoming.

The activities within EURUCAS Project included research visits of European scientists from project partner
institutions to NIERSC for joint work with Russian scientists, international workshops aimed at the
preparation of new future joint projects, and a summer school with the goal to sustain future long!term
cooperation by means of involving the young generation of researches. In the framework of EURUCAS
Project NIERSC research facilities have been enhanced and its institutional arrangements have been opened
for new additional partners from EU Member States and Associated Countries.

3.1.2 Objectives

Overall objective. To use and extend the Nansen International Environmental and Remote Sensing Centre
(NIERSC), established in St. Petersburg, Russia, as a catalyst for structuring and strengthening European!
Russian cooperation in the area of environmental and climate research in the Arctic and Sub!Arctic including
socioleconomic impact of global warming.

Specific objectives:

0 To open NIERSC activities to additional researchers from EuURUCAS consortium (Austria, Finland,
France, Germany, Norway, Sweden and UK) and new researchers from other EU Member States and
Associated Countries.

0 To enhance the research capacity of NIERSC with the aim of implementation of activities associated
with future joint European!Russian projects and opening NIERSC institutional arrangements for
additional partners from EU Member States and Associated Countries.

0 To increase and extend scientific cooperation between researchers from the Member States/Associated
Countries and Russia in the area of environmental and climate research through involvement of
additional researches in the on-going projects at NIERSC and the preparation of new joint projects.

0 To prepare new joint research projects between institutions in Russia and EU Member States/Associated
Countries in the area of environmental and climate research in the Arctic and Sub!Arctic including
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socioleconomic issues.

0 To organize at NIERSC a series of workshops and seminars with the aim of preparation of new joint
proposals in the EURUCAS research area.

0 To organize a Summer School on environmental and climate research topics with the aim to involve
young generation of researchers into EU!Russia scientific cooperation.

0 To prepare NIERSC institutional arrangements for involving new partners/research organizations from
Member States/Associated Countries

3.2 Project context

EuRUCAS was based on the selected scientific topics for cooperation in the area of environmental and
climate research in the Arctic and Sub-Arctic including socio-economic impact. This selection was based on
the expertise of the coordinating institution (NIERSC) and the relevance for Russia and Europe. Since
Russian scientists have long tradition and high level of expertise in many Arctic research topics, it is very
beneficial for EU and European scientists to build up strong cooperation with Russian institutions in
environment and climate research at high northern latitudes. The project partners from EU Member States
and Associated Countries were selected basing on their scientific expertise in these fields of research as well
as their motivation to work with Russian scientists. EURUCAS focused on the development of the
cooperation between scientists from EU Member States and Associated Countries with scientists from
Russian institutions. Thus, EURUCAS opened up the research infrastructure at NIERSC for new researchers
from European countries. The cooperation was first based on the existing projects at NIERSC, and
subsequently on new projects established in the framework of EURUCAS.

EuRUCAS was organized in seven Work Packages: WP1-WP7 (Fig. 1).
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Figure 1. Overall strategy and structure of EURUCAS Project (Pert Diagram)

Dr. Jirgen Sanders from the European Commission was the Project officer.
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The overall management of the project has being implemented within WP1 by Project Coordinator Dr.
Leonid Bobylev (NIERSC) and Deputy Coordinator Prof. Stein Sandven (NERSC).

WP2 was dealt with the strengthening and coordination of cooperation in selected research tasks. These tasks
included: climate change in the Arctic and Sub-Arctic, ice and snow in the Arctic and Sub-Arctic, Arctic
polar lows, marine and lake ecosystems in the Arctic and Sub-Arctic, permafrost dynamics and hydrological
modelling and socio-economic impact of climate change in the Arctic and Sub-Arctic. Researchers from
project partner institutions were staying in St. Petersburg and working at NIERS during several months each
year. Their research activity was organized in the framework of on-going projects at NIERSC. Among them
were: 1) “Monitoring and Assessing Regional Climate Change in High Latitudes and the Arctic
(MONARCH-A)”, EU-FP7, 2010-2013; 2) “Monitoring Arctic Land and Sea lce using Russian and
European Satellites (MIRES)”, EU-FP7, 2011-2014; 3) “Sea Ice Downstream services for Arctic and
Antarctic Users and Stakeholders” (SIDARUS), EU-FP7, 2011-2014; 4) Ships and Waves Reaching Polar
Regions (SWARP), EU-FP7, 2014-2017; 5) MyOcean-2, EU-FP7, 2012-2015; 6) Knowledge Based Climate
Mitigation Systems for a Low Carbon Economy (COMPLEX), EU-FP7, 2012-2016, and other.

Enhancement of NIERSC research infrastructure has been done through the implementation of WP3.

WP4 was aimed at the further enhancement of the coordinated scientific cooperation between researches
from EU Member States, Associated Countries and Russia in the area of environmental and climate research
in the Arctic and Sub-Arctic including socio-economic issues through preparation of new joint projects. To
achieve this goal workshops devoted to preparation of new joint European-Russian projects have been held
at NIERSC.

WP5 was devoted to organization of a summer school in St. Petersburg during the 3" year of the project with
participants from European countries and Russia. Future research recruitment is essential to make
cooperation sustainable and, hence, involvement of postdocs and PhD-students in such cooperation is
important. The summer school, together with workshops and generation of new projects was important
mechanism to recruit young scientists to work in the considered research topics.

WP6 was dealt with preparing NIERSC institutional arrangements for their opening for new NIERSC
partners from EU Member States/Associated Countries. Involving new partners in a joint research institute,
like NIERSC, will secure long-term European-Russian cooperation.

Finally, WP7 was aimed at dissemination and exploitation of project results.

8" 4+, (3'0-124%"" , %O(H)H+H#3"*"

4.1 Enhancing research capacity of Nansen Centre

When starting EURUCAS Project, NIERSC had moderate research capacities, which were generally
sufficient for implementation of ongoing research projects. However, for achieving ambitious goals of
EuRUCAS, including successful activities of joint working groups, established at NIERSC from project
partner researchers, implementation of new future joint projects, and opening NIERSC institutional
arrangements for additional partners from EU Member States and Associated Countries, these capacities
required significant enhancement.

This enhancement has been performed through:

0 purchase of required hardware, software and other equipment

o0 organization of six new working places/environments for visiting researchers from the project
participating institutions

0 upgrade of current computer server and purchase and installation of two new powerful computer servers
and four data storage systems

o0 installation of optical cable for high-speed INTERNET connection

0 equipping conference hall

The undertaken measures provided for the perfect conditions for the efficient work of visiting scientists from
EuRUCAS Consortium’s institutions at NIERSC and significantly enhanced NIERSC research capacity
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which is now sufficient for implementation of new future joint EU-Russia projects in the area of Arctic and
Sub-Arctic research and opening NIERSC institutional arrangements for additional partners from EU
Member States and Associated Countries.

4.2 Strengthening and coordination of EU-Russia cooperation in Arctic and Sub-Arctic
research

Strengthening and coordination of cooperation between EU and Russia in the Arctic and Sub-Arctic research

in the framework of EURUCAS Project has been carried out through:

o0 opening NIERSC activities and institutional arrangements to researchers from EuURUCAS Consortium
and other organisations from EU Member States and Associated Countries (see 1.3.4)

o enhancement of NIERSC research facilities (see 1.3.1)

o elaboration of joint research programme

0 organisation and implementation of joint work of researchers from EURUCAS Consortium institutions
and Nansen Centre personnel at NIERSC within the NIERSC on-going projects

0 organisation and implementation of visits of NIERSC researchers to partner institutions

O preparation and submission of new joint research proposals for securing continuation of cooperation far
beyond EURUCAS Project

Opening NIERSC activities and institutional arrangements to researchers from EuURUCAS Consortium and
other EU organisations as well as enhancement of NIERSC research facilities formed the necessary
environment for successful coordinated cooperation in the Arctic and Sub-Arctic research between Russian
and EU institutions using NIERSC as a catalyst for strengthening such cooperation.

Research cooperation in the framework of EURUCAS was organized around seven tasks:
Climate change in the Arctic and Sub-Arctic

Ice in the Arctic and Sub-Arctic

Polar lows in the Arctic

Arctic and Sub-Arctic marine and lake ecosystems

Large lakes in Scandinavia and European Russia within sub-Arctic zone
Permafrost dynamics and hydrological modelling

Socioeconomic impact of climate change in the Arctic and Sub-Arctic

NoakrowbdrE

Within these tasks, joint research topics and working groups were defined and established, and the joint
research programme (Integrated Research Plan) was elaborated aimed on the consolidation of joint
coordinated research in the area of Arctic and Sub-Arctic climate and environment changes and their
socioeconomic consequences. Major scientific results of the implementation of this joint research
programme are described below in 1.3.5.

The joint research activity of scientists from EuURUCAS Consortium members was organised at NIERSC in
St. Petersburg according to developed programme and within on-going NIERSC projects. Totally, EU
scientists have worked for 3 356 days or about 112 months at NIERSC. The same time, NIERSC personnel
also visited other partner institutions. NIERSC researchers have worked for totally 471 days or about 16
months at EU institutions, mostly at the Nansen Centre in Bergen, Norway, Finnish Meteorological Institute
in Helsinki, Finland, Friedrich-Schiller University in Jena and Max-Plank Institute for Meteorology in
Hamburg, Germany. This two-way exchange of researches significantly contributed to the achievement of
the project objectives.

To ensure further cooperation between EU Member States, Associated Countries and Russia in the area of
environmental and climate research in the Arctic and Sub-Arctic including socio-economic issues far beyond
the end of EURUCAS Project, a number of joint research proposals have been prepared and submitted to
various funding agencies including EU FP7 and Horizon 2020 Programmes. The ideas and outlines of such
proposals have been elaborated during the following six workshops (see Fig. 2) held at NIERSC in St.
Petersburg and in Moscow: First Workshop, 11-13 September 2012; Second Workshop, 5-6 November 2013;
Third Workshop, 27-28 May 2015; Fourth Workshop on the impact of future global processes, including
climatic, economic and legal developments, to the Russian and wider Arctic region, 9 April 2014; Fifth
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Workshop on climate policy modelling, 24-26 June 2015; and Sixth Workshop on modelling Green Growth
options for Russia with the special attention to the Arctic and Sub-Arctic regions, 23 October 2015.

Figure 2. Consul General of Norway in St. Petersburg, Ms. Heidi Olufsen, at the opening of the Second EURUCAS
Workshop at NIERSC in St. Petersburg on 5 November 2013

Totally, the project partners have prepared and submitted 16 joint research proposals, four of which were
funded. Among the funded projects are one EU FP7 Project “Ships and Waves Reaching Polar Regions
(SWARP)”, two Russian-Norwegian projects: “Climate variability and change in the Arctic (CLIMARC)”
and “Development of sea ice monitoring and forecasting system to support safe operations and navigation in
Arctic seas (SONARC)”, and one project funded by Russian Ministry of Education and Science (MON-
SWARP) and supporting NIERSC activity in the framework of EU FP7 SWARP Project.

NIERSC is also invited and now involved into preparation of two new joint research proposals under Call
2016-2017 of EU Horizon 2020 Programme: 1) BG-9-2016 “Integrated Arctic Observing System” and BG-
10-2016 "Impact of Arctic changes on the weather and climate of the Northern Hemisphere" with
participation of several institutions from EuRUCAS Consortium and other EU and Russian institutions.
Participation of NIERSC in these proposals as well as other optional proposals under EU Horizon 2020
Programme is ensured by establishing co-financing mechanism by the Russian Ministry of Education and
Science to support involvement of Russian teams in H2020.

The major achievement of this activity on the strengthening and coordination of EU-Russia cooperation in
the Arctic and Sub-Arctic research is establishing close ties between NIERSC and EuRuCAS project
institutions with the mutual strong intent for continuation of future fruitful cooperation.

4.3 Facilitating involvement of younger generation of researchers into EU-Russia scientific
cooperation and networking

The long-term prospects of sustainability of European-Russian scientific cooperation, being fostered in the
framework of EURUCAS project, crucially depend on how actively the younger generation of researchers
participates in knowledge transfer and preparation/implementation of joint research projects. To promote
effective scientific communication between world-wide acknowledged scholars and leading experts from
project partner institutions, on the one hand, and promising young scientists from various research domains
(both from project partner institutions and beyond), on the other hand, an International Summer School has
been organized and held by NIERSC on 29 June-5 July 2014 in Repino, St. Petersburg, Russian Federation.

The workshop theme was “Land Hydrology and Cryosphere of the Arctic and Northern Eurasia in the
changing climate”. It gathered 52 participants (see Fig. 3) including 27 students and young scientists and 25
lectures. The scientific programme encompassed 21 expert lectures and 26 presentations made by the young
scientists. The poster session collected 17 student posters. Four thematic student groups were set up at the
school: 1) Impact of climate change on the primary production dynamics in the Arctic Ocean; 2)
Contradictory response of Arctic river hydrology to global climate change: process mechanisms and spatial
patterns; 3) Ecology of Eurasian boreal and Arctic lakes: impact of climate change on seasonal hydrological
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and ecological cycle; and 4) Estimating uncertainties in the future CH, fluxes in the permafrost region. These
groups prepared summarizing presentations and the final summaries. The final scientific report, based on
these summaries, is download to the project website (http://eurucas.niersc.spb.ru/).

Figure 3. Participants of the EU-Russia workshop on the Land Hydrology and Cryosphere of the Arctic and Northern
Eurasia in the changing climate (29 June-5 July 2014, Repino, St. Petersburg, Russian Federation)

Both the Summer School and the broad involvement of young scientists into joint research activity at
NIERSC as well as into preparation of new joint research proposals under EURUCAS Project made
considerable contribution to facilitating involvement of younger generation of researchers into EU-Russia
scientific cooperation and networking in the Arctic and Sub-Arctic climate and environmental research.

4.4 Opening institutional arrangements of Nansen Centre to new partners

For maintaining the long-term research cooperation between European institutions and NIERSC far
exceeding the project duration Nansen Centre’s institutional arrangements were opened to new partners from
EU Member States and Associated Countries. The examination of Russian legislation on the Non-
Governmental Organisations showed that the Associated Partnership was the most proper mechanism for
joining of new partners to NIERSC. It is assumed that the Associated Partner and NIERSC develop close
cooperation in research submitting joint proposals, implementing joint projects and supervising joint PhD-
students. The Associated Partner has rights to participate in the General Meetings of Founders of NIERSC
with the consultative vote. For the implementation of this decision the special Memorandum on the
Associated Partnership has been elaborated.

As a result of this activity, six institutions signed Memorandum on Associated Partnership with NIERSC
during the EURUCAS Project: 1) Nansen Scientific Society, Bergen, Norway; 2) University of Helsinki,
Finland; 3) Laboratory of Marine Security of DLR, Germany; 4) Finnish Meteorological Institute, Helsinki,
Finland; 5) Stockholm University, Sweden; and 6) Global Climate Forum, Berlin, Germany. The Nansen
Centre authority is going to continue the involvement of new partners in its activity using the instrument of
the Associated Partnership.
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5.1 Climate change in the Arctic and Sub-Arctic

Summary. The EURUCAS research on the Arctic climate change has addressed two high-priority topics that
need to be better understood. They are (a) Arctic sea ice decline, and (b) Arctic amplification of climate
warming and its effect on mid-latitude weather and climate. A total of seven peer-reviewed papers are
expected: one of them is published, three are submitted, and three are under preparation (see list at the end of
this section). During the project, new collaborations have been generated both internationally and within
Russia.

Participants. Leader: Timo Vihma (Finnish Meteorological Institute (FMI)); Co-Leaders: Ola M.
Johannessen (Nansen Centre (NERSC), Bergen) and Leonid Bobylev (Nansen Centre (NIERSC), St.
Petersburg); Contributors: Svyatoslav Tyuryakov (FMI), Svetlana Kuzmina, Natalia Gnatyuk, Elena Shalina
(all-NIERSC), Valentin Meleshko (Voeikov Main Geophysical Observatory).

Introduction. The recent rapid decline of the Arctic sea ice cover belongs to the most dramatic signals of the
climate change. The warming in the Arctic has been two to three times as fast as the global average. Several
mechanisms contribute to this Arctic amplification of climate warming, but the relative importance of each
of them is poorly known, as is also the regional and seasonal quantification of the Arctic amplification.

Another poorly known issue is the effects of Arctic sea ice decline on mid-latitude weather and climate.
Simultaneously with the strongly warming Arctic, cooling trends in 2-m air temperature have prevailed over
the large parts of the Northern Eurasia in winters since late 1980s, and during the latest ten years several
mid-latitude regions have experienced several cold, snow-rich winters. Whether these events have been
largely affected by the changes in the Arctic is under an intense scientific debate. There is also a need for
future projections of atmospheric response to diminishing sea ice cover in the Arctic.

Arctic sea ice decline in the warming climate. The EURUCAS research has addressed changes in sea ice
cover in the Eurasian Arctic seas due to global warming on the basis of historical and satellite observations
and climate model simulations (Bobylev et al, in preparation). The reduction and thinning of the Arctic sea
ice during recent decades is one of the most important indicators of on-going global warming. The most
significant decline is observed for the summer sea ice, which accelerated in the beginning of this century.
Thus, in September 2012 sea ice extent (SIE) in the Arctic Ocean reached the new record minimum dropping
down to 3.41 million km?. This extent was only half of the 1979-2000 average value. The reduction of sea
ice, observed for the whole Arctic Ocean, occurs also in all its sectors. Thus, for the Eurasian seas 2012 was
the year of the absolute September minima when sea ice extent for the Barents, Kara, Laptev, East-Siberian
and Chukchi seas accounted for only 2%, 5.4%, 5.7%, 0.8% and 1.7% of its average for the period of
satellite observations, respectively.

%&
’ $#

%&&'
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Figure 4. Changes in duration of navigation season at the Northern Sea Route for the period 2050-2070 relative to
2010-2020 projected by CMIP5 models
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For the regional analysis of sea ice changes in the Arctic in the 20" and 21% centuries the unique
observational dataset and ensemble of CMIP5 global climate models were used. The applied new dataset is
the compilation of historical SIE dataset created by Zakharov (Zakharov, 2003) and SIE time series derived
from satellite passive microwave measurements using NORSEX algorithm (Svendsen et al., 1983). This
dataset provides monthly mean sea ice extent values for the period 1924-2014 for the Barents, Kara, Laptev,
East-Siberian and Chukchi seas. It was used for estimation of SIE variability and trends in these seas for the
said period.

The assessment of future changes in the ice cover in Eurasian Arctic seas in the 21* century, which has the
crucial importance for the planning and developing industrial activity in the Arctic, was based on the CMIP5
climate model simulations. At the first step, an assessment was performed how well the current climate
models reproduce observed regional changes of sea ice extent in the five Eurasian Arctic seas in the second
half of the 20" century, especially in summer. It was shown that CMIP5 multi-model mean September SIE
trend is more consistent with satellite observations than CMIP3 trend, but still underestimates the observed
trend and overestimates SIE values over the past decades, i.e. sea ice decreases faster than projected by
models. And, as in the case of CMIP3, the inter-model spread is considerable. Therefore, for getting more
reliable projections of SIE in the Eurasian Arctic seas in the 21% century, at the second step, the selection of
models from CMIP5 ensemble which best match SIE observations was performed. Selected models show
trends for September SIE in the 21% century larger by 21% than the CMIP5 ensemble mean.

Results of simulations by selected models were compared with the extrapolation of the observed SIE.
Analysis of model projections and extrapolation of observed data showed that the sea ice would be
decreasing in all Eurasian Arctic seas with more rapid decline in Chukchi Sea, which to the middle of the 21%
century might become ice-free in summer. Slower decrease is expected for Laptev and East-Siberian seas,
where the sea ice extent will be about 0.2!10 ® km? for Laptev Sea and 0.4!10 ® km? for East-Siberian Sea up
to the middle of the 21% century.

Based on the CMIP5 selected model projections of SIE in the Eurasia Arctic seas in the 21% century, the
length of the navigation season on the Northern Sea Route (NSR) was estimated and the perspectives of NSR
development in the 21* century were assessed for the moderate anthropogenic scenario RCP 4.5. Thus, it has
been shown that the length of the navigation season at the NSR might increase to the end of this century by
about a factor of two (Fig. 4).

Arctic amplification and its links with mid-latitudes. In the EURUCAS Task on the Arctic climate change,
the most extensively studied topic was the Arctic Amplification of climate warming and its effects on mid-
latitude weather and climate. In spite of intense past and present studies on these issues, there is still a
considerable uncertainty on the mechanisms responsible for the Arctic Amplification and links between this
amplification and weather and climate in mid-latitudes.

One of the studies, made in collaboration between NERSC and NIERSC, has been focused on the surface air
temperature (SAT) variability and trends in the Arctic and on a new assessment of the Arctic Amplification
(Johannessen et al., submitted). In this study, for a better observational assessment and understanding of
Arctic Amplification, a thorough detailed analysis of surface air temperature variability and trends in the
Arctic was made in the comparison with mid-latitudes and the entire Northern Hemisphere. The analysis was
based on the advanced SAT dataset, NansenSAT (Kuzmina et al., 2008), and new Arctic climate
regionalisation, created by means of a hierarchical cluster analysis, identifying six major natural regions in
the Arctic that reflect peculiarities of SAT variability. It was shown, using a newly established Arctic
Amplification Index, that the temperature amplification in the Arctic is characteristic feature not only for the
on-going warming but also for the early 20" century warming (ETCW) and subsequent cooling (Fig. 5).
Moreover, the amplification appears to be substantially less during the on-going warming than in the ETCW,
simply because the index values reflect the more pervasive nature of the present warming. Statistical
comparison with climate indices for the warming and cooling periods, showed that the Atlantic Multidecadal
Oscillation (AMO) is most significantly and consistently associated with the amplified warming-cooling in
the Arctic on these time scales.

The second study on the Arctic Amplification, based on collaboration between FMI and NIERSC, addressed
the role of the atmospheric boundary layer (ABL) in this phenomenon (Tyuryakov et al., in preparation). One
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of the many factors contributing to the Arctic Amplification is the shallow, stably-stratified ABL in the
Arctic. Due to its shallowness, the Arctic ABL has a small heat capacity. Hence, a certain heat input causes a
large increase in near-surface air temperature. The relationship between the ABL depth and air temperature
trend and variability during the latest 35 years in the Arctic and mid-latitudes (north of 50°N) was studied
applying the ERA-Interim reanalysis of the European Centre for Medium-Range Weather Forecasts
(ECMWF) and CFSR reanalysis of the National Centre for Atmospheric Research. The results indicated that,
averaged over the whole study area, the annual mean air temperature trend was largest in regions where the
ABL height was smallest (correlation coefficient was "0.72). The relationship included, however, a lot of
regional and seasonal variability. Thus, over the open ocean, the air temperature trends and variability are
reduced by the large heat capacity of the ocean, and the ABL heat capacity plays a secondary role. In winter
over sea areas with a large sea ice loss, such as the Kara Sea, the temperature increase has been strongest,
although the ABL was not the shallowest. This is because the sea ice loss causes both an air temperature
increase and deepening of the ABL.

Figure 5. Time evolution of the Arctic Amplification Index (AAI). AAl is a ratio between 30-year linear SAT trends for
the Arctic (65-90°N) and the Northern Hemisphere. Index is calculated only for the years when all considered trends
are significant at the 95% confidence level. Dotted line indicates AAl=1 meaning no amplification: Arctic SAT trends
are equal to the Northern Hemisphere SAT trends. The 30-year moving AAl values are computed at 1-year increments:
the X-axis indicates the middle year of 30-year period, e.g. 1954 indicates 1940-1969, and so on (from Johannessen et
al., submitted)

The third EURUCAS study on the Arctic Amplification addressed its potential impacts on the Polar Jet
Stream and extreme weather events in mid-latitudes (Meleshko et al., sub