
 

 

METreport 
No. 1/2025 

ISSN 2387-4201 
Climate 

 

2.5 km future climate 
projections for Svalbard 
under the high emission 

scenario SSP5-8.5 
PCCH-Arctic Report No. 7 

Oskar A. Landgren, Julia Lutz, Ketil Isaksen 
[Classification: open] 

 

 



Title 
2.5 km future climate projections for Svalbard 
under the high emission scenario SSP5-8.5 

Date 
27.05.2025 

Section 
Climate 

Report no. 
No. 1/2025 

Author(s) 
Oskar A. Landgren, Julia Lutz, Ketil Isaksen 

Classification 
● Free      ○ Restricted 

Client(s) 
Norwegian Research Council 

Client's reference 
 

Abstract 
Svalbard is one of the fastest warming regions on the planet. In this report we present climate 
simulations produced with the regional climate model HCLIM-AROME, using input from two 
global climate models, MPI-ESM1-2-LR and NorESM2-MM, both from the CMIP6 ensemble 
and following the high emission scenario SSP5-8.5 for years 1991–2070, as well as the reanalysis 
ERA5 for years 2000–2023. The fine scale domain covers Svalbard in 2.5 by 2.5 km grid cells 
and output data is archived at 3-hourly temporal resolution. This report presents an overview of 
the dataset, including initial evaluation and information on how to access the data. 
Compared to the CARRA dataset, the HCLIM run based on MPI-ESM1-2-LR demonstrates for a 
set of climate indices derived from temperature that the model captures spatial patterns well, 
though it tends to overestimate warm days while underestimating frost days. Precipitation-related 
indices indicate that the model reproduces the frequency and intensity of wet days reasonably, 
although it tends to over-represent very heavy precipitation events. 
For 2041–2070, simulations project significant warming (around 3.2 °C in annual mean relative 
to 1991-2020) and moderate increases in precipitation (about 6 % overall), with the strongest 
temperature rise in winter (around 4.9 °C) linked to sea ice retreat. Precipitation is expected to 
intensify, with more frequent wet days and more precipitation on these days across Svalbard. 
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climate, Svalbard, future climate change, regional climate modelling, dynamical 
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1​ Introduction 
Over the past decades, Svalbard has experienced a rate of warming significantly higher than the 
global average (Isaksen et al., 2022a). This rapid climate change has led to profound 
environmental shifts such as shorter snow seasons (Hanssen-Bauer et al., 2019), thawing 
permafrost (e.g., Grünberg et al., 2024; Isaksen et al., 2022b), decreasing sea ice (Onarheim et 
al., 2018), and melting glaciers (van Pelt et al., 2021). These changes pose considerable 
challenges not only for ecosystems (e.g., Pedersen et al., 2022) but also for local infrastructure 
(Jaskólski et al., 2018; Streletskiy et al., 2023), increasing the need for precise and 
region-specific climate information. 

To provide relevant climate insights at a local scale in a geographically diverse region like 
Svalbard, high-resolution meteorological data is essential. Many climate change impacts, such 
as thawing of permafrost, unfold over decades, requiring multi-decadal simulations to capture 
slow but critical processes. However, previous regional climate simulations for Svalbard have 
been limited by either coarse spatial resolution (e.g., Arctic CORDEX at ~50 km) or short time 
spans (e.g., two 30-year periods in Dobler et al., 2020). 

In this report, we present an 80-year dataset of continuous climate simulations at a high spatial 
resolution of 2.5 x 2.5 km. This dataset offers valuable resources for understanding long-term 
climate trends and their implications for Svalbard’s environment and infrastructure. 

2​ Method 

2.1​ Model setup 

The regional climate model HARMONIE-Climate (HCLIM; Belušić et al., 2020; Wang, 2024) 
was employed to dynamically downscale future climate simulations, providing an internally 
physically consistent fine-scale representation of local meteorological variables based on 
coarser global model output. Input data were derived from two different global earth system 
models participating in the sixth generation of the Coupled Model Intercomparison Project 
(CMIP6), specifically ScenarioMIP simulations (O'Neill et al., 2016): MPI-ESM1-2-LR 
(Mauritsen et al., 2019) and NorESM2-MM (Seland et al., 2020). Both were run under the 
high-emission scenario SSP5-8.5. While this scenario is more extreme than the more commonly 
used SSP3-7.0, we motivate our choice of SSP5-8.5 using the following arguments: 

- A strong climate change signal makes it possible to study climate change effects in a more 
statistically robust way, as it can more easily be separated from internal variability. 

- For many purposes it can be possible to represent climate change from lower emission 
scenarios using an earlier period from a high scenario simulation. 
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- Also in the Climate in Svalbard 2100 report, the corresponding high emission scenario was 
used (RCP8.5 in that generation of simulations), following a Norwegian government white 
paper on climate change adaptation (Meld. St. 33 (2012–2013)) stating that for precautionary 
reasons high emission climate projections should be used. 

 

Regarding the two selected global models, following Levine et al. (2024), these two reflect 
contrasting future climate storylines in the Arctic during the biologically active summer half of 
the year. NorESM2-MM depicts strong Arctic amplification (enhanced warming in the Arctic 
relative to the rest of the world) but exhibits comparatively weaker warming in the Barents-Kara 
Sea region. On the other hand, MPI-ESM1-2-LR simulates a relatively weaker Arctic 
amplification overall but a pronounced warming signal in the Barents-Kara Sea region. 

Due to the coarse resolution of the global models (horizontal grid spacing of ~200 km for 
MPI-ESM1-2-LR and ~100 km for NorESM2-MM), a nested modeling approach was applied. 
The outer domain, covering the Norwegian and Barents Seas, has a 12 km spatial resolution and 
was run with hydrostatic HARMONIE-ALADIN physics. The inner domain, covering Svalbard 
at a finer 2.5 km resolution, was simulated with nonhydrostatic HARMONIE-AROME physics. 
These model domains are illustrated in Fig. 1. The high-resolution Svalbard domain is 
particularly relevant for studying both human activities and ecological processes, as it more 
accurately captures local variations in temperature and precipitation, especially in steep valleys 
and fjords. 

 
Figure 1 The two simulation domains used in the study: an outer domain (blue) with 12 km horizontal 
resolution with 181 x 349 grid cells and an inner domain (red) covering Svalbard at 2.5 km resolution with 
229 x 229 grid cells. 

A more detailed analysis was conducted for selected grid cells representative of Ny-Ålesund and 
Longyearbyen/Adventdalen (Fig. 2). In addition to future projections, an evaluation simulation 
was performed using the fifth generation ECMWF Reanalysis (ERA5; Hersbach et al., 2020). 
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For this evaluation, the downscaling was done directly from the ~25 km ERA5 data to the 2.5 
km inner domain, without an intermediate nesting step. An overview of all simulations is 
provided in Table 3. For all simulations, the HCLIM version used was cycle 43 (cy43), which 
includes the land surface model SURFEX (version 8.1; Le Moigne, 2018). SURFEX 
incorporates the 12-layer ISBA-ES snow scheme (Boone, 2002). 

   
Figure 2 Maps showing the 2.5 x 2.5 km grid cells around Ny-Ålesund (left) and 
Longyearbyen-Adventdalen (right), with a selection of grid cells shaded in red used for further analysis (9 
and 6 grid cells, respectively). Map data from TopoSvalbard, courtesy of the Norwegian Polar Institute. 

3​ Key results 

3.1​ Evaluation for the reference period 

We begin by comparing the simulations with the Copernicus Arctic Regional Reanalysis 
(CARRA; Schyberg et al., 2020) for the period 1991–2020, the reference period in this report. 
CARRA provides data for two partially overlapping domains covering Svalbard. For this 
analysis, we use data from the eastern domain, as it places Svalbard farther from the domain 
edge, reducing potential boundary effects. Differences in annual mean temperature and total 
precipitation between the simulations and CARRA are presented in Figures 3 and 4. 

Figure 3 shows the mean annual temperature from CARRA alongside differences from 
simulations based on ERA5, MPI-ESM and NorESM. Because the ERA5-based simulation 
starts in 2000, comparisons with CARRA use the 2000–2020 period for ERA5, and the full 
1991–2020 period for the other simulations. Over land, both the ERA5- and MPI-ESM-based 
simulations are slightly colder than CARRA over Spitsbergen, while showing a slight warm bias 
in the eastern regions. The ERA5-based simulation exhibits the strongest warm bias over the 
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ice-covered Barents Sea in the eastern part of the domain, likely due in part to the lack of snow 
cover on sea ice in ERA5, which can result in higher winter temperatures (Batrak & Müller, 
2019).  

 

 
Figure 3 Mean annual 2-metre temperature (°C). Top left: CARRA reanalysis 1991–2020.​
Top right: Difference between HCLIM43-AROME simulation, driven by ERA5, and CARRA, 2000–2020.​
Bottom left: Difference between HCLIM43-AROME, driven by MPI-ESM1-2-LR, and CARRA, 1991–2020. 
Bottom right: Difference between HCLIM43-AROME, driven by NorESM2-MM, and CARRA, 1991–2020.​
The dark magenta lines indicate the average location of the sea ice edge, defined as the 15 % sea ice 
concentration in the annual mean. 

​ 7
​  



The MPI-ESM-based simulation is slightly warmer than CARRA, particularly over ocean, 
whereas the NorESM-based simulation is generally colder. While this may be a general bias in 
this region for this model, it also contributes to placing NorESM among the models with weak 
warming in the Barents-Kara Sea region in the storylines of Levine et al. (2024), manifesting a 
complementary future scenario with quite different development in this region. In terms of sea 
ice concentration (illustrated by the magenta lines in Fig. 3), the MPI-ESM-based simulation 
aligns better with CARRA but extends farther east in the southern part of the domain. In 
contrast, the simulation based on NorESM has a considerably larger fraction of the domain 
covered in sea ice, which places the sea ice edge farther south in the north and significantly 
farther west in the southern part of the domain. 

In the HCLIM model system, sea ice concentration is not explicitly modelled but is instead 
interpolated from the global model used as input. Since Svalbard is located near the sea ice 
edge, any model biases in the representation of sea ice in the driving GCM can substantially 
affect local temperatures. This effect is particularly evident in Fig. 3, where ocean temperatures 
near the southern tip of Svalbard are 4–5 °C higher in the MPI-ESM1-2-LR-based simulation 
compared to CARRA. 

Figure 4 follows the same structure as Figure 3 but focuses on total annual precipitation. As 
expected, the ERA5-based simulation closely reproduces results from CARRA, with only a 
small wet bias along the coasts. While the central fjords receive slightly less precipitation than 
in CARRA, these areas are inherently very dry, meaning that even small absolute differences 
can appear large in relative terms. The MPI-ESM-based simulation is drier than CARRA over 
the ocean but slightly wetter over land, especially over the southeastern part of Svalbard, where 
biases reach up to 50 %. In contrast, the NorESM-based simulation is generally drier, with 
biases of 30–50 % over land. 

In all simulations, the dry bias along the domain boundary, particularly in the south, is likely due 
to lateral spin-up effects in the microphysics scheme. As moist air is advected into the domain, 
it takes time for rain droplets to form, leading to reduced precipitation. This effect may also 
contribute to the wet bias over land in the MPI-ESM-driven simulation, because the increased 
availability of moisture could result in higher precipitation amounts than would be expected in a 
larger domain. However, expanding the domain was deemed computationally prohibitive. It is 
important to note that, in absolute terms, precipitation over the ocean and sea ice is significantly 
lower than over land, where steep mountainous terrain enhances precipitation through 
orographic effects. The negative bias over ocean and sea ice is therefore not as large in absolute 
terms. 

In the following section, we look closer at some climate indices derived from temperature and 
precipitation. As with annual mean temperature and precipitation, we compare the simulations 
to CARRA. However, from here onwards we focus on the MPI-ESM-based simulation (rather 
than the NorESM-based one), as its climate in the reference period follows more closely the 
CARRA reference dataset, including a more realistic representation of the sea ice edge. 
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Figure 4 Mean annual precipitation (mm in first panel, % in others). Top left: CARRA, 1991–2020.​
Top right: Difference between HCLIM43-AROME simulation, driven by ERA5, and CARRA, 2000–2020.​
Bottom left: Difference between HCLIM43-AROME, driven by MPI-ESM1-2-LR, and CARRA, 1991–2020. 
Bottom right: Difference between HCLIM43-AROME, driven by NorESM2-MM, and CARRA, 1991–2020. 

Climate indices derived from temperature 

Figure 5 presents the mean annual number of growing days (Førland et al., 2004) derived from 
CARRA for 1991–2020, along with the difference between the MPI-ESM-based simulation and 
CARRA. Growing days are defined as days on which the mean daily temperature exceeds 5 °C. 
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In CARRA, most growing days are concentrated along the western coast of Spitsbergen, 
particularly around Isfjorden and Van Mijenfjorden, where the growing season lasts 
approximately two to three months. Overall, the simulation agrees well with CARRA across 
most of Svalbard, though it slightly overestimates the number of growing days. In some 
southern coastal areas, the simulated growing season is up to two months longer, which 
coincides with the model’s overestimation of mean annual temperature in this region. 

 
Figure 5 Left: Mean annual number of days with daily mean temperature > 5 °C for 1991–2020, derived 
from CARRA. Right: Difference in the mean annual number of days with Tmean > 5 °C between 
HCLIM43-AROME (driven by MPI-ESM1-2-LR) and CARRA. 

The left panel of Figure 6 shows the mean annual number of days with a daily mean 
temperature above 10 °C for 1991–2020, based on CARRA. The right panel displays the 
difference between the MPI-ESM-based simulation and CARRA for the same period. In 
CARRA, such days are rare and mostly confined to coastal areas around Isfjorden and Van 
Mijenfjorden. However, the simulation overestimates their occurrence, especially along the 
western coast of Spitsbergen, where the number of warm days is higher by several days. 

The number of frost days, defined as days on which the minimum temperature falls below 0 °C, 
is presented in Figure 7. As in previous figures, the left panel shows CARRA data for 
1991–2020, while the right panel displays the difference between the MPI-ESM-based 
simulation and CARRA. Given Svalbard’s Arctic climate, the number of frost days is 
unsurprisingly high, ranging from around 250 days in coastal areas to over 300 days in inland 
regions. The highest values occur in the northern and northeastern glacial areas. Overall, the 
simulation underestimates the number of frost days, particularly in the south, where the 
difference can exceed 60 days. This is likely explained by the difference in sea ice concentration 
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(see Fig. 3), which means that the southern tip is more often surrounded by open water in the 
MPI-ESM-based simulation than in CARRA. In contrast, there are some areas in the north, 
where the model overestimates the number of frost days, so sea ice can not explain all of the 
difference. 

 
Figure 6 Left: Mean annual number of days with daily mean temperature > 10 °C for 1991–2020, derived 
from CARRA. Right: Difference in the mean annual number of days with Tmean > 10 °C between 
HCLIM43-AROME (driven by MPI-ESM1-2-LR) and CARRA. 

 
Figure 7 Left: Mean annual number of days with daily minimum temperature < 0 °C for 1991–2020, 
derived from CARRA. Right: Difference in the mean annual number of days with Tmin < 0 °C between 
HCLIM43-AROME (driven by MPI-ESM1-2-LR) and CARRA. 
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The left panel of Figure 8 illustrates the mean annual number of zero crossing days for the 
period 1991–2020, derived from CARRA data. Also referred to as frost-change days, zero 
crossing days are defined as days when the minimum temperature drops below 0 °C while the 
maximum temperature rises above 0 °C. These days are most frequent in southern and coastal 
areas of Svalbard, while the fewest occurrences are located in the colder, glaciated inland areas 
of the north and northeast. The right panel of Figure 8 shows the difference between the 
MPI-ESM-based simulation and the CARRA dataset. The discrepancies vary across Svalbard: 
while the model tends to underestimate the number of zero crossing days in some areas, 
particularly along the coasts of Nordaustlandet, northern Spitsbergen, and around Isfjorden, it 
generally overestimates them elsewhere. The overestimation is most pronounced in southeastern 
Spitsbergen, on Prins Karls Forland and at Velkomstpynten, where the difference can reach up 
to 30 days. Again, this may be indicative of days with ice-free conditions in the winter, as the 
open ocean easily warms surrounding air to temperatures closer to 0 °C.  

 
Figure 8 Left: Mean annual number of zero crossing days (Tmin < 0 °C & Tmax > 0 °C) for 1991–2020, 
derived from CARRA. Right: Difference in the mean annual number of zero crossing days between 
HCLIM43-AROME (driven by MPI-ESM1-2-LR) and CARRA. 

Climate indices derived from precipitation 

Figure 9 illustrates the mean annual number of wet days derived from CARRA for 1991–2020 
and the difference between the MPI-ESM-based simulation and CARRA. Wet days are defined 
as days with at least 1 mm of precipitation (for snow, graupel or hail, this refers to the liquid 
water equivalent). In CARRA, most wet days are concentrated in the southern parts of 
Spitsbergen. The simulation manages quite well to capture the pattern in the number of wet 
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days, with Edgeøya, Barentsøya and the southeastern tip of Spitsbergen having a slight 
overestimation compared to CARRA. 

 
Figure 9 Left: Mean annual number of wet days (≥ 1 mm of precipitation) for 1991–2020, derived from 
CARRA. Right: Relative difference in the mean annual number of wet days between HCLIM43-AROME 
(driven by MPI-ESM1-2-LR) and CARRA. 

The left panel of Figure 10 shows the mean annual precipitation amount on wet days for 
1991–2020, based on CARRA. The right panel displays the difference between the simulation 
based on MPI-ESM and CARRA for the same period. In CARRA, the highest precipitation 
amounts of around 10 mm/day occur primarily in southeastern Spitsbergen, with notable high 
values also found in northwestern Spitsbergen and southern Edgeøya. Comparing the left panels 
of Figures 9 and 10 reveals that while wet days are frequent across Svalbard, precipitation 
intensity remains relatively low. The difference between the MPI-ESM simulation and CARRA 
indicates that the HCLIM43 simulation based on MPI-ESM generally yields higher precipitation 
intensities, particularly over land, with the largest differences, 30-40 %, occurring in northern 
Spitsbergen. 

The number of very heavy precipitation days, defined as days with at least 20 mm of daily 
precipitation, is presented in Figure 11. As in previous figures, the left panel shows CARRA 
data for 1991–2020, while the right panel displays the difference between the MPI-ESM-based 
simulation and CARRA. As stated in the section before, the precipitation intensity on Svalbard 
is generally low. Thus, the number of very heavy precipitation days in CARRA is very low as 
well, ranging from approximately 5 to 20 days in the wettest areas of Svalbard. Overall, the 
HCLIM43 simulation based on MPI-ESM overestimates the number of these days, particularly 
in the southeast of Spitsbergen, where the difference can exceed 10 days. 

​ 13
​  



 
Figure 10 Left: Mean annual precipitation amount on wet days for 1991–2020, derived from CARRA. 
Right: Relative difference in the mean annual precipitation amount on wet days between 
HCLIM43-AROME (driven by MPI-ESM1-2-LR) and CARRA. 

 
Figure 11 Left: Mean annual number of very heavy precipitation days (≥ 20 mm of precipitation) for 
1991–2020, derived from CARRA. Right: Relative difference in the mean annual number of very heavy 
precipitation days between HCLIM43-AROME (driven by MPI-ESM1-2-LR) and CARRA. 
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3.2​ Climate change projections for Svalbard 

The main purpose of the simulations are to allow for an assessment of possible future climate 
change in Svalbard following the high emissions scenario SSP5-8.5. The mean changes in 
annual and seasonal temperature and precipitation between the reference period (1991–2020) 
and 2041–2070 are shown in Fig. 12. The simulation projects a general temperature increase of 
approximately 3.2 °C for the whole simulation area. The annual precipitation is projected to 
increase as well, especially over land. The mean precipitation change is approximately 6 % for 
the whole simulation domain. 

 
Figure 12 Change in 2-metre temperature (top) and precipitation (bottom) from 1991–2020 to 2041–2070, 
following the SSP5-8.5 scenario in the HCLIM43-AROME simulation based on MPI-ESM . 

Comparing seasonal changes between 2041–2070 and 1991–2020, the simulation indicates the 
strongest warming (approx. 4.9 °C) during winter, with a pronounced east-west gradient. This 
warming is linked to sea ice retreat, as northeastern areas transition from being predominantly 
ice-covered in the reference period to more ice-free conditions in the future. A similar, albeit 
weaker, gradient is projected in autumn. In contrast, summer experiences the weakest warming 
(approx. 2 °C), with localised hotspots along the western and southern coasts. 

For precipitation (Fig. 12, lower panels), the simulations project the strongest increase (approx. 
17 %) in autumn, affecting the entire archipelago. In winter, a significant rise is expected east of 
Wijdefjorden (Ny-Friesland). Summer, however, reveals a notable contrast between the west 
and east: western regions are projected to become wetter (except along the northern coast), 
while eastern areas may experience drier conditions, possibly reflecting shifts in atmospheric 
circulation patterns. 

When comparing this simulation run with the climate projections in the Climate in Svalbard 
2100 report (Hanssen-Bauer et al., 2019), we see a similar general spatial pattern. In both cases, 
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winter emerges as the season with the largest temperature increase. However, the changes 
between past and future climate are based on different timeframes: this study examines periods 
50 years apart (2041–2070 vs. 1991–2020), whereas the time periods in Hanssen-Bauer et al. 
(2019) are 100 years apart (2071–2100 vs. 1971–2000). As a result, their projected temperature 
increases are significantly higher. The differences in projected precipitation are even more 
pronounced. Nonetheless, Hanssen-Bauer et al. (2019) also report a substantial increase in 
winter precipitation in northeastern Svalbard. These differences between temperature and 
precipitation align with the general understanding that temperature projections tend to be more 
robust and hence more consistent across models, while precipitation projections are inherently 
more uncertain and variable. 

Climate indices derived from temperature 

The simulated average number of growing days (daily mean temperature > 5 °C) is very low 
across most of Svalbard in the reference period, as much of the archipelago remains 
glacier-covered and experiences none. The highest values, ranging from one to three months, 
occur along the western coast of Spitsbergen, including the fjords (Fig. 13, left). Projections for 
2041–2070 under the strong warming scenario SSP5-8.5 (Fig. 13, right) suggest a considerable 
increase in growing days in southern coastal areas, while northeastern inland regions will 
continue to have very few, even under this high-emission scenario. These findings align well 
with the Climate in Svalbard 2100 report (Hanssen-Bauer et al., 2019). For the southern coastal 
areas the changes correspond to a growing season of three to four months. 

 
Figure 13 Average number of days with daily mean temperature > 5 °C per year for the period 1991–2020 
(left). Changes from 1991–2020 to 2041–2070 under a high emission scenario (SSP5-8.5) for the average 
number of these days (right). Numbers are based on simulations from HCLIM43-AROME (driven by 
MPI-ESM1-2-LR). 
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As expected, the simulated average number of warm days (daily mean temperature > 10 °C) 
during the reference period is even lower than the number of growing days. The highest values, 
ranging from four to eleven days, are concentrated along the western coast of Spitsbergen, 
especially around Isfjorden and Van Mijenfjorden (Fig. 14, left). Projections for 2041–2070 
under SSP5-8.5 (Fig. 14, right) indicate a considerable increase in warm days in these areas. 
However, northeastern inland regions are expected to remain largely unaffected, with very few 
warm days even under this high-emission scenario. 

 
Figure 14 Average number of days with daily mean temperature > 10 °C per year for the period 
1991–2020 (left). Changes from 1991–2020 to 2041–2070 under a high emission scenario (SSP5-8.5) for 
the average number of these days (right). Numbers are based on simulations from HCLIM43-AROME 
(driven by MPI-ESM1-2-LR). 

In the MPI-ESM-based simulation, the average number of frost days (daily minimum 
temperature < 0 °C) on Svalbard for the period 1991–2020 is approximately 310 per year. The 
highest values occur in the northern and northeastern glacial regions (see Figure 15, left panel), 
while the lowest can be found along the west coast of Spitsbergen. Projections for 2041–2070 
indicate a considerable decrease in frost days for the southeastern coastal areas and on Edgeøya, 
whereas the reduction remains limited in the northern and northeastern inland areas (Figure 15, 
right panel). 

The left panel of Figure 16 presents the simulated mean annual number of zero crossing days for 
the period 1991–2020. On average, the model simulates approximately 55 such days per year on 
Svalbard. The highest values occur in the south and along the coasts, with values of 70 to 100 
days per year. Projected changes in the annual number of zero crossing days indicate a general 
increase across the archipelago (Fig. 16, right panel). The largest increases are projected in the 
colder regions, particularly in Nordaustlandet, while only minor changes are expected along the 
west coast of Spitsbergen. These results are consistent with the findings reported in Climate in 
Svalbard 2100 (Hanssen-Bauer et al., 2019). 
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Figure 15 Mean annual number of frost days (daily minimum temperature < 0 °C) for 1991–2020 (left). 
Reduction in the number of frost days from 1991–2020 to 2041–2070 under a high emission scenario 
(SSP5-8.5) (right). Numbers are based on simulations from HCLIM43-AROME (driven by 
MPI-ESM1-2-LR). 

 
Figure 16 Mean annual number of zero crossing days (Tmin < 0 °C & Tmax > 0 °C) for 1991–2020 (left). 
Change in the number of zero crossing days from 1991–2020 to 2041–2070 under a high emission 
scenario (SSP5-8.5) (right). Numbers are based on simulations from HCLIM43-AROME (driven by 
MPI-ESM1-2-LR). 
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Climate indices derived from precipitation 

The simulated average number of wet days (defined as days with at least 1 mm of precipitation) 
is relatively high across most of Svalbard during the reference period. The highest values, 
ranging from 200 to 225 days per year, occur in the south of Spitsbergen (Fig. 17, left panel). 
However, the simulated average precipitation amount on these days is relatively low (Fig. 17, 
right panel). The highest daily precipitation totals on wet days, ranging from 7 to 10 mm, can be 
found in the southeast and northwest of Spitsbergen, while most other areas receive only 3-5 
mm on average. This pattern of many wet days but low precipitation amounts on these days 
agrees well with the CARRA data (see Section 3.1). 

 
Figure 17 Average number of wet days (≥ 1 mm of precipitation) per year (left) and mean precipitation 
amount on these days (right) for the period 1991–2020, based on model data from HCLIM43-AROME 
(driven by MPI-ESM1-2-LR). 

Projections for 2041–2070 under the SSP5-8.5 scenario indicate a slight increase in the number 
of wet days over Svalbard, especially in the northwest (Fig. 18, left panel), with the largest 
increases reaching 10-12 additional wet days per year. Precipitation intensity, defined as the 
amount of precipitation on wet days, is also projected to increase across nearly the entire area of 
interest (Fig. 18, right panel). The most pronounced changes, with increases between 10 % and 
20 %, are expected in central and northeastern Spitsbergen. These combined changes indicate 
that, in the future, not only will wet days become more frequent, but they will also bring more 
precipitation when they occur. 

Figure 19 presents the average number of very heavy precipitation days (daily precipitation > 20 
mm) on Svalbard during the period 1991–2020, based on the MPI-ESM simulation. Given 
Svalbard’s current climate, where such extreme precipitation events are rare, the overall number 
of such days is low as well. The highest values, ranging from 15 to 30 days per year, occur in 
the southeast of Spitsbergen (Figure 19, left panel), while the lowest can be found over the 
ocean and Nordaustlandet. Projections for 2041–2070 indicate a slight increase in very heavy 
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precipitation days for eastern Spitsbergen, where the model estimates additional 2 to 4 such days 
annually (Figure 19, right panel). 

 
Figure 18 Changes from 1991–2020 to 2041–2070 under a high emission scenario (SSP5-8.5) for the 
average number of wet days per year (left) and the mean precipitation amount on these days (right), based 
on simulations from HCLIM43-AROME (driven by MPI-ESM1-2-LR). 

 
Figure 19 Average number of days with precipitation amounts of at least 20 mm for the period 1991–2020 
(left). Changes from 1991–2020 to 2041–2070 under a high emission scenario (SSP5-8.5) for the average 
number of these days (right). Numbers are based on simulations from HCLIM43-AROME (driven by 
MPI-ESM1-2-LR). 
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The left panel of Figure 20 illustrates the fraction of autumn precipitation (September to 
November) falling as snow, based on the MPI-ESM-driven simulation. In western Spitsbergen, 
around 50 % of the precipitation falls as snow, whereas in the east, particularly the glaciated 
areas of the northeast, this fraction is significantly higher, ranging from 80 % to 100 %. For the 
period 2041–2071, a notable decrease in the snow fraction is projected for the southwestern 
coastal areas. Nonetheless, glaciated regions such as Ny-Friesland, Olav V Land, and 
Nordaustlandet are expected to continue receiving the majority of their autumn precipitation as 
snow, even under future climate conditions. 

 
Figure 20 Fraction of spring (Mar-May, left) and autumn (Sep-Nov, right) precipitation falling as snow for 
the two time periods 1991–2020 (top) and 2041–2070 (bottom). 

3.3​ Impacts in Longyearbyen and Ny-Ålesund 

The projected temperature changes in the two study areas are summarised in Table 1. Both 
annual and seasonal temperature changes are very similar across the two areas. Compared to the 
1991–2020 period, the daily mean temperature is projected to increase by 1.8 °C in 
Longyearbyen/Adventdalen and 1.9 °C in Ny-Ålesund for the period 2021–2050. This increase 
becomes more pronounced for 2041–2070, with a projected rise of 3.3 °C in both areas in 
HCLIM43-AROME based on MPI-ESM1-2-LR in the SSP5-8.5 scenario. 

The strongest increase in daily mean temperature, in both areas, is projected for the winter 
season, with temperatures rising by 4.5 °C in Longyearbyen/Adventdalen and 4.4 °C in 
Ny-Ålesund by 2041–2070 relative to 1991–2020. This increase is approximately double that of 
the summer season, where temperatures are projected to rise by 2.1 °C and 2.2 °C in 
Longyearbyen/Adventdalen and Ny-Ålesund, respectively. 
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For daily minimum temperature, the strongest increase between 1991–2020 and 2041–2070 is 
also simulated in winter, reaching 4.1 °C in Longyearbyen/Adventdalen and 3.9 °C in 
Ny-Ålesund. In contrast, the weakest change in minimum temperature is projected for summer, 
with values of 2.0 °C and 2.1 °C, respectively. The same pattern is projected for daily maximum 
temperature, although the difference between the strongest and weakest seasonal increases are 
smaller. Maximum temperatures are simulated to rise by 3.7 °C in Longyearbyen/Adventdalen 
and 3.4 °C in Ny-Ålesund during winter, while summer increases are expected to be 2.1 °C and 
2.2 °C, respectively. 

Table 1 Change in temperature (increase in °C relative to 1991–2020) averaged over the selected grid 
cells representative of Longyearbyen+Adventdalen and Ny-Ålesund from the 2.5 km simulation 
downscaled with HCLIM-AROME from MPI-ESM1-2-LR following the SSP5-8.5 scenario. The daily mean, 
minimum and maximum 2-metre temperature are given in columns, separated into annual, winter 
(Dec-Feb), spring (Mar-May), summer (Jul-Aug) and autumn (Sep-Nov) seasons, respectively. 

 Daily mean 
temperature (tas) 
change [°C] 

Daily minimum 
temperature (tasmin) 
change [°C] 

Daily maximum 
temperature (tasmax) 
change [°C] 

Time 
period ANN DJF MAM JJA SON ANN DJF MAM JJA SON ANN DJF MAM JJA SON 

Longyearbyen and Adventdalen 

2021–2050 1.8 2.2 1.8 1.1 2.3 1.7 2.0 1.5 1.1 2.1 1.6 1.9 1.5 1.2 1.9 

2041–2070 3.3 4.5 3.1 2.1 3.4 3.0 4.1 2.6 2.0 3.1 2.8 3.7 2.5 2.1 2.8 

Ny-Ålesund 

2021–2050 1.9 2.1 2.1 1.3 2.2 1.8 1.9 1.8 1.3 2.0 1.6 1.7 1.6 1.4 1.8 

2041–2070 3.3 4.4 3.3 2.2 3.3 2.9 3.9 2.8 2.1 3.0 2.7 3.4 2.5 2.2 2.8 

Table 2 presents the projected relative changes in total precipitation for both study areas, along 
with the fraction of total precipitation falling as snow. Unlike temperature, precipitation changes 
exhibit larger differences between the two study areas. Despite these differences, the simulations 
indicate an overall increase in annual total precipitation for both areas. 

Compared to the 1991–2020 period, total annual precipitation is projected to increase by 16 % 
in Longyearbyen/Adventdalen and 10 % in Ny-Ålesund for 2021–2050. This increase becomes 
more pronounced for the 2041–2070 period, reaching 23 % in Longyearbyen/Adventdalen and 
14 % in Ny-Ålesund. 

The strongest seasonal increase in total precipitation, in both areas, is projected for autumn, with 
precipitation rising by 40 % in Longyearbyen/Adventdalen and 17 % in Ny-Ålesund by 
2041–2070 relative to 1991–2020. Notably, the seasonal distribution of precipitation change 
differs significantly between the two areas. In Longyearbyean/Adventdalen, the autumn increase 
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is twice as large as the next-highest seasonal increase in winter (20 %) and more than three 
times the weakest increase in spring (12 %). In contrast, seasonal changes in Ny-Ålesund are 
more balanced, with the weakest projected precipitation increases occurring in summer and 
winter, both at 12 %. 

The right side of Table 2 illustrates projected changes in the fraction of total precipitation falling 
as snow in both study areas. Across all seasons, the snow fraction is projected to decline, with 
very similar trends in both areas. In Longyearbyen/Adventdalen, the annual snow fraction for 
the reference period (1991–2020) is 51 %. This is projected to decrease to 43 % in 2021–2050, 
and further to 37 % in 2041–2070. In Ny-Ålesund, the initial value is already lower at 45 %, 
dropping to 38 % in 2021–2050 and then to 32 % in 2041–2070. 

Table 2 Change in precipitation (relative to 1991–2020) averaged over the selected grid cells 
representative of Longyearbyen+Adventdalen and Ny-Ålesund from the 2.5 km simulation downscaled with 
HCLIM-AROME from MPI-ESM1-2-LR following the SSP5-8.5 scenario. The change in annual mean as 
well as the different seasons are given in separate columns. 

 Change in total precipitation 
(rain+snow+graupel)​
[% relative to 1991–2020] 

Fraction of precipitation falling as 
snow [% of total precipitation] 

Time 
period ANN DJF MAM JJA SON ANN DJF MAM JJA SON 

Longyearbyen and Adventdalen 

2021–2050 +16% +22% -6% +13% +27% 43% 71% 67% 2% 33% 

2041–2070 +23% +20% +12% +14% +40% 37% 64% 56% 0% 27% 

Ny-Ålesund 

2021–2050 +10% +17% -4% +6% +16% 38% 64% 54% 3% 29% 

2041–2070 +14% +12% +15% +12% +17% 32% 56% 44% 2% 24% 

Seasonal changes vary in magnitude. In Longyearbyen/Adventdalen, the largest reduction 
between 1991–2020 and 2021–2050 occurs in autumn (13 %), while in Ny-Ålesund, spring 
experiences the highest decline in snow fraction (11 %). Summer shows the smallest reductions: 
4 % in Longyearbyen/Adventdalen and 3 % in Ny-Ålesund. 

The strongest seasonal decrease in snow fraction between the two future periods is projected for 
spring, with reductions of 11 % in Longyearbyen/Adventdalen and 10 % in Ny-Ålesund. In 
contrast, the weakest decrease is projected for the summer season, with declines of just 2 % and 
1 %, respectively. 
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4​ Summary 
In this report, we employed the HARMONIE-Climate (HCLIM) regional climate model to 
dynamically downscale climate projections over Svalbard, using input from two CMIP6 global 
models, MPI-ESM1-2-LR and NorESM2-MM, under the high-emission scenario SSP5-8.5. 
These models represent contrasting Arctic climate futures, with differences in regional warming 
patterns and sea ice representation. Due to the coarse resolution of the global models, a nested 
approach was used: a 12 km resolution outer domain and a 2.5 km inner domain centered on 
Svalbard. Additionally, we carried out an evaluation simulation, based on ERA5 data, to help 
assess the model performance. All simulations were compared against the Copernicus Arctic 
Regional Reanalysis (CARRA) data, either for the 1991–2020 reference period or for 
2000–2020 in the case of ERA5. 

Our results show that the downscaled ERA5 simulation closely resembles CARRA in terms of 
temperature and precipitation, while simulations driven by the global models display regional 
biases, some of which can be explained by their difference in sea ice concentrations. The 
MPI-ESM-based simulation aligns more closely with CARRA than the one based on NorESM, 
especially regarding temperature and sea ice distribution, making it the preferred basis for future 
projections. This simulation allows for a fine-scale representation of climate change impacts 
under the high emissions scenario SSP5-8.5. However, users should interpret results cautiously, 
as conclusions drawn from a limited number of simulations may not capture the full range of 
possible futures. We therefore encourage supplementing these results with additional 
simulations, such as those from the Arctic CORDEX initiative, which offer longer time periods 
at coarser resolution, or by applying complementary methods like empirical-statistical 
downscaling performed directly to global CMIP outputs. 

We further evaluated the MPI-ESM-based HCLIM simulation for a set of climate indices of 
particular relevance to human activities and ecology. Key climate indices derived from 
temperature—such as growing days, warm days, frost days, and zero crossing 
days—demonstrate that the model captures spatial patterns well, though it tends to overestimate 
growing and warm days while underestimating frost days. Precipitation-related indices indicate 
that the model reproduces the frequency and intensity of wet days reasonably, although it tends 
to over-represent very heavy precipitation events, especially in southeastern Spitsbergen. 

Looking ahead to 2041–2070, simulations project significant warming (around 3.2 °C in annual 
mean compared to 1991-2020) and moderate increases in precipitation (about 6 % overall), with 
the strongest temperature rise in winter (around 4.9 °C) linked to sea ice retreat. The number of 
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growing and warm days is expected to rise, especially in coastal regions, while frost days are 
projected to decrease substantially in the south and along the coasts. Zero crossing days will 
generally increase, most notably in colder regions. 

Precipitation is expected to intensify, with more frequent wet days and more precipitation on 
these days across Svalbard. The number of very heavy precipitation days is projected to increase 
slightly, especially in eastern Spitsbergen. The fraction of autumn precipitation falling as snow 
is expected to decline in the southwest but remain dominant in the colder, glaciated regions of 
the northeast. 

The study also provides specific projections for Longyearbyen and Ny-Ålesund, highlighting 
similar patterns of warming and precipitation increases. These local-scale insights are essential 
for understanding the potential impacts of climate change on both human settlements and 
ecological systems in Svalbard. 

5​ Dataset 
An overview of available simulations is shown in Table 3. The data is freely available for 
download under the following URL: 
https://thredds.met.no/thredds/catalog/pcch-arctic/catalog.html  
The file format used is NetCDF and the variable names mostly follow the specifications set by 
CORDEX . 1

Table 3 Available simulations. 

Simulation 
name Input data Scenario Time 

period 
Domain​

(see Fig. 1) Nesting 

HCLIM43_AROME_
MPIESM12LR_SV25 MPI-ESM1-2

-LR r1i1p1f1 

SSP5-8.5 

1991–2070 Svalbard 2.5 km 
From 12 
km 
ALADIN 

HCLIM43_ALADIN_
MPIESM12LR 1991–2070 Larger 12 km No 

HCLIM43_AROME_
NorESM2MM_SV25 NorESM2-​

MM r1i1p1f1 

1991–2070 Svalbard 2.5 km 
From 12 
km 
ALADIN 

HCLIM43_ALADIN_
NorESM2MM 1991–2070 Larger 12 km No 

HCLIM43_AROME_
ERA5_SV25 ERA5 evaluation 2000–2024 Svalbard 2.5 km No 

1 https://cordex.org/experiment-guidelines/cordex-cmip6/data-request-cordex-cmip6-rcms/ 
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