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Report overview 

We have analyzed and integrated a diverse set of field, model, and remote sensing observations from 
contrasting inland (Nordenskiöld Land) and coastal sites (Ny Ålesund) in Svalbard. These include a 
previously unanalyzed decadal temperature data set for the snowpack-ground interface, in-situ ground 
ice and meteorological observations, multi-layer snowpack model simulations, high resolution regional 
reanalysis (CARRA) and a remote sensing wet snow dataset. The long time series provided by gridded 
data has allowed us to quantify how the timing, frequency, extent, intensity, and duration of ROS events 
has changed over climate-relevant timescales.   
Our initial correlation and trend analysis showed significant and positive trends in the bottom-of-
snowpack temperature at Ny-Ålesund and across Nordenskiöld Land sites between 1991 and 2023 while 
only ROS duration was found to have significant and positive trend since 1991 at all of the Ny-Ålesund 
sites studied. Such trends add to knowledge on diverging Svalbard reindeer population trends from 
differences in climate impacts in the two core study regions. ROS event frequency and duration exhibited 
positive and significant correlations with bottom-of-snowpack temperature and were also the variables 
found to be most influential and consistently amongst the highest scoring models for explaining the 
variability in the snowpack variables. We also found strong and significant positive correlations between 
ROS total precipitation and intensity and ground ice thickness. Snowpack temperature and ground 
temperature were found to follow each other very closely but exhibit a nonlinear relationship. This 
suggests that factors influencing variations in the bottom-of-snowpack temperature will likely influence 
variations in ground temperature. Lastly, our analysis of a single downscaled global climate projection 
indicates that from 2030 to 2070, the greatest changes relative to present day conditions in all ROS 
characteristics are expected in the mountainous and glaciated areas in the north and northeast of the 
archipelago, while low lying western coastal areas will experience a decrease in all characteristics, most 
likely attributable to the result of fewer days with snow and thus a shorter period when rain can fall on a 
ƚŰŸƽƓċĦťЮШÑőĲШƓƖŸŢĲĦƣŔŸŰƚШŸŉШÉƻċũĤċƖĬќƚШŉƨƣƨƖĲШĦũŔůċƣĲШŉĲċƣƨƖĲШċŰШŔŰĦƖĲċƚĲШŔŰШÅ§ÉШĲƻĲŰƣƚШċĦƖŸƚƚШċũũШ
months, but most substantially in April for the 2050-2070 period, a month which currently experiences 
very few, if any, ROS events. This shift in ROS timing towards the end of the winter may have a cascade 
of impacts for both terrestrial and marine ecosystems that are dependent on snow and timing of 
snowmelt for accessing forage resources.  
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Preface 

Rain-on-snow (ROS) events are gaining attention in research worldwide due to their wide-
ranging impacts during the seasons with snow cover and climatic zones. CHORUS was 
originally motivated by anecdotal evidence of changing ROS characteristics in Svalbard, raising 
questions about potential spatially heterogeneous consequences for Svalbard reindeer 
populations. Moreover, most ROS studies until now have typically utilized single-source 
datasets, despite ROS being a multidisciplinary research topic. This highlighted the need for 
collaboration across disciplines to address the questions: how are the spatiotemporal 
characteristics of ROS events in Svalbard changing, and what aspect(s) of ROS is, or are most 
influential for changes in the cryosphere? 

CHORUS is a multidisciplinary collaboration consisting of a team of atmospheric physicists, 
cryosphere and remote sensing experts and wildlife population ecologists, each providing a 
unique perspective on ROS. NORCE led the study, with contributions from ecology experts at 
the James Hutton Institute, Norwegian University for Life Sciences (NMBU), the Norwegian 
Polar Institute (NPI), the Norwegian Institute for Nature Research (NINA), the University Centre 
in Svalbard (UNIS) and senior researchers from the Norwegian Meteorological Institute (MET 
Norway). The objectives of CHORUS are twofold; first, to improve the quantification of ROS 
characteristics and address how these characteristics have changed in response to a warming 
climate and second, to address the spatial heterogeneity of ROS impacts on the cryosphere 
and on reindeer. Moreover, it is of equal importance to advance our understanding of how these 
characteristics are likely to change in the coming decades, as changes in ROS characteristics 
will also to a large degree determine the severity of their impact on snowpack stratigraphy and 
properties, and therefore their impacts on ecosystems. Such knowledge can be utilized by 
decision makers that can plan for measures that will minimize the impacts of ROS on nature 
and society. Determining possible future changes to ROS climatology across Svalbard has 
become feasible due to recent advances in climate modelling and high-performance 
computing that allow climate models to run at convection-permitting (hereafter, km) scales. 
These scales are important for Svalbard as its climate has a large spatial variability arising from 
its complex topography, coastlines, fjords, glaciers, and surrounding sea ice. 
CHORUS has generated knowledge on which areas are most impacted by ROS in the present 
and future climate, and quantify how their timing, frequency, extent, intensity, and duration 
have changed over climate relevant timescales. This new understanding of how ÉƻċũĤċƖĬќƚШ
rapidly changing climate is impacting the natural environment of Svalbard, including terrestrial 
ĲĦŸƚǃƚƣĲůƚШċŰĬШĦƨũƣƨƖċũШőĲƖŔƣċŊĲЯШŔƚШċШťĲǃШƓƖŔŸƖŔƣǃШŸŉШÉƻċũĤċƖĬќƚШ~ŔũŢƏƻĲƖŰŉŸŰĬШŉŸƖШΞΜΞΠЮШÑőŔƚШƽŔũũШ
in turn benefit the management of harvested species, such as reindeer populations, protection 
of cultural heritage sites and inhabited areas exposed to avalanche risk, amongst others. 
CHORUS is related to an earlier project funded by SMF led by NINA partner Brage Hansen 
(VINTERREGN; Hansen et al. (2015), VINTERREGN 2; Le Moullec et al., 2019a). 
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Summary 

We implemented two different approaches to explore and determine the relationship between 
different ROS characteristics and their impacts on the ground and snowpack temperature and 
ground ice thickness at seven selected sites across Nordenskiöld Land and close to Ny-
Ålesund. The first approach acted as an exploratory exercise by looking at simple correlations 
between the ROS and snowpack and ground variables as well as their trends. In the second 
approach we utilized the knowledge from the exploratory exercise to model the relationships 
statistically and thereafter identify which ROS characteristics are most influential on the 
snowpack and ground variables and checked whether the models agree with the relationships 
found in the simple variable correlations. Our initial correlation and trend analysis showed 
significant and positive trends in the bottom-of-snowpack temperature at Ny-Ålesund and 
across Nordenskiöld Land sites between 1991 and 2023 while only ROS duration was found to 
have significant and positive trend since 1991 at all of the Ny-Ålesund sites studied. Such 
trends add to knowledge on diverging Svalbard reindeer population trends from differences in 
climate impacts in the two core study regions, as described by Hansen et al. (2019).  
ROS event frequency and duration exhibited positive and significant correlations with bottom-
of-snowpack temperature and based on a partial least squares (PLS) regression model, were 
also the variables found to be most influential and consistently amongst the models exhibiting 
highest R2 values, where the R2 score indicates how well the model explained the variability in 
the snowpack variables. Overall, models for predicting snow temperature based on 
combinations of ROS characteristics performed slightly worse compared to the models for ice 
thickness, indicating that other factors are important for explaining the bottom-of-snowpack 
temperature. On the other hand, the simple correlation analysis found strong and significant 
positive correlations between ROS total precipitation and intensity and ground ice thickness, 
whereas the partial least squares regression models indicated that the most influential 
predictor variables of ground ice thickness were in fact the ROS frequency, duration, and total 
precipitation . The disagreement may be attributed to the fact that a shorter time series of 
ground ice estimates had been used in the correlation analysis, but a longer time series of 
ground ice predictions (based on field measurements and in-situ meteorological data) was 
used in the PLS regression. Snowpack temperature and ground temperature were found to 
follow each other very closely but exhibit a nonlinear relationship. This suggests that factors 
influencing variations in the bottom-of-snowpack temperature will likely influence variations in 
ground temperature. On the other hand, we observed that pronounced increases in snowpack 
density can occur following the first ROS event of the winter, but may be unaffected by 
subsequent ROS events, thereby producing a less clear correlation between mean snow 
density at the bottom of the snowpack and ROS characteristics.  

Lastly, analyses of the trends in all variables showed significant and positive trends in all 
characteristics but these trends were spatially heterogeneous; the significant and positive 
trends were confined mainly to areas around the low-lying parts of Nordaustlandet and some 
areas in the east of the archipelago, while southern and western areas that typically exhibit 
greatest values in all characteristics but were not found to exhibit significant trends since 1991. 
Moreover, our analysis indicates that ROS have been increasing most in November and 
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February since 1991, but in contrasting areas of the archipelago. While ROS have increased 
most in the eastern and northeastern parts of Svalbard in November, areas that are typically 
sensitive to sea ice concentration, it is primarily the western and southern parts of Spitsbergen 
that have experienced significant increases in ROS frequency in February. A single downscaled 
global climate projection indicates that from 2030 to 2070, the greatest changes relative to 
present day conditions in all ROS characteristics are expected in the mountainous and 
glaciated areas in the north and northeast of the archipelago, while low lying western coastal 
areas will experience a decrease in all characteristics, most likely attributable to the result of 
fewer days with snow and thus a shorter period when rain can fall on a snowpack.  

The correlations between specific ROS characteristics and ground ice thickness results, 
together with the future climate projections highlight areas of the Svalbard archipelago which 
could experience increased ground ice thickness in the future. We found that the largest 
increases in ROS total precipitation and intensity are projected to occur on the east coast and 
high elevation areas in northwest of Spitsbergen, suggesting that these areas could be 
particularly vulnerable to increased chance of icing in the future. On the other hand, areas that 
are at present important for reindeer populations, such as Nordenskiold Land and Ny Ålesund, 
are projected to experience a reduction in ROS intensity and total precipitation in the future, 
even though the overall frequency of ROS is projected to increase. This indicates that ground 
ice, a typical barrier to winter grazing for reindeer, may be less of a problem in the future in 
these areas. However, the increased frequency of ROS may overall contribute to a warmer 
snowpack and ground conditions, which may have consequences for soil moisture and 
nutrients stored in the ground. Finally, tőĲШƓƖŸŢĲĦƣŔŸŰƚШŸŉШÉƻċũĤċƖĬќƚШŉƨƣƨƖĲШĦũŔůċƣĲШŉĲċƣƨƖĲШċŰШ
increase in ROS events across all months, but most substantially in April for the 2050-2070 
period, a month which currently experiences very few, if any, ROS events. This shift in ROS 
timing towards the end of the winter may have a cascade of impacts for both terrestrial and 
marine ecosystems that are dependent on snow and timing of snowmelt for accessing forage 
resources after the winter. 
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1 Introduction 
Rain-on-snow (ROS) events have become increasingly common across the Arctic due to 
climate change. In Svalbard, exceptional observed warming (e.g., Isaksen et al., 2022) and 
predicted continued temperature rise is expected to result in a threefold increase in the 
frequency of winter warming events by 2100 (Hanssen-Bauer et al., 2019). This leads to 
changes in wintertime rainfall, melting and refreezing with subsequent impacts on land and 
glaciers (Schuler et al., 2025). Changes in the frequency, intensity, duration, and spatial 
distribution of ROS are important to understand and quantify due to their wide-ranging impacts 
on the physical environment, ecological dynamics, and society. ROS can result in increased 
snow avalanche risk (e.g., Abermann et al., 2019; Eckerstorfer and Christiansen et al., 2012), 
which affects not only communities and infrastructure in areas exposed to avalanches but also 
recreational use of mountain areas, amongst which tourism in Svalbard is playing an 
increasingly significant role. ROS events increase ground temperature, which may lead to 
permafrost degradation (Westermann et al., 2011) with knock-on consequences not only for 
the stability of buildings but also important cultural heritage sites. Layers of ice may form at the 
ground-snow interface after a ROS event, which can both damage vegetation and restrict 
access to forage by reindeer, which has in some years led to large starvation-induced die-offs 
(Hansen et al., 2011; Hansen et al., 2013, 2014). Changes in the wintertime climate of Svalbard 
therefore poses a significant threat to human infrastructure and safety, natural ecosystems, 
and wildlife. However, to understand which areas are most vulnerable to ROS impacts at 
present and in the future, reliable datasets describing the spatial and temporal variations of 
ROS characteristics are crucial. 

ROS events are notoriously difficult to quantify and their impacts in time and space are 
challenging to characterize since different disciplines may use different datasets to define and 
quantify ROS, often leading to inconsistencies in the outcome. Until now, most studies of ROS 
have utilized single source datasets (e.g., data obtained from a meteorological station) 
compared against a limited set of ground observations for validation. ROS events can be 
detected using gridded meteorological data (e.g., Pall et al., 2019, Vickers et al., 2024), but 
these datasets are highly threshold-dependent and can give widely differing results depending 
on the thresholds applied. ROS impacts, such as snowmelt on the other hand, can be observed 
over large areas and at regular intervals using satellite remote sensing methods such as 
Synthetic Aperture Radar (SAR) (Vickers et al., 2022), but these types of observations lack the 
capability to distinguish the cause of snowmelt. In-situ measurements of ground ice provide 
direct measurements of the ROS impacts on the snowpack but are limited in spatial extent.   

A lack of integration of ROS data sources across disciplines hinders a more comprehensive 
understanding of their characteristics and associated impacts on terrestrial ecosystems. 
Modelled estimates of ground ice occurrence in Svalbard showed that before 1998 ground ice 
occurred once in every 3-4 years, but at a rate of nearly every year in the subsequent years, 
indicating an increase in ROS frequency (Peeters et al., 2019). At the same time, data on 
reindeer population abundance across central Spitsbergen show a rapid increase, despite an 
increase in ROS. In contrast, coastal reindeer populations in northwest Spitsbergen have not 
increased in the same way (Hansen et al., 2019. On the other hand, remote sensing 
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observations of ROS for the last two decades suggests that ROS events have decreased in 
frequency over parts of central Spitsbergen, but not in the northwest. These contrasting 
reindeer population dynamics and conflicting trends in the frequency of ROS demonstrate a 
need to assess in greater depth how the characteristics of ROS, specifically their timing, 
intensity and duration have changed in different regions and moreover compile observations of 
both ROS and its impacts to resolve ambiguities between datasets.  

In the last decade, improved research infrastructure and environmental monitoring on 
Svalbard facilitated by the Climate-ecological Observatory for Arctic Tundra (coat.no) and the 
Svalbard Integrated Arctic Earth Observing System (sios-svalbard.org) and other research 
infrastructure projects has enabled an escalation in the number and diversity of datasets. This 
places Svalbard in a unique position for multidisciplinary data analyses with respect to 
cryosphere research. We have analyzed and integrated a diverse set of field, model, and 
remote sensing observations from contrasting inland (Nordenskiöld Land) and coastal sites 
(Ny Ålesund) in Svalbard. These include a previously unanalyzed decadal temperature data set 
for the snowpack-ground interface, in-situ ground ice and meteorological observations, multi-
layer snowpack model simulations, high resolution regional reanalysis (CARRA) and a remote 
sensing wet snow dataset. The long time series provided by gridded data has allowed us to 
quantify how the timing, frequency, extent, intensity, and duration of ROS events has changed 
over climate-relevant timescales. A description of the datasets and methods used in the study 
are provided in chapter 3.  

We have utilized high resolution climate projections from the HCLIM-MPI dataset (Landgren et 
al., 2025) to firstly estimate how well specific ROS characteristics are represented in the 
present climate, by comparing the results to those obtained with CARRA and how they can be 
expected to change under an SSP5-8.5 warming scenario in the next four decades until 2070. 
While the SSP5-8.5 scenario is a more extreme scenario based on current energy trends and 
socio-economic circumstances, it is nonetheless a plausible scenario and provides an upper 
bound on the range of possibilities and highlights the full range of risks for policymakers, so 
that they can understand what happens if mitigation measures fail. Combining knowledge from 
the present climate with these high-resolution climate projections will thus be critical for future 
ůċŰċŊĲůĲŰƣШŸŉШÉƻċũĤċƖĬќƚШŔŰŉƖċƚƣƖƨĦƣƨƖĲЯШĦƨũƣƨƖċũШőĲƖŔƣċŊĲЯШƽŔũĬũŔŉĲЯШċŰĬШƓƖŸƣĲĦƣŔŸŰШċŊċŔŰƚƣШ
natural hazards. 
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2 Results 

2.1 Analysis of snowpack and ground conditions during 

ROS events 

[ŸƖШƣőŔƚШƣċƚťЯШƣőĲШĦŸůƓũĲůĲŰƣċƖǃШŸĤƚĲƖƻċƣŔŸŰċũШċŰĬШůŸĬĲũШĬċƣċƚĲƣƚШыŸƨƣũŔŰĲĬШŔŰШƚĲĦƣŔŸŰШΟьШƽĲƖĲШ
ĦŸůƓċƖĲĬШċŰĬШĦŸƖƖĲũċƣĲĬШƣŸШĬĲĬƨĦĲШŊĲŰĲƖċũШƖĲũċƣŔŸŰƚőŔƓƚШĤĲƣƽĲĲŰШÅ§ÉШĦőċƖċĦƣĲƖŔƚƣŔĦƚШċŰĬШƣőĲШ
ŊƖŸƨŰĬШċŰĬШƚŰŸƽƓċĦťШĦŸŰĬŔƣŔŸŰƚШċƚШċШƚĦŸƓŔŰŊШĲǂĲƖĦŔƚĲЮШÉƓĲĦŔǯĦċũũǃЯШƨƚŔŰŊШƣőĲШÉ ÅШƽĲƣШƚŰŸƽШ
ĬċƣċƚĲƣШыéŔĦťĲƖƚШĲƣШċũЮЯШΞΜΞΞьШƣőĲШŉƖċĦƣŔŸŰШŸŉШŊƖŔĬШĦĲũũƚШƽŔƣőШƽĲƣШƚŰŸƽШƽċƚШĦċũĦƨũċƣĲĬШŔŰШċШΝťůШǂШ
ΝťůШċƖĲċШĦĲŰƣƖĲĬШŸŰШƣőĲШůĲċŰШĦŸŸƖĬŔŰċƣĲƚШŸŉШċũũШŔ7ƨƣƣŸŰШƣĲůƓĲƖċƣƨƖĲШũŸŊŊĲƖƚШƽŔƣőŔŰШĲċĦőШ
ƻċũũĲǃЮШÑőŔƚШũŸĦċƣŔŸŰШƽċƚШċũƚŸШƨƚĲĬШŉŸƖШĲǂƣƖċĦƣŔŰŊШƣőĲШƚŰŸƽƓċĦťШƻċƖŔċĤũĲƚШƨƚŔŰŊШƣőĲШfÉ7рEÉШ
ƚŰŸƽШůŸĬĲũШċŰĬШŉŸƖШĲǂƣƖċĦƣŔŰŊШƣőĲШÅ§ÉШƓƖĲĦŔƓŔƣċƣŔŸŰШĬċƣċШŉƖŸůШƣőĲШ9 ÅÅ ШĬċƣċƚĲƣЮШ[ŸƖШƣőĲШƚċťĲШ
ŸŉШƚŔůƓũŔĦŔƣǃЯШƽĲШĲǂƣƖċĦƣĲĬШƣőĲШůċǂŔůƨůШĬċŔũǃШƣĲůƓĲƖċƣƨƖĲШůĲċƚƨƖĲĬШĤǃШĲċĦőШƣĲůƓĲƖċƣƨƖĲШ
ũŸŊŊĲƖШċŰĬШƣŸŸťШċŰШċƻĲƖċŊĲШŸƻĲƖШċũũШŔ7ƨƣƣŸŰШŔŰШĲċĦőШƻċũũĲǃЮШxŔťĲƽŔƚĲЯШƨƚŔŰŊШƣőĲШfÉ7рEÉШƚŰŸƽƓċĦťШ
ƻċƖŔċĤũĲƚЯШƽĲШĲǂƣƖċĦƣĲĬШƣőĲШƚŰŸƽШƣĲůƓĲƖċƣƨƖĲШċŰĬШĬĲŰƚŔƣǃШŸŰũǃШŉŸƖШƣőĲШĤŸƣƣŸůШƣƽŸШũċǃĲƖƚШ
ыůċǂŔůƨůШũċǃĲƖШĬĲƓƣőШΞШċŰĬШΝΜĦůШƖĲƚƓĲĦƣŔƻĲũǃьШċŰĬШƣŸŸťШċŰШċƻĲƖċŊĲШŸŉШƣőĲƚĲШũċǃĲƖƚШƣŸШĦŸůƓŔũĲШ
ċШƣŔůĲШƚĲƖŔĲƚЮШ[ŔŊƨƖĲШΟЮΝШƚőŸƽƚШƣőĲШƣŔůĲШƚĲƖŔĲƚШŸŉШŰƨůĤĲƖШŸŉШĬċǃƚШƓĲƖШƽŔŰƣĲƖШыΝШ ŸƻĲůĤĲƖШƣŸШΟΜШ
ƓƖŔũьШƽőĲƖĲШƣőĲШůĲċŰШŸŉШċũũШŔ7ƨƣƣŸŰƚШƣĲůƓĲƖċƣƨƖĲШũŸŊŊĲƖƚШƓĲƖШƚŔƣĲШƖĲĦŸƖĬĲĬШċШůċǂŔůƨůШĬċŔũǃШ
ƣĲůƓĲƖċƣƨƖĲШċĤŸƻĲШΜ҄9ЯШċŰШŔŰĬŔĦċƣŸƖШŉŸƖШŊƖŸƨŰĬШŔĦĲШŉŸƖůċƣŔŸŰЮШÑőĲƖĲШċƖĲШŰŸШŸĤƻŔŸƨƚШƣƖĲŰĬƚШŉŸƖШ
ƣőĲШƖĲũċƣŔƻĲũǃШƚőŸƖƣШΝΜрǃĲċƖШƣŔůĲШƚĲƖŔĲƚЯШĤƨƣШũċƖŊĲШŔŰƣĲƖċŰŰƨċũШƻċƖŔċĤŔũŔƣǃЮ 

 

Figure 2.1 Time series of number of days where the ground temperature was Ó 0ÁC (averaged over 

all loggers per valley for three sites close to Ny-¡lesund and Longyearbyen respectively)  

[ŔŊƨƖĲШΞЮΞШƚőŸƽƚШƣőĲƚĲШƻċƖŔċĤũĲƚШŉŸƖШƣőĲШΞΜΝΤрΞΜΝΥШƽŔŰƣĲƖШƚĲċƚŸŰШĲǂĲůƓũŔǯĲĬШĤǃШĦŸċƚƣċũШĬċƣċШ
ŉƖŸůШƣőƖĲĲШƚŔƣĲƚШыљ ǃр2ũĲƚƨŰĬњЯШљ ŸƖƣőШÉċƖƚњШыŰŸƖƣőĲƖŰШÉċƖƚƏǃƖċьШċŰĬШљEŰŊĲũƚťĤƨťƣċњьШŔŰШƣőĲШ ǃр
2ũĲƚƨŰĬШċƖĲċШыƚĲĲШÉĲĦƣЮΟШŉŸƖШċŰШŸƻĲƖƻŔĲƽШŸŉШƣőĲШƚƣƨĬǃШƚŔƣĲƚьЮШÑőĲƖĲШŔƚШċШƻĲƖǃШŊŸŸĬШĦŸƖƖĲũċƣŔŸŰШ
ĤĲƣƽĲĲŰШƣőĲШĬċŔũǃШůċǂŔůƨůШŊƖŸƨŰĬШƣĲůƓĲƖċƣƨƖĲƚШċƻĲƖċŊĲĬШŸƻĲƖШċũũШƣĲůƓĲƖċƣƨƖĲШũŸŊŊĲƖƚШŔŰШċũũШ
ċƖĲċƚЯШċŰĬШƣőĲШƚŰŸƽШƣĲůƓĲƖċƣƨƖĲШŸŉШƣőĲШũŸƽĲƚƣШƣƽŸШũċǃĲƖƚШŔŰШƣőĲШƚŰŸƽƓċĦťШůŸĬĲũũĲĬШĤǃШƣőĲШ
fÉ7рEÉШƚŰŸƽШƚĦőĲůĲЮШÑĲůƓŸƖċũШƻċƖŔċƣŔŸŰƚШŔŰШƣőĲШƚŰŸƽƓċĦťШċŰĬШŊƖŸƨŰĬШƣĲůƓĲƖċƣƨƖĲШŉŸũũŸƽШ
ĲċĦőШŸƣőĲƖШƻĲƖǃШĦũŸƚĲũǃШŸƻĲƖШƣőĲШĲŰƣŔƖĲШƽŔŰƣĲƖШƚĲċƚŸŰЯШċũƣőŸƨŊőШĬƨƖŔŰŊШƓĲƖŔŸĬƚШƽŔƣőШÅ§ÉШƣőĲШ
ŊƖŸƨŰĬШƣĲůƓĲƖċƣƨƖĲШŔƚШŸŰШƚĲƻĲƖċũШŸĦĦċƚŔŸŰƚШőŔŊőĲƖШƣőċŰШƣőĲШƚŰŸƽШƣĲůƓĲƖċƣƨƖĲШċƣШƣőĲШĤŸƣƣŸůШŸŉШ
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ƣőĲШƚŰŸƽƓċĦťЮШ?ƨƖŔŰŊШƣőŔƚШƽŔŰƣĲƖШƚĲċƚŸŰШƣőĲƖĲШƽĲƖĲШƣőƖĲĲШƣŸШŉŸƨƖШƽĲũũШĬĲǯŰĲĬШÅ§ÉШĲƻĲŰƣƚЯШċƚШ
ŔŰĬŔĦċƣĲĬШĤǃШƣőĲШƓƖŸŰŸƨŰĦĲĬШŔŰĦƖĲċƚĲƚШŔŰШƽĲƣШƚŰŸƽШŉƖċĦƣŔŸŰЯШĦŸŰĦƨƖƖĲŰƣШƽŔƣőШƓƖĲĦŔƓŔƣċƣŔŸŰШċƚШ
ƚőŸƽŰШĤǃШƣőĲШ9 ÅÅ ШĬċƣċШĦũŸƚĲƚƣШƣŸШƣőĲƚĲШƚŔƣĲƚЮШ 

[ŸƖШĲċĦőШĲƻĲŰƣШƣőĲƖĲШċƖĲШĦũĲċƖШŔŰĦƖĲċƚĲƚШŔŰШƣőĲШƣĲůƓĲƖċƣƨƖĲШċƣШƣőĲШŊƖŸƨŰĬШċŰĬШŔŰШƣőĲШĤŸƣƣŸůШŸŉШ
ƣőĲШƚŰŸƽƓċĦťЮШÑőĲШǯƖƚƣШÅ§ÉШĲƻĲŰƣШŸŉШƣőĲШƚĲċƚŸŰЯШƣċťŔŰŊШƓũċĦĲШŔŰШƣőĲШůŔĬĬũĲШŸŉШsċŰƨċƖǃШΞΜΝΥЯШ
ũĲĬШƣŸШċШƓƖŸŰŸƨŰĦĲĬШŔŰĦƖĲċƚĲШŔŰШƚŰŸƽШĬĲŰƚŔƣǃШċƣШƣőĲШĤŸƣƣŸůШŸŉШƣőĲШƚŰŸƽƓċĦťЯШƽőŔũĲШƣőĲШ
ƚƨĤƚĲƕƨĲŰƣШƣƽŸШĲƻĲŰƣƚШĬŔĬШŰŸƣШŔůƓċĦƣШƣőĲШƚŰŸƽШĬĲŰƚŔƣǃШŉŸƖШƣőĲШƖĲůċŔŰĬĲƖШŸŉШƣőĲШƚĲċƚŸŰЮШ?ƨƖŔŰŊШ
ƣőŔƚШĲƻĲŰƣШƣőĲШƣĲůƓĲƖċƣƨƖĲШċƣШƣőĲШĤŸƣƣŸůШŸŉШƣőĲШƚŰŸƽƓċĦťШƖĲċĦőĲĬШċũůŸƚƣШΜ9҄ШċƣШċũũШƣőƖĲĲШƚŔƣĲƚЯШ
ƽőĲƖĲċƚШŔƣШƖĲůċŔŰĲĬШůƨĦőШĦŸŸũĲƖШĬƨƖŔŰŊШƣőĲШƚƨĤƚĲƕƨĲŰƣШƣƽŸШĲƻĲŰƣƚШŔŰШ[ĲĤƖƨċƖǃШΞΜΝΥШċƣШ
ĤĲƣƽĲĲŰШтΡШċŰĬШтΝΜШċƣШċũũШƣőƖĲĲШƚŔƣĲƚЮШfƣШĦċŰШċũƚŸШĤĲШŰŸƣĲĬШƣőċƣШƣőĲШǯƖƚƣШĲƻĲŰƣШũċƚƣĲĬШŉŸƖШƚĲƻĲƖċũШ
ĬċǃƚЯШƽőŔũĲШƣőĲШƚƨĤƚĲƕƨĲŰƣШƣƽŸШĲƻĲŰƣƚШŔŰШ[ĲĤƖƨċƖǃШΞΜΝΥШũċƚƣĲĬШŸŰũǃШΝШĬċǃШĲċĦőЯШċũƣőŸƨŊőШĤŸƣőШ
ƣőĲШƽĲƣШƚŰŸƽШŉƖċĦƣŔŸŰЯШƚŰŸƽШċŰĬШŊƖŸƨŰĬШƣĲůƓĲƖċƣƨƖĲШƣŸŸťШƚĲƻĲƖċũШĬċǃƚШƣŸШĬĲĦƖĲċƚĲШŉŸũũŸƽŔŰŊШ
ƣőĲШǯƖƚƣШĲƻĲŰƣЮ 

fŰШ[ŔŊƨƖĲШΞЮΟШƣŔůĲШƚĲƖŔĲƚШŸŉШƣőĲШůĲċŰШƚŰŸƽƓċĦťШƣĲůƓĲƖċƣƨƖĲШŉŸƖШƣőĲШĤŸƣƣŸůШΞШũċǃĲƖƚШƚŔůƨũċƣĲĬШ
ŉŸƖШƣőĲШ9 ÅÅ ШƓĲƖŔŸĬШċƖĲШƚőŸƽŰЯШċŰĬШƣŔůĲШƚĲƖŔĲƚШŸŉШƣőĲШůĲċŰШÅ§ÉШĲƻĲŰƣШĬƨƖċƣŔŸŰШŉŸƖШƣőĲШ
ƖĲƚƓĲĦƣŔƻĲШ 9 ÅÅ Ш ŊƖŔĬШ ĦĲũũШ ċƣШ ƣőƖĲĲШ ũŸĦċƣŔŸŰƚШ ĦũŸƚĲШ ƣŸШ  ǃр2ũĲƚƨŰĬШ ы ŸƖƣőĲƖŰШÉċƖƚƏǃƖċЯШ
EŰŊĲũƚťĤƨťƣċШċŰĬШ ǃр2ũĲƚƨŰĬьЮШ[ŸƖШĲċĦőШƓċƖċůĲƣĲƖШƣőĲШũŔŰĲċƖШƣƖĲŰĬШŔƚШċũƚŸШƚőŸƽŰЮШ[ŸƖШƣőĲШfÉ7р
EÉШƚŰŸƽШƣĲůƓĲƖċƣƨƖĲЯШƣőĲƖĲШċƖĲШǃĲċƖрƣŸрǃĲċƖШƻċƖŔċƣŔŸŰƚШƚŔŰĦĲШΝΦΦΝЯШĤƨƣШċƣШċũũШũŸĦċƣŔŸŰƚШƣőĲƖĲШŔƚШ
ċШĦũĲċƖШƣĲŰĬĲŰĦǃШƣŸШőŔŊőĲƖШƚŰŸƽƓċĦťШƣĲůƓĲƖċƣƨƖĲƚШŉƖŸůШƣőĲШΞΜΜΡрΞΜΜΣШƽŔŰƣĲƖШċŰĬШŸŰƽċƖĬƚШ
ĦŸůƓċƖĲĬШƽŔƣőШƣőĲШĲċƖũŔĲƖШΝΡрǃĲċƖШƓĲƖŔŸĬЯШĲǂĦĲƓƣШŉŸƖШċШƖĲũċƣŔƻĲũǃШĦŸŸũĲƖШΞΜΝΦрΞΜΞΜШƚĲċƚŸŰЮШ
ÑőĲƖĲШŔƚШċШĦŸƖƖĲƚƓŸŰĬŔŰŊШƓŸƚŔƣŔƻĲШũŔŰĲċƖШƣƖĲŰĬШċƣШċũũШƚŔƣĲƚЮШxŔťĲƽŔƚĲЯШƣőĲШůĲċŰШÅ§ÉШĬƨƖċƣŔŸŰЯШ
ƽőŔũĲШĲǂőŔĤŔƣŔŰŊШǃĲċƖрƣŸрǃĲċƖШƻċƖŔċƣŔŸŰƚЯШċũƚŸШƚőŸƽƚШċШũŔŰĲċƖШƓŸƚŔƣŔƻĲШƣƖĲŰĬШċƣШċũũШƚŔƣĲƚШċŰĬШ
ƣǃƓŔĦċũũǃШŔŰĦƖĲċƚĲƚШŉƖŸůШΝШĬċǃШċƣШƣőĲШƚƣċƖƣШŸŉШƣőĲШŸĤƚĲƖƻċƣŔŸŰШƓĲƖŔŸĬЯШƣŸШΞШĬċǃƚШċƣШƣőĲШĲŰĬШŸŉШƣőĲШ
ƓĲƖŔŸĬЮШÑőĲШĦŸƖƖĲũċƣŔŸŰШĦŸĲǭŔĦŔĲŰƣШŉŸƖШƣőĲШƣƖĲŰĬШũŔĲƚШĤĲƣƽĲĲŰШΜЮΠΠШы ǃр2ũĲƚƨŰĬьШċŰĬШΜЮΡΣШ
ыEŰŊĲũƚťĤƨťƣċьШ ċŰĬШ ŔƚШ ƚŔŊŰŔǯĦċŰƣШ ыƓӅΜЮΜΡьЮШ [ŸƖШ ƣőĲШ ƚŰŸƽШ ƣĲůƓĲƖċƣƨƖĲШ ƣŔůĲШ ƚĲƖŔĲƚЯШ ƣőĲШ
ĦŸƖƖĲũċƣŔŸŰШĦŸĲǭŔĦŔĲŰƣШÅШŔƚШӂΜЮΤШċƣШ ǃр2ũĲƚƨŰĬШċŰĬШ ŸƖƣőĲƖŰШÉċƖƚƏǃƖċШƽőŔũĲШƣőĲШƣƖĲŰĬШŔƚШƚũŔŊőƣũǃШ
ƽĲċťĲƖШċƣШEŰŊĲũƚťĤƨťƣċШыÅӀΜЮΡΤьЮШ ƣШċũũШƚŔƣĲƚШƣőĲШƣƖĲŰĬШŔƚШƚƣċƣŔƚƣŔĦċũũǃШƚŔŊŰŔǯĦċŰƣШыƓШӃШΜЮΜΝьЮШ7ǃШ
ĦŸŰƣƖċƚƣЯШƣőĲƖĲШċƖĲШũċƖŊĲШĬŔǭĲƖĲŰĦĲƚШŔŰШƣőĲШůĲċŰШƚŰŸƽШĬĲŰƚŔƣǃШĤĲƣƽĲĲŰШũŸĦċƣŔŸŰƚЮШÑőĲƖĲШŔƚШŰŸШ
ĦũĲċƖШũŔŰĲċƖШƣƖĲŰĬШċƣШ ŸƖƣőĲƖŰШÉċƖƚƏǃƖċШċŰĬШEŰŊĲũƚťĤƨťƣċШыÅШӅШΜЮΝΡЯШƓӂΜЮΜΡьЯШŸƖШĲƻĲŰШċШŰĲŊċƣŔƻĲШ
ƣƖĲŰĬШĬƨĲШƣŸШċŰŸůċũŸƨƚũǃШőŔŊőШƻċũƨĲƚШĬƨƖŔŰŊШƣőĲШǯƖƚƣШőċũŉШŸŉШƣőĲШƓĲƖŔŸĬШыĲŊЮШ ǃр2ũĲƚƨŰĬЯШÅӀΜЮΞΦЯШ
ƓӀΜЮΝьЮШ[ŸƖШċũũШŸƣőĲƖШÅ§ÉШĦőċƖċĦƣĲƖŔƚƣŔĦƚЯШŰŸШƚŔŊŰŔǯĦċŰƣШƣƖĲŰĬШƽċƚШŉŸƨŰĬШыÑċĤũĲШΞЮΝьЮ 

ÑċĤũĲШΞЮΝЮШxŔŰĲċƖШƣƖĲŰĬШŔŰШÅ§ÉШĲƻĲŰƣШŉƖĲƕƨĲŰĦǃЯШĬƨƖċƣŔŸŰЯШƣŸƣċũШƓƖĲĦŔƓŔƣċƣŔŸŰЯШċŰĬШŔŰƣĲŰƚŔƣǃШċƣШ ǃр2ũĲƚƨŰĬЯШ
 ŸƖƣőĲƖŰШÉċƖƚƏǃƖċШċŰĬШEŰŊĲũƚťĤƨťƣċЯШŉƖŸůШΝΦΦΝрΞΜΞΞЮ 

  ǃр2ũĲƚƨŰĬ   ŸƖƣőĲƖŰШШ
ÉċƖƚƏǃƖċ 

 EŰŊĲũƚťĤƨťƣċ  

 ÅрƻċũƨĲ ƓрƻċũƨĲ ÅрƻċũƨĲ ƓрƻċũƨĲ ÅрƻċũƨĲ ƓрƻċũƨĲ 

[ƖĲƕƨĲŰĦǃ ΜЮΟΠ ΜЮΜΣ ΜЮΞΡ ΜЮΝΤ ΜЮΞΝ ΜЮΞΡ 

?ƨƖċƣŔŸŰ ΜЮΠΠ ΜЮΜΝΞ ΜЮΡΜ ΜЮΜΜΟΥ ΜЮΡΣ ΜЮΜΜΜΥΞ 

ÂƖĲĦŔƓŔƣċƣŔŸŰ ΜЮΟΜ ΜЮΜΦ ΜЮΝΣ ΜЮΟΥ ΜЮΟΜ ΜЮΜΦ 

fŰƣĲŰƚŔƣǃ ΜЮΜΥ ΜЮΣΣΟ рΜЮΝΣ ΜЮΟΤ ΜЮΝΜ ΜЮΡΥ 
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[ŔŊƨƖĲШΞЮΞаШÑŔůĲШƚĲƖŔĲƚШŸŉШŔ7ƨƣƣŸŰШċƻĲƖċŊĲШĬċŔũǃШůċǂŔůƨůШƣĲůƓĲƖċƣƨƖĲЯШůĲċŰШƚŰŸƽШƣĲůƓĲƖċƣƨƖĲШŔŰШƣőĲШ
ƣƽŸШũŸƽĲƚƣШũċǃĲƖƚШŸŉШƣőĲШƚŰŸƽƓċĦťШыfÉ7рEÉьЯШƣŸƣċũШĬċŔũǃШƓƖĲĦŔƓŔƣċƣŔŸŰШċƣШÑӂрΜЮΡШŔŰШƣőĲШ9 ÅÅ ШĬċƣċƚĲƣЯШ
ƣŸƣċũШƽĲƣШƚŰŸƽШŉƖċĦƣŔŸŰШŔŰШċШΝťůШċƖĲċШĦĲŰƣƖĲĬШŸŰШƣőĲШċƻĲƖċŊĲШũŸĦċƣŔŸŰШŸŉШċũũШƣőĲШŔ7ƨƣƣŸŰШũŸŊŊĲƖƚШċŰĬШƣőĲШ
ůĲċŰШƚŰŸƽШĬĲŰƚŔƣǃШыĬċƖťШĤũƨĲЯШĬċƚőĲĬШũŔŰĲьШŔŰШƣőĲШΞШũŸƽĲƚƣШũċǃĲƖƚШŸŉШƣőĲШƚŰŸƽƓċĦťШċƚШůŸĬĲũũĲĬШĤǃШ
fÉ7рEÉШŉŸƖШΞΜΝΤрΞΜΝΥШƽŔŰƣĲƖШƚĲċƚŸŰШыΝШ ŸƻĲůĤĲƖрΟΜШ ƓƖŔũьШċƣШƣőƖĲĲШƚŔƣĲƚШĦũŸƚĲШƣŸШ ǃр2ũĲƚƨŰĬЮ 
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[ŔŊƨƖĲШΞЮΟЮШÑŔůĲШƚĲƖŔĲƚШŸŉШƣőĲШůĲċŰШĤŸƣƣŸůрŸŉрƚŰŸƽƓċĦťШƣĲůƓĲƖċƣƨƖĲШыƖĲĬШĦƨƖƻĲьШċŰĬШƚŰŸƽШĬĲŰƚŔƣǃШ
ыĤũċĦťШĦƨƖƻĲьШŉŸƖШΝΦΦΝрΞΜΞΞШƽŔƣőШƣőĲШůĲċŰШÅ§ÉШĬƨƖċƣŔŸŰШŉƖŸůШ9 ÅÅ ШыŊƖĲĲŰШĦƨƖƻĲьЮШxŔŰĲċƖШƣƖĲŰĬƚШŔŰШƣőĲШ
ƚŰŸƽƓċĦťШƣĲůƓĲƖċƣƨƖĲЯШĬĲŰƚŔƣǃШċŰĬШÅ§ÉШĬƨƖċƣŔŸŰШċƖĲШƚőŸƽŰШĤǃШƣőĲШĬċƚőĲĬШũŔŰĲƚШŔŰШƣőĲШĦŸƖƖĲƚƓŸŰĬŔŰŊШ
ĦŸũŸƖЮШ9ŸƖƖĲũċƣŔŸŰШĦŸĲǭŔĦŔĲŰƣƚШċŰĬШĦŸŰǯĬĲŰĦĲШŔŰƣĲƖƻċũƚШŉŸƖШƣőĲШũŔŰĲċƖШƣƖĲŰĬШċƖĲШƚőŸƽŰШŔŰШƣőĲШũĲŊĲŰĬЮ 
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fŰШ[ŔŊƨƖĲШΞЮΠШċŰĬШ[ŔŊƨƖĲШΞЮΡШƽĲШƨƚĲШƣőĲШƣŔůĲШƚĲƖŔĲƚШŸŉШƚŰŸƽШƣĲůƓĲƖċƣƨƖĲШċŰĬШĬĲŰƚŔƣǃШƓƖŸĬƨĦĲĬШ
ƨƚŔŰŊШƣőĲШfÉ7рEÉШƚŰŸƽШůŸĬĲũШƣŸШĲǂċůŔŰĲШƣőĲШƖĲũċƣŔŸŰƚőŔƓШƽŔƣőШÅ§ÉШĲƻĲŰƣШŉƖĲƕƨĲŰĦǃШċŰĬШůĲċŰШ
ƣŸƣċũШƓƖĲĦŔƓŔƣċƣŔŸŰШƖĲƚƓĲĦƣŔƻĲũǃШċƣШƣőĲШƚċůĲШƣőƖĲĲШƚŔƣĲƚЮШÅ§ÉШĲƻĲŰƣШŉƖĲƕƨĲŰĦǃШŔƚШƓŸƚŔƣŔƻĲũǃШ
ĦŸƖƖĲũċƣĲĬШƽŔƣőШƣőĲШůĲċŰШƚŰŸƽШƣĲůƓĲƖċƣƨƖĲШċƣШƣőĲШĤŸƣƣŸůШŸŉШƣőĲШƚŰŸƽƓċĦťШыƓӅΜЮΜΡьЯШƽŔƣőШ
ƚƣƖŸŰŊĲƚƣШĦŸƖƖĲũċƣŔŸŰШċƣШ ǃр2ũĲƚƨŰĬШыÅӀΜЮΠΤьШċŰĬШEŰŊĲũƚťĤƨťƣċШыÅӀΜЮΠΞьШċŰĬШƽĲċťĲƚƣШċƣШ
 ŸƖƣőĲƖŰШ ÉċƖƚƏǃƖċШ ыÅӀΜЮΟΣьЮШ [ŸƖШ ƣŸƣċũШ Å§ÉШ ƓƖĲĦŔƓŔƣċƣŔŸŰЯШ ƣőĲƖĲШƽĲƖĲШ ċũƚŸШ ƽĲċťШ ƓŸƚŔƣŔƻĲШ
ĦŸƖƖĲũċƣŔŸŰƚЯШƽőŔĦőШƽĲƖĲШŰŸƣШƚŔŊŰŔǯĦċŰƣЮШ[ŸƖШƚŰŸƽШĬĲŰƚŔƣǃЯШƣőĲШĦŸƖƖĲũċƣŔŸŰШƽŔƣőШƣőĲШÅ§ÉШ
ĦőċƖċĦƣĲƖŔƚƣŔĦƚШŔƚШůŸƖĲШċůĤŔŊƨŸƨƚЮШfŰШŊĲŰĲƖċũЯШƣőĲƖĲШŔƚШƽĲċťШċŰĬШŔŰƚŔŊŰŔǯĦċŰƣШĦŸƖƖĲũċƣŔŸŰШ
ыÅӃΜЮΞΡЯШƓӂΜЮΜΡьШƽőŔĦőШĦċŰШĤĲШĲŔƣőĲƖШƓŸƚŔƣŔƻĲШŸƖШŰĲŊċƣŔƻĲШĬĲƓĲŰĬŔŰŊШŸŰШƣőĲШƚŔƣĲЮШÑőŔƚШŔƚШůŸƚƣШ
ũŔťĲũǃШĤĲĦċƨƚĲШŰŸƣШċũũШÅ§ÉШĲƻĲŰƣƚШƓƖŸĬƨĦĲШċŰШŔŰĦƖĲċƚĲШŔŰШĬĲŰƚŔƣǃЯШċƚШƚőŸƽŰШŔŰШ[ŔŊЮШΞЮΞЮШ 

 

[ŔŊƨƖĲШΞЮΠЮШШÅĲũċƣŔŸŰƚőŔƓШĤĲƣƽĲĲŰШƣőĲШŰƨůĤĲƖШŸŉШÅ§ÉШĲƻĲŰƣƚШĬĲƖŔƻĲĬШƨƚŔŰŊШƣőĲШ9 ÅÅ ШĬċƣċƚĲƣШċŰĬШƣőĲШ
ƚŰŸƽШƣĲůƓĲƖċƣƨƖĲШыũĲŉƣЯШƖĲĬШůċƖťĲƖьШċŰĬШƚŰŸƽШĬĲŰƚŔƣǃШыƖŔŊőƣЯШĤũċĦťШůċƖťĲƖьШċƣШƣőĲШĤŸƣƣŸůШŸŉШƣőĲШ
ƚŰŸƽƓċĦťЯШċƻĲƖċŊĲĬШŸƻĲƖШƣőĲШƽŔŰƣĲƖШŉŸƖШƣőƖĲĲШƚŔƣĲƚШċƣШ ǃр2ũĲƚƨŰĬЯШŉŸƖШƣőĲШƓĲƖŔŸĬШΝΦΦΝрΞΜΞΞЮШÑőĲШÂĲċƖƚŸŰШ
ĦŸƖƖĲũċƣŔŸŰШĦŸĲǭŔĦŔĲŰƣШċŰĬШƓрƻċũƨĲШŉŸƖШƣőĲШũŔŰĲċƖШǯƣШŔƚШŊŔƻĲŰШŔŰШƣőĲШũĲŊĲŰĬЮ 
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[ŔŊƨƖĲШΞЮΡЮШÅĲũċƣŔŸŰƚőŔƓШĤĲƣƽĲĲŰШƣőĲШůĲċŰШƣŸƣċũШƓƖĲĦŔƓŔƣċƣŔŸŰШƓĲƖШÅ§ÉШĲƻĲŰƣШĬĲƖŔƻĲĬШƨƚŔŰŊШƣőĲШ9 ÅÅ Ш
ĬċƣċƚĲƣШċŰĬШƣőĲШƚŰŸƽШƣĲůƓĲƖċƣƨƖĲШыũĲŉƣЯШƖĲĬШůċƖťĲƖьШċŰĬШƚŰŸƽШĬĲŰƚŔƣǃШыƖŔŊőƣЯШĤũċĦťШůċƖťĲƖьШċƣШƣőĲШĤŸƣƣŸůШ
ŸŉШƣőĲШƚŰŸƽƓċĦťЯШċƻĲƖċŊĲĬШŸƻĲƖШƣőĲШƽŔŰƣĲƖШŉŸƖШƣőƖĲĲШƚŔƣĲƚШĤĲƣƽĲĲŰШΝΦΦΝрΞΜΞΞЮШÑőĲШÂĲċƖƚŸŰШĦŸƖƖĲũċƣŔŸŰШ
ĦŸĲǭŔĦŔĲŰƣШċŰĬШƓрƻċũƨĲШŉŸƖШƣőĲШũŔŰĲċƖШǯƣШŔƚШŊŔƻĲŰШŔŰШƣőĲШũĲŊĲŰĬЮ 

ÑċĤũĲƚШΞЮΞШƣŸШΞЮΠШƚƨůůċƖŔǍĲШƣőĲШĦŸƖƖĲũċƣŔŸŰШĦŸĲǭŔĦŔĲŰƣƚШċŰĬШƓрƻċũƨĲƚШĤĲƣƽĲĲŰШƣőĲШfÉ7рEÉШ
ƚŰŸƽШƣĲůƓĲƖċƣƨƖĲШċŰĬШĬĲŰƚŔƣǃШċƣШƣőĲШĤŸƣƣŸůШŸŉШƣőĲШƚŰŸƽƓċĦťЯШċŰĬШƣőĲШŉŸƨƖШÅ§ÉШĦőċƖċĦƣĲƖŔƚƣŔĦƚШ
ŔŰƻĲƚƣŔŊċƣĲĬШċƣШƣőĲШƣőƖĲĲШƚŔƣĲƚШƖĲƚƓĲĦƣŔƻĲũǃЮШÉŔŊŰŔǯĦċŰƣШĦŸƖƖĲũċƣŔŸŰƚШыƓӅΜЮΜΡьШċƖĲШƚőŸƽŰШŔŰШĤŸũĬШ
ŔƣċũŔĦШŉŸŰƣЮШcĲƖĲШŔƣШĦċŰШĤĲШŰŸƣĲĬШƣőċƣШŸŰũǃШÅ§ÉШĲƻĲŰƣШŉƖĲƕƨĲŰĦǃШŔƚШƚŔŊŰŔǯĦċŰƣũǃШċŰĬШƓŸƚŔƣŔƻĲũǃШ
ĦŸƖƖĲũċƣĲĬШƽŔƣőШƣőĲШƚŰŸƽШƣĲůƓĲƖċƣƨƖĲШċƣШƣőĲШĤŸƣƣŸůШŸŉШƣőĲШƚŰŸƽƓċĦťШċƣШƣőĲШƓӅΜЮΜΡШũĲƻĲũШċƣШċũũШ
ƣőƖĲĲШ ƚŔƣĲƚЯШ ƽőŔũĲШ Å§ÉШ ĬƨƖċƣŔŸŰШ ŔƚШ ƚŔŊŰŔǯĦċŰƣũǃШ ċŰĬШ ƓŸƚŔƣŔƻĲũǃШ ĦŸƖƖĲũċƣĲĬШ ƽŔƣőШ ƣőĲШ ƚŰŸƽШ
ƣĲůƓĲƖċƣƨƖĲШċƣШƣőĲШƓӅΜЮΝШũĲƻĲũШċƣШċũũШƣőƖĲĲШƚŔƣĲƚЮШÑőĲШĦŸƖƖĲũċƣŔŸŰШŔƚШƚƣƖŸŰŊĲƚƣШƽŔƣőШÅ§ÉШĲƻĲŰƣШ
ĬƨƖċƣŔŸŰШċƣШ ŸƖƣőĲƖŰШÉċƖƚƏǃƖċШċŰĬШEŰŊĲũƚťĤƨťƣċЯШƽőŔũĲШċƣШ ǃр2ũĲƚƨŰĬШƣőĲШĦŸƖƖĲũċƣŔŸŰШƽŔƣőШƚŰŸƽШ
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ƣĲůƓĲƖċƣƨƖĲШŔƚШƚƣƖŸŰŊĲƚƣШƽŔƣőШÅ§ÉШĲƻĲŰƣШŉƖĲƕƨĲŰĦǃЮШ ŸƣċĤũǃЯШƣőĲƖĲШƽĲƖĲШƣƽŸШŔŰƚƣċŰĦĲƚШƽőĲƖĲШċШ
ƚŔŊŰŔǯĦċŰƣШċŰĬШŰĲŊċƣŔƻĲШĦŸƖƖĲũċƣŔŸŰШƽŔƣőШƚŰŸƽШĬĲŰƚŔƣǃШƽĲƖĲШŸĤƣċŔŰĲĬЮШÑőŔƚШƽċƚШƽŔƣőШÅ§ÉШ
ŔŰƣĲŰƚŔƣǃШċƣШ ǃр2ũĲƚƨŰĬШċŰĬШƽŔƣőШÅ§ÉШĬƨƖċƣŔŸŰШċƣШEŰŊĲũƚťĤƨťƣċЮ 

Table 2.2. Correlation coefficient and p-values at Ny-¡lesund, for correlations between ROS 

characteristics and the bottom-of-snowpack temperature and density averaged over the winter 

ROS 

characteristic 

R-value 

Snow temp. 

p-value 

Snow temp. 

R-value 

Snow density 

p-value 

Snow density 
Event 

frequency 

0.47 0.0083 -0.24 0.21 

Duration 0.31 0.1 -0.0052 0.98 

Total 

precipitation 

0.32 0.087 -0.29 0.12 

Intensity 0.14 0.45 -0.38 0.036 

 

Table 2.3. Correlation coefficient and p-values at Northern Sarsßyra 

ROS 

characteristic 

R-value 

Snow temp. 

p-value 

Snow temp. 

R-value 

Snow density 

p-value 

Snow density 
Event 

frequency 

0.36 0.049 0.18 0.34 

Duration 0.58 0.00058 0.094 0.61 

Total 

precipitation 

0.18 0.34 -0.062 0.74 

Intensity -0.25 0.17 -0.13 0.48 

 

Table 2.4. Correlation coefficient and p-values at Engelskbukta 

ROS 

characteristic 

R-value 

Snow temp. 

p-value 

Snow temp. 

R-value 

Snow density 

p-value 

Snow density 
Event 

frequency 

0.42 0.018 0.24 0.20 

Duration 0.45 0.01 0.40 0.026 

Total 

precipitation 

0.22 0.24 0.20 0.28 

Intensity -0.18 0.34 -0.095 0.61 

 

9ŸƖƖĲũċƣŔŸŰƚШĤĲƣƽĲĲŰШƣőĲШÉ ÅЯШŔ7ƨƣƣŸŰШċŰĬШŊƖŸƨŰĬШŔĦĲШůŸĬĲũШĬċƣċƚĲƣƚШƽĲƖĲШċũƚŸШŔŰƻĲƚƣŔŊċƣĲĬЮШ
ÑőĲШŔ7ƨƣƣŸŰШŊƖŸƨŰĬШƣĲůƓĲƖċƣƨƖĲШƣŔůĲШƚĲƖŔĲƚШƽĲƖĲШƨƚĲĬШƣŸШŸĤƣċŔŰШƣőĲШŰƨůĤĲƖШŸŉШĬċǃƚШƽőĲŰШƣőĲШ
ŊƖŸƨŰĬШƣĲůƓĲƖċƣƨƖĲШƽċƚШċĤŸƻĲШΜ҄9ЮШfŰШċĬĬŔƣŔŸŰЯШƣőĲШÉ ÅШƽĲƣШƚŰŸƽШŉƖċĦƣŔŸŰШƽċƚШƣőƖĲƚőŸũĬĲĬШċƣШ
ΝΜӖШƣŸШĬĲĬƨĦĲШÅ§ÉШĬċǃƚЯШċŰĬШĦŸŰƚĲĦƨƣŔƻĲШĬċǃƚШċĤŸƻĲШƣőĲШƣőƖĲƚőŸũĬШƽĲƖĲШŊƖŸƨƓĲĬШƣŸШĦŸƨŰƣШ
ŰƨůĤĲƖШŸŉШŔŰĬŔƻŔĬƨċũШÅ§ÉШĲƻĲŰƣƚЮШ7ŸƣőШƣőĲƚĲШƓċƖċůĲƣĲƖƚШƽĲƖĲШƓŸƚŔƣŔƻĲũǃШĦŸƖƖĲũċƣĲĬШƽŔƣőШƣőĲШ
fÉ7 ШƚŰŸƽШĬĲŰƚŔƣǃШċŰĬШƣĲůƓĲƖċƣƨƖĲШƣŔůĲШƚĲƖŔĲƚШŉŸƖШƣőĲШŸƻĲƖũċƓƓŔŰŊШƓĲƖŔŸĬШŸŉШĬċƣċШċƻċŔũċĤũĲШċŰĬШ
ċƖĲШƚőŸƽŰШŔŰШ[ŔŊƨƖĲШΞЮΣЮШ ШƚƣƖŸŰŊШƓŸƚŔƣŔƻĲШċŰĬШƚŔŊŰŔǯĦċŰƣШĦŸƖƖĲũċƣŔŸŰШĤĲƣƽĲĲŰШƚŰŸƽШƣĲůƓĲƖċƣƨƖĲШ
ċŰĬШƣőĲШŰƨůĤĲƖШŸŉШĬċǃƚШƽőĲŰШƣőĲШŊƖŸƨŰĬШƣĲůƓĲƖċƣƨƖĲШƽċƚШċĤŸƻĲШΜ҄9ШƽċƚШĲǂőŔĤŔƣĲĬШċƣШ ŸƖƣőĲƖŰШ
ÉċƖƚƏǃƖċШыÅӀΜЮΥΝΞЯШƓӀΜЮΜΜΤΦьШĤƨƣШŰŸƣШċƣШ ǃр2ũĲƚƨŰĬШċŰĬШEŰŊĲũƚťĤƨťƣċЯШƽőŔũĲШŉŸƖШƣőĲШĤŸƣƣŸůрŸŉШ
ƚŰŸƽƓċĦťШĬĲŰƚŔƣǃШƣőĲƖĲШƽċƚШċШƓŸƚŔƣŔƻĲШċŰĬШƚŔŊŰŔǯĦċŰƣШĦŸƖƖĲũċƣŔŸŰШċƣШ ǃр2ũĲƚƨŰĬШĤƨƣШŰŸƣШċƣШƣőĲШ
ŸƣőĲƖШƣƽŸШƚŔƣĲƚШыƨƓƓĲƖШƓċŰĲũƚьЮШfŰШŊĲŰĲƖċũЯШƣőĲƖĲШƽċƚШċШƽĲċťШĤƨƣШƓŸƚŔƣŔƻĲШĦŸƖƖĲũċƣŔŸŰШĤĲƣƽĲĲŰШ
ƣőĲШŰƨůĤĲƖШŸŉШÅ§ÉШĲƻĲŰƣƚШŉƖŸůШÉ ÅШċŰĬШƚŰŸƽƓċĦťШƻċƖŔċĤũĲƚШыĦĲŰƣƖĲШƓċŰĲũƚьЯШċƚШƽĲũũШċƚШ
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CHORUS 16 

ĤĲƣƽĲĲŰШƣőĲШĲƚƣŔůċƣĲĬШċŰĬШƓƖĲĬŔĦƣĲĬШŔĦĲШƣőŔĦťŰĲƚƚШċŰĬШƣőĲШƚŰŸƽƓċĦťШƻċƖŔċĤũĲƚЯШċũƣőŸƨŊőШƣőĲƖĲШ
ƽċƚШ ċШ ƚũŔŊőƣũǃШ ƚƣƖŸŰŊĲƖШ ƓŸƚŔƣŔƻĲШ ĦŸƖƖĲũċƣŔŸŰШ ĤĲƣƽĲĲŰШ ĲƚƣŔůċƣĲĬШ ŔĦĲШ ƣőŔĦťŰĲƚƚШ ċŰĬШ ƚŰŸƽШ
ƣĲůƓĲƖċƣƨƖĲШŔŰШƣőĲШĤŸƣƣŸůШΞШũċǃĲƖƚШŸŉШƣőĲШƚŰŸƽƓċĦťШĦŸůƓċƖĲĬШƣŸШƣőĲШƚŰŸƽШĬĲŰƚŔƣǃЮШcŸƽĲƻĲƖЯШ
ƣőŔƚШĦŸƖƖĲũċƣŔŸŰШƽċƚШŸŰũǃШƚŔŊŰŔǯĦċŰƣШċƣШ ŸƖƣőĲƖŰШÉċƖƚƏǃƖċШċŰĬШŰŸƣШċƣШƣőĲШƣƽŸШŸƣőĲƖШƚŔƣĲƚЮШ 

 

[ŔŊƨƖĲШΞЮΣЮШÅĲũċƣŔŸŰƚőŔƓШĤĲƣƽĲĲŰШƣőĲШŰƨůĤĲƖШŸŉШĬċǃƚШƽőĲŰШƣőĲШŊƖŸƨŰĬШƣĲůƓĲƖċƣƨƖĲШƽċƚШӂШΜ҄9ШċŰĬШƣőĲШ
ůĲċŰШƚŰŸƽШƣĲůƓĲƖċƣƨƖĲШċŰĬШĬĲŰƚŔƣǃШċƣШƣőĲШĤŸƣƣŸůШŸŉШƣőĲШƚŰŸƽƓċĦťШыƨƓƓĲƖШƖŸƽьЯШŰƨůĤĲƖШŸŉШÅ§ÉШĲƻĲŰƣƚШ
ĬĲƖŔƻĲĬШŉƖŸůШÉ ÅШċŰĬШfÉ7рEÉШƚŰŸƽШƣĲůƓĲƖċƣƨƖĲШċŰĬШĬĲŰƚŔƣǃШыůŔĬĬũĲШƖŸƽьЯШċŰĬШĤĲƣƽĲĲŰШƣőĲШůĲċŰШÅ§ÉШ
ĬƨƖċƣŔŸŰШĬĲƖŔƻĲĬШƨƚŔŰŊШ9 ÅÅ ШċŰĬШƚŰŸƽШƣĲůƓĲƖċƣƨƖĲШċŰĬШĬĲŰƚŔƣǃШыũŸƽĲƖШƖŸƽьЮ 

ÑőĲШ ƖĲũċƣŔŸŰƚőŔƓШ ĤĲƣƽĲĲŰШ Å§ÉШ ĦőċƖċĦƣĲƖŔƚƣŔĦƚШ ĬĲƖŔƻĲĬШ ŉƖŸůШ 9 ÅÅ Ш ċŰĬШ ƣőĲШ
ĲƚƣŔůċƣĲĬоƓƖĲĬŔĦƣĲĬШŔĦĲШƣőŔĦťŰĲƚƚШŸĤƣċŔŰĲĬШŉƖŸůШƣőĲШƨƓĬċƣĲĬШÂĲĲƣĲƖƚШĲƣШċũЮШыΞΜΝΦьШƽċƚШċũƚŸШ
ĲǂċůŔŰĲĬШċŰĬШċƖĲШƚőŸƽŰШŔŰШ[ŔŊƨƖĲШΞЮΤЮШÑŸШĬŸШƣőŔƚЯШŸŰũǃШǃĲċƖƚШƽőĲŰШƣőĲƖĲШƽċƚШÅ§ÉШƽĲƖĲШƨƚĲĬШ
ŔЮĲЮЯШƽőĲŰШƣőĲШÅ§ÉШĦőċƖċĦƣĲƖŔƚƣŔĦƚШƽĲƖĲШŰŸŰрǍĲƖŸЮШfŰШŊĲŰĲƖċũЯШƣőĲƖĲШƽċƚШċШƓŸƚŔƣŔƻĲШĦŸƖƖĲũċƣŔŸŰШ
ĤĲƣƽĲĲŰШċũũШÅ§ÉШĦőċƖċĦƣĲƖŔƚƣŔĦƚЯШċŰĬШĤŸƣőШĲƚƣŔůċƣĲĬШċŰĬШƓƖĲĬŔĦƣĲĬШŔĦĲШƣőŔĦťŰĲƚƚЮШcŸƽĲƻĲƖЯШ
ƣőĲƖĲШƽċƚШŸŰũǃШċШƚƣƖŸŰŊШċŰĬШƚŔŊŰŔǯĦċŰƣШƓŸƚŔƣŔƻĲШĦŸƖƖĲũċƣŔŸŰШĤĲƣƽĲĲŰШĤŸƣőШƣőĲШĲƚƣŔůċƣĲĬШċŰĬШ
ƓƖĲĬŔĦƣĲĬШŔĦĲШƣőŔĦťŰĲƚƚШċŰĬШƣőĲШƣŸƣċũШÅ§ÉШƓƖĲĦŔƓŔƣċƣŔŸŰШċŰĬШŔŰƣĲŰƚŔƣǃЮШìĲċťĲƖШĤƨƣШŰŸƣШƚŔŊŰŔǯĦċŰƣШ
ƓŸƚŔƣŔƻĲШĦŸƖƖĲũċƣŔŸŰƚШƽĲƖĲШċũƚŸШĲƻŔĬĲŰƣШĤĲƣƽĲĲŰШŔĦĲШƣőŔĦťŰĲƚƚШċŰĬШÅ§ÉШĬƨƖċƣŔŸŰЮ 
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CHORUS 17 

 

[ŔŊƨƖĲШΞЮΤЮШÅĲũċƣŔŸŰƚőŔƓШĤĲƣƽĲĲŰШůĲċŰШÅ§ÉШĦőċƖċĦƣĲƖŔƚƣŔĦƚШĬĲƖŔƻĲĬШŉƖŸůШ9 ÅÅ ШыƓƖĲĦŔƓŔƣċƣŔŸŰЯШ
ĬƨƖċƣŔŸŰШċŰĬШŔŰƣĲŰƚŔƣǃьШċŰĬШƣőĲШĲƚƣŔůċƣĲĬШыũĲŉƣШĦŸũƨůŰьШċŰĬШƓƖĲĬŔĦƣĲĬШыƖŔŊőƣШĦŸũƨůŰьШŔĦĲШƣőŔĦťŰĲƚƚШċƣШ
ƣőƖĲĲШ ǃр2ũĲƚƨŰĬШƚŔƣĲƚЮ 

fŰШ[ŔŊƨƖĲШΞЮΥШƣőĲШŊĲŰĲƖċũШƖĲũċƣŔŸŰƚőŔƓШĤĲƣƽĲĲŰШƣőĲШƚŰŸƽШċŰĬШŊƖŸƨŰĬШƣĲůƓĲƖċƣƨƖĲШŔƚШƚőŸƽŰШŉŸƖШ
ċũũШǃĲċƖƚШƽőĲƖĲШŔ7ƨƣƣŸŰШŊƖŸƨŰĬШƣĲůƓĲƖċƣƨƖĲШĬċƣċШƽĲƖĲШċƻċŔũċĤũĲЮШcĲƖĲЯШċũũШĬċƣċШƓŸŔŰƣƚШŉƖŸůШƣőĲШ
ƽŔŰƣĲƖШƚĲċƚŸŰШыΝШ ŸƻрΟΜШ ƓƖьШċƖĲШƨƚĲĬЮШÑőĲƖĲШŔƚШċШƚƣƖŸŰŊШĤƨƣШŰŸŰũŔŰĲċƖШĦŸƖƖĲũċƣŔŸŰШĤĲƣƽĲĲŰШƣőĲШ
ƣƽŸШƻċƖŔċĤũĲƚШƽŔƣőШċШĦũĲċƖШĦũƨƚƣĲƖŔŰŊШŸŉШĬċƣċШƓŸŔŰƣƚЯШĲǂőŔĤŔƣŔŰŊШǃĲċƖƚШƽőĲƖĲШĦŸũĬШƚŰŸƽƓċĦťШ
ƣĲůƓĲƖċƣƨƖĲШĦŸŔŰĦŔĬĲƚШĲŔƣőĲƖШƽŔƣőШũŸƽШŊƖŸƨŰĬШƣĲůƓĲƖċƣƨƖĲШыĲŊЮЯШΞΜΝΦьШŸƖШǃĲċƖƚШƽŔƣőШƖĲũċƣŔƻĲũǃШ
ĦŸũĬШƚŰŸƽƓċĦťШĤƨƣШőŔŊőĲƖШŊƖŸƨŰĬШƣĲůƓĲƖċƣƨƖĲƚШыĲŊЮЯШΞΜΞΜЯШΞΜΞΝьШċƚШƽĲũũШċƚШǃĲċƖƚШƽőĲƖĲШĤŸƣőШ
ƣőĲШĤŸƣƣŸůрŸŉрƚŰŸƽƓċĦťШƣĲůƓĲƖċƣƨƖĲШċŰĬШŊƖŸƨŰĬШƣĲůƓĲƖċƣƨƖĲШƽĲƖĲШƻĲƖǃШĦŸůƓċƖċĤũĲЮ 

ƣШ ŸƖƣőĲƖŰШÉċƖƚƏǃƖċШċŰĬШEŰŊĲũƚťĤƨťƣċШŸŰĲШĦċŰШċũƚŸШƚĲĲШƣőċƣШƣőĲƖĲШċƖĲШůċŰǃШǃĲċƖƚШƽőĲƖĲШƣőĲШ
ŊƖŸƨŰĬШƣĲůƓĲƖċƣƨƖĲШƖŔƚĲƚШċĤŸƻĲШΜ҄9ШĦŸŰƣƖċƚƣŔŰŊШƽŔƣőШ ŸƖĬĲŰƚťŔƁũĬШxċŰĬШƚŔƣĲƚШƽőĲƖĲШƣőĲƖĲШƽĲƖĲШ
ƕƨŔƣĲШċШũŸƣШŸŉШǃĲċƖƚШƽŔƣőШƣĲůƓĲƖċƣƨƖĲШŢƨƚƣШĤĲũŸƽШΜ҄9ШĤƨƣШŸŰũǃШċШŉĲƽШǃĲċƖƚШƽőĲƖĲШƣőĲШŊƖŸƨŰĬШ
ƣĲůƓĲƖċƣƨƖĲШŔŰĦƖĲċƚĲĬШƣŸШċĤŸƻĲШΜ҄9ЮШfŰШċũũШĦċƚĲƚШƽőĲƖĲШƣőĲШŊƖŸƨŰĬШƣĲůƓĲƖċƣƨƖĲШƽċƚШĦũŸƚĲШƣŸШŸƖШ
ŢƨƚƣШċĤŸƻĲШΜ҄9ШƣőĲШĤŸƣƣŸůрŸŉрƚŰŸƽƓċĦťШƣĲůƓĲƖċƣƨƖĲШƖĲůċŔŰƚШũŸƽĲƖШċŰĬШŔŰШƚŸůĲШĦċƚĲƚШĤǃШΡШƣŸШ
ΝΜШ҄9ШũŸƽĲƖЮШ§ƻĲƖċũũЯШƣőĲШƣĲůƓĲƖċƣƨƖĲШƖċŰŊĲШŸŉШĤŸƣőШƣőĲШŊƖŸƨŰĬШċŰĬШĤŸƣƣŸůрŸŉрƚŰŸƽƓċĦťШƽĲƖĲШ
ƚŔůŔũċƖШċƣШĤŸƣőШƣőĲШ ǃр2ũĲƚƨŰĬШƚŔƣĲƚЯШƽőŔĦőШƣǃƓŔĦċũũǃШĲǂƓĲƖŔĲŰĦĲШċШůŸƖĲШĦŸċƚƣċũШĦũŔůċƣĲЯШċŰĬШ
ƣőĲШ ŸƖĬĲŰƚťŔƁũĬШxċŰĬШƚŔƣĲƚШƽőŔĦőШƣǃƓŔĦċũũǃШőċƻĲШċШůŸƖĲШŔŰũċŰĬШĦũŔůċƣĲЮ 
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CHORUS 18 

 

[ŔŊƨƖĲШΞЮΥЮШ]ƖŸƨŰĬШƣĲůƓĲƖċƣƨƖĲШŉƖŸůШŔ7ƨƣƣŸŰШƣĲůƓĲƖċƣƨƖĲШũŸŊŊĲƖƚШƻƚЮШƣőĲШůŸĬĲũũĲĬШƚŰŸƽШƣĲůƓĲƖċƣƨƖĲШ
ŉƖŸůШƣőĲШĤŸƣƣŸůШŸŉШƣőĲШƚŰŸƽƓċĦťШŉŸƖШƣőĲШ ǃр2ũĲƚƨŰĬШƚŔƣĲƚШыũĲŉƣШĦŸũƨůŰьШċŰĬШƣőƖĲĲШƚĲũĲĦƣĲĬШƚŔƣĲƚШŉƖŸůШƣőĲШ
 ŸƖĬĲŰƚťŔƁũĬШxċŰĬШƚƣƨĬǃШċƖĲċШыƖŔŊőƣШĦŸũƨůŰьЮ 

ÉƨůůċƖǃШŸŉШƖĲƚƨũƣƚШΞЮΝ 
 ÉŔŊŰŔǯĦċŰƣШċŰĬШƓŸƚŔƣŔƻĲШƣƖĲŰĬƚШŔŰШƣőĲШůĲċŰШĤŸƣƣŸůрŸŉрƚŰŸƽƓċĦťШƣĲůƓĲƖċƣƨƖĲШƽĲƖĲШ
ŉŸƨŰĬШċƣШ ǃр2ũĲƚƨŰĬШċŰĬШċĦƖŸƚƚШ ŸƖĬĲŰƚťŔƁũĬШxċŰĬШĤĲƣƽĲĲŰШΝΦΦΝШċŰĬШΞΜΞΟЮШ 

 Å§ÉШĬƨƖċƣŔŸŰШőċĬШċШƚŔŊŰŔǯĦċŰƣШċŰĬШƓŸƚŔƣŔƻĲШƣƖĲŰĬШƚŔŰĦĲШΝΦΦΝШċƣШċũũШƣőƖĲĲШ ǃр2ũĲƚƨŰĬШ
ƚƣƨĬǃШƚŔƣĲƚЯШĤƨƣШċƣШŸŰũǃШŸŰĲШŸŉШƣőĲШ ŸƖĬĲŰƚťŔƁũĬШxċŰĬШƚŔƣĲƚШы7ƏĬċũĲŰьЮ 

 Å§ÉШŉƖĲƕƨĲŰĦǃШċŰĬШĬƨƖċƣŔŸŰШőċĬШƓŸƚŔƣŔƻĲШċŰĬШƚŔŊŰŔǯĦċŰƣШĦŸƖƖĲũċƣŔŸŰƚШƽŔƣőШƚŰŸƽƓċĦťШ
ƣĲůƓĲƖċƣƨƖĲШċƣШċũũШ ǃр2ũĲƚƨŰĬШƚŔƣĲƚШĤƨƣШŸŰũǃШŸŰĲШŸŉШƣőĲШ ŸƖĬĲŰƚťŔƁũĬШxċŰĬШƚŔƣĲƚЮШ 

  ĲŔƣőĲƖШ Å§ÉШ ŔŰƣĲŰƚŔƣǃШ ŸƖШ ƣŸƣċũШ ƓƖĲĦŔƓŔƣċƣŔŸŰШ ƚőŸƽĲĬШ ƚŔŊŰŔǯĦċŰƣШ ĦŸƖƖĲũċƣŔŸŰƚШ ƽŔƣőШ
ƚŰŸƽƓċĦťШƣĲůƓĲƖċƣƨƖĲШċƣШ ǃШ2ũĲƚƨŰĬШŸƖШ ŸƖĬĲŰƚťŔƁũĬШxċŰĬШĤƨƣШĲǂőŔĤŔƣĲĬШƚŔŊŰŔǯĦċŰƣШ
ƓŸƚŔƣŔƻĲШĦŸƖƖĲũċƣŔŸŰƚШƽŔƣőШŊƖŸƨŰĬШŔĦĲШƣőŔĦťŰĲƚƚШċƣШċũũШ ǃШ2ũĲƚƨŰĬШƚŔƣĲƚШċŰĬШŸŰĲШŸŉШƣőĲШ
 ŸƖĬĲŰƚťŔƁũĬШxċŰĬШƚŔƣĲƚЮШ 

 ÑőĲШŊƖŸƨŰĬШċŰĬШĤŸƣƣŸůрŸŉрƚŰŸƽƓċĦťШƣĲůƓĲƖċƣƨƖĲШŊĲŰĲƖċũũǃШŉŸũũŸƽШĲċĦőШŸƣőĲƖШĦũŸƚĲũǃШ
ĤƨƣШĲǂőŔĤŔƣШċШŰŸŰũŔŰĲċƖШĦŸƖƖĲũċƣŔŸŰЮ 
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2.2 Models for ROS characteristics as predictors for ice 

thickness and snowpack temperature 

2.2.1 Partial Least Squares (PLS) regression 

Partial Least Squares regression is appropriate when there are several predictor variables, and 
there exists multicollinearity among predictors, as in the case of the ROS characteristics 
(section 3.8). We tested a PLS model based on a combination of one or more ROS 
characteristics to model the variability in ground ice thickness and snow temperature at the 
three sites near Ny-Ålesund and four selected sites across Nordenskiöld Land. We assessed 
the model fit using primarily two metrics; R2 provides an indication of how well the model 
predicts the response variables (ground & snow temperature, ground ice thickness) and the 
Variable Importance in Projection (VIP) score, which identifies the predictors that are most 
important in driving the model and explaining the response variables. Moreover, we have not 
de-trended the time series before fitting the models since we are interested in modelling the 
long-term relationship between the ROS characteristics and the cryosphere response 
variables. We evaluated the model combinations for both the shorter and longer period which 
had more stable VIF estimates. However, due to the small sample size of the shorter time series 
and risk of fitting noise instead of a real signal, and since R² can be misleadingly high in small 
datasets even when predictive power is weak, we have used a Leave-One-Out cross validation 
(LOOCV) to evaluate R². By using LOOCV, the different models can be tested on all data points, 
one at a time, to produce a reliable estimate of how well the model generalizes. For both time 
periods and all sites, we provide the LOO cross-validated R² and mean squared error (MSE) for 
the combination of predictor that produced the highest cross-validated R² for models 
predicting ice thickness and snow temperature. 

2.2.2 PLS results for ice thickness predictions 

ÑċĤũĲШ ΞЮΞШ ƚőŸƽƚШ ƣőċƣШ ĦŸůĤŔŰċƣŔŸŰƚШ ŸŉШ ƓƖĲĬŔĦƣŸƖШ ƻċƖŔċĤũĲƚШ ƨƚŔŰŊШ ƣőĲШ ůċǂШ Å§ÉШ ĲƻĲŰƣШ
ĦőċƖċĦƣĲƖŔƚƣŔĦƚШƓƖŸĬƨĦĲĬШŔŰШŊĲŰĲƖċũШĤĲƣƣĲƖШůŸĬĲũƚШыőŔŊőĲƖШĦƖŸƚƚШƻċũŔĬċƣĲĬШÅΞьШƣŸШƓƖĲĬŔĦƣШ
ƻċƖŔċĤŔũŔƣǃШŔŰШŔĦĲШƣőŔĦťŰĲƚƚШƣőċŰШůĲċŰШÅ§ÉШĲƻĲŰƣШĦőċƖċĦƣĲƖŔƚƣŔĦƚШƽőĲŰШƨƚŔŰŊШƣőĲШũŸŰŊĲƖШƣŔůĲШ
ƚĲƖŔĲƚЮШ§ŰШƣőĲШŸƣőĲƖШőċŰĬЯШƣőĲШůĲċŰШÅ§ÉШĲƻĲŰƣШĦőċƖċĦƣĲƖŔƚƣŔĦƚШƓƖŸĬƨĦĲĬШůŸĬĲũƚШƽŔƣőШőŔŊőĲƖШ
ĦƖŸƚƚШƻċũŔĬċƣĲĬШÅΞШƽőĲŰШĤċƚĲĬШŸŰШƣőĲШƚőŸƖƣĲƖШƣŔůĲШƚĲƖŔĲƚШŸŉШƻċƖŔċĤũĲƚШċƣШċũũШƚŔƣĲƚЮШfŰШƣĲƖůƚШŸŉШ
ŔŰǰƨĲŰƣŔċũШƓƖĲĬŔĦƣŸƖШƻċƖŔċĤũĲƚЯШƣőĲШŰƨůĤĲƖЮŸŉЮÅ§ÉЮĲƻĲŰƣƚШƓũċǃĲĬШċШŉƖĲƕƨĲŰƣШƖŸũĲШŔŰШůŸĬĲũƚШŉŸƖШ
ƓƖĲĬŔĦƣŔŰŊШŔĦĲШƣőŔĦťŰĲƚƚШƻċƖŔċĤŔũŔƣǃШċƣШċũũШƚŔƣĲƚШƨƚŔŰŊШƣőĲШũŸŰŊĲƖШƣŔůĲШƚĲƖŔĲƚЯШŔŰШċĬĬŔƣŔŸŰШƣŸШůĲċŰЮ
Å§ÉЮƓƖĲĦŔƓŔƣċƣŔŸŰШċŰĬШůĲċŰЮÅ§ÉЮĬƨƖċƣŔŸŰЮШÂƖĲĬŔĦƣŸƖШƻċƖŔċĤũĲШĦŸůĤŔŰċƣŔŸŰƚШƽĲƖĲШƚŔůŔũċƖШċƣШ
ĤŸƣőШ ǃр2ũĲƚƨŰĬШċŰĬШ ŸƖĬĲŰƚťŔƁũĬШxċŰĬЮШ[ŸƖШůŸĬĲũƚШƨƚŔŰŊШůċǂШÅ§ÉШĲƻĲŰƣШĦőċƖċĦƣĲƖŔƚƣŔĦƚЯШƣőĲШ
ĦŸůĤŔŰċƣŔŸŰШŸŉШÅ§ÉЮĲƻĲŰƣƚШċŰĬШůċǂЮÅ§ÉЮƓƖĲĦŔƓŔƣċƣŔŸŰШċƓƓĲċƖĲĬШŔŰШƣőĲШĤĲƚƣШƓĲƖŉŸƖůŔŰŊШ
ůŸĬĲũƚШċƣШƚŔǂШƚŔƣĲƚЯШċŰĬШÅ§ÉШĲƻĲŰƣƚЯШůċǂШÅ§ÉШƓƖĲĦŔƓŔƣċƣŔŸŰШċŰĬШůċǂЮÅ§ÉЮŔŰƣĲŰƚŔƣǃШƽĲƖĲШ
ŔŰǰƨĲŰƣŔċũШƻċƖŔċĤũĲƚШċƣШċũũШƣőƖĲĲШ ǃр2ũĲƚƨŰĬШƚŔƣĲƚЮ 

[ŔŊƨƖĲƚШΞЮΦШċŰĬШΞЮΝΜШŔũũƨƚƣƖċƣĲШƣőĲШĦƖŸƚƚШƻċũŔĬċƣĲĬШÅΞШŉŸƖШċũũШůŸĬĲũƚШĤċƚĲĬШŸŰШƣőĲШĬŔǭĲƖĲŰƣШ
ĦŸůĤŔŰċƣŔŸŰƚШŸŉШůĲċŰШÅ§ÉШĦőċƖċĦƣĲƖŔƚƣŔĦƚШċŰĬШŔĦĲШƣőŔĦťŰĲƚƚШĬċƣċШŉƖŸůШ ǃр2ũĲƚƨŰĬШы[ŔŊЮШΞЮΦьШ
ċŰĬШÉĲůůĲũĬċũĲŰШы[ŔŊЮШΞЮΝΜьЯШƽŔƣőШƣőĲШĦŸũŸƨƖШŔŰĬŔĦċƣŔŰŊШƣőĲШůċŊŰŔƣƨĬĲШċŰĬШƚŔŊŰШŸŉШÅΞЮШШ 
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ÑċĤũĲШΞЮΞЮШÑőĲШÂxÉШƖĲŊƖĲƚƚŔŸŰШůŸĬĲũШƓƖŸĬƨĦŔŰŊШőŔŊőĲƚƣШĦƖŸƚƚШƻċũŔĬċƣĲĬШÅΞШŉŸƖШƓƖĲĬŔĦƣŔŰŊШŔĦĲШƣőŔĦťŰĲƚƚШċƣШ
ƣőĲШƣőƖĲĲШ ǃр2ũĲƚƨŰĬШƚŔƣĲƚШыEŰŊĲũƚťĤƨťƣċЯШ ŸƖƣőĲƖŰШÉċƖƚƏǃƖċЯШ ǃр2ũĲƚƨŰĬьШċŰĬШŉŸƨƖШ ŸƖĬĲŰƚťŔƁũĬШxċŰĬШ
ƚŔƣĲƚШ ыÉĲůůĲũĬċũĲŰЯШ 7ƏĬċũĲŰЯШ ~ĲĬċũĲŰЯШ fƚƣŢƏƖŰĬċũĲŰьЮШ fŰШ ĤũċĦťШ ŉŸŰƣШ ƣőĲШ ůŸĬĲũШ ƖĲƚƨũƣƚШ ƨƚŔŰŊШ
ĦŸůĤŔŰċƣŔŸŰƚШŸŉШƣőĲШůĲċŰШÅ§ÉШĦőċƖċĦƣĲƖŔƚƣŔĦƚШċƖĲШŊŔƻĲŰЮШfŰШƖĲĬШŔƣċũŔĦШŉŸŰƣШƣőĲШůŸĬĲũШƖĲƚƨũƣƚШƨƣŔũŔǍŔŰŊШ
ĦŸůĤŔŰċƣŔŸŰƚШŸŉШƣőĲШůċǂШÅ§ÉШĦőċƖċĦƣĲƖŔƚƣŔĦƚШċƖĲШƚőŸƽŰЮШfŰШƚĲƻĲƖċũШĦċƚĲƚЯШŸŰũǃШŸŰĲШÅ§ÉШƻċƖŔċĤũĲШƽċƚШ
ŰĲĲĬĲĬШƣŸШƓƖŸĬƨĦĲШċШůŸĬĲũШƽŔƣőШƣőĲШőŔŊőĲƚƣШĦƖŸƚƚШƻċũŔĬċƣĲĬШÅΞШƚĦŸƖĲЮШ7ŸũĬШƣǃƓĲШŔŰĬŔĦċƣĲƚШƓƖĲĬŔĦƣŸƖШ
ƻċƖŔċĤũĲƚШƣőċƣШƽĲƖĲШŔŰǰƨĲŰƣŔċũШĤċƚĲĬШŸŰШéfÂШƣőƖĲƚőŸũĬШӂШΜЮΥЮШ§ŰШƣőĲШũĲŉƣрőċŰĬШƚŔĬĲШƖĲƚƨũƣƚШŉŸƖШƣőĲШƚőŸƖƣĲƖШ
ƣŔůĲШƚĲƖŔĲƚШыΞΜΜΦоΞΜΝΞрШΞΜΞΞьШċƖĲШƚőŸƽŰЯШċŰĬШŸŰШƣőĲШƖŔŊőƣрőċŰĬШƚŔĬĲЯШƣőĲШũŸŰŊĲƖШƣŔůĲШƚĲƖŔĲƚШыΝΦΦΝрΞΜΞΞь 

ÉŔƣĲ ÂƖĲĬŔĦƣŸƖƚ 9éШÅΞ ~ÉE ÂƖĲĬŔĦƣŸƖƚ 9éШÅΞ ~ÉE 

EŰŊĲũƚťĤƨťƣċ ~ĲċŰхÅ§ÉхƓƖĲĦŔƓ 
 
~ċǂыÅ§ÉыĬƨƖеЮ
~ċǂыÅ§ÉыƓƖĲĦŔƓ 

ΜЮΤΞΥ 
 
ΣдΧΣΥ 

ΜЮΞΤΝ 
 
ΣдΨάΫ 

Å§ÉхĲƻĲŰƣƚЯШ
~ĲċŰхÅ§ÉхĬƨƖ 
Å§ÉыĲƻĲŰƣƚеЮ
~ċǂыÅ§ÉыƓƖĲĦŔƓеЮ
~ċǂыÅ§ÉыŔŰƣ 

ΜЮΠΜΝ 
 
ΣдΨΩά 

ΜЮΡΦΦ 
 
ΣдΧΦΤ 

 ŸƖƣőĲƖŰШ
ÉċƖƚƏǃƖċ 

~ĲċŰхÅ§ÉхŔŰƣЯШ
ÉŰŸƽхĬĲƓƣő 
 
~ċǂыÅ§ÉыĬƨƖеЮ
~ċǂыÅ§ÉыƓƖĲĦŔƓеЮ
~ċǂыÅ§ÉыŔŰƣ 

ΜЮΤΟΡ 
 
 
ΣдΨΧΪ 

ΜЮΞΣΡ 
 
 
ΣдΧΨΦ 

Å§ÉхĲƻĲŰƣƚ 
 
 
Å§ÉыĲƻĲŰƣƚеЮ
~ċǂыÅ§ÉыƓƖĲĦŔƓеЮ
~ċǂыÅ§ÉыŔŰƣ 

ΜЮΠΞΥ 
 
 
ΣдΨΪΤ 

ΜЮΡΤΞ 
 
 
ΣдΧΥά 

 ǃр2ũĲƚƨŰĬ Å§ÉхĲƻĲŰƣƚЯШ
~ĲċŰхÅ§ÉхĬƨƖЯШ
~ĲċŰхÅ§ÉхƓƖĲĦŔƓ 
~ċǂыÅ§ÉыƓƖĲĦŔƓ 

ΜЮΤΠΝ 
 
 
ΣдΪΣΤ 

ΜЮΞΡΦ 
 
 
ΣдΥάά 

Å§ÉхĲƻĲŰƣƚЯШ
~ĲċŰхÅ§ÉхĬƨƖЯШ
~ĲċŰхÅ§ÉхƓƖĲĦŔƓ 
Å§ÉыĲƻĲŰƣƚеЮ
~ċǂыÅ§ÉыƓƖĲĦŔƓеЮ
~ċǂыÅ§ÉыŔŰƣ 

ΜЮΡΥΡ 
 
 
ΣдΪΤΫ 

ΜЮΠΝΠ 
 
 
ΣдΥΫΥ 

ÉĲůůĲũĬċũĲŰ Å§ÉхĲƻĲŰƣƚЯШ
~ĲċŰхÅ§ÉхĬƨƖЯШ
~ĲċŰхÅ§ÉхƓƖĲĦŔƓ 
Å§ÉыĲƻĲŰƣƚеЮ
~ċǂыÅ§ÉыĬƨƖеЮ
~ċǂыÅ§ÉыƓƖĲĦŔƓ 

ΜЮΤΥΦ 
 
 
ΣдΪΦΧ 

ΜЮΞΝΝ 
 
 
ΣдΥΩΩ 

Å§ÉхĲƻĲŰƣƚЯШ
~ĲċŰхÅ§ÉхƓƖĲĦŔƓ 
 
Å§ÉыĲƻĲŰƣƚеЮ
~ċǂыÅ§ÉыƓƖĲĦŔƓ 

ΜЮΡΞΦ 
 
 
ΣдΩΨΨ 

ΜЮΠΤΝ 
 
 
ΣдΦΧΨ 

7ƏĬċũĲŰ Å§ÉхĲƻĲŰƣƚЯШ
~ĲċŰхÅ§ÉхĬƨƖЯШ
~ĲċŰхÅ§ÉхƓƖĲĦŔƓ 
Å§ÉыĲƻĲŰƣƚеЮ
~ċǂыÅ§ÉыĬƨƖ 

ΜЮΤΤΥ 
 
 
ΣдΨΩ 

ΜЮΞΞΞ 
 
 
ΣдΧΧ 

Å§ÉхĲƻĲŰƣƚЯШ
~ĲċŰхÅ§ÉхĬƨƖ 
 
Å§ÉыĲƻĲŰƣƚеЮ
~ċǂыÅ§ÉыĬƨƖ 

ΜЮΠΣΣ 
 
 
ΣдΨΣΪ 

ΜЮΡΟΠ 
 
 
ΣдΧάΦ 

~ĲĬċũĲŰ Å§ÉхĲƻĲŰƣƚЯШ
~ĲċŰхÅ§ÉхƓƖĲĦŔƓ 
 
~ċǂыÅ§ÉыĬƨƖеЮ
~ċǂыÅ§ÉыŔŰƣ 

ΜЮΣΝΣ 
 
 
ΣдΧΤΪ 

ΜЮΟΥΠ 
 
 
ΣдΨΫΦ 

Å§ÉхĲƻĲŰƣƚЯШ
~ĲċŰхÅ§ÉхĬƨƖЯШ
~ĲċŰхÅ§ÉхƓƖĲĦŔƓ 
Å§ÉыĲƻĲŰƣƚеЮ
~ċǂыÅ§ÉыƓƖĲĦŔƓ 

ΜЮΡΡΝ 
 
 
ΣдΧΫΦ 

ΜЮΠΠΦ 
 
 
ΣдΨΤΪ 

fƚƣŢƏƖŰĬċũĲŰ Å§ÉхĲƻĲŰƣƚЯШ
~ĲċŰхÅ§ÉхĬƨƖЯШ
ÉŰŸƽхĬĲƓƣő 
Å§ÉыĲƻĲŰƣƚеЮ
~ċǂыÅ§ÉыƓƖĲĦŔƓ 

ΜЮΤΤΞ 
 
 
ΣдΩΫΧ 

ΜЮΞΞΥ 
 
 
ΣдΦΤΩ 

Å§ÉхĲƻĲŰƣƚЯШ
~ĲċŰхÅ§ÉхƓƖĲĦŔƓ 
 
Å§ÉыĲƻĲŰƣƚеЮ
~ċǂыÅ§ÉыƓƖĲĦŔƓ 

ΜЮΣΝΤ 
 
 
ΣдΩΫΣ 

ΜЮΟΥΞ 
 
 
ΣдΦΥΣ 
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[ŔŊƨƖĲШΞЮΦЮШcĲċƣůċƓШŔũũƨƚƣƖċƣŔŰŊШƣőĲШÅΞШŸŉШĲċĦőШůŸĬĲũЯШċŰĬШƣőĲШƓƖĲĬŔĦƣŸƖШƻċƖŔċĤũĲƚШƨƚĲĬШŔŰШĲċĦőШůŸĬĲũШŉŸƖШ
ŔĦĲШƣőŔĦťŰĲƚƚШċƣШ ǃр2ũĲƚƨŰĬЯШƨƚŔŰŊШůĲċŰШÅ§ÉШĦőċƖċĦƣĲƖŔƚƣŔĦƚШŉƖŸůШΝΦΦΝрΞΜΞΞЮ 

 

[ŔŊƨƖĲШΞЮΝΜЮШÉċůĲШċƚШŉŸƖШ[ŔŊƨƖĲШΞЮΦШĤƨƣШŉŸƖШÉĲůůĲũĬċũĲŰЮ 

[ŸƖШƣőĲШůŸĬĲũƚШƨƚŔŰŊШƣőĲШƚőŸƖƣĲƖШƣŔůĲШƚĲƖŔĲƚЯШƣőĲШŰƨůĤĲƖШŸŉШÅ§ÉШĲƻĲŰƣƚШċƓƓĲċƖĲĬШũĲƚƚШ
ŉƖĲƕƨĲŰƣũǃШċůŸŰŊƚƣШƣőĲШĤĲƚƣШůŸĬĲũƚШŉŸƖШƓƖĲĬŔĦƣŔŰŊШŔĦĲШƣőŔĦťŰĲƚƚЯШĤƨƣШĤŸƣőШůĲċŰоůċǂЮÅ§ÉЮ
ƓƖĲĦŔƓŔƣċƣŔŸŰШċŰĬШÅ§ÉЮĬƨƖċƣŔŸŰШċƓƓĲċƖĲĬШůŸƖĲШŉƖĲƕƨĲŰƣũǃШŔŰШƣőĲШĤĲƚƣШůŸĬĲũƚЮШfŰШŊĲŰĲƖċũЯШƣőĲƖĲШ
ƽċƚШƖĲċƚŸŰċĤũĲШċŊƖĲĲůĲŰƣШĤĲƣƽĲĲŰШƣőĲШůŸĬĲũШƻċƖŔċĤũĲƚШĤċƚĲĬШŸŰШƣőĲШƚőŸƖƣĲƖШċŰĬШũŸŰŊĲƖШƣŔůĲШ
ƚĲƖŔĲƚШƽőĲŰШƣőĲШůċǂШÅ§ÉШĦőċƖċĦƣĲƖŔƚƣŔĦƚШƽĲƖĲШƨƚĲĬЯШĤƨƣШƚũŔŊőƣũǃШůŸƖĲШƻċƖŔċƣŔŸŰШŔŰШƣőĲШůŸĬĲũƚШ
ƨƚŔŰŊШƣőĲШůĲċŰШÅ§ÉШĦőċƖċĦƣĲƖŔƚƣŔĦƚШċƣШƣőĲШ ǃр2ũĲƚƨŰĬШƚŔƣĲƚЯШƽőĲŰШĦŸůƓċƖŔŰŊШůŸĬĲũƚШŉŸƖШƣőĲШ
ũŸŰŊĲƖШċŰĬШƚőŸƖƣĲƖШƣŔůĲШƚĲƖŔĲƚЮШ[ŔŊƨƖĲШΞЮΝΝШŔũũƨƚƣƖċƣĲƚШƣőĲШċƻĲƖċŊĲШÅΞШŸŉШċũũШŔĦĲШƣőŔĦťŰĲƚƚШůŸĬĲũƚШ
ыĤċƚĲĬШŸŰШƣőĲШůĲċŰШÅ§ÉШĦőċƖċĦƣĲƖŔƚƣŔĦƚьШƽőĲƖĲШĲċĦőШƓƖĲĬŔĦƣŸƖШƻċƖŔċĤũĲШƽċƚШŔŰĦũƨĬĲĬЯШƚőŸƽŰШ
ŉŸƖШĲċĦőШƚŔƣĲЮШÑőŔƚШőŔŊőũŔŊőƣƚШƽőŔĦőШƓƖĲĬŔĦƣŸƖШƻċƖŔċĤũĲƚШƣĲŰĬĲĬШƣŸШĤĲШŔŰĦũƨĬĲĬШŔŰШƣőĲШĤĲƚƣШ
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ƓĲƖŉŸƖůŔŰŊШůŸĬĲũƚШŉŸƖШƓƖĲĬŔĦƣŔŰŊШŔĦĲШƣőŔĦťŰĲƚƚШыŰƨůĤĲƖШŸŉШÅ§ÉШĲƻĲŰƣƚЯШůĲċŰоůċǂШÅ§ÉШ
ĬƨƖċƣŔŸŰЯШůĲċŰоůċǂШÅ§ÉШƓƖĲĦŔƓŔƣċƣŔŸŰьШŸƻĲƖШċũũШƚŔƣĲƚЯШċŰĬШůŸƖĲŸƻĲƖЯШƽőŔĦőШƚŔƣĲƚШƣĲŰĬĲĬШƣŸШőċƻĲШ
ƣőĲШĤĲƚƣШƓĲƖŉŸƖůŔŰŊШůŸĬĲũƚШы ǃр2ũĲƚƨŰĬШċŰĬШfƚƣŢƏƖŰĬċũĲŰьЮШfƣШŔƚШőŸƽĲƻĲƖШƨŰƚƨƖƓƖŔƚŔŰŊШƣőċƣШƣőĲШ
Å§ÉШƓƖĲĬŔĦƣŸƖШƻċƖŔċĤũĲƚШƓƖĲĬŔĦƣĲĬШŔĦĲШƣőŔĦťŰĲƚƚШĤĲƚƣШċƣШ ǃр2ũĲƚƨŰĬШƚŔŰĦĲШƣőĲШƣŔůĲШƚĲƖŔĲƚШŸŉШŔĦĲШ
ƣőŔĦťŰĲƚƚШŔŰƓƨƣШĬċƣċШƽċƚШĤċƚĲĬШŸŰШůĲƣĲŸƖŸũŸŊŔĦċũШĬċƣċШŉƖŸůШ ǃр2ũĲƚƨŰĬЮШ?ĲƚƓŔƣĲШƣőċƣШŔĦĲШ
ƣőŔĦťŰĲƚƚШĬċƣċШŉƖŸůШxŸŰŊǃĲċƖĤǃĲŰШƽċƚШƨƚĲĬШƣŸШƣƖċŔŰШůŸĬĲũƚШĤċƚĲĬШŸŰШÅ§ÉШĦőċƖċĦƣĲƖŔƚƣŔĦƚШċƣШ
ĬŔǭĲƖĲŰƣШƻċũũĲǃƚШċĦƖŸƚƚШ ŸƖĬĲŰƚťŔƁũĬШxċŰĬЯШƣőĲШċƻĲƖċŊĲШÅΞШŸŉШƣőĲШůŸĬĲũƚШŉŸƖШƣőĲƚĲШƻċũũĲǃƚШƽċƚШ
ŸƻĲƖċũũШőŔŊőĲƖШƣőċŰШŉŸƖШƣőĲШƣƽŸШċĬĬŔƣŔŸŰċũШƚŔƣĲƚШĦũŸƚĲШƣŸШ ǃр2ũĲƚƨŰĬШƽőĲƖĲШƚŔƣĲШƚƓĲĦŔǯĦШĬċƣċШƽĲƖĲШ
ƨŰċƻċŔũċĤũĲЮШfŰШ[ŔŊƨƖĲШΞЮΝΞШƣőĲШċƻĲƖċŊĲШéfÂШƚĦŸƖĲƚШċƖĲШƚőŸƽŰШŉŸƖШĲċĦőШƓƖĲĬŔĦƣŸƖШƻċƖŔċĤũĲШƽőĲƖĲШ
ƣőĲШŔĦĲШƣőŔĦťŰĲƚƚШůŸĬĲũƚШƨƚĲĬШĦŸůĤŔŰċƣŔŸŰƚШŸŉШƣőĲШůĲċŰШÅ§ÉШĦőċƖċĦƣĲƖŔƚƣŔĦƚЮШcĲƖĲШƣőĲШůŸƚƣШ
ŔŰǰƨĲŰƣŔċũШÅ§ÉШĦőċƖċĦƣĲƖŔƚƣŔĦƚШċƖĲШőŔŊőũŔŊőƣĲĬШċƚШƣőŸƚĲШĲǂĦĲĲĬŔŰŊШċШƣőƖĲƚőŸũĬШŸŉШůĲċŰШéfÂӀΝЮΜЮШ
[ŸƖШƣőĲШůċŢŸƖŔƣǃШŸŉШƚŔƣĲƚЯШƣőĲШůŸƚƣШŔŰǰƨĲŰƣŔċũШƻċƖŔċĤũĲƚШƽĲƖĲШÅ§ÉШĲƻĲŰƣƚЯШůĲċŰоůċǂШÅ§ÉШ
ĬƨƖċƣŔŸŰШċŰĬШůĲċŰоůċǂШÅ§ÉШƣŸƣċũШƓƖĲĦŔƓŔƣċƣŔŸŰЯШƽőŔĦőШċŊƖĲĲШƽŔƣőШƣőĲШƻċƖŔċĤũĲƚШƣőċƣШőċĬШƣőĲШ
ŸƻĲƖċũũШőŔŊőĲƚƣШůĲċŰШÅΞШċĦƖŸƚƚШċũũШůŸĬĲũƚШƽőĲƖĲШƣőĲǃШƽĲƖĲШŔŰĦũƨĬĲĬЮ 

 

[ŔŊƨƖĲШΞЮΝΝЮШ~ĲċŰШÅΞШŸŉШċũũШŔĦĲШƣőŔĦťŰĲƚƚШůŸĬĲũƚШƽőĲƖĲШĲċĦőШÅ§ÉШƓƖĲĬŔĦƣŸƖШƻċƖŔċĤũĲШƽċƚШŔŰĦũƨĬĲĬШŔŰШƣőĲШ
ůŸĬĲũЯШƚőŸƽŰШŉŸƖШċũũШƚĲƻĲŰШƚŔƣĲƚШċŰĬШůŸĬĲũƚШƨƚŔŰŊШƣőĲШůĲċŰШÅ§ÉШĦőċƖċĦƣĲƖŔƚƣŔĦƚЮШ 
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[ŔŊƨƖĲШΞЮΝΞЮШÑőĲШéfÂШƚĦŸƖĲƚШŉŸƖШĲċĦőШÅ§ÉШƓƖĲĬŔĦƣŸƖШƻċƖŔċĤũĲШċƻĲƖċŊĲĬШŸƻĲƖШċũũШŔĦĲШƣőŔĦťŰĲƚƚШůŸĬĲũƚШ
ƽőĲƖĲШƣőĲШƓƖĲĬŔĦƣŸƖШƻċƖŔċĤũĲШƽċƚШŔŰĦũƨĬĲĬЮШcĲƖĲШƚőŸƽŰШŉŸƖШůŸĬĲũƚШƨƚŔŰŊШƣőĲШůĲċŰШÅ§ÉШĦőċƖċĦƣĲƖŔƚƣŔĦƚ 

2.2.3 PLS results for bottom-of-snowpack temperature variations 

ƣШƣőĲШ ŸƖĬĲŰƚťŔƁũĬШxċŰĬШƚŔƣĲƚЯШƨƚŔŰŊШƣőĲШůċǂШĲƻĲŰƣШĦőċƖċĦƣĲƖŔƚƣŔĦƚШŔŰƚƣĲċĬШŸŉШƣőĲШůĲċŰШ
ĦőċƖċĦƣĲƖŔƚƣŔĦƚШŸŰũǃШƚũŔŊőƣũǃШŔŰĦƖĲċƚĲĬШƣőĲШÅΞШŸŉШƣőĲШĤĲƚƣШůŸĬĲũШŉŸƖШĲǂƓũċŔŰŔŰŊШƻċƖŔċĤŔũŔƣǃШŔŰШƚŰŸƽШ
ƣĲůƓĲƖċƣƨƖĲЮШ ƣШŉŸƖШĲǂċůƓũĲШEŰŊĲũƚťĤƨťƣċЯШƨƚŔŰŊШƣőĲШůċǂШÅ§ÉШĲƻĲŰƣШĦőċƖċĦƣĲƖŔƚƣŔĦƚШƖĲƚƨũƣĲĬШŔŰШ
ċШƚũŔŊőƣũǃШőŔŊőĲƖШÅΞШыΜЮΣΠΠШƻƚШΜЮΣΝΤьШĤƨƣШƣőĲШĤĲƚƣШůŸĬĲũШƨƚĲĬШŸŰũǃШΞШƻċƖŔċĤũĲƚШыůċǂШÅ§ÉШĬƨƖċƣŔŸŰЯШ
ůĲċŰШƚŰŸƽШĬĲƓƣőьШƻƚЮШΡШƻċƖŔċĤũĲƚШĤċƚĲĬШŸŰШƣőĲШůĲċŰШÅ§ÉШĦőċƖċĦƣĲƖŔƚƣŔĦƚЮШ[ŸƖШƣőĲШ ŸƖĬĲŰƚťŔƁũĬШ
xċŰĬШƚŔƣĲƚЯШƣőĲШĦŸůĤŔŰċƣŔŸŰƚШŸŉШƓƖĲĬŔĦƣŸƖШƻċƖŔċĤũĲƚШƨƚŔŰŊШůċǂШÅ§ÉШĲƻĲŰƣШĦőċƖċĦƣĲƖŔƚƣŔĦƚШ
ƚŸůĲƣŔůĲƚШƖĲƚƨũƣĲĬШŔŰШċШũŸƽĲƖШÅΞШċŰĬШƚŸůĲƣŔůĲƚШőŔŊőĲƖШÅΞЮШxŔťĲШƣőĲШŔĦĲШƣőŔĦťŰĲƚƚШůŸĬĲũƚШĤċƚĲĬШ
ŸŰШƣőĲШũŸŰŊШƣŔůĲШƚĲƖŔĲƚЯШŰƨůĤĲƖЮŸŉЮÅ§ÉЮĲƻĲŰƣƚШƽċƚШċШťĲǃШƻċƖŔċĤũĲШŔŰШċũũШůŸĬĲũƚЯШƽőŔũĲШ
ůĲċŰоůċǂЮÅ§ÉЮĬƨƖċƣŔŸŰШċŰĬоŸƖШƣőĲШůĲċŰЮƚŰŸƽЮĬĲƓƣőШċũƚŸШċƓƓĲċƖĲĬШŔŰШƣőĲШĤĲƚƣШůŸĬĲũƚШ
ыĲǂĦĲƓƣШŉŸƖШfƚƣŢƏƖŰĬċũĲŰШƽőĲƖĲШƣőĲШĤĲƚƣШůŸĬĲũƚШƨƚĲĬШċШĦŸůĤŔŰċƣŔŸŰШŸŉШÅ§ÉШĲƻĲŰƣƚШċŰĬШ
ůĲċŰоůċǂШÅ§ÉШŔŰƣĲŰƚŔƣǃьЮШìőŔũĲШƣőĲШůĲċŰШƚŰŸƽШĬĲƓƣőШċƓƓĲċƖĲĬШŔŰШƣőĲШĤĲƚƣШůŸĬĲũƚШċƣШůċŰǃШŸŉШ
ƣőĲШƚŔƣĲƚЯШƣőĲШéfÂШƻċũƨĲƚШŔŰĬŔĦċƣĲĬШƣőċƣШŔƣШƽċƚШŰŸƣШŸŰĲШŸŉШƣőĲШůŸƚƣШŔŰǰƨĲŰƣŔċũШƻċƖŔċĤũĲƚШċƣШċũũШƚŔƣĲƚЮШ
§ŰШƣőĲШŸƣőĲƖШőċŰĬЯШƽőĲƖĲШůĲċŰоůċǂШÅ§ÉШĬƨƖċƣŔŸŰШƽċƚШŔŰĦũƨĬĲĬШŔŰШƣőĲШĤĲƚƣШůŸĬĲũƚЯШŔƣШ
ŉƖĲƕƨĲŰƣũǃШőċĬШċШéfÂШċĤŸƻĲШΜЮΥШŔŰШƣőĲШĤĲƚƣШůŸĬĲũƚЯШŔŰĬŔĦċƣŔŰŊШƣőċƣШƣőŔƚШƽċƚШċŰШŔŰǰƨĲŰƣŔċũШ
ƻċƖŔċĤũĲЮШÑőĲШċƻĲƖċŊĲШéfÂШŉŸƖШĤŸƣőШÅ§ÉШĲƻĲŰƣƚШċŰĬШůċǂШÅ§ÉШĬƨƖċƣŔŸŰШƽċƚШӂΝШċƣШůŸƚƣШƚŔƣĲƚЮШ ƓċƖƣШ
ŉƖŸůШEŰŊĲũƚťĤƨťƣċЯШƣőĲШůŸĬĲũƚШƓƖĲĬŔĦƣŔŰŊШƚŰŸƽШƣĲůƓĲƖċƣƨƖĲШċƣШċũũШŸƣőĲƖШƚŔƣĲƚШĤċƚĲĬШŸŰШƣőĲШ
ũŸŰŊĲƖШƣŔůĲШƚĲƖŔĲƚШƓĲƖŉŸƖůĲĬШŸƻĲƖċũũШƚũŔŊőƣũǃШƽŸƖƚĲШĦŸůƓċƖĲĬШƣŸШƣőĲШůŸĬĲũƚШƓƖĲĬŔĦƣŔŰŊШŔĦĲШ
ƣőŔĦťŰĲƚƚЯШĤċƚĲĬШŸŰШƣőĲШĤĲƚƣШÅΞШƻċũƨĲƚЯШŔŰĬŔĦċƣŔŰŊШƣőċƣШŸƣőĲƖШŉċĦƣŸƖƚШƣőċŰШƣőĲШƓƖĲĬŔĦƣŸƖШƻċƖŔċĤũĲƚШ
ƣĲƚƣĲĬЯШċƖĲШŔůƓŸƖƣċŰƣШŉŸƖШĲǂƓũċŔŰŔŰŊШƣőĲШůĲċŰШĤŸƣƣŸůрŸŉрƚŰŸƽƓċĦťШƣĲůƓĲƖċƣƨƖĲЮ 

ìőĲŰШĦŸůƓċƖŔŰŊШƣőĲШĤĲƚƣШÂxÉШĦŸůƓŸŰĲŰƣƚШŸŉШƣőĲШĤĲƚƣШůŸĬĲũƚШŉŸƖШƣőĲШƚőŸƖƣĲƖШƣŔůĲШƚĲƖŔĲƚШ
ċŊċŔŰƚƣШƣőĲШĦŸůƓŸŰĲŰƣƚШŸŉШƣőĲШũŸŰŊĲƖШƣŔůĲШƚĲƖŔĲƚЯШƣőĲƖĲШŔƚШũĲƚƚШĦŸŰƚŔƚƣĲŰĦǃШŔŰШƣőĲШƻċƖŔċĤũĲƚШ
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ŉĲċƣƨƖŔŰŊШŔŰШƣőĲШĤĲƚƣШůŸĬĲũƚШĬĲƚƓŔƣĲШƣőĲШůŸĬĲũƚШŉŸƖШƣőĲШƚőŸƖƣĲƖШƣŔůĲШƚĲƖŔĲƚШĲǂőŔĤŔƣŔŰŊШőŔŊőĲƖШÅΞЮШ
ÑőŔƚШƚƨŊŊĲƚƣƚШƣőċƣШƣőĲШƚőŸƖƣШƣŔůĲШƚĲƖŔĲƚШůŸĬĲũƚШċƖĲШũŔťĲũǃШĦċƓƣƨƖŔŰŊШŰŸŔƚĲШċŰĬШůċǃШƣőĲƖĲŉŸƖĲШĤĲШ
ũĲƚƚШƖĲũŔċĤũĲШŉŸƖШŔŰƣĲƖƓƖĲƣċƣŔŸŰЮШ 

ÑċĤũĲШΞЮΟЮШÑőĲШÂxÉШƖĲŊƖĲƚƚŔŸŰШůŸĬĲũШƓƖŸĬƨĦŔŰŊШőŔŊőĲƚƣШĦƖŸƚƚШƻċũŔĬċƣĲĬШÅΞШŉŸƖШƓƖĲĬŔĦƣŔŰŊШůĲċŰШĤŸƣƣŸůр
ŸŉрƚŰŸƽƓċĦťШƣĲůƓĲƖċƣƨƖĲШċƣШƣőĲШƣőƖĲĲШ ǃр2ũĲƚƨŰĬШƚŔƣĲƚШыEŰŊĲũƚťĤƨťƣċЯШ ŸƖƣőĲƖŰШÉċƖƚƏǃƖċЯШ ǃр2ũĲƚƨŰĬьШ
ċŰĬШŉŸƨƖШ ŸƖĬĲŰƚťŔƁũĬШxċŰĬШƚŔƣĲƚШыÉĲůůĲũĬċũĲŰЯШ7ƏĬċũĲŰЯШ~ĲĬċũĲŰЯШfƚƣŢƏƖŰĬċũĲŰьЮШfŰШĤũċĦťШŉŸŰƣШƣőĲШ
ůŸĬĲũШƖĲƚƨũƣƚШƨƚŔŰŊШĦŸůĤŔŰċƣŔŸŰƚШŸŉШƣőĲШůĲċŰШÅ§ÉШĦőċƖċĦƣĲƖŔƚƣŔĦƚШċƖĲШŊŔƻĲŰЮШfŰШƖĲĬШŔƣċũŔĦШŉŸŰƣШƣőĲШůŸĬĲũШ
ƖĲƚƨũƣƚШƨƣŔũŔǍŔŰŊШĦŸůĤŔŰċƣŔŸŰƚШŸŉШƣőĲШůċǂШÅ§ÉШĦőċƖċĦƣĲƖŔƚƣŔĦƚШċƖĲШƚőŸƽŰЮШ7ŸũĬШƣǃƓĲШŔŰĬŔĦċƣĲƚШƓƖĲĬŔĦƣŸƖШ
ƻċƖŔċĤũĲƚШƣőċƣШƽĲƖĲШŔŰǰƨĲŰƣŔċũШĤċƚĲĬШŸŰШéfÂШƣőƖĲƚőŸũĬШӂШΜЮΥЮШ§ŰШƣőĲШũĲŉƣрőċŰĬШƚŔĬĲШƖĲƚƨũƣƚШŉŸƖШƣőĲШƚőŸƖƣĲƖШ
ƣŔůĲШƚĲƖŔĲƚШыΞΜΜΦоΞΜΝΞрШΞΜΞΞьШċƖĲШƚőŸƽŰЯШċŰĬШŸŰШƣőĲШƖŔŊőƣрőċŰĬШƚŔĬĲЯШƣőĲШũŸŰŊĲƖШƣŔůĲШƚĲƖŔĲƚШыΝΦΦΝрΞΜΞΞь 

ÉŔƣĲ ÂƖĲĬŔĦƣŸƖƚ 9éШÅΞ ~ÉE ÂƖĲĬŔĦƣŸƖƚ 9éхÅΞ ~ÉE 
EŰŊĲũƚťĤƨťƣċ ~ĲċŰхÅ§ÉхƓƖĲĦŔƓЯШ 

~ĲċŰхÅ§ÉхŔŰƣЯШ
ÉŰŸƽхĬĲƓƣő 
 
 
Å§ÉыĲƻĲŰƣƚеЮ
~ċǂыÅ§ÉыƓƖĲĦŔƓеЮ
ÉŰŸƽыĬĲƓƣő 

ΜЮΥΣΠ 
 
 
 
 
ΣдΪάά 

ΜЮΝΟΣ 
 
 
 
 
ΣдΥΣΤ 

Å§ÉхĲƻĲŰƣƚЯШ
~ĲċŰхÅ§ÉхĬƨƖЯШ
~ĲċŰхÅ§ÉхƓƖĲĦŔƓ~Ĳ
ċŰхÅ§ÉхŔŰƣЯ 
ÉŰŸƽхĬĲƓƣő 
~ċǂыÅ§ÉыĬƨƖеЮ
ÉŰŸƽыĬĲƓƣő 

ΜЮΣΝΤ 
 
 
 
 
ΣдΩΧΧ 

ΜЮΟΥΟ 
 
 
 
 
ΣдΦΨΩ 

 ŸƖƣőĲƖŰШ
ÉċƖƚƏǃƖċ 

Å§ÉхĲƻĲŰƣƚЯШ
~ĲċŰхÅ§ÉхƓƖĲĦŔƓЯШ
~ĲċŰхÅ§ÉхŔŰƣЯШ
ÉŰŸƽхĬĲƓƣőхůĲċŰ 
~ċǂыÅ§ÉыĬƨƖеЮ
~ċǂыÅ§ÉыŔŰƣеЮ
ÉŰŸƽыĬĲƓƣő 
 
 

ΜЮΥΤΦ 
 
 
 
ΣдάΤά 

ΜЮΝΞΝ 
 
 
 
ΣдΣΫΤ 

Å§ÉхĲƻĲŰƣƚЯШ
~ĲċŰхÅ§ÉхĬƨƖЯШ
~ĲċŰхÅ§ÉхƓƖĲĦŔƓЯШ
ÉŰŸƽхĬĲƓƣő 
Å§ÉыĲƻĲŰƣƚеЮ
~ċǂыÅ§ÉыĬƨƖеЮ
~ċǂыÅ§ÉыƓƖĲĦŔƓе 
~ċǂыÅ§ÉыŔŰƣе 
ÉŰŸƽыĬĲƓƣő 

ΜЮΠΡΣ 
 
 
 
ΣдΧάΪ 

ΜЮΡΠΠ 
 
 
 
ΣдΨΣΦ 

 ǃр2ũĲƚƨŰĬ ~ĲċŰхÅ§ÉхŔŰƣЯШ
ÉŰŸƽхĬĲƓƣőШ 
 
~ċǂыÅ§ÉыƓƖĲĦŔƓеЮ
~ċǂыÅ§ÉыŔŰƣ 

ΜЮΣΞΟ 
 
 
ΜЮΟΣΡ 

ΜЮΟΤΤ 
 
 
ΜЮΣΟΡ 

Å§ÉхĲƻĲŰƣƚЯШ
~ĲċŰхÅ§ÉхĬƨƖЯШ
ÉŰŸƽхĬĲƓƣő 
Å§ÉыĲƻĲŰƣƚеЮ
~ċǂыÅ§ÉыĬƨƖеЮ
ÉŰŸƽыĬĲƓƣő 

ΜЮΞΥΞ 
 
 
ΣдΦΣΣ 

ΜЮΤΝΥ 
 
 
ΣдΪΣΣ 
 

ÉĲůůĲũĬċũĲŰ ~ĲċŰхÅ§ÉхĬƨƖЯШ
~ĲċŰхÅ§ÉхƓƖĲĦŔƓЯШ
ÉŰŸƽхĬĲƓƣőШ 
~ċǂыÅ§ÉыĬƨƖеЮ
ÉŰŸƽыĬĲƓƣő 

ΜЮΤΡΠ 
 
 
ΜЮΤΠΣ 

ΜЮΞΠΣ 
 
 
ΜЮΞΡΠ 

Å§ÉхĲƻĲŰƣƚЯШ
ÉŰŸƽхĬĲƓƣő 
 
Å§ÉыĲƻĲŰƣƚеЮ
~ċǂыÅ§ÉыĬƨƖеЮ
ÉŰŸƽыĬĲƓƣő 

ΜЮΟΣΡ 
 
 
ΣдΧΦΩ 

ΜЮΣΟΡ 
 
 
ΣдΨΩΦ 

7ƏĬċũĲŰ ~ĲċŰхÅ§ÉхĬƨƖЯШ
ÉŰŸƽхĬĲƓƣő 
 
~ċǂыÅ§ÉыƓƖĲĦŔƓ 

ΜЮΡΦΠ 
 
 
ΣдΩΪΦ 

ΜЮΠΜΣ 
 
 
ΣдΦΥΪ 

Å§ÉхĲƻĲŰƣƚЯШ
~ĲċŰхÅ§ÉхĬƨƖЯШ
ÉŰŸƽхĬĲƓƣő 
Å§ÉыĲƻĲŰƣƚеЮ
~ċǂыÅ§ÉыĬƨƖеЮ
ÉŰŸƽыĬĲƓƣő 

ΜЮΠΟΟ 
 
 
ΣдΦΫά 

ΜЮΡΣΤ 
 
 
ΣдΩΤΤ 
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~ĲĬċũĲŰ Å§ÉхĲƻĲŰƣƚЯШ
~ĲċŰхÅ§ÉхƓƖĲĦŔƓЯШ
ÉŰŸƽхĬĲƓƣő 
~ċǂыÅ§ÉыĬƨƖеЮ
~ċǂыÅ§ÉыŔŰƣеЮ
ÉŰŸƽыĬĲƓƣő 

ΜЮΠΟΥ 
 
 
ΣдΨΥΫ 

ΜЮΡΣΞ 
 
 
ΣдΧΪΥ 

Å§ÉхĲƻĲŰƣƚЯШ
ÉŰŸƽхĬĲƓƣő 
 
Å§ÉыĲƻĲŰƣƚеЮ
ÉŰŸƽыĬĲƓƣő 

ΜЮΠΥΟ 
 
 
ΣдΧΫΦ 

ΜЮΡΝΤ 
 
 
ΣдΨΤΪ 

fƚƣŢƏƖŰĬċũĲŰ ~ĲċŰхÅ§ÉхĬƨƖЯШ
ÉŰŸƽхĬĲƓƣőШ 
~ċǂыÅ§ÉыĬƨƖеЮ
ÉŰŸƽыĬĲƓƣő 

ΜЮΡΝΝ 
 
ΣдΨΫΫ 

ΜЮΠΥΦ 
 
ΣдΧΤΥ 

Å§ÉхĲƻĲŰƣƚЯШ
~ĲċŰхÅ§ÉхŔŰƣ 
Å§ÉыĲƻĲŰƣƚеЮ
~ċǂыÅ§ÉыŔŰƣ 

ΜЮΟΡΣ 
 
ΜЮΟΜΡ 

ΜЮΣΠΠ 
 
ΜЮΣΦΡ 

 

 

[ŔŊƨƖĲШΞЮΝΟЮШcĲċƣůċƓШŔũũƨƚƣƖċƣŔŰŊШƣőĲШÅΞШŸŉШĲċĦőШůŸĬĲũЯШċŰĬШƣőĲШƓƖĲĬŔĦƣŸƖШƻċƖŔċĤũĲƚШƨƚĲĬШŔŰШĲċĦőШůŸĬĲũШ
ŉŸƖШƣőĲШƽŔŰƣĲƖШůĲċŰШĤŸƣƣŸůрŸŉрƚŰŸƽƓċĦťШƣĲůƓĲƖċƣƨƖĲШċƣШEŰŊĲũƚťĤƨťƣċЯШƨƚŔŰŊШůĲċŰШÅ§ÉШĦőċƖċĦƣĲƖŔƚƣŔĦƚШ
ŉƖŸůШΝΦΦΝрΞΜΞΞ 
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[ŔŊƨƖĲШΞЮΝΠЮШ~ĲċŰШÅΞШŸŉШċũũШƚŰŸƽШƣĲůƓĲƖċƣƨƖĲШůŸĬĲũƚШƽőĲƖĲШĲċĦőШÅ§ÉШƓƖĲĬŔĦƣŸƖШƻċƖŔċĤũĲШƽċƚШŔŰĦũƨĬĲĬШ
ŔŰШƣőĲШůŸĬĲũЯШƚőŸƽŰШŉŸƖШċũũШƚĲƻĲŰШƚŔƣĲƚШċŰĬШůŸĬĲũƚШƨƚŔŰŊШƣőĲШůĲċŰШÅ§ÉШĦőċƖċĦƣĲƖŔƚƣŔĦƚЮШ 

 

[ŔŊƨƖĲШΞЮΝΡЮШÑőĲШéfÂШƚĦŸƖĲƚШŉŸƖШĲċĦőШÅ§ÉШƓƖĲĬŔĦƣŸƖШƻċƖŔċĤũĲШċƻĲƖċŊĲĬШŸƻĲƖШċũũШůŸĬĲũƚШŉŸƖШůĲċŰШĤŸƣƣŸůр
ŸŉрƚŰŸƽƓċĦťШƣĲůƓĲƖċƣƨƖĲШƽőĲƖĲШƣőĲШƓƖĲĬŔĦƣŸƖШƻċƖŔċĤũĲШƽċƚШŔŰĦũƨĬĲĬ. 



NORCE Norwegian Research Centre AS norceresearch.no 

CHORUS 27 

ÉƨůůċƖǃШŸŉШƖĲƚƨũƣƚШΞЮΞ 
¶ ÂxÉШƖĲŊƖĲƚƚŔŸŰШƽċƚШƨƚĲĬШƣŸШŔĬĲŰƣŔŉǃШƽőŔĦőШÅ§ÉШƻċƖŔċĤũĲƚШƽĲƖĲШůŸƚƣШŔŰǰƨĲŰƣŔċũШŉŸƖШ
ĲǂƓũċŔŰŔŰŊШƻċƖŔċĤŔũŔƣǃШŔŰШŊƖŸƨŰĬШŔĦĲШƣőŔĦťŰĲƚƚШċŰĬШĤŸƣƣŸůрŸŉрƚŰŸƽƓċĦťШƣĲůƓĲƖċƣƨƖĲ 

¶ Å§ÉШĲƻĲŰƣШŉƖĲƕƨĲŰĦǃШċŰĬШĬƨƖċƣŔŸŰШƽĲƖĲШĲƚШŉŸƨŰĬШƣŸШĤĲШůŸƚƣШŔŰǰƨĲŰƣŔċũШĦŸŰƚŔƚƣĲŰƣũǃШ
ċůŸŰŊƚƣШƣőĲШůŸĬĲũƚШĲǂőŔĤŔƣŔŰŊШőŔŊőĲƚƣШÅΞШƻċũƨĲƚШŉŸƖШĲǂƓũċŔŰŔŰŊШƣőĲШƻċƖŔċĤŔũŔƣǃШŔŰШƣőĲШ
ƚŰŸƽƓċĦťШƻċƖŔċĤũĲƚЮШÉŰŸƽШĬĲƓƣőШċũƚŸШċƓƓĲċƖĲĬШŔŰШƣőĲШĤĲƚƣШƓĲƖŉŸƖůŔŰŊШůŸĬĲũƚШĤƨƣШ
ĤċƚĲĬШŸŰШéfÂШƻċũƨĲƚШƽċƚШŰŸƣШċŰШŔŰǰƨĲŰƣŔċũШƻċƖŔċĤũĲЮШ 

¶ ÂxÉШƖĲŊƖĲƚƚŔŸŰШŔŰĬŔĦċƣĲĬШƣőċƣШƣőĲШůŸƚƣШŔŰǰƨĲŰƣŔċũШƓƖĲĬŔĦƣŸƖШƻċƖŔċĤũĲƚШŸŉШŊƖŸƨŰĬШŔĦĲШ
ƣőŔĦťŰĲƚƚШƽĲƖĲШÅ§ÉШŉƖĲƕƨĲŰĦǃЯШĬƨƖċƣŔŸŰЯШċŰĬШƣŸƣċũШƓƖĲĦŔƓŔƣċƣŔŸŰЮШ 
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2.3 Analysis of ROS characteristics in the present and 

future projected climate made using CARRA and 

HCLIM-MPI 

Characteristics of ROS events (ROS frequency, duration, intensity, and total precipitation) 
derived from a reanalysis (CARRA, sect. 3.6) and climate model dataset (HCLIM-MPI, sect. 3.7) 
were compared for the overlapping period (2000-2020). Both datasets have a spatial resolution 
of 2.5km. While the absolute values of the means of each characteristic were not identical in 
both datasets, there was an agreement in the spatial heterogeneity of ROS characteristics 
across the Svalbard archipelago. While the western and southern parts of the archipelago 
show distinctly higher mean event frequency, duration, total event precipitation and intensity, 
the more continental climate of the north and east of the archipelago exhibit much lower values 
in each characteristic (Fig. 2.16 (e) to (i)). For the entire CARRA period (1991-2020) analyzed, 
the trend analysis revealed significant increases in all characteristics, but not across the entire 
archipelago (Fig. 2.16(a) to (d)). 

[ŸƖШÅ§ÉШĲƻĲŰƣШŉƖĲƕƨĲŰĦǃЯШƚŔŊŰŔǯĦċŰƣШċŰĬШƓŸƚŔƣŔƻĲШƣƖĲŰĬƚШƽĲƖĲШŉŸƨŰĬШƓƖĲĬŸůŔŰċŰƣũǃШċĦƖŸƚƚШƣőĲШ
ĲċƚƣĲƖŰШċŰĬШĦĲŰƣƖċũШƓċƖƣƚШŸŉШƣőĲШċƖĦőŔƓĲũċŊŸШċƚШƽĲũũШċƚШċũŸŰŊШƣőĲШŰŸƖƣőĲƖŰůŸƚƣШĦŸċƚƣШŸŉШ
 ŸƖĬċƨƚƣũċŰĬĲƣЮШ[ŸƖШƣőĲШÅ§ÉШĬƨƖċƣŔŸŰЯШůĲċŰШƣŸƣċũШƓƖĲĦŔƓŔƣċƣŔŸŰШċŰĬШŔŰƣĲŰƚŔƣǃЯШƚŔŊŰŔǯĦċŰƣШċŰĬШ
ƓŸƚŔƣŔƻĲШƣƖĲŰĬƚШƽĲƖĲШůċŔŰũǃШŉŸƨŰĬШċƖŸƨŰĬШ ŸƖĬċƨƚƣũċŰĬĲƣЯШEĬŊĲƏǃċШċŰĬШĲċƚƣĲƖŰШƓċƖƣƚШŸŉШ
 ŸƖĬĲŰƚťŔƁũĬШxċŰĬЮШ~ŸƖĲŸƻĲƖЯШƣƖĲŰĬƚШŔŰШƣőĲШƣŔůŔŰŊШŸŉШÅ§ÉШы[ŔŊƨƖĲШΞЮΝΤьШƖĲƻĲċũĲĬШƣőċƣШÅ§ÉШ
ŉƖĲƕƨĲŰĦǃШőċĬШŔŰĦƖĲċƚĲĬШƚŔŊŰŔǯĦċŰƣũǃШŔŰШ ŸƻĲůĤĲƖШċĦƖŸƚƚШĲċƚƣĲƖŰШċŰĬШŰŸƖƣőĲƖŰШƓċƖƣƚШŸŉШ
ÉƻċũĤċƖĬШĤĲƣƽĲĲŰШΝΦΦΝрΞΜΞΞЯШƽőŔũĲШŔŰШ[ĲĤƖƨċƖǃШƣőĲШƚŔŊŰŔǯĦċŰƣШċŰĬШƓŸƚŔƣŔƻĲШƣƖĲŰĬƚШƽĲƖĲШ
ĦŸŰǯŰĲĬШƣŸШƽĲƚƣĲƖŰШċŰĬШƚŸƨƣőĲƖŰШċƖĲċƚШŸŉШƣőĲШċƖĦőŔƓĲũċŊŸЮШfŰШċũũШŸƣőĲƖШůŸŰƣőƚШŰŸШƚŔŊŰŔǯĦċŰƣШ
ƣƖĲŰĬƚШŔŰШÅ§ÉШĲƻĲŰƣШŉƖĲƕƨĲŰĦǃШƽĲƖĲШĲǂőŔĤŔƣĲĬЮ 

ÖƚŔŰŊШƣőĲШĦũŔůċƣĲШƓƖŸŢĲĦƣŔŸŰƚШċƻċŔũċĤũĲШŉƖŸůШƣőĲШc9xf~р~ÂfШĬċƣċƚĲƣЯШÅ§ÉШĦőċƖċĦƣĲƖŔƚƣŔĦƚШƽĲƖĲШ
ĬĲƖŔƻĲĬШŉŸƖШĲċĦőШƽŔŰƣĲƖШƚĲċƚŸŰШŔŰШƣőĲШƣŔůĲШƚĲƖŔĲƚШƨŰƣŔũШΞΜΤΜЯШċŰĬШƣőĲШůĲċŰƚШŉŸƖШƣƽŸШŉƨƣƨƖĲШ
ƓĲƖŔŸĬƚШыΞΜΟΜрΞΜΡΜШċŰĬШΞΜΡΜрΞΜΤΜьШƽĲƖĲШƨƚĲĬШƣŸШŔŰŉĲƖШƣőĲШĦőċŰŊĲШŔŰШĲċĦőШĦőċƖċĦƣĲƖŔƚƣŔĦШ
ĦŸůƓċƖĲĬШƣŸШƣőĲШƓƖĲƚĲŰƣШĦũŔůċƣĲШыůĲċŰШŉŸƖШΞΜΜΜрΞΜΞΜьЮШ[ŔŊƨƖĲШΞЮΝΥШƚőŸƽƚШƣőĲШĦőċŰŊĲƚШŔŰШƣőĲШ
ůĲċŰШĦőċƖċĦƣĲƖŔƚƣŔĦƚШŉŸƖШƣőĲШƣƽŸШŉƨƣƨƖĲШƓĲƖŔŸĬƚЮШ[ŸƖШĤŸƣőШŉƨƣƨƖĲШƓĲƖŔŸĬƚШƣőĲƖĲШċƖĲШĦũĲċƖШ
ƖĲĬƨĦƣŔŸŰƚШŔŰШċũũШĦőċƖċĦƣĲƖŔƚƣŔĦƚШċũŸŰŊШƣőĲШƽĲƚƣĲƖŰШĦŸċƚƣШŸŉШƣőĲШċƖĦőŔƓĲũċŊŸЮШ[ŸƖШÅ§ÉШĲƻĲŰƣШ
ŉƖĲƕƨĲŰĦǃЯШĲǂĦĲƓƣШŉŸƖШƣőĲШƽĲƚƣĲƖŰШĦŸċƚƣШƣőĲƖĲШċƖĲШĦũĲċƖШŔŰĦƖĲċƚĲƚШċĦƖŸƚƚШƣőĲШƖĲůċŔŰĬĲƖШŸŉШƣőĲШ
ċƖĦőŔƓĲũċŊŸЯШƽŔƣőШƣőĲШŊƖĲċƣĲƚƣШŔŰĦƖĲċƚĲƚШŔŰШÅ§ÉШŉƖĲƕƨĲŰĦǃШƣċťŔŰŊШƓũċĦĲШċĦƖŸƚƚШƣőĲШƚŸƨƣőЯШ
 ŸƖĬĲŰƚťŔƁũĬШxċŰĬШċŰĬШEĬŊĲƏǃċЮШÑőĲШůĲċŰШÅ§ÉШĬƨƖċƣŔŸŰШĦċŰШĤĲШƚĲĲŰШƣŸШŔŰĦƖĲċƚĲШůŸƚƣШ
ĬƖċůċƣŔĦċũũǃШŔŰШƣőĲШůŸƨŰƣċŔŰŸƨƚШƓċƖƣƚШŸŉШƣőĲШŰŸƖƣőШċƚШƽĲũũШċƚШċƖŸƨŰĬШƣőĲШƚŸƨƣőĲƖŰШĦŸċƚƣШŸŉШ
 ŸƖĬċƨƚƣũċŰĬĲƣЯШċƖĲċƚШƣőċƣШƣǃƓŔĦċũũǃШĲǂƓĲƖŔĲŰĦĲШƻĲƖǃШŉĲƽШŔŉШċŰǃШÅ§ÉШĲƻĲŰƣƚШŸŰШċƻĲƖċŊĲШƓĲƖШ
ƽŔŰƣĲƖШы[ŔŊƨƖĲШΞЮΝΣьЮШ[ŸƖШƣőĲШũċƣƣĲƖШƓĲƖŔŸĬЯШΞΜΡΜрΞΜΤΜЯШƣőĲƚĲШƓċƣƣĲƖŰƚШŸŉШŔŰĦƖĲċƚĲĬШĬƨƖċƣŔŸŰШċƖĲШ
ŔŰƣĲŰƚŔǯĲĬШŔŰШƣőĲШƚċůĲШċƖĲċƚЯШċƚШƽĲũũШċƚШċĦƖŸƚƚШŸƣőĲƖШůŸƨŰƣċŔŰШċƖĲċƚШŔŰШƣőĲШĲċƚƣШċŰĬШŰŸƖƣőШŸŉШ
ƣőĲШċƖĦőŔƓĲũċŊŸШƽŔƣőШƣǃƓŔĦċũũǃШŊƖĲċƣĲƖШƣőċŰШΝШĬċǃШŔŰĦƖĲċƚĲШŔŰШƣőĲШůĲċŰШĬƨƖċƣŔŸŰЮШ[ŸƖШƣőĲШůĲċŰШ
ƣŸƣċũШÅ§ÉШ ƓƖĲĦŔƓŔƣċƣŔŸŰШ ċŰĬШ ůĲċŰШ Å§ÉШ ĲƻĲŰƣШ ŔŰƣĲŰƚŔƣǃЯШ ŔŰĦƖĲċƚĲƚШ ċƖĲШ ċũƚŸШ ĦŸŰǯŰĲĬШ ƣŸШ
ůŸƨŰƣċŔŰŸƨƚШƖĲŊŔŸŰƚШŔŰШƣőĲШŰŸƖƣőШċƚШƽĲũũШċƚШƽŔƣőШƚůċũũĲƖШŔŰĦƖĲċƚĲƚШŔŰШĲċƚƣĲƖŰШċƖĲċƚШŸŉШƣőĲШ
ċƖĦőŔƓĲũċŊŸЮ 
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CHORUS 29 

 

 

[ŔŊƨƖĲШΞЮΝΣЮШŰċũǃƚŔƚШŸŉШÅ§ÉШĦőċƖċĦƣĲƖŔƚƣŔĦƚШыůĲċŰШĲƻĲŰƣШŉƖĲƕƨĲŰĦǃЯШĬƨƖċƣŔŸŰЯШƣŸƣċũШĲƻĲŰƣШƓƖĲĦŔƓŔƣċƣŔŸŰШ
ċŰĬШŔŰƣĲŰƚŔƣǃьШĬĲƖŔƻĲĬШŉƖŸůШƣőĲШ9 ÅÅ ШƖĲċŰċũǃƚŔƚШċŰĬШc9xf~рEÅ ΡШĦũŔůċƣĲШƓƖŸŢĲĦƣŔŸŰƚЮШÑőĲШƣƖĲŰĬШċŰĬШ
ůĲċŰШŉŸƖШΞΜΜΜрΞΜΞΜШŔƚШƚőŸƽŰШŉŸƖШƣőĲШ9 ÅÅ ШĬċƣċƚĲƣШŔŰШƣőĲШƨƓƓĲƖШċŰĬШƣƽŸШƖŸƽƚЯШƽőŔũĲШƣőĲШůĲċŰШŸŉШĲċĦőШ
ĦőċƖċĦƣĲƖŔƚƣŔĦШĬĲƖŔƻĲĬШƨƚŔŰŊШc9xf~р~ÂfШŔƚШƚőŸƽŰШŔŰШыŔьШƣŸШыũьШċŰĬШƣőĲШĬŔǭĲƖĲŰĦĲШыc9xf~ШрШ9 ÅÅ ьШŔŰШƣőĲШ
ĤŸƣƣŸůШƖŸƽЮШ 
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CHORUS 30 

 

[ŔŊƨƖĲШΞЮΝΤЮШ?ĲĦċĬċũШƣƖĲŰĬШŔŰШÅ§ÉШĲƻĲŰƣШŉƖĲƕƨĲŰĦǃШŉƖŸůШΝΦΦΝрΞΜΞΞШĤǃШůŸŰƣőШĬĲƖŔƻĲĬШƨƚŔŰŊШ9 ÅÅ Ю 

 

 

[ŔŊƨƖĲШΞЮΝΥЮШ[ƨƣƨƖĲШĦőċŰŊĲƚШŔŰШÅ§ÉШĲƻĲŰƣШŉƖĲƕƨĲŰĦǃЯШĬƨƖċƣŔŸŰШƓƖĲĦŔƓŔƣċƣŔŸŰШċŰĬШŔŰƣĲŰƚŔƣǃШŉŸƖШΞΜΟΜрΞΜΡΜШ
ċŰĬШΞΜΡΜрΞΜΤΜЯШĦŸůƓċƖĲĬШƣŸШƣőĲШƓƖĲƚĲŰƣШĦũŔůċƣĲШыΞΜΜΜрΞΜΞΜь 

fŰШ[ŔŊƨƖĲШΞЮΝΦШƣőĲШĦőċŰŊĲƚШŸŉШÅ§ÉШŉƖĲƕƨĲŰĦǃШċƚШƚőŸƽŰШŉŸƖШĲċĦőШůŸŰƣőШŸŉШƣőĲШƽŔŰƣĲƖШƓĲƖŔŸĬШ
ы ŸƻĲůĤĲƖр ƓƖŔũьЮШ[ŸƖШƣőĲШĲċƖũŔĲƖШΞΜΟΜрΞΜΡΜШƓĲƖŔŸĬЯШƣőĲШŊƖĲċƣĲƚƣШŔŰĦƖĲċƚĲШŔŰШƣőĲШŰƨůĤĲƖШŸŉШÅ§ÉШ
ĲƻĲŰƣƚШƽŔũũШŸĦĦƨƖШŔŰШ ŸƻĲůĤĲƖШċĦƖŸƚƚШĲċƚƣĲƖŰШƓċƖƣƚШŸŉШÉƓŔƣƚĤĲƖŊĲŰЯШċƚШƽĲũũШċƚШċĦƖŸƚƚШƚŸƨƣőĲƖŰШ
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CHORUS 31 

ƓċƖƣƚШŸŉШ ŸƖĬċƨƚƣũċŰĬĲƣШċŰĬШŸŰШEĬŊĲƏǃċЮШ?ĲĦƖĲċƚĲƚШŔŰШƣőĲШůĲċŰШŰƨůĤĲƖШŸŉШĲƻĲŰƣƚШŔŰШ
 ŸƻĲůĤĲƖШċƖĲШĲǂƓĲĦƣĲĬШċũŸŰŊШƣőĲШĲŰƣŔƖĲШƽĲƚƣĲƖŰШĦŸċƚƣШŸŉШÉƓŔƣƚĤĲƖŊĲŰЮШÉůċũũĲƖШŔŰĦƖĲċƚĲƚШыΜЮΡр
ΝШĲƻĲŰƣƚьШŔŰШƣőĲШůĲċŰШÅ§ÉШŉƖĲƕƨĲŰĦǃШƽŔũũШċũƚŸШƣċťĲШƓũċĦĲШŔŰШsċŰƨċƖǃШċŰĬШ[ĲĤƖƨċƖǃЯШĤƨƣШĦŸŰǯŰĲĬШ
ƣŸШƣőĲШŰŸƖƣőрƽĲƚƣĲƖŰЯШĦĲŰƣƖċũЯШċŰĬШƚŸƨƣőĲƖŰШƓċƖƣƚШŸŉШÉƓŔƣƚĤĲƖŊĲŰЮШ7ǃШΞΜΡΜрΞΜΤΜШƣőĲШƚŔƣƨċƣŔŸŰШ
ƽŔũũШĤĲШƕƨŔƣĲШĬƖċůċƣŔĦċũũǃШĦőċŰŊĲĬЮШìőŔũĲШŔŰĦƖĲċƚĲƚШŔŰШƣőĲШůĲċŰШÅ§ÉШŉƖĲƕƨĲŰĦǃШƽŔũũШĦŸŰƣŔŰƨĲШ
ƣŸШŸĦĦƨƖШŔŰШ ŸƻĲůĤĲƖШċŰĬШċĦƖŸƚƚШƣőĲШƚċůĲШċƖĲċƚШĬƨƖŔŰŊШƣőĲШΞΜΟΜрΞΜΡΜШƓĲƖŔŸĬЯШƣőĲШŊƖĲċƣĲƚƣШ
ĦőċŰŊĲƚШŔŰШÅ§ÉШŉƖĲƕƨĲŰĦǃШыӂΝЮΡШĲƻĲŰƣƚьШƽŔũũШƣċťĲШƓũċĦĲШŔŰШ ƓƖŔũЯШċŰĬШƣőĲƚĲШĦőċŰŊĲƚШƽŔũũШċǭĲĦƣШ
ũċƖŊĲШƓċƖƣƚШŸŉШƣőĲШĲŰƣŔƖĲШċƖĦőŔƓĲũċŊŸЮШ§ŰũǃШƚŸůĲШŊũċĦŔċƣĲĬШƓċƖƣƚШŸŉШŰŸƖƣőĲƖŰШÉƓŔƣƚĤĲƖŊĲŰШċŰĬШ
 ŸƖĬċƨƚƣũċŰĬĲƣШƽŔũũШŰŸƣШĲǂƓĲƖŔĲŰĦĲШƚƨĦőШŊƖĲċƣШŔŰĦƖĲċƚĲƚШŔŰШÅ§ÉШŉƖĲƕƨĲŰĦǃШĬƨƖŔŰŊШ ƓƖŔũШŔŰШƣőĲШ
ΞΜΡΜрΞΜΤΜШƓĲƖŔŸĬЮШ[ƨƖƣőĲƖůŸƖĲЯШĦőċŰŊĲƚШŔŰШÅ§ÉШŉƖĲƕƨĲŰĦǃШŸŉШĦŸůƓċƖċĤũĲШůċŊŰŔƣƨĬĲШƽŔũũШċũƚŸШ
ƣċťĲШƓũċĦĲШĬƨƖŔŰŊШsċŰƨċƖǃЯШċШůŸŰƣőШƣőċƣШőċƚШƨŰƣŔũШŰŸƽШŰŸƣШĲǂƓĲƖŔĲŰĦĲĬШƚŔŊŰŔǯĦċŰƣШĦőċŰŊĲƚШŔŰШ
Å§ÉШŉƖĲƕƨĲŰĦǃШы[ŔŊƨƖĲШΟьЮШfŰШ[ŔŊƨƖĲШΞЮΝΦШŔƣШĦċŰШċũƚŸШĤĲШƚĲĲŰШƣőċƣШƣőĲƖĲШůċǃШĤĲШƽĲċťШĬĲĦƖĲċƚĲƚШ
ŔŰШƣőĲШůĲċŰШŰƨůĤĲƖШŸŉШÅ§ÉШĲƻĲŰƣƚШŔŰШƚŸůĲШċƖĲċƚШŸŉШƣőĲШŰŸƖƣőƽĲƚƣШŔŰШ?ĲĦĲůĤĲƖЯШċŰĬШċĦƖŸƚƚШ
ƽĲƚƣĲƖŰШċŰĬШƚŸƨƣőĲƖŰШċƖĲċƚШĬƨƖŔŰŊШ~ċƖĦőШŉŸƖШƣőĲШΞΜΟΜрΞΜΡΜШƓĲƖŔŸĬЮШ 

 

[ŔŊƨƖĲШΞЮΝΦЮШ[ƨƣƨƖĲШĦőċŰŊĲƚШŔŰШÅ§ÉШŉƖĲƕƨĲŰĦǃШĤǃШůŸŰƣőЯШŉŸƖШƣőĲШΞΜΟΜрΞΜΡΜШƓĲƖŔŸĬШċŰĬШΞΜΡΜрΞΜΤΜШƓĲƖŔŸĬЮ 
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3 Methods and Datasets 

3.1 Study sites 

3.1.1 Ny-¡lesund 

ÑŸШĦċƓƣƨƖĲШƣőĲШƚƓċƣŔċũШƻċƖŔċĤŔũŔƣǃШŔŰШÅ§ÉЯШƽĲШƨƚĲĬШĬċƣċШŉƖŸůШƣőĲШƣƽŸШ9§ ÑШƖĲŊŔŸŰƚШŔŰ ÉƻċũĤċƖĬЮШ
ÑőĲШĦŸċƚƣċũШ7ƖƏŊŊĲƖőċũƻƏǃċШċŰĬШÉċƖƚƏǃƖċЯШũŸĦċƣĲĬШŔŰШĤŔŸĦũŔůċƣŔĦШƚƨĤǍŸŰĲШ7ШыƽċũťĲƖШĲƣШċũЮШΞΜΜΡьШ
ċƖĲШĦőċƖċĦƣĲƖŔǍĲĬШĤǃШƚƓċƖƚĲƖЯШĬƖŔĲƖШƣƨŰĬƖċШƻĲŊĲƣċƣŔŸŰШċŰĬШƖƨŊŊĲĬЯШċũƓŔŰĲШůŸƨŰƣċŔŰƚЮШÑőĲШůŸƖĲШ
ĦŸŰƣŔŰĲŰƣċũШ ŸƖĬĲŰƚťŔƁũĬШxċŰĬЯШũŸĦċƣĲĬШŔŰШƚƨĤǍŸŰĲШ9ШыìċũťĲƖШĲƣШċũЮШΞΜΜΡьЯШŔƚШĦőċƖċĦƣĲƖŔǍĲĬШĤǃШ
ĬĲŰƚĲƖШċŰĬШůŸƖĲШĦŸŰƣŔŰƨŸƨƚШƻĲŊĲƣċƣŔŸŰШŔŰШũċƖŊĲШŊũċĦŔċũШƻċũũĲǃƚЮШÑőĲШĦŸċƚƣċũШ7ƖƏŊŊĲƖőċũƻƏǃċШċŰĬШ
ÉċƖƚƏǃƖċШƓĲŰŔŰƚƨũċƚШыΤΥќΜΦќ ЯШΝΝќΥќEьЮШŔƚШĬŸůŔŰċƣĲĬШĤǃШũċƖŊĲШƣƨŰĬƖċШƓũċŔŰƚШċŰĬШƖƨŊŊĲĬШċũƓŔŰĲШ
ůŸƨŰƣċŔŰƚШы[ŔŊЮШΟЮΝьЮШÑőĲШƓĲŰŔŰƚƨũċƚШċƖĲШĤŸƣőШƚƨƖƖŸƨŰĬĲĬШĤǃШŉŢŸƖĬƚШċŰĬШƣŔĬĲШƽċƣĲƖШŊũċĦŔĲƖƚЮШÑőĲШ
ǯĲũĬШƚŔƣĲƚШŉŸƖШƚŰŸƽƓċĦťШůŸŰŔƣŸƖŔŰŊШċŰĬШŔ7ƨƣƣŸŰШũŸŊŊĲƖƚШы[ŔŊЮШΟЮΝЮьШċƖĲШũŸĦċƣĲĬШŸŰШĤŸƣőШƣőĲШŰŸƖƣőƚШ
ċŰĬШƚŸƨƣőШƚŔĬĲШŸŉШ7ƖƏŊŊĲƖőċũƻƏǃċШċŰĬШŸŰШƣőĲШŰŸƖƣőƚШƚŔĬĲШŸŉШÉċƖƚƏǃƖċШċŰĬШƚƓċŰƚШċŰШĲũĲƻċƣŔŸŰċũШ
ŊƖċĬŔĲŰƣШŉƖŸůШƚĲċШũĲƻĲũШƣŸШƣőĲШőŔŊőШĦŸƨŰƣƖǃЮ 

 

Figure 3.1. Map of the coastal study areas Brßggerhalvßya and Sarsßyra in northwest Spitsbergen. 

Created by Vegard Fjeldheim Norwegian Polar Institute. Red dots indicate the annual late-winter in-

situ snowpack monitoring (incl. iButton ground temperature logger) locations. The map is made by 

Vegard Fjeldheim, Norwegian Polar Institute 

ÑőĲШƖĲŔŰĬĲĲƖШƓŸƓƨũċƣŔŸŰƚШċƖĲШůŸŰŔƣŸƖĲĬШĬƨƖŔŰŊШċŰŰƨċũШƚƣƖƨĦƣƨƖċũШĦŸƨŰƣƚЮШfŰШ7ƖƏŊŊĲƖőċũƻƏǃċШƣőĲШ
ƓƖĲƚĲŰƣШƓŸƓƨũċƣŔŸŰШŸƖŔŊŔŰċƣĲƚШŉƖŸůШċШƖĲрŔŰƣƖŸĬƨĦƣŔŸŰШŔŰШΝΦΤΥШŸŉШΝΡШŔŰĬŔƻŔĬƨċũƚШŉƖŸůШ ĬƻĲŰƣĬċũĲŰШ



NORCE Norwegian Research Centre AS norceresearch.no 

CHORUS 33 

ы ċŰĲƚШĲƣШċũЮШΞΜΜΜьШÑőĲШƓŸƓƨũċƣŔŸŰШŊƖĲƽШŉċƚƣШċŰĬШőċĬШċШůċŢŸƖШĦƖċƚőШŔŰШΝΦΦΠШы ċŰĲƚШĲƣШċũЮШΞΜΜΜьШ
ċŰĬШċƓƓĲċƖШƣőĲƖĲċŉƣĲƖШƣŸШőċƻĲШƚƣċĤŔũŔǍĲĬШċƣШċШũŸƽĲƖШƓŸƓƨũċƣŔŸŰШŰƨůĤĲƖШыƖċŰŊĲШŰƨůĤĲƖШŸŉШ
ŔŰĬŔƻŔĬƨċũƚШĤċƚĲĬШŸŰШƽŔŰƣĲƖШĦŸƨŰƣƚΝΦΦΡрΞΜΞΠЯШыΡΠрΞΜΡѐЯШƚĲĲШcċŰƚĲŰШĲƣШċũЮШΞΜΝΦьЮШÑőĲШƖĲŔŰĬĲĲƖШ
ƖĲрĦŸũŸŰŔǍĲĬШÉċƖƚƏǃƖċЯШċŉƣĲƖШĤĲŔŰŊШĬĲƓũĲƣĲĬШŔŰШĲċƖũǃШƣőĲШĲċƖũǃШΝΦΜΜШыxĲШ~ŸƨũũĲĦШĲƣШċũЮШΞΜΝΦĤьЯШŔŰШ
ΝΦΦΠШċŰĬШƣőĲШŰƨůĤĲƖШŸŉШċŰŔůċũƚШőċƚШƚŔŰĦĲШƣőĲŰШƖċŰŊĲĬШĤĲƣƽĲĲŰШΝΜΣШċŰĬШΞΠΝШŔŰĬŔƻŔĬƨċũƚШыĤċƚĲĬШ
ŸŰШƚƨůůĲƖЯШΞΜΜΜрΞΜΞΠьЮШ ŸŰĲШŸŉШƣőĲШůŸŰŔƣŸƖĲĬШƓŸƓƨũċƣŔŸŰƚШőċƻĲШƚőŸƽĲĬШċŰǃШŔŰĦƖĲċƚĲƚШũŔťĲШ
ƣőĲШŸŰĲƚШŸŰШ ŸƖĬĲŰƚťŔƁũĬШxċŰĬЮШ 

3.1.2 Nordenskiºld Land 

ÑőĲШ ŸƖĬĲŰƚťŔƁũĬШƚƣƨĬǃШċƖĲċШыΤΥ҄ ЯШΝΡ҄EьШŔƚШĬŸůŔŰċƣĲĬШĤǃШƣőĲШƣőƖĲĲШůċŔŰШƻċũũĲǃƚШ9ŸũĲƚĬċũĲŰЯШ
ÉĲůůĲũĬċũĲŰШċŰĬШÅĲŔŰĬċũĲŰЯШƽŔƣőШċĬŢċĦĲŰƣШƚŔĬĲШƻċũũĲǃƚШы[ŔŊШΟЮΞьЮШÑőĲШċƖĲċШŔƚШũŸĦċƣĲĬШĤĲƣƽĲĲŰШ
ƣőĲШƣƽŸШǯŸƖĬƚШfƚŉŢŸƖĬĲŰШċŰĬШéċŰШ~ŔŢĲŰШǯŸƖĬЮШÑőĲШũŸĦċũШǯĲũĬШƚŔƣĲƚШŉŸƖШƚŰŸƽƓċĦťШůŸŰŔƣŸƖŔŰŊШċŰĬШ
Ŕ7ƨƣƣŸŰШũŸŊŊĲƖƚШыƚĲĲШΟЮΞьШŔŰШƣőĲШŰŸƖƣőШы9ŸũĲƚШ7ċǃьШċƖĲШũŸĦċƣĲĬШĦũŸƚĲШƣŸШƣőĲШƚĲċЯШƽőŔũĲШƚŔƣĲƚШŔŰШƣőĲШ
ƚŸƨƣőШыÉĲůůĲũĬċũĲŰШċŰĬШÅĲŔŰĬċũĲŰьШċƖĲШũŸĦċƣĲĬШůŸƖĲШƣőċŰШΝΜШťůШŔŰũċŰĬЮШ9ŸŰƚĲƕƨĲŰƣũǃЯШƣőĲШ
ůċŢŸƖŔƣǃШŸŉШƣőĲШ ŸƖĬĲŰƚťŔƁũĬШũŸĦċƣŔŸŰƚШőċƻĲШċШůŸƖĲШŔŰũċŰĬШĦũŔůċƣĲШĦŸůƓċƖĲĬШƣŸШƣőĲШ ǃр2ũĲƚƨŰĬШ
ċƖĲċЮШÑőĲШĲƚƣŔůċƣĲĬШƚŔǍĲШŸŉШƣőĲШƖĲŔŰĬĲĲƖШƓŸƓƨũċƣŔŸŰШŔŰШƣőŔƚШċƖĲċШőċƚШŔŰĦƖĲċƚĲĬШƣőƖĲĲŉŸũĬШŸƻĲƖШƣőĲШ
ũċƚƣШƣőƖĲĲШĬĲĦċĬĲƚЯШŉƖŸůШĦċШΝΜΜΜШƣŸШΟΜΜΜШŔŰĬŔƻŔĬƨċũƚШыŸŰũǃШŔŰĦũƨĬŔŰŊШŉĲůċũĲƚШċŰĬШĦċũƻĲƚШŸŉШĲċĦőШ
ƚĲǂьЯШũŔťĲũǃШĤĲĦċƨƚĲШŸŉШŔŰĦƖĲċƚĲĬШƓũċŰƣШĤŔŸůċƚƚШċŰĬШŔůƓƖŸƻĲĬШċĦĦĲƚƚШƣŸШŉŸƖċŊĲШŔŰШƽċƖůĲƖШ
ċƨƣƨůŰƚШƽŔƣőШĬĲũċǃĲĬШƚŰŸƽШċĦĦƨůƨũċƣŔŸŰШы ũĤŸŰШĲƣШċũШΞΜΝΤбШxŸĲШĲƣШċũШΞΜΞΝьЮШ 

 

Figure 3.2. Map of the Nordenskiöld Land study area with the main valleys Colesdalen, Semmeldalen 
and Reindalen. Red dots indicate the annual late-winter in-situ snowpack monitoring (incl. iButton 
ground temperature logger) locations. Numbers refer to local name for each iButton cluster used in 
this study; 1=Coles Bay, 2=Far-Bødalen, 3=Medalen, 4=Istjørndalen, 5= Semmelbu, 6=Lower 
Semmeldalen, 7=Lille Gangdalen (a made-up name not found on any map), 8=Gangdalen. Map created 
by Vegard Fjeldheim Norwegian Polar Institute. 
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3.2 iButton ground temperature loggers 

]ƖŸƨŰĬШƣĲůƓĲƖċƣƨƖĲШũŸŊŊĲƖƚШыŔ7ƨƣƣŸŰШ?ÉΝΦΞΝ]ьШőċƻĲШĤĲĲŰШƓũċĦĲĬШŔŰШƣőĲШƚŸŔũШƚƨƖŉċĦĲШΞШĦůШ
ĤĲũŸƽШƣőĲШŊƖŸƨŰĬШŔŰШċШƚƣċŰĬċƖĬШĤũċĦťШĤŸǂЯШŔŰШƖŔĬŊĲШċŰĬШƚƨĤрƖŔĬŊĲШƻĲŊĲƣċƣŔŸŰШċƣШΝΞΥШũŸĦċƣŔŸŰƚШ
ċĦƖŸƚƚШ ŸƖĬĲŰƚťŔƁũĬШxċŰĬЯШƽŔƣőШċШŉƨƖƣőĲƖШΞΠШƓũċĦĲĬШċĦƖŸƚƚШƣőĲШ7ƖƏŊŊĲƖШƓĲŰŔŰƚƨũċШŰĲċƖШ ǃр
2ũĲƚƨŰĬШċŰĬШΝΣШŸŰШÉċƖƚƏǃƖċШы[ŔŊЮШΟЮΝШċŰĬШΟЮΞьЮШÑőĲШƣĲƖƖċŔŰШċŰĬШƻĲŊĲƣċƣŔŸŰШƣǃƓĲƚШƚĲũĲĦƣĲĬШċƖĲШ
ĤċƚĲĬШŸŰШƣőĲШůċŔŰШŉĲĲĬŔŰŊШőċĤŔƣċƣШŉŸƖШƖĲŔŰĬĲĲƖШŔŰШƽŔŰƣĲƖЮШÑőĲШũŸŊŊĲƖƚШċƖĲШũŸĦċƣĲĬШċƣШĲũĲƻċƣŔŸŰƚШ
ƖċŰŊŔŰŊШŉƖŸůШΠШƣŸШΠΡΝШůШċЮƚЮũЮШċŰĬШƓũċĦĲĬШƓċŔƖƽŔƚĲШċƣШĲċĦőШƚŔƣĲШƣőƖŸƨŊőŸƨƣШƣőĲШƚƣƨĬǃШċƖĲċШƽŔƣőШ
ŸŰĲШũŸŊŊĲƖШŔŰШƣőĲШƖŔĬŊĲШыÉċũŔǂЮƓŸũċƖŔƚьШċŰĬШŸŰĲШũŸŊŊĲƖШŔŰШƣőĲШƚƨĤрƖŔĬŊĲШƻĲŊĲƣċƣŔŸŰШыxƨǍƨũċЮĦŸŰŉƨƚċШ
ċŰĬоŸƖШÂŸċЮƚƓƓЮьШEċĦőШũŸŊŊĲƖШƖĲĦŸƖĬƚШƚŸŔũШƚƨƖŉċĦĲШƣĲůƓĲƖċƣƨƖĲШĲƻĲƖǃШŉŸƨƖШőŸƨƖƚШƣőƖŸƨŊőŸƨƣШƣőĲШ
ǃĲċƖШƽŔƣőШċŰШċĦĦƨƖċĦǃШŸŉШӆΜЮΡ҄9ЮШÂĲƖŔŸĬƚШŔŰШƽŔŰƣĲƖШƽőĲŰШŊƖŸƨŰĬШƣĲůƓĲƖċƣƨƖĲШŔƚШĲƕƨċũШƣŸШŸƖШ
ĲǂĦĲĲĬƚШΜ҄9ШыŸƖШрΜЮΡ҄9ШƣŸШċĦĦŸƨŰƣШŉŸƖШƣőĲШċĦĦƨƖċĦǃШŸŉШƣőĲШũŸŊŊĲƖƚьШċƖĲШŔŰĬŔĦċƣŸƖƚШŉŸƖШƚŰŸƽůĲũƣШ
ċŰĬШŊƖŸƨŰĬШŔĦĲШŉŸƖůċƣŔŸŰЮШ ƣШĲċĦőШŔ7ƨƣƣŸŰШƚŔƣĲЯШŔŰрƚŔƣƨШƚŰŸƽƓċĦťШůŸŰŔƣŸƖŔŰŊШыƚŰŸƽШċŰĬШĤċƚċũШ
ŊƖŸƨŰĬШŔĦĲШĬĲƓƣőьШŔƚШƓĲƖŉŸƖůĲĬШċŰŰƨċũũǃШŔŰШũċƣĲШƽŔŰƣĲƖЮШÑőĲƚĲШŸĤƚĲƖƻċƣŔŸŰƚШċƖĲШƨƚĲĬШŔŰШƣőĲШ
ÂĲĲƣĲƖƚШĲƣШċũЮШыΞΜΝΦьШĤċƚċũШŊƖŸƨŰĬШŔĦĲШůŸĬĲũЮШ 

3.3 Updates to the Peeters et al. (2019) basal ice model 

ÑőĲШůŸĬĲũШƓƖĲĬŔĦƣŔŰŊШĤċƚċũШŊƖŸƨŰĬШŔĦĲШƣőŔĦťŰĲƚƚШĤċƚĲĬШŸŰШǯĲũĬШŸĤƚĲƖƻċƣŔŸŰƚШыƚĲĦƣЮШΟЮΞьШċŰĬШ
őŔƚƣŸƖŔĦċũШƽĲċƣőĲƖШĬċƣċШыŸĤƣċŔŰĲĬШŉƖŸůШƣőĲШ ŸƖƽĲŊŔċŰШ~ĲƣĲŸƖŸũŸŊŔĦċũШfŰƚƣŔƣƨƣĲьШőċƚШĤĲĲŰШ
ƨƓĬċƣĲĬШċŰĬШƖĲƻŔƚĲĬШƣŸШŔŰĦũƨĬĲШǯĲũĬШŸĤƚĲƖƻċƣŔŸŰƚШŉƖŸůШΞΜΝΥрΞΜΞΠЮШìŔŰƣĲƖШƽĲċƣőĲƖШƻċƖŔċĤũĲƚШ
ƽĲƖĲШĬĲƖŔƻĲĬШŉŸƖШƣőĲШƓĲƖŔŸĬШΝƚƣШ ŸƻĲůĤĲƖШƨŰƣŔũШΟΝƚƣШ~ċƖĦőШƚŔŰĦĲШŊƖŸƨŰĬШŔĦĲШůĲċƚƨƖĲůĲŰƣƚШ
ƽĲƖĲШĦŸŰĬƨĦƣĲĬШĬƨƖŔŰŊШ ƓƖŔũЮШ?ċŔũǃШƓƖĲĦŔƓŔƣċƣŔŸŰШƽċƚШĬĲǯŰĲĬШċƚШƚŰŸƽŉċũũШŸƖШƖċŔŰШыőĲƖĲċŉƣĲƖШ
ƖĲŉĲƖƖĲĬШƣŸШċƚШÅ§ÉьШŉŸƖШĬċŔũǃШƣĲůƓĲƖċƣƨƖĲƚШӃШΝ҄9ШŸƖШӄШΝ҄9ЯШƖĲƚƓĲĦƣŔƻĲũǃЮШ7ċƚċũШŊƖŸƨŰĬШŔĦĲШ
ƣőŔĦťŰĲƚƚШыŸŰШũŸŊШƚĦċũĲьШƽċƚШĲƚƣŔůċƣĲĬШċŰĬШƓƖĲĬŔĦƣĲĬШƨƚŔŰŊШċШũŔŰĲċƖШůŔǂĲĬШůŸĬĲũШыx~~ьШ
ĦŸƖƖĲĦƣŔŰŊШŉŸƖШƚƣċŰĬċƖĬŔǍĲĬШĲũĲƻċƣŔŸŰШċŰĬШƚũŸƓĲШŸŉШƣőĲШǯĲũĬШŸĤƚĲƖƻċƣŔŸŰШƚŔƣĲƚЯШċŰĬШċĦĦŸƨŰƣŔŰŊШ
ŉŸƖШƖċŰĬŸůШƣĲůƓŸƖċũШċŰĬШƚƓċƣŔċũШĲǭĲĦƣƚШŸŉШǃĲċƖЯШċƖĲċЯШċŰĬШƓũŸƣШf?ШŸŰШƣőĲШŔŰƣĲƖĦĲƓƣЮШÂƖĲĬŔĦƣŸƖШ
ƻċƖŔċĤũĲƚШŔŰШƣőĲШŸƖŔŊŔŰċũШůŸĬĲũШыÂĲĲƣĲƖƚШĲƣШċũЮШΞΜΝΦьШŔŰĦũƨĬĲĬШũŸŊШÅ§ÉШċŰĬШũŸŊШċĦĦƨůƨũċƣĲĬШ
ƚŰŸƽŉċũũШƨŰƣŔũШƣőĲШũċƖŊĲƚƣШÅ§ÉШĲƻĲŰƣЯШċŰĬШƣőĲŔƖШŔŰƣĲƖċĦƣŔŸŰЯШċŰĬШċŰШŔŰƣĲƖċĦƣŔŸŰШĤĲƣƽĲĲŰШũŸŊШ
ƖċŔŰŉċũũШċŰĬШĲũĲƻċƣŔŸŰЮ 

ÉŔŰĦĲШƣőĲШŸƖŔŊŔŰċũШůŸĬĲũШƽċƚШƓƨĤũŔƚőĲĬШŔŰШΞΜΝΦЯШƣőĲШ ŸƖƽĲŊŔċŰШ~ĲƣĲŸƖŸũŸŊŔĦċũШfŰƚƣŔƣƨƣĲШőċƚШ
ĦőċŰŊĲĬШƣőĲШƚƣċŰĬċƖĬŔǍċƣŔŸŰШůĲƣőŸĬШŉŸƖШĬċŔũǃШƣĲůƓĲƖċƣƨƖĲШċŰĬШƓƖĲĦŔƓŔƣċƣŔŸŰЮШÑőĲШĲƚƣŔůċƣĲĬШ
ċůŸƨŰƣШŸŉШÅ§ÉШċŰĬШƣőĲШċĦĦƨůƨũċƣĲĬШƚŰŸƽŉċũũЯШƣőĲƖĲŉŸƖĲЯШƻċƖŔĲĬШŉƖŸůШƣőĲШŸƖŔŊŔŰċũШŔŰƓƨƣШĬċƣċЮШ
ũƚŸЯШƽŔŰƣĲƖШƽċƖůШƚƓĲũũƚШċŰĬШÅ§ÉШĲƻĲŰƣƚШőċƻĲШĤĲĦŸůĲШŔŰĦƖĲċƚŔŰŊũǃШŉƖĲƕƨĲŰƣЯШĲƚƓĲĦŔċũũǃШŔŰШĲċƖũǃШ
ƽŔŰƣĲƖЮШìĲШőċƻĲШƣőĲƖĲŉŸƖĲШƖĲƻŔƚĲĬШƣőĲШƚŰŸƽŉċũũШƻċƖŔċĤũĲШŉƖŸůШљċĦĦƨůƨũċƣĲĬШƚŰŸƽШƨŰƣŔũШƣőĲШ
ũċƖŊĲƚƣЮÅ§ÉШĲƻĲŰƣњШƣŸШљċĦĦƨůƨũċƣĲĬШƚŰŸƽШƨŰƣŔũШƣőĲШũċƚƣЮÅ§ÉШĲƻĲŰƣњШĤĲŉŸƖĲШΝƚƣШƓƖŔũЮШÑőĲШƖĲƻŔƚĲĬШ
x~~ШůŸĬĲũШŉŸƖШŊƖŸƨŰĬШŔĦĲШƣőŔĦťŰĲƚƚШƽċƚШƖĲрƖƨŰШŉŸƖШƣőĲШƽőŸũĲШĬċƣċШƓĲƖŔŸĬШċŰĬШŔŰĦũƨĬĲƚШƣőĲШ
ƚċůĲШƖċŰĬŸůШĲǭĲĦƣƚШċƚШƣőĲШŸƖŔŊŔŰċũШůŸĬĲũЯШċŰĬШƣőĲШǯǂĲĬШĲǭĲĦƣƚШĲũĲƻċƣŔŸŰЯШƚũŸƓĲЯШċŰĬШƣőĲШ
ŔŰƣĲƖċĦƣŔŸŰШĤĲƣƽĲĲŰШũŸŊШÅ§ÉШċŰĬШũŸŊШƚŰŸƽŉċũũШƨŰƣŔũШƣőĲШũċƚƣШÅ§ÉШĲƻĲŰƣЮШÑőĲШǯǂĲĬШĲǭĲĦƣƚШĲǂƓũċŔŰШ
ΟΥЮΡӖШыůċƖŊŔŰċũШÅΞьЯШƽőŔũĲШĤŸƣőШǯǂĲĬШċŰĬШƖċŰĬŸůШĲǭĲĦƣƚШĲǂƓũċŔŰШΣΜЮΠӖШыĦŸŰĬŔƣŔŸŰċũШÅΞьШŸŉШ
ƻċƖŔċŰĦĲШŔŰШŊƖŸƨŰĬШŔĦĲШƣőŔĦťŰĲƚƚЮШÑőŔƚШůŸĬĲũШƽċƚШƨƚĲĬШƣŸШƓƖĲĬŔĦƣШŊƖŸƨŰĬШŔĦĲШƣőŔĦťŰĲƚƚШŉƖŸůШ
őŔƚƣŸƖŔĦċũШƽĲċƣőĲƖШĬċƣċШŉƖŸůШÉƻċũĤċƖĬШ ŔƖƓŸƖƣШыxŸŰŊǃĲċƖĤǃĲŰьШċŰĬШ ǃр2ũĲƚƨŰĬШы[ŔŊƨƖĲШΟЮΟьЮШ 
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[ŔŊƨƖĲШΟЮΟЮШШÑŔůĲШƚĲƖŔĲƚШŸŉШĤċƚċũШŊƖŸƨŰĬШŔĦĲШƣőŔĦťŰĲƚƚШŉŸƖШxŸŰŊǃĲċƖĤǃĲŰШыƨƓƓĲƖШƓċŰĲũьШċŰĬШ ǃр2ũĲƚƨŰĬШ
ыũŸƽĲƖШƓċŰĲũьШƓƖĲĬŔĦƣĲĬШĤǃШƣőĲШƨƓĬċƣĲĬШÂĲĲƣĲƖƚШĲƣШċũЮШыΞΜΝΦьШůŸĬĲũШĦŸƻĲƖŔŰŊШƣőĲШǃĲċƖƚШŉƖŸůШΝΦΡΥШċŰĬШΝΦΤΜШ
ƣŸШΞΜΞΠШƖĲƚƓĲĦƣŔƻĲũǃЮШEƚƣŔůċƣĲƚШŉƖŸůШǯĲũĬШŸĤƚĲƖƻċƣŔŸŰƚШыƖĲĬШĬŸƣƚьШċŰĬШƓƖĲĬŔĦƣŔŸŰƚШŉƖŸůШƽĲċƣőĲƖШĬċƣċШ
ыĤũċĦťШĬŸƣƚШƽŔƣőШΦΡӖШƓƖĲĬŔĦƣŔŸŰШŔŰƣĲƖƻċũƚьШċƖĲШĦŸƖƖĲĦƣĲĬШŉŸƖШƚƣċŰĬċƖĬŔǍĲĬШĲũĲƻċƣŔŸŰШыůĲċŰШӀШΝΜΣШůШċĤŸƻĲШ
ƚĲċШũĲƻĲũьШċŰĬШƚũŸƓĲШыůĲċŰШӀШΤ҄ьЮШÑőĲШůŸĬĲũШőċƚШĤĲĲŰШƨƓĬċƣĲĬШƨƚŔŰŊШǯĲũĬШĬċƣċШĦŸŰƣƖŔĤƨƣĲĬШĤǃШ ÂfШċŰĬШ
Ö fÉШƚŔŰĦĲШΞΜΝΤШыũċƚƣШůŸĬĲũШƨƓĬċƣĲьЮШìĲċƣőĲƖШĬċƣċШċŰĬШǯĲũĬШƻċũŔĬċƣŔŸŰШĬċƣċШċƖĲШŰŸƣШĦŸũũĲĦƣĲĬШċƣШƣőĲШ
ƚċůĲШƚŔƣĲƚбШƣőĲШ ŸƖĬĲŰƚťŔƁũĬШƚƣƨĬǃШċƖĲċШŔƚШũŸĦċƣĲĬШċĤŸƨƣШΟΜШťůШƚŸƨƣőƽĲƚƣШŸŉШxŸŰŊǃĲċƖĤǃĲŰШċŔƖƓŸƖƣШ
ƽőĲƖĲШƣőĲШƽĲċƣőĲƖШĬċƣċШŔƚШĦŸũũĲĦƣĲĬШċŰĬШũŔťĲƽŔƚĲШƣőĲШ7ƖƏŊŊĲƖőċũƻƏǃċШċŰĬШÉċƖƚƏǃƖċШƚƣƨĬǃШƚŔƣĲƚШċƖĲШŰŸƣШ
ũŸĦċƣĲĬШƽőĲƖĲШƣőĲШ ǃШ2ũĲƚƨŰĬШƽĲċƣőĲƖШĬċƣċШŔƚШƖĲĦŸƖĬĲĬЮ 

3.4 ISBA-ES snow model 

ÑőĲШfÉ7рEÉШыfŰƣĲƖċĦƣŔŸŰƚШĤĲƣƽĲĲŰШÉŸŔũЯШ7ŔŸƚƓőĲƖĲШċŰĬШ ƣůŸƚƓőĲƖĲрEǂƓũŔĦŔƣШÉŰŸƽь ŔƚШċШƚŰŸƽШ
ƓőǃƚŔĦƚШůŸĬĲũШŸŉШŔŰƣĲƖůĲĬŔċƣĲШĦŸůƓũĲǂŔƣǃЮШfƣШŔƚШċШƓċƖƣШŸŉШƣőĲШÉÖÅ[EñШƻĲƖƚŔŸŰШΥЮΝШůŸĬĲũũŔŰŊШ
ƚǃƚƣĲůШŔƚШĲũċĤŸƖċƣĲĬШŸŰШŔŰШ ċƓŸũǃШĲƣШċũЮЯШΞΜΞΜШыċŰĬШƖĲŉĲƖĲŰĦĲƚШƽŔƣőŔŰьЮШÉÖÅ[EñШŔƚШċШůŸĬĲũũŔŰŊШ
ƓũċƣŉŸƖůШĦŸůƓŸƚĲĬШŸŉШƚĲƻĲƖċũШƓőǃƚŔĦċũШůŸĬĲũƚШŉŸƖШƣőĲШũċŰĬШƚƨƖŉċĦĲШŔŰĦũƨĬŔŰŊШƨƖĤċŰŔǍĲĬШċƖĲċƚЯШ
ũċťĲƚШċŰĬШŸĦĲċŰƚЮШfƣШĦċŰШĤĲШƨƚĲĬШƣŸШƚŔůƨũċƣĲШƚƨƖŉċĦĲШĦőĲůŔƚƣƖǃШƓƖŸĦĲƚƚĲƚШċŰĬШŉŸƖШċƚƚŔůŔũċƣŔŸŰШ
ŸŉШ ƚƨƖŉċĦĲШ ċŰĬШ ŰĲċƖШ ƚƨƖŉċĦĲШ ƻċƖŔċĤũĲƚЮШ ÑőĲШ ůŸĬĲũШ ƽċƚШ ċƓƓũŔĲĬШ ŉŸƖШ ċШ ĬŸůċŔŰШ ĦŸƻĲƖŔŰŊШ
ÉƓŔƣƚĤĲƖŊĲŰШƣŸШƚŔůƨũċƣĲШƚŰŸƽƓċĦťШƻċƖŔċĤũĲƚШƚƨĦőШċƚШƚŰŸƽШĬĲŰƚŔƣǃЯШƚŰŸƽШũŔƕƨŔĬШƽċƣĲƖШĦŸŰƣĲŰƣЯШ
ċŰĬШƚŰŸƽШƣĲůƓĲƖċƣƨƖĲШŉŸƖШƣőĲШƚƣƨĬǃШƚŔƣĲƚЯШƨƚŔŰŊШ9 ÅÅрEċƚƣШĬċƣċШыƚĲĲШΟЮΡьШƣŸШŉŸƖĦĲШƣőĲШũċŰĬШ
ƚƨƖŉċĦĲШůŸĬĲũЮШÑőĲШƚŰŸƽŉċũũШċŰĬШƖċŔŰŉċũũШƽĲƖĲШƣċťĲŰШĬŔƖĲĦƣũǃШŉƖŸůШ9 ÅÅ ШƽőĲƖĲШċƻċŔũċĤũĲЮШÑőĲШ
ƣƽŸШƻċƖŔċĤũĲƚШƽĲƖĲШƚĲƓċƖċƣĲĬШƨƚŔŰŊШċШΝрĬĲŊƖĲĲШƣőƖĲƚőŸũĬШŉŸƖШċШŉĲƽШƣŔůĲрƚƣĲƓƚШƽőĲƖĲШƣőĲƚĲШ
ƻċƖŔċĤũĲƚШƽĲƖĲШŔŰĦŸůƓũĲƣĲЮШШ 
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ÑőĲШũċŰĬШƚƨƖŉċĦĲШůŸĬĲũШƽċƚШƖƨŰШŉƖŸůШ§ĦƣŸĤĲƖШΝΦΦΜШƣŸШsƨŰĲШΞΜΞΠШŸƻĲƖШċШƚƨĤĬŸůċŔŰШŸŉШƣőĲШ
9 ÅÅрEċƚƣШĬŸůċŔŰЯШťĲĲƓŔŰŊШŔƣƚШŸƖŔŊŔŰċũШƓƖŸŢĲĦƣŔŸŰШыxċůĤĲƖƣШĦŸŰŉŸƖůċũШĦŸŰŔĦьШċŰĬШőŸƖŔǍŸŰƣċũШ
ƖĲƚŸũƨƣŔŸŰаШċĤŸƨƣШΞЮΡШťůЮШШÑőĲШũċŰĬШůŸĬĲũШfÉ7 ШƽċƚШƚĲƣШƨƓШƨƚŔŰŊШƣőĲШĬŔǭƨƚŔƻĲШċƓƓƖŸċĦőШыfÉ7р
?f[ЯШ7ŸŸŰĲШĲƣШċũЮЯШΞΜΜΜбШ?ĲĦőċƖůĲШĲƣШċũЮЯШΞΜΝΝьШċŰĬШċШƓĲƖůċŉƖŸƚƣШĦŸŰǯŊƨƖċƣŔŸŰШы?ĲĦőċƖůĲШĲƣШ
ċũЮЯШΞΜΝΣьЮШÑőŔƚШƨƣŔũŔǍĲƚШċŰШĲǂƣĲƖŰċũШŔŰƓƨƣШǯũĲШƣŸШĬĲũŔŰĲċƣĲШĦũŔůċƣŸũŸŊŔĦċũШƓĲƖůċŉƖŸƚƣЯШċŰĬШƽŔƣőŔŰШ
ƣőŔƚШċƖĲċШ?ċƖĦǃќƚШċŰĬШ[ŸƨƖŔĲƖѣƚШũċƽƚШċƖĲШƚŸũƻĲĬШŉŸƖШƽŔƣőŔŰШƣőĲШŉƨũũШƚŸŔũЯШőĲƖĲШΝΠШũċǃĲƖƚШĲǂƣĲŰĬŔŰŊШ
ƣŸШΝΞШůĲƣĲƖƚШĤĲũŸƽШŊƖŸƨŰĬЮШ[ŸƖШƚŔůƓũŔĦŔƣǃШƚŸŔũШŸƖŊċŰŔĦШĦċƖĤŸŰШƽċƚШƚĲƣШċƚШƣƽŸШĦŸŰƚƣċŰƣƚЯШŸŰĲШŉŸƖШ
ƣőĲШƨƓƓĲƖШċŰĬШċŰŸƣőĲƖШŉŸƖШƣőĲШũŸƽĲƖШƚŸŔũШũċǃĲƖƚЮШ 

ÑőĲШƚŰŸƽШŔƚШůŸĬĲũũĲĬШƨƚŔŰŊШƣőĲШEǂƓũŔĦŔƣШÉŰŸƽШыEÉьШƚĦőĲůĲШы7ŸŸŰĲШċŰĬШEƣĦőĲƻĲƖƚЯШΞΜΜΝбШ
?ĲĦőċƖůĲШĲƣШċũЮЯШΞΜΝΝьЯШƽŔƣőШΝΞШƚŰŸƽШũċǃĲƖƚЮШfƣШċĬċƓƣƚШƓċƖƣƚШŸŉШċШőŔŊőШĦŸůƓũĲǂŔƣǃШƚŰŸƽШƚĦőĲůĲЯШ
ƽőŔũĲШůċťŔŰŊШŔƣШĲǭŔĦŔĲŰƣШĲŰŸƨŊőШƣŸШĤĲШƨƚĲŉƨũШŉŸƖШŰƨůĲƖŔĦċũШƽĲċƣőĲƖШƓƖĲĬŔĦƣŔŸŰЮШÑőĲШĲƻŸũƨƣŔŸŰШŸŉШ
ƣőĲШƚŰŸƽƓċĦťШŸƻĲƖШƣőĲШƚŰŸƽШƚĲċƚŸŰШΞΜΝΤоΞΜΝΥШŉŸƖШĲċĦőШŸŉШƣőĲƚĲШƻċƖŔċĤũĲƚШċƖĲШĬŔƚƓũċǃĲĬШ
ƣŸŊĲƣőĲƖШƽŔƣőШƚŸŔũШƣĲůƓĲƖċƣƨƖĲШŔŰШƣőĲШƨƓƓĲƖШΠΜШĦůШŸŉШƣőĲШƚŸŔũШŔŰШ[ŔŊƨƖĲШΟЮΠЮШÑőŔƚШŸƨƣƓƨƣШŔƚШƣőĲШ
ŰĲċƖĲƚƣШŰĲŔŊőĤŸƨƖШŊƖŔĬШĦĲũũШƣŸШƣőĲШĦĲŰƣĲƖШĦŸŸƖĬŔŰċƣĲШŸŉШƣőĲШŔ7ƨƣƣŸŰШċƖŸƨŰĬШ9ŸũĲƚШ7ċǃЮШÉŔůŔũċƖШ
ƣŔůĲрƚĲƖŔĲƚШƽĲƖĲШĲǂƣƖċĦƣĲĬШŉŸƖШƣőĲШŔ7ƨƣƣŸŰШĦĲŰƣĲƖШƓŸŔŰƣƚШŰĲċƖШ ǃр2ũĲƚƨŰĬЯШEŰŊĲũƚťĤƨťƣċШ
ы7ƖƏŊŊĲƖőċũƻƏǃċьЯШ ŰŸƖƣőĲƖŰШ ÉċƖƚƏǃƖċШ ыőĲƖĲċŉƣĲƖШ љ ŸƖƣőĲƖŰШ ÉċƖƚƏǃƖċњьЯШ 7ŸĬċũĲŰЯШ ~ĲĬċũĲŰЯШ
fƚƣŢƏƖŰĬċũĲŰЯШ]ċŰŊĬċũĲŰШċŰĬШÉĲůůĲũĬċũĲŰЮШШШШШШ 

 

[ŔŊƨƖĲШΟЮΠЮШEǂċůƓũĲШŸŉШƣőĲШfÉ7рEÉШƚŔůƨũċƣĲĬШƚŰŸƽƓċĦťШĲƻŸũƨƣŔŸŰШŉŸƖШÉĲƓƣĲůĤĲƖШΞΜΝΤШƣŸШ ƨŊƨƚƣШΞΜΝΥШŔŰШ
ƣőĲШŊƖŔĬШĦĲũũШĦŸƻĲƖŔŰŊШ ǃр2ũĲƚƨŰĬЮШÑőĲШƨƓƓĲƖШƓċŰĲũШы ьШƚőŸƽƚШƣőĲШũŸĦċƣŔŸŰШŸŉШƣőĲШ ǃр2ũĲƚƨŰĬШƚŔƣĲШŔŰШ
ÉƻċũĤċƖĬЯШы7ьШƚőŸƽƚШƣőĲШĲƻŸũƨƣŔŸŰШŸŉШƣőĲШƚŰŸƽШĬĲŰƚŔƣǃШыÅÉ ьЯШы9ьШƚőŸƽƚШƣőĲШƣĲůƓĲƖċƣƨƖĲШŸŉШƣőĲШƚŰŸƽƓċĦťЯШ
ы?ьШĬŔƚƓũċǃƚШƣőĲШũŔƕƨŔĬШƽċƣĲƖШċůŸƨŰƣШыÉ §ìxfÄьШŔŰШƣőĲШƚŰŸƽƓċĦťШċŰĬШŔŰШƣőĲШũŸƽĲƖШƓċŰĲũШыEьШƣőĲШƚŸŔũШ
ƣĲůƓĲƖċƣƨƖĲШƚőŸƽƚШƽŔƣőШĬĲƓƣőЮШÑőĲШƚŰŸƽШőĲŔŊőƣШŔƚШŊŔƻĲŰШŔŰШƣőĲШũĲŉƣрőċŰĬШċǂŔƚШŸŉШĲċĦőШƓċŰĲũƚШы7ьШƣŸШы?ьЮШ 

 










