








Spettroradiometry and structure of snow

Figure 4 Field reflectance of different snow types at ASTER wavelength ranges

The images collected in the SWIR, even if showed more difference in reflectance values, were
considered less significant to the aim of classification due to their lower spatial resolution. Following
this observation, only the visible and the near infrared images were used in the image classification
procedures.

The summer images of the Ny-Alesund area (acquired on 2007 and July 14th 2001) were analyzed
and classified paying particular attention in detecting the snow in the upper part of the glacier,
the snow close to melting front and the pure ice on the glacier (Figure 5). The spectral differences
between these surfaces in the near wavelengths allowed a good identification of this unit on the
images and field data avoided the problem of mixed pixels. The accuracy of images classification

thus obtained was around the 95%. Ice
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Figure 5 Snow cover classification derived by ASTER image (July 12" 2007)
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Field data collected in previous campaigns in Ny-;&lesund (Salzano et al., 2006) suggest that it is
possible to derive the SSA using reflectance values in infrared ranges as follows:

SSA =3054.2 reflectance tm5+30.083
SSA =3620.1 reflectance tm7+47.125

These relations, derived using Landsat TM data, have been applied to reflectance values derived
by ASTER images and the preliminary results of the experimentation seems to demonstrate that it is
possible to discriminate snow cover with different values of SSA also using ASTER infrared images.
This was made possible by a good knowledge of the spectral and structural features of the snow
targets achieved at the ground.

The observations derived by image processing procedures also underlines that the remote sensed
images can be used to describe the distributions of the different types of snow, since at VIS and IR
wavelengths, absorption is very high and the size of the particles is the main factor on the diffusion
of light.

The next step of the image processing research activity will be the analysis of multi-temporal
images: this opportunity will improve the knowledge of snow cover on the whole Svalbard territory
as requested by the international community.
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Field campaign in Ny-Alesund

Characterization of the vegetation, the active layer and the underlying permafrost coupled
with measurements of CO, fluxes of the analysed ecosystems.
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Image on previvos page: active layer thickness and CO, fluxes at Stranvatnet.
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Abstract

During the summer of 2012 the Insubria Research group started a research programme focused on
the characterization of the vegetation, the active layer and the underlying permafrost around the
CCT tower and in the surrounding of Ny-Alesund coupled with the first measurements of CO, fluxes
of the analysed ecosystems (vegetation + underlying active layer).

In the brief preliminary campaign (5/08-17/08) we performed 11 ERT (Electrical Resistivity
Topographies) with 2 or T m of span for determining the active layer thickness and its spatial
variability along a transect at Strandvatnet and very close to the coast and, above all on a 50X50
m grid of (6 lines every 25 m) close to the CCT. In the same sites 9 plots in correspondence of the
main vegetation communities were selected to measure the CO, fluxes through an IRGA system.
For each site a simplified soil profile was described and the different horizons within the upper part
of the active layer were sampled. After this characterization a 50x50 m grid for the permanent
active layer monitoring (that will be part of the CALM network) has been established.

The results of the field measurements are still in processing and will contribute both to the
understanding of the relationships among permafrost (and its active layer), vegetation and CO,
fluxes in a Climate Change scenario.

Report

During the summer of 2012 the Insubria Research group started a research programme focussed on
the characterization of the vegetation, the active layer and the underlying permafrost around the
CCT tower and in the surrounding of Ny-Alesund coupled with the first measurements of CO, fluxes
of the analysed ecosystems (vegetation + underlying active layer).

The main goals of the campaign were two:

a) estimation of the spatial variability of the active layer thickness and the permafrost distribution
around the CCT tower and, for comparison, in one site closer to the coast;

b) estimation of the variability of the CO, emission related to the active layer thickness and the
vegetation types.

a) Estimation of the spatial variability of the active layer thickness and the permafrost distribution
around the CCT tower and, for comparison, in one site closer to the coast.

For the objective a) ca 830 m of electrical topographies (ERT) were performed, 6 lines of which (3
lines N-S and 3 E-W oriented, with a span of 2 m) placed at a distance of 25 m from each other
and centered on the grid of 50x50 m located immediately southward to the CCT tower (Figure 1).
A short altitudinal transect close to Strandvatnet from the road to the shoreline was also carried
out.

This transect was composed by an upper line NNE oriented 94 m (span 2 m) long between 25 and
20 m a.s.l. and 3 lines (with 50% of overlapping to maintain the same investigation depth, for a
total length of 94 m) with the same orientation but a span of 1 m, located between 15 and 7 m
a.s.l. crossing a saturated moss bank. Finally a line NW-SE oriented, orthogonal to the NNE line, of
32 m (span T m) was also carried out.
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Figure 1 Location of the study sites

Preliminary results of the ERT indicate that the active layer (defined here as maximum thawing
depth) is extremely variable from a few decimetres up to more than 3 m and, above all, the
existence of some taliks was detected. Taliks are portion of ground in which water occurs as liquid
despite ground temperatures are likely well below 0°C and therefore are within permafrost (see
Figure 2).

This complex hydrogeological system is already known also in other coastal areas of the Arctic and
even in Antarctica but it is surely a peculiar feature that needs particular attention both for the
ecosystem and the landscape evolution.
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Figure 2 Example of ERT along one of the six lines (North on the left and South on the right of the figure
and located in the middle of the CALM grid). (in the Y axes the O correspond to the absolute elevation of
55 m a.s.l.. Resistivity values above 2000 ohm should represent frozen ground
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Permafrost thickness is generally thinner and not more continuous closer to the shoreline (where
it occurs only below the windswept ridges like in Figure 3). The surface characteristics (e.g. the
vegetation type) also strongly influence the spatial variability of the active layer and the permafrost
distribution. Indeed, below a saturated moss bank (with less than 30 cm of peat) permafrost seems
not to occur at least in the first 8 m, while below the adjacent ridge characterised by Cassiope
tetragona and grasses the frozen ground is at least 6 m thick.
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Figure 3 Example of ERT along one of the lines carried out close to the beach at Strandvatnet. (in the Y
axes the 0 correspond to the absolute elevation of 8 m a.s.l.) Resistivity values above 2000 ohmm should
represent frozen ground. On the left there is the saturated moss bank area (in the first 12 m) while the
middle is a ridge characterised by grasses and Cassiope Tetragona

b) Estimation of the variability of the CO, emission related to the active layer thickness and the
vegetation types.

To estimate the variability of the CO, fluxes related to the active layer thickness and the vegetation

types after a preliminary vegetation survey to define the main vegetation communities 6 different

communities were examined within the CALM grid (Fig. 4) and 9 plots along the transect at

Strandvatnet.

At the CALM grid site, the spatial distribution of vegetation follows topographic and edaphic
gradients, with mosaics of different vegetation types: tundra barrens (dominated by the graminoid
Carex rupestris) and dwarf shrubs (respectively composed by patches of Dryas octopetala and
Cassiope tetragona) in the most exposed and xeric sites; patches of snowbed vegetation dominated
by Salix polaris with mosses, or exclusively composed by mosses in the wettest sites and in areas
where the microtopographic conditions promote snow accumulation and persistence; tundra barrens
dominated by Saxifraga oppositifolia in mesic sites and occurrence of cryptogrammic crusts of
Cyanobacteria on finer material.

At the CALM grid site the CO, fluxes were analyzed in patches all included in the CALM grid and
adjacent to the CCT tower, in correspondence of the following vegetation types:
shrubland with Dryas octopetala;

shrubland with Cassiope tetragona;

grassland with Carex rupestris;

snowbed with Salix Polaris;

snowbed with Salix polaris and mosses;

pioneer vegetation with Saxifraga oppositifolia;

moss vegetation;

cryptogamic crust of Cyanobacteria;

barren soil.

1.
2.
3.
4,
5.
6.
7.
8.
9.
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While we carried out extended measurements in the first six plots, spot measurements were also
carried out on barren soils (with vegetation cover < 5%), on patches with only moss vegetation and
on the cryptogrammic crust of Cyanobacteria.

At the Strandvatnet transect site, we selected the same vegetation types already analyzed at the
CCT site, in order to obtain comparable data on the spatial variation of CO, fluxes in relation to
vegetation and active layer. As the Strandvatnet transect site is characterized by a topographic and
edaphic gradient, here we selected two subsites along the transect investigated for the estimation
of the spatial variability of the active layer thickness and the permafrost distribution: one located
at a higher topographic position (and therefore more exposed and dry) and another located at a
lower topographic position and characterized (less exposed and wetter).

At the Strandvatnet transect site we selected the following vegetation types for the analyses of the

CO, fluxes:

1. shrubland with Dryas octopetala (2 subsites: high and low);

2. pioneer vegetation with Saxifraga oppositifolia (2 subsites: high and low);
3. snowbed with Salix polaris (2 subsites: high and low);

4. shrubland with Cassiope tetragona (only at the higher subsite);

5. grassland with Carex rupestris (only at the higher subsite);

6. wetland with mosses (only at the lower site).

Figure 4 CO, fluxes measurements in one of the 6 plots selected within the CALM grid and close to CCT
tower. On the background the ERT instrumentation, the CCT tower and the Ny-Alesund airstrip
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The preliminary results show that both sites are characterized by a spatial variability of CO,
fluxes in relation to vegetation types. As an example, during one day at the CCT site it is possible
to observe that NEE is negative (resulting in a net CO, uptake from the atmosphere) only for the
Dryas octopetala vegetation, while all the other vegetation types show positive NEE (resulting in
a CO, release from the ecosystem to the atmosphere), due to the fact that respiration exceeds
photosynthesis (Fig. 5).

One potential reason for the positive NEE measured could be the phenological phase of almost all
investigated vegetation types. Indeed, it was notable and advanced senescence of leaves and of
all the aboveground biomass for most species, as we performed our measurements at the end of
the growing season.

In any case, these results are useful to define significant differences of CO, fluxes among different
vegetation types and provide a basis for future investigations on these topics.
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Figure 5 Example of the spatial variation of CO, fluxes in relation to different vegetation types measured
in one date at the CCT site. Legend: NEE = Net Ecosystem Exchange; ER = Ecosystem Respiration; C (1, 2,
3, 11) = Cassiope tetragona vegetation; CIA = cryptogamic crust with Cyanobacteria; D (1, 2, 3, 4) = Dryas
octopetala vegetation; G (1, 2, 3, 4) = graminoid barren dominated by Carex rupestris
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Structure and function of microbial communities
in challenging, polar terrestrial habitats: a pan-Arctic survey

This study was built on a large amount of data collected from 2002 to 2011 in various
localities of Svalbard, mainly around Ny-/&lesund, and intended to extend the investigations
to other Arctic regions mainly by accessing Arctic research station through the EC Transnational

Access Program INTERACT.
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Image on previous page: example of a cyanobacterial population growing immediately under the
surface of a calcareous rock. Ossian Sarsfjellet, Kongsfjorden, Spitsbergen, Svalbard. Red/white

bars 1 cm.
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Introduction

After several years of research on terrestrial microbial ecology performed in Svalbard, an
international group of microbiologists and cyanobacteriologists decided to launch a study of
microbial terrestrial communities around the Arctic with the goal to explore the effects of climate
change on Arctic extreme environments. The study has been built on a large amount of data
collected in the period 2002 — 2011 in various localities of Svalbard, mainly around Ny-Alesund,
and intended to extend the investigations to other Arctic regions mainly by accessing Arctic research
station through the EC Transnational Access Program INTERACT.

The whole project addresses the study of selected microbial communities of diverse extreme
habitats in the terrestrial Arctic, in the process of adaptation to climate warming mediated by
water regime.

In areas of the polar terrestrial ecosystem where harsh climate conditions impair plant growth,
Biological Soil Crusts (BSC) and epilithic colonizations (or lithobiota) represent the stable vegetation
coverages. These vegetation coverages are dominated by cyanobacteria and fungi, especially
in habitats where environmental parameters like UV irradiance, temperature, water regime, and
nutrient availability approximate the extremes for life.

In opposite conditions with regard to water availability, stand the spring and seepage communities
which face other stressful conditions, the fluctuating water availability in seepages, and local
constrains like radioactivity or homoeothermy for springs.

The research is carried on by a European team, encompassing members from ltaly, Austriq,
and Czech Republic, giving a contribution to the establishment of strong collaborative links at
a European level. All the three countries are deeply involved in ecological research on extreme
environments, encompassing polar regions, as also demonstrated by the substantial participation
of the team members to the the activities of the recent EU Coordinated Action CAREX on life in
extreme environments.

The team members have previous experience of research on polar themes, also carried out together
in Svalbard. The actual work has already started in Svalbard, and team members have recently
operated in Ny-Alesund, Bockfjorden, and Petunia Bukta. The plan is to visit stations in Greenland,
the American Arctic, Siberia, and alpine Sweden, covering the entire Arctic region during the
next few years. The research results will be also potentially useful nationally to approach the
conservation and rehabilitation of alpine and arid areas that are present in the three countries.

Research background

Research on BSC has developed greatly in the last two decades thanks to the contribution of
US scientists (J. Belnap and others), who concentrated on drylands and hot and cold deserts. The
composition, structure, hydrology of BSC and their response to climate, mainly to rain precipitations,
have been examined in details in the studied crust systems. Another substantial contribution to
these systems has been given by R. De Philippis, a member of this research team, and co-workers
who approached the study of the role of exopolysaccharides (EPS) in structuring the crusts and
determining their hydrodynamics.

They also worked on artificial soil crusts intended to stabilize arid areas, to block the desertification
and to rehabilitate land for agricultural practices. A limited number of studies has dealt with
BSC in polar environments while much more attention has been given to microbial mats growing
underwater near the shores of lakes and ponds in Antarctica and to a less extent, in the Arctic. BSC
and epilithic developments on iron rich mineral substrates have been characterized on the front
moraine of a glacier in Svalbard by S. Ventura, the team leader, and co-workers, investigating the
biodiversity of the community and the nutritional interactions mediated by iron release.
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As regards the polar regions, epi- and endo- lithic fungi have been extensively studied in the
Antarctic Dry Valleys, and only recently their study has been started in Svalbard, Ny-Alesund area,
by K.Sterflinger, another member of the team, who, at home, is primarily involved in the study of
lithobiota of the stone cultural heritage.

Seepages have been characterised in marine Antarctica and, to a lesser extent in Svalbard, mainly
by a Czech research group which includes the team member O. Komarek. More generally, Antarctic
freshwater cyanobacterial communities have been the most extensively studied, in particular mats
and planktic communities.

The research, which is based on previous detailed studies recently performed by the proponent
team and others in Svalbard, is meant as a step toward a complete characterisation of BSC,
lithobiota and spring / seepages cyanobacterial communities all over the Arctic. It would evaluate
the adaptation and distribution of microbial biodiversity in the different local conditions of the
Arctic region. It is planned that the complete research will cover the entire Arctic region, through
visiting several Stations.

Figure 1 Thin Bacterial Soil Crust developing on sandy substrate. The crust was mainly constituted by
phototrophic microorganisms. Inner Kongsfjorden, Spitsbergen, Svalbard

Objectives of the study

Bacterial Soil Crusts. In the polar ecosystem, BSC undergo long and delicate succession processes
that, through the establishment of complex topological and functional relationships among the
mineral and the biological components of these systems, will finally lead to the stabilization of the
mineral substrate and to a possible development of soil with an increase of fertility and resilience
against erosion. In these times of rapid climate warming, BSC are exposed to severe environmental
constrains but, at the same time, large areas where the vegetation coverage is absent or impaired
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are continuously made available to primary colonization by BSC, thus increasing the role of these
systems at a global scale in the stabilization of fragile polar habitats.

We hypothesise that common patterns of development of BSC exist through the Arctic and in more
general terms in all environments where these structures dominate; these patterns would be controlled
to a large extent by water regime and less by temperature. To verify this hypothesis, the research
team investigates the macro and micro structure, the EPS content and the related hydrodynamic
properties, and the community composition of BSC in the initial stages of development. BSC in
the region around the Arctic Station are under comparison with corresponding BSC developing
in Kongsfjorden (Ny-Alesund area), Svalbard, with the objective to identify commonalities and
differences in their structure, function and biodiversity.

Figure 2 Rock wall under water flow. The wet rock surface was covered by a thick phototrophic mat
coloured in green, orange and red. The black stripes in the less wet upper part were unicellular
cyanobacterial populations which produced high amounts of UV protecting black pigments. Plateau
behind Arctic Station, Qeqertarsuagq, Disko Island, Greenland

Epilithic and Endolithic Microbial Communities. Since the pioneering discoveries of Imre Friedmann,
exposed rocks have been recognised as the habitat of specialised microbial communities able to
survive extreme climate conditions. These communities, that always include cyanobacterial and
fungal populations, are able to withstand long periods of dryness, and in the polar regions, also of
total darkness and freezing. The short periods of vegetative activity depend from water availability,
thus the climate warming, changing the water regime, could exert a strong impact on them.

We hypothesise that water represents the key factor controlling the development of those communities
and that a restricted number of well adapted fungal and cyanobacterial species are diffused all
over the Arctic; the populations dominating each exposed rock surface would be selected by the
relative degree of water and/or humidity, the lithotype and the exposure.
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The research objective are the identification and characterisation of the dominating members of
fungal and cyanobacterial populations colonising exposed rock surfaces in different microclimatic
conditions in the regions visited during the study, as a contribution to cataloguing the rock microbial
communities of the Arctic. A comparison with the rock microbial community recently investigated in
the Ny-/o\lesund area will be readily possible.

Cyanobacterial communities of springs and seepages. Microalgal communities with dominant
cyanobacteria develop in meltwater seepages in deglaciated areas of the maritime Antarctica
during the Antarctic summer season; these communities show a characteristic succession, vertical
structure and species composition, and represent a unique biocoenosis important in terrestrial
successional processes. The communities appear to be endemic to coastal Antarctic regions in terms
of species composition, distinctive mat structure and seasonality. Far less detailed studies have been
performed up to now on corresponding habitats in the Arctic, and indeed they mainly consisted of
lists of retrieved cyanobacterial species and genera, uniquely based on the old morphological system
which postulated that the distribution of the majority of cyanobacterial species be cosmopolitan.
We hypothesise that cyanobacterial communities of springs and seepages in the Arctic are
less isolated than the corresponding communities in the maritime Antarctica, but still represent
specialised communities whose members are largely autoctonous and in part related to northern
Scandinavian populations. The research objectives will be the determination of the members of the
cyanobacterial community and their comparison with a recent study performed in Petunia Bukta,
Svalbard, to evaluate cyanobacterial diversity at the intra-Arctic level. Comparison with Antarctic
cyanobacterial populations will be also performed.

Homoeothermic springs in the area around the Arctic Station will be also investigated and their
cyanobacterial community compared with data available but not yet published on the homoeothermic
spring system of Bockfjorden, Svalbard.

Methods of the study

The methodological approach included the collection and stabilisation of samples to be further
analysed at home. BSC samples, with and without the extraction of the EPS matrix, were fixed and
embedded in resin ex situ to preserve and later study their micro-structure. EPS were extracted
from BSC and characterised at home. The hydraulic conductivity of the BSC has been measured.
Microfungi and cyanobacteria will be isolated, identified, and characterised from collected samples,
also with the application of an extensive metagenomic approach.

Most of research material consisted of small environmental samples collected during each day
in the field and immediately stabilised once back to the Station’s laboratories. Samples were
fixed for DNA analysis, microscopic observation, and preserved in living conditions for subsequent
isolation of fungal and cyanobacterial strains. Disposables, reagents and small instruments were
shipped by freight; this represented one of the major logistics steps in the organization of the single
expeditions.

State of the project

In the period 2002 — 2011, several study trips have been performed in different localities of
Svalbard, with the support of CNR and of the European Science Foundation.

Many other samples from Svalbard and other locations in the Arctic were received from colleagues,
mainly from Matthias Zielke, Bioforsk, Norway.

During summer 2012 the first INTERACT trip of the team took place to Arctic Station, Disko Island,
Greenland.

In summer 2013 another INTERACT sponsored trip to visit Zackenberg research station in East
Greenland is foreseen.

Analysis of collected samples takes presently place in the laboratories of the team members.
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Figure 4 Laminar macrocolony of Nostoc cf. commune developing on mosses. Tundra near Arctic Station,
Qegqertarsuaq, Disko Island, Greenland. Black/white bars 1 cm

Research activities performed during the 2012 INTERACT trip to
Arctic Station, Greenland

Given the reduction of the requested funding and consequently of the duration of the stay, much of
the planned laboratory activities could not been performed. Instead, we concentrated all efforts in
collecting the largest possible number of different samples to be analysed once back home.

A difficulty that had been underestimated was the distance from the Arctic Station of the places
which we wanted to visit. In two days of very intensive hiking and by the use of a fast boat, we were
actually able to reach most of the planned places and collect a variety of samples. Also around the
Station we could carry out an intensive sampling of BSC and especially of homoeothermic springs.
The environment of the region around the Arctic Station very well complemented our pan-Arctic study
plan, representing a relatively southern and much vegetated area in comparison with Svalbard.
We had thus the opportunity to sample BSC colonizing special spots that for some reasons were
subtracted from a generalized plant coverage.

The lack of an updated and detailed map of the region represented a difficulty for trip planning,
especially when we wanted to get to the glacier front that had actually been retreated a long way
in respect to what reported on the available map.

We are confident that the analysis of the numerous samples we collected, currently under way in
our laboratories, could give excellent results.
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Expected scientific and societal impact of the research

A deeper knowledge of polar BSC structure and performances, epilithic colonisations, and spring
communities could possibly lead to the identification of types of fungal and cyanobacterial species,
and BSC structures unique to the Arctic. The phylogenetic and taxonomic study of cyanobacterial and
fungal strains will contribute to clarify the issue regarding the controversial existence of autoctonous
and/or cosmopolitan taxa; in this respect, the comparison with related Antarctic species will be
essential, also to quantify more precisely the degree of isolation of the Arctic ecosystem. At least
for cyanobacteria, the description of new taxa from extreme habitats will contribute to check the
hypothesis on the evolution of sister cyanobacterial genera driven by adaptation to extreme life
conditions, recently formulated by S.Ventura and co-workers (Sili et al., 2011).

The results are also expected to be useful to better understand the role of homologous structures in
the temperate European region, how these structures could be protected, how they could contribute
services for the rehabilitation of low buffered fragile habitats in alpine and arid regions, promoting
and preserving a dynamic ecosystem equilibrium under rapidly changing conditions. Once the
functional constrains and dynamics of BSC in all environments where they dominate will be known,
artificial BSC could be developed and used as environmental tools to block desertification, restore
marginal land, and favour soil development by increasing fertility and resilience against erosion.
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Original data from
http://glcfapp.glcf.umd.edu:80.

A structural geologic survey in western Svalbard

The Roma Tre University Team investigates on brittle deformations related to the transform/
strike-slip geodynamics of the Arctic regions responsible for the formation of the Western
Spitsbergen Fold and Trust belt. The work is done at the various scales from satellite
images to the outcrop scale investigations and is aimed on the study of the upper crust
deformation. Fieldwork is based on a series of station of brittle deformation measures. This

multi-scalar integration allow the definition of a tectonic model for the western portion of

the island and the kinematics of the regional faults.




Research group

Roma Tre University (Rome, Italy)
Francesco SALVINI, Paola CIANFARRA

Image on previous page: LANDSAT TM false colour image of Breggerhalvaya.
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Introduction

A large transform fault separates the North Atlantic and the Arctic Ocean and its movement is
responsible for the evolution and deformation of the Svalbard Is. and Barents Sea. It runs from
the NW coasts of Norway to Canada and the effects of its evolution ruled the development of
geological environments favorable to the deposition and successive production of natural resource
as coal and oil.

Figure 1 Bathymetry of the Arctic Ocean from IBCAO data (http://www.ngdc.noaa.gov/mgg/bathymetry/
arctic/currentmap.html) Black bold lines show the transform fault separting North Altlantic and Arctic
Oceans. Arrows shows the relative movements between crustal blocks

The Roma Tre University Team investigates on the Neogene-Quaternary brittle deformations related
to the transform/strike-slip geodynamics of the Arctic regions responsible for the formation of the
Western Spitsbergen Fold and Trust belt. The work is done at the various scales from satellite
images to the outcrop scale investigations and is aimed at studying the upper crust deformation that
mainly consists on fractures and associated brittle deformation. Fieldwork is based on a series of
station of brittle deformation measures. Station location is based on morphological evidence. This
multi-scalar integration allow the definition of a consistent tectonic model for the western portion
of the island to be compared for compatibility with the kinematics of the regional fault and the
definition of an intraplate strike-slip fault.




The project includes:

i) field measurements of fracturing intensity across the main lineament domains and tectonic
lineaments identified on synthetic scale images (satellite Landsat, ASTER images and digital
elevation models, DEMs). In fact, those lineaments have been recognized to rule the recent
evolution of the landscape (i.e. ice and water drainage pattern, enhanced erosion etching on
the pathways created by tectonics);

ii) identification of recent/active faults cutting the Quaternary glacio-marine deposits in order to
evaluate the tectonic contribution to the post glacial isostatic uplift.

Field work

In the period August, 22" — September, 8" a geological field campaign was carried out,
including structural geology measurements and landscape morphological analysis of the Permo-
Carboniferous carbonate and clastic sequences. This campaign completed and integrated the
previous reconnaissance campaign of 2003 and 2004 (for a total of 16 days) and integrated the
preliminary results of the 2010 campaigns (for a total of 23 days). Studied outcrops located in the
Broggerbreen, in Blomstrandhalvoya Is., Loven Is., Capp Mitra and Cross Fijord region. Field activity
included reconnaissance survey with colleagues led by Prof. Arun Kumar from Earth Science Dept.
of Manipur University, India in order to evaluate the geotectonic stability of a GPS monument.
Measurements stations located nearby Ny-Alesund where reached by walking, while distant stations
were reached thanks to the NP facilities (boat).

A total of 13 field surveys were performed with the selection of 36 stations for the measurement
of brittle deformations for a total of 1051 structural data including faults, extensional fractures,
shear cleavage as well as morphological alignments in the Quaternary glacial and glacio-marine
deposits. Those morphological alignments are also evident in satellite images (Landsat, ASTER) and
DEM (ASTERGDERM and SRTM).

Results from the analysis of the collected structural data showed that the most recent tectonic event
relates to an N-S oriented, strike-slip faulting. The brittle crustal deformation associated to this
tectonic event together with the glacial activity is the key factors ruling the present-day geomorphic
evolution of the landscape.

This last strike slip tectonic event dissects the Mesozoic compression fault system related to the
building of the West Spitsbergen Thrust and Fold Belt. Strike slip faults cutting the Quaternary
moraines were newly discovered together with their brittle deformation associated.

An increasing fracturing intensity has been observed near automatically identified lineaments from
synthetic scale images. This increasing deformation is consistent with the theory on the origin of
the lineament domains considered as the surface expression of crustal weaknesses related to the
recent/active stress field.

An intense fracturing of the outcropping rocks has been measured near the VLBl geodetic antenna
(Ny-Alesund airport) and the other sites of geodetic measurements performed in 2001 by Vittuari
and others around Ny-/&lesund. These analyses have been used to tune an ad hoc methodology
used to evaluate the geotectonic stability of geodetic monuments. This methodology will be used
also in the next Antarctic campaign (XXVIII).

A scientific paper on the obtained results is in preparation.

Facilities available at the Arctic Station ‘Dirigibile Italia’ were fully satisfactory. The boat
provided by NP was particularly useful for the transfer to the measurement sites as well as for
the reconnaissance surveys. The availability of an helicopter to reach the furthest sites would have
improved the results of the campaign.
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Future Activities

*  Publication and presentation at meetings of the obtained results.

*  Starting collaboration with the Geodesy group of Manipur University, India for the integration
of structural geologic and geodetic data.

*  Continuation of the study of the active/recent character of the N-S, strike-slip faults ruling the
Neogene-Quaternary geologic evolution of the western margin of Spitsbergen.

*  Framing of the studied faults in a Cenozoic tectonic evolutionary model of the Arctic region
defining the role of the transform/strike-slip faults in the geodynamic setting specifically in the
region between Greenland and Lomonosov Ridge /Arctic Ocean.

* Interpretation of geodetic data in the light of the recent tectonic evolution of Spitsbergen Is.
(e.g. relative movements along active faults, vertical movements).

e Study of the Bockfjorden Quaternary Volcanoes through a dedicated summer campaign.

Figure 2 Thrust fault cutting Middle Carboniferous-Late Permian limestones in the Broggerhalvoya with
its associated fracturing







OCEAN SCIENCE

Oceanographic measurements

in Kongsfjorden and Svalbard margin

Aim of the project is to collect time-series of oceanographic measurements at sea glacier
interfaces in Kongsfjorden and on the continental margin of Svalbard.



Ocean science

Research group

CNR ISMAR - Institute of marine Science (La Spezig, ltaly)
Stefano ALIANI, Mireno BORGHINI

CNR ISMAR - Institute of marine Science (Bologna, Italy)
Federico GIGLIO, llaria CONESE, Fabrizio DEL BIANCO, Luca GASPERINI, Leonardo LANGONE,
Stefano MISEROCCHI

Image on previous image: The sea-glacier interface of Blomstrandbreen Glacier. On the right a small
beach is visible after ice retreat (2010); here the glacier doesn’t touch the sea any more. Small melting
ice fragments on the sea surface affect surface salinity of the ocean.
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Rationale

The Arctic Ocean is the northern hemisphere heat sink for our planet and is experiencing drastic and
fast changes in recent years, but we do not know whether these represent temporary perturbations,
long-term trends, or new equilibria. Two aspects of the interaction between the Arctic Ocean and
global climate that has been stressed as very important for global climate are: sea ice and surface
heat and mass budgets. Mass and heat balance in the Arctic is the part that has more gaps in
knowledge and many points of mass balance of fresh water in the Arctic still have to be addressed
to full understand relationships with climate. One point that has only recently addressed, and up
to now only in the Greenland sea (Straneo et al., 2010), is the estimation of submarine melting
of tidewater glaciers. Indirect measurements have been done using ice flow and ice thickness
(Holland et al., 2008; Motyka et al., 2010) and direct measurements of temperature and currents
are logistically challenging. Furthermore, glaciers melting affects sedimentation processes and
biogeochemical cycles. Sediments cores can document the record of similar melting processes that
took place in the recent past.

Sea Glacier Interface in Kongsfjorden

In the inner part of Kongsfjorden, many glaciers reach the sea and the shape of the glacier front
is an almost vertical walls of ice above seawater. Kongsfijorden also has the peculiar feature
that under some conditions, veins of warm (about 5°C) and salt (up to 35) water from the West
Spitzbergen Current (WSC) intrude into the fiord and touch the glaciers’ front in a relatively ice-
free sea environment (Aliani et al., 2004). This makes a unique opportunity to study the ocean-
glacier interface.

Morphology of inner Kongsfjorden seabed

A shallow moraine, whose emerging shoals are the islets of Lovenoyane, separates the fiord itself
from the very inner part, where there are sea glaciers. A shallow passage about 40 m deep
and 4 km large connect them in the southern part. The northern passage is trough a narrow and
shallow channel north of Lovenoyane and a recently ice free channel between Blomstrand island
and Blomstrandbreen Glacier. Accurate seabed morphology data was compulsory information
to deploy instruments for time-series and to plan any seagoing activity, but it was missing for
the inner part. A seismic survey was performed in all the Kongsfjorden, also including the inner
part that has recently become accessible after rapid glacier retreating. Over 130 nautical miles
of Chirp sub-bottom profiles (4kW Benthos DSP-662 Chirp lll with 4 towed transducers) were
acquired. The morpho-bathymetric features and surficial seismo-stratigraphy has been described
and a map was produced (Figure 1). A widespread outcrop of bedrock dominates the bottom of
the fiord. Several morphological structures were detected, mainly related to relict sub-glacial and
ice scoured topography produced during the glacial re-advances of the Weichselian (20 ky BP)
and again during the last major Holocene re-advance of the Little Ice Age.

These features are several tens meter high above the sea bottom level, and in the south-eastern
part also emerges as the small Lovenoyane islands separating the inner fiord into two parts. The
area in the inner part of the fiord, close to the calving line, is characterized by higher sediment
accumulation rates, and a thin (>10m) layer of coarse-grained sediment thickness, probably due to
the interaction of the 3 proximal ice-tongues, was observed. Ground truth of acoustic data was by
short sediment cores collected all over the fiord.
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Figure 1 Bathymetric map of Kongsfiorden with direction of general current in summer, superimposed as
red arrows. Red dot shows position of Dirigibile Italia Mooring (MDI)

Mooring Dirigibile Italia

The best site to deploy long-term data collection equipment for permanent mooring has been
selected after bathymetric survey at GPS position 78° 54.862N 12° 14.733E. The site was a
compromise between proprieties of the water passing across strait, bottom depth and measurable
sedimentation rates. Mooring Dirigibile Italia (MDI_2010) has been deployed in September
2010 and serviced and deployed again in September 2011 (MDI_2011) and September 2012
(MDI_2012). A sketch of the mooring also reporting deployed instrument is reported in Figure 2.
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Mooring Dirigibile Italia_2011 (MDI_11) Mooring Dirigibile Italia_2012 (MDI_12)

78°54.863' N - 12°15.530' E, water depth 100 m 78°54.874' N - 12°15.103" E, water depth 103 m
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Figure 2 Sketch of mooring Dirigibile Italia as it was in 2011 and 2012. Temperature and conductivity
recorders, current meters and sediment trap are depicted

Time-series were continuously collected for three years now: oceanographic data are stored in
ISMAR SP data center in SeaDataNet standard, CHIRP data are stored on ISMAR Bologna servers,
trap samples and cores has been partly processed and properly stored at ISMAR Bologna sample
collection.

Both oceanographic data set and particle fluxes had a seasonal pattern: during the first collection
year, seawater temperature at near-bottom ranged from freezing point in winter to 3°C and salinity
ranged from 34.2 in early winter to 34.7 in early spring. Water currents were modulated by tide
and on average net current direction was 170°N entering the inner fiord across Lovenoyane’s
southern passage (Figure 3).

Particle fluxes were low through the first 10 months, while in July and August increased up to 72 g
m2 d'. Due to the low organic content , the origin of these flux peaks is related to the increased
runoff and/or sub-glacial meltwater during the summer season. On the other hand, during May
and June, both higher OC content and less negative values of §'°C prove a higher proportion of
vertical rain of particles by marine origin.

Hydrology

Up to 50 SBE19 CTD casts per year were performed in September 2010 and 2011 and improve
our hydrological data set from September 2001 and 2003 campaigns.

Summer circulation through the shallow passage is controlled by wind and tides. Warm water
(about 5°C) enters the passage at about 25 depth. Along glaciers fronts temperature decrease to
about 2°C and exit through the passage north of both Lovenoyane and Blomstrand constrained
by topography.

In 2001, a very thin layer of fresh water was found in the northernmost part of inner fiord and the
plot of temperature had a regular decreasing gradient along an almost continuous glacier front. In
2011, glaciers retreated and the plot of temperature did not show a similar gradient, but intrusions
of veins of cold water at 20 m depth were recorded,. TS diagram also highlighted the presence of
low salinity water masses that were not found in 2001.
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Data transmission

Two acoustic modems successfully transmitted data from SBE recorder at sea to the Ny-Alesund
Marine Lab. CTD casts evidenced strong stratification in properties of water column, which created
problems in acoustic links due to sound transmission properties. The Tritech system we used was able
to successfully transmit data underwater using its auto setting properties to minimize errors. Data
were sent to Marine Lab trough a cable. If data connection was successful, bringing data out of
the water has some critical points and building infrastructures are required to create a real time
connection to permanent deployments underwater that can survive wintertime marine surface icing.
Alternatively VHF connection is a possibility to be explored after proper authorisation to use of
radio frequency in Ny-Alesund.

Principal National/International Projects of Reference

e Nysmac (Ny-Alesund Scientific Management): http:/ /nysmac.npolar.no.
It is a project to enhance cooperation and coordination amongst research activities at the Ny-Alesund
International Arctic Research and Monitoring Facility.

*  ASOF (Arctic SubArctic Ocean Fluxes) Meetings: http://asof.npolar.no P.. - Dr. S. Aliani.
ASOF is an international program on the oceanography of the Arctic and Subarctic seas and their
role in climate. ASOF focuses on ocean fluxes of mass, heat, freshwater, and ice in the Arctic and
subarctic oceans.

¢ SIOS Initiative (Italian Database Infrastructure for Polar Observation Sciences)
http://www.sios-svalbard.org P.. - Dr. S. Aliani.

Svalbard Integrated Earth Observing System (SIOS) is an international infrastructure project. There
are 28 partners from Europe and Asia involved.

* PAME (Protecting Arctic Marine Environment). P.l.- Dr. S. Aliani.
It is a working group of Arctic Council dedicated to Arctic Ocean.

* Hermione (hitp://www.eu-hermione.net), is an FP7 project.

The project ran from April 2009 to September 2012, and was made up of a consortium of 41
partners - research organizations, universities and small organizations - from 13 countries across
Europe.

Objectives accomplished

The following objectives have been reached:

*  mapping the Kongsfjorden seabed morphologies;

* deployment of long term oceanographic data acquisition system (mooring Dirigibile ltalia);
* sediment cores and timeseries of sediment trap samples;

* description of hydrological properties by CTD casts;

* testing of low-cost low-power acoustic modems for underwater real-time data transmission;

* raw and processed data in Sea-DataNet format stored in ISMAR SP servers, sediment samples
at ISMAR BO repository.
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LOGISTICS

Support to scientific programmes

The italian Station “Dirigibile Italia” in Ny-Alesund-Svalbard, is the main infrastructure
managed by the National Research Council to support research programmes in the Arctic
region.



Logistic work has involved the following people:

CNR DTA - Dept. of Earth System Science and Environmental Technologies (Rome, Italy)
Roberto SPARAPANI, Emiliano LIBERATORI, Luigi MAZARI VILLANOVA

CNR ISAC - Institute of Atmospheric Sciences and Climate (Rome, Italy)
Maurizio BUSETTO, Alessandro CONIDI

CNR UIEC - ICT Office (Rome, Italy)
Vittorio TULLI, Fabio PALMIERI

University of Florence, Dept. of Chemistry (Firenze, Italy)
Giulia CALZOLAI, Francesco RUGI

Image on previous image: CNR Arctic Station “Dirigibile Italia”(photo by Emiliano Liberatori)
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When we deal with research in remote environments, such as the Arctic and the Svalbard Islands,
we must take into consideration the huge amount of logistic work required, that is the management
of all the infrastructures that CNR has made available to the scientific communities and the support
to research groups to access Ny-;&lesund and to carry out field experiments.

The facilities managed by the CNR in the area of Ny-Alesund include the Research “Station Dirigibile
Italia” (SDI), an infrastructure of 323 sq.m., with 170 sq.m. for laboratories and offices and room
to host 7 people.

Since 2009 CNR has a new facility called the Amundsen-Nobile Climate Change Tower (CCT), a
34 m high infrastructure made of 17 modules (floors) able to host scientific instrumentation, with
internet connection and real-time access to scientific data.

The Gruvebadet Atmospheric Laboratory is another facility managed by CNR including a winter
room and a summer room/guest room, for a total of about 90 sq.m., and a new area for hosting
instrumentation for collaborations.

CNR also has 50 sq.m. of space in the Storage room at Ny-Alesund and access to the Kings Bay
Marine Laboratory, with 19% of partnership in the Marine Consortium managing this facility for
marine biology studies.

These facilities are accessible all year round and transportation and logistic support to activities
related to these infrastructures are provided by the CNR logistic staff, with snowmobiles, bicycles,
car and safety and scientific equipment.

Figure 1 The Amundsen-Nobile CCT




This requires continuous support activities to the research teams using such infrastructures as well as
renovation and updating of offices, laboratories and other logistic material necessary to support
the activities, including important means of transportation such as boats, rubber boats, snowscooters,
cars and bicycles. Logistics in the Arctic also includes the shipment of scientific and logistic material
from ltaly to Svalbard and back, and the purchase, renting and transportation of vehicles and
other equipment in Norway and Svalbard.

Another important issue, especially when research is carried out in the Arctic is safety. All scientists
and logistic staff must be trained with shooting classes in using rifles, flares and other safety
procedures, and must learn how to drive a snowscooter and a car in the snow, learn how to use
safety equipment on boat, and know how to react to many situations and emergencies which may
occur in a dangerous environment as the Arctic, isolated and populated by polar bears.

During the years 2011 and 2012 many logistic actions were carried out to support all the Italian

projects in Ny-Alesund and to improve the functionality of the CNR infrastructures:

* Logistic support on boat for project “Sensor network for oceanography in shallow water -
Kongsfjord experiment (SNOW)”, Deployment of the Mooring in the Kongsfjord and sampling
with Niskin bottle.

* Logistic support to the “Climate Change Tower Integrated Project (CCT-IP)”, annual test of the
Tower and reinforcement of Tower foundations.

*  Support to ltalian tv team for the shooting of documentary on Arctic research.

* Logistic support to the winter launches of stratospheric balloons in January 2011 and 2012, for
the project “Polar Observation Platform (POP)”.

* Logistic support to the deployment, storing, transportation and launches of tethered balloons
for aerosol profiles in the ABL in the context of the PRIN Project.

*  Supply of helium bottles for both balloon projects, in collaboration with AWIPEV stations in
Ny-Alesund.

* Logistic support in remote areas for the project: “Arctic Sea Ice and HAlogen Deposition:
investigation for a new paleoclimatic tool”, with shallow icecoring in the Arctic.”

*  Support on boat to the project: “Ice and rock deformations along intraplate strike-slip faults
at Svalbard Islands and their role in microclimate changes”, with geology research in islands
close to Ny-Alesund.

*  Support to project “Climate change impacts on the sensitive system permafrost-vegetation:
spatial variability of active layer thickness, vegetation and CO, fluxes”.

* Renovation works at the Gruvebadet Laboratory: insulation and assembling of winter
laboratory, and new roof for building. Placing of cabin for atmospheric measurements near
the Gruvebadet laboratory and cabling to the main building. Transportation and support to
research teams to Gruvebadet.
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Figure 2 Installing instruments on top of the Gruvebadet laboratory

IT (Information Technology) technical support for new cabling of the ltalian Station and reorganization
of IP addresses, installation of teleconference system and new computers.

Use of new electric bicycle for transportation and other logistic needs.

Partial reorganization of offices, laboratories and living areas at the ltalian Station Dirigibile
Italia.







OUTREACH AND EDUCATION

Promotional activities and diffusion

The CNR Department of Earth System Science and Environmental Technologies (DTA) is
engaged in promotional activities and outreach initiatives aiming at promoting science and
knowledge, with particular focus on polar research.



Outreach and education

Outreach and education activities are carried out by the following staff:

CNR DTA - Dept. of Earth System Science and Environmental Technologies (Rome, Italy)
Ruggero CASACCHIA, Tiziana CICIOTTI, Roberto SPARAPANI, Emiliano LIBERATORI, Paolo BRAICO,
Luigi MAZARI VILLANOVA

CNR UIEC - ICT Office (Rome, Italy)
Vittorio TULLI

CNR ISMAR - Institute of Marine Sciences (La Speziq, ltaly)
Stefano ALIANI

INGYV - National Institute of Geophysics and Volcanology (Rome, ltaly)
Giorgiana DE FRANCESCI, Lucilla ALFONSI, Vincenzo ROMANO, Luca SPOGLI

Image on previous image (courtesy of Gianluca Manzo): ESCA is the italian acronym of the project
“Explore, Discover and Know the Arctic”.
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Outreach and education

CNR - Department of Earth System Science and Environmental Technologies

The CNR Department of Earth System Science and Environmental Technologies is active in outreach
and education activities; in the light of the great interest for the research performed in the Arctic,
the Department promotes the activities in these extreme environment in order to attract young
generations to the issues and understanding of Climate Change, as well as to history and political
economies of pivotal importance for the future of our planet.

Outreach and education activities of DTA are carried out by 5 units of technical and scientific
personnel, occasionally assisted by other CNR staff from the IT Group and the Press Office.

During these years DTA took part in many events of major outreach impact, such as:

*  The Week of Scientific and Technological Research carried out by the CNR Press Office in local
institutes of Rome;

* The BIG-BLU event promoted and organized by MAR (Marine Research Association) with
opening in the morning dedicated only to schools, where DTA had its stand to promote an
exhibition on the life of Fridtjof Nansen, the well-known Norwegian explorer, scientist and
peace ambassador (winner of the Nobel Peace Prize in 1922);

* The Week of Science organized by the ltalian Ministry of Research (MIUR), in collaboration
with the CNR Central Library, which allowed schools to visit the Library and participate to
seminars on Fridtjof Nansen and the history of Arctic exploration;

*  Presentation of the Project Explore, Discover and Know the Arctic in schools of different grades
in Rome and nearby, which reached 25 schools and 800 students; the project was carried out
in collaboration with the CNR Press Office;

*  Collaboration with Expo-Med for the construction of the Aquarium of Rome: CNR was responsible
for the polar basin and for the production of a video on CNR polar activities addressed to
schools and shown at the International Expo in Yeosu (Korea) from 12 May to 12 August
2012;

* Development of an editorial project for an educational book on the North with illustrations and
cartoons

*  Continuation of collaboration with the National Antarctic Museum (MNA) for the development of
outreach and education projects on scientific activities related to the ltalian Antarctic Research
Program (PNRA).

*  Opening conference for the celebrations of Fridtjof Nansen’s 150th birth anniversary, organized
and sponsored by the Royal Norwegian Embassy.

The original exhibit, made of posters and Inuit art recovered by Nansen in Greenland in 1882,
was initially shown at the Natural History Museum of Milan (14/10 = 27/11/2011), and then at
the Regional Museum of Natural Sciences of Torino (13/01 — 15/03/2012) and finally at the
Museum of L'Aquila (May 2012). The Royal Norwegian Embassy in collaboration with the CNR
Department of Earth Science System and Environmental Technologies realized an integrated and
more interactive version of the exhibition, finding a perfect location at the City of Science in Naples
where it will be shown from February to May 2013.

The exhibition was divided in thematic areas. The original posters were integrated with interactive
multimedia stressing the legacy of Nansen’s work through the achievements of other great Arctic
explorers (ex. Amundsen and Nobile), inspired by his scientific intuitions and oceanographic studies.
Nansen’s lesson is still visible today in the research projects that the CNR has been carrying out for
15 years in Ny-Alesund, at the Svalbard Islands.
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The CNR DTA has organized two events of great impact on the media. In April 2011 a troupe of
Skytg 24 and Rai Tv visited the Station and broadcasted on-air programmes for their tv channels,
which had great diffusion in ltaly for many days.

In 2012 a whole episode of the tv programme Atlantide was dedicated by La7 Italian Channel to
Svalbard and to the Italian Research Station. Many radio and tv analysis and interviews were also
dedicated to specific scientific issues.

CNR ISMAR - Institute of Marine Science

Stefano Aliani acted as Lecturers in ltaly in many outreach initiatives.

Stefano Aliani also performed three TV interviews for Italian television programs: RAI1-Telegiornale1
ore 20:30, RAI Scienza, Linea BLU. Sky TG24.

Several videos describing activities has been prepared and put on the web at:
http://www.youtube.com/watch2v=7u83sEv4I9Y

http:/ /www.ismar.cnr.it /eventi-e-notizie /notizie /cnr-in-prima-linea-nella-ricerca-al-polo-nord
Stefano Aliani supervised Progetto”Ambiente Futuro”, funded by Ministry for Youth’s Policy and
Province of La Spezia. Two undergraduated students (Irene Dorai and Eva Hysa) visited Ny-Alesund
Base and report their experience during the EV funded Researchers’ night event of 2011 in Lerici.

INGV - National Institute of Geophysics and Volcanology

Lucilla Alfonsi, Vincenzo Romano, Luca Spogli acted as Lecturers at Politecnico di Torino, Italy, in the
frame of the Master Course: Atmospheric Effects for Navigation and Remote Sensing, May 2012.
The lectures addressed GNSS Data Analysis and modeling of the polar ionosphere.

The team is quite active in supporting the outreach initiatives addressed to the Polar Sciences and
promoted by “Scienzaperta 2012”, at Istituto Nazionale di Geofisica e Vulcanologia, Roma
http://istituto.ingv.it/l-ingv/divulgazione-scientifica/archivio-divulgazione-2012/
scienzaperta-2012/view
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ABL Atmospheric Boundary Layer

AMDE Atmospheric Mercury Depletion Events

APS Aerodynamic Particle Sizer

ASOF Arctic Sub-Arctic Ocean Fluxes

BRG Austre Breggerbreen

BSC Biological Soil Crusts

CCT Climate Change Tower

CCT-IP Climate Change Tower — Integrated Project

CFC ChloroFluoroCarbons

CiCcCl Coordinated Investigation of Climate-Cryosphere Interactions
CNR National Research Council of Italy

D Diffusivity

DB Data Base

DTA Department of Earth System Science and Environmental Technology
EC Elemental Carbon

ENSO El Nifio-Southern Oscillation

EPS ExoPolySaccharides

ER Ecosystem Respiration

ERT Electrical Resistivity Topographies

ESCA Explore, Discover and Know the Arctic (educational project)
ESWua Electronic Space Weather for the upper atmosphere

F Fluxes

FM Focused Moon

GBSC Ground Based Scintillation Climatology

GEO Group of Earth Observation

GISTM GPS lonospheric Scintillation and TEC Monitoring

GMOS Global Mercury Observation System

GNSS Global Navigation Satellite System

GOME Global Ozone Monitoring Experiment

GRAPE GNSS Research and Application for Polar Environment
HDF Holthedalfonna

IDASC Institute of Acoustics and Sensors “O.M. Corbino”

IDIPOS Italian Database Infrastructure for Polar Observation Science
IDPA Institute for the Dynamics of Environmental Processes

A Institute of Atmospheric Pollution Research

INFN National Institute of Nuclear Physics

INGV National Institute for Geophysics and Volcanology

ISAC Institute of Atmospheric Sciences and Climate




ISACCO
ISE
ISMAR
ISS
ISTAR
KNG
LDPE
LED
LGGE
LSPE
LZA
MAR
MDI
MIDAS
MIUR
MLB
MNA
MOST
NDSI
NEE
NILU
NIPR
NOx
NPI
NYA
NySMAC
OocC
ODEs
OMI
PAME
PCB
PNRA
POP
POP
PSCs
QAARC
QBO
RGM
ROT
SCAR

List of acronyms and abbreviations

lonospheric Scintillations Artic Campaign Coordinated Observations
Institute of Ecosystem Study

Institute of Marine Science

Institute of Health

The International Science Technology and Research
Kongsvegen

Low-Density PolyEthylene

Light-Emitting-Diodes

Laboratoire de Glaciologie et Geophysique de I'Environment
Large Scale Polarization Explorer

Lunar Zenith Angle

Marine Research Association

Mooring Dirigibile Italia

Multi Instrument Data Analysis System

Italian Ministry of Research

Midtre Lovenbreen

National Antarctic Museum

Monin-Obukhov Similarity Theory

Normalized Difference Snow Index

Net Ecosystem Exchange

Norwegian Institute for Atmospheric Physics
Japanese Polar Research Institute

Nitrogen Oxides

Norwegian Polar Institute

Ny-/&lesund

Ny-Alesund Scientific Management Commitee
Organic Carbon

Ozone Depletion Events

Ozone Measurement Instrument

Protecting Arctic Marine Environment
PolyChlorinated Biphenyls

ltalian Research Antarctic Program

Polar Observation Platform

Persistent Organic Pollutants

Polar Stratospheric Clouds

Quality Assurance of solar UV irradiance in the ARCtic
Quasi Biennial Oscillation

Reactive Gaseous Mercury

Rate Of Total electron content

Scientific Committee Antarctic Research
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SCIAMACHY SCanning Imaging Absorption spectrometer for Atmosphere Cartography

SDI Station Dirigibile Italia

SEM-EDS Scanning Electron Microscopy-Energy Dispersive X-ray Spectroscopy

SIOS Svalbard Integrated Observing System

SIOS Initiative Italian Database Infrastructure for Polar Observation Sciences

SMPS Scanning Mobility Particle Sizer

SNOW Sensor Network for Oceanography in shallow Water

SSA Single Scattering Albedo/Specific Surface Area

TEC Total Electron Content

TOC Total Organic Carbon/Total Ozone Column

TRANSMIT Training Research and Applications Network to Support the Mitigations of
lonospheric Threats

UIEC Information Communication and Technology Office

uv UltraViolet

WSC West Spitzbergen Current




