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Permafrost in Svalbard – a closer look seems to be worthwhile 

For Svalbard Airport a linear trend of 3,7 °C annual temperature rise has been detected over 

the last 100 years, which is about three times the estimated global warming during the same 

period. At the same place centennial trends for annual precipitation indicate a linear increase 

of 3 – 4% per decade (Hanssen-Bauer et al., 2019). The fact remains that global warming is 

occurring faster in the Arctic than any other region on earth (Serreze; Barry, 2011).  

Permafrost, which is defined as ground at or below 0 °C for at least two consecutive years 

(French, 2007), is a result of the current climate conditions and past climates (Romanovsky et 

al. 2010). Thus, these climatic effects must have influenced permafrost development in the last 

100 years. Due to climate change Shur; Jorgenson 2007 suggest a classification based on the 

complex interaction of climatic and ecological processes in permafrost formation and long-term 

stability. Svalbard permafrost can be classified as a “climate-driven” permafrost. That means 

that permafrost forms immediately after exposure of unfrozen barren soil and is characterised 

by a continuous permafrost overlain by sparse vegetation cover with little influence on 

permafrost conditions (Shur; Jorgenson 2007, Humlum et al., 2003). Moreover, “climate-

driven” permafrost is considered as one of the most vulnerable in terms of rapid global warming 

because the expected increase of temperature is assumed to be faster than the ecological 

succession in the next few centuries (Shur; Jorgenson 2007). This paper will describe the 

changes in permafrost development over the last 100 years and assess how well it represents 

the pan-Arctic response to climate change. 

Warming permafrost and thickening of the active layer. Footprint of the climate change?  

In order to describe the changes in permafrost in Svalbard over the last 100 years it is essential 

to take two main topics into account: (1) permafrost temperature change and (2) active-layer 

thickness (ALT). (1) Prima facie, the annual mean permafrost temperature (AMPT) might be 

considered as a clear indicator of climate warming. In fact, changes in AMPT due to climatic 

changes are delayed as the depth below the ground surface increases. Hence, the response 

to climate change is faster at or near the permafrost table (Murton 2021).  

Since there has not been any continuous research on permafrost temperature development 

from the beginning of the 20th century in Svalbard, modelling has been used to fill the 

knowledge gap. The most common one is the numerical 1-D heat conduction model (described 

by Farbrot et al., 2007). On Svalbard, several boreholes exist and are located in both marine 

(permafrost thickness ~100 m) and terrestrial (permafrost thickness up to 500m in the 

highlands) settings (Humlum et al., 2003). Most of the boreholes were established during the 

International Polar Year Project TSP-NORWAY (Christiansen et al., 2010). Etzelmueller et al., 
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2011 collected ground 

temperature data of five 

boreholes and consequently 

calibrated them with a historical 

record of air temperature near 

the borehole sites (Etzelmüller 

et al., 2011). The investigated 

boreholes were situated in the 

western and central part of 

Svalbard and, therefore, cover a 

roughly west-east transect from 

the maritime Kapp Linnè to the 

inland Adventdalen area 

(detailed description by 

Christiansen et al., 2010). The results of the heat flow model for all sites indicate a 1 - 3 °C 

increase of permafrost temperatures at 10m over the last century, a less than 1 °C increase at 

50m depth and only minor variations at 100m depth (figure 1). Before the 1990s, only minor 

changes in the ground temperature could be modelled, while the last 10 - 15 years explain 

almost 50% of the simulated warming out to a depth of 50m of permafrost (Etzelmüller et al., 

2011).  

Looking at the historical air temperature change it is necessary to take the seasonal variability 

into account. While summer temperatures are almost constant, the variability during autumn, 

winter and spring is high (Forland et al. 2009). Etzelmüller et al. 2011 suggests, therefore, that 

especially the increasing winter 

temperatures lead to the 

warming of the permafrost. 

Similar results were collected 

by Isaksen et al., 2000 and 

Isaksen et al., 2007b at 

Janssonhaugen, Adventdalen. 

The higher increase during the 

last two decades can also be 

confirmed by a 20-year record 

(1998-2017) of permafrost 

measurements from the Bayela 

site at Ny-Ålesund, where, inter 

Figure 1: Evolution of ground temperatures and ALT 1912–2099. 
All series were smoothed with a 24 months Gaussian filter. (a) 
Ground temperature development since 1912 in 10 m and (b) 50 
m depth. The shaded areas illustrate the spread of model results 
between the 10% and 90% percentiles. The shaded area is only 
given for the Kapp Linne BH1 ´ and the Janssonhaugen site. 
Source: Etzelmüller et al. 2011 

 

Figure 2: (c) Modelled maximum active layer thickness. The shaded 
area illustrates the modelled ALT spread for the 10% and 90% 
percentile scenario results for the Kapp L. BH1 site and the Kapp 
L. BH2. (d) Comparison between modelled ALT based on 
instrumental data (solid line) and median GCM scenario run 
(stippled line) in the overlap period 2000–2010. Source: Etzelmüller 
et al. 2011 
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alia, subsurface observations have been made and both the soil temperature of the AL and of 

the deeper permafrost has increased (Boike et al. 2018).   

In contrast to the delayed response of deeper permafrost temperature, the ALT (2) responds 

more strongly to short-term variations in air temperature due to the proximity to the ground 

surface. That is why annual variations have a substantially influence on the ALT. However, in 

order to interpret the climate signal, local buffers, such as snow cover, vegetation and organic 

material, must be considered, since these factors can overprint the signal (Murton 2021).  

The historical ground thermal regime modulation shows that there is only some inter-annual 

variation but no coherent trend visible between 1920 and 1990, whereas subsequent greater 

warming has resulted in an increase in ALT (from 1,25 cm a-1 to 2,2 cm a-1 in average, see also 

figure 2). Overall, only small variations in 

ALT were modelled over these 100 years, 

despite the substantial air temperature 

change. This can be explained by the fact 

that mean annual air temperature (MAAT) 

changes were mainly caused by warming 

during the winter and thus the influence 

on ALT is smaller (Etzelmüller et al., 

2011). The influence of short-term 

variations and the importance of the 

setting is shown at the site 

Janssonhaugen (Adventdalen), where the 

borehole lies on a plateau with a thin snow 

cover in winter and little vegetation/ organic layer. Besides the clear warming trend, a 

remarkable temperature anomaly and active layer thickening within the near-surface 

permafrost was detected during significantly warmer winter and spring in 2006 and 2016 (figure 

3) (Isaksen et al. 2007b).  

Permafrost in Svalbard: Unique location or early indicator for other arctic regions? 

A has been shown so far, both permafrost and ALT has increased recently. The question now 

remains whether Svalbard permafrost is representative for the entire continuous permafrost 

areas in the High Arctic or if it develops differently to the global trend due its special location. 

In general, the determination of areal ground temperatures in permafrost is difficult, because 

empirical data generally relies on point sources (Murton 2021). Thus, large areas are 

unmonitored. However, models of soil temperature try to fill this gap to some extent. In the 

following paragraphs two different approaches will be shown.  

Figure 3: time series of the maximum annual depth of 
downward penetration of the 0 °C isothermda measure 
of active-layer thickness (ALT). Note the clear overall 
trend of increasing ALT between 1998 and 2019. The 
record ALT of 1.97 m in 2016 coincided with an 
unusually hot summer. Source: Murton 2021 
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(1) Figure 4 shows the mean annual ground temperature (MAGT) at the top of the permafrost 

based on remotely sensed land surface temperature, climate reanalyses and land cover for 

the period 2000 - 2016. Although there is a general decrease in MAGT along a latitudinal 

transect northward, the relationship varies between regions. Thus, the warmer MAGT in 

Svalbard, northern Scandinavia and north-western Russia can be explained by warm ocean 

currents (Romanovsky et al. 2010).  

(2) In a new data set Biskaborn et al. 2019 determines warming trends of AMPT out of 154 

boreholes distributed all over the Northern Hemisphere. While globally the AMPT has 

increased by an area-weighted mean value of 0,29 ± 0,21 °C, the warming occurs faster in 

continuous permafrost areas (0,39 ± 0,15 °C). The change was detected between 2008 and 

2016 near the depth of zero annual amplitude. Thus, the greater warming trend in the High 

Arctic follows the Arctic amplification (see Serreze; Barry, 2011) of air temperature increase 

(Biskaborn et al., 2019).  

Figure 4: Average MAGT at TTOP of all model realizations for the Northern Hemisphere. Glacier/ice-
sheet areas are extracted from the ESA CCI Landcover product. Background topography is from the 
GMTED2010 elevation model. Source: Obu et al., 2019 
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Although the different approaches vary a bit, a clear warming trend is notable at most of the 

sites. Additionally, cold permafrost temperature has generally increased more than warm 

(close to 0 °C) permafrost (Romanovsky et al. 2018). Svalbard is in that case unique since the 

AMPT is the highest for the latitude. The rate of change is nevertheless comparable to regions 

in the High Arctic with colder AMPT. Thus, the warmer Svalbard permafrost represents a 

singularity (Romanovsky et al. 2017, Isaksen et., al 2007a). Explanations might be a similar 

period of warming air temperatures in the High Arctic regions, which is additionally more 

efficient due to sparse vegetation (Romanovsky et al. 2017). ALT trends show an increase 

during the last years at most of the regions, although decadal trends vary by region 

(Romanovsky et al. 2017), since ALT is primarily influenced by variations in the summer 

temperature (Smith et al., 2009). Svalbard confirms the trend with a general increase in 

thickness between 1999 and 2018 (Hanssen-Bauer et al., 2019).   

Uncertainties and future predictions  

As it has been described the climate change, particularly rising temperatures, has affected the 

development of both Svalbard permafrost and all permafrost regions on earth during the last 

Figure 5: Permafrost temperature and rate of change near the depth of zero annual amplitude. a Mean 
annual ground temperatures for 2014–2016 in the Northern Hemisphere. c Decadal change rate of 
permafrost temperature from 2007 to 2016, n = 123 boreholes. Changes within the average 
measurement accuracy of ~±0.1 °C are coded in green. Source: modified of Biskaborn et al., 2019 
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100 years. However, it must be mentioned that most of the considerations are based on 

modelling. Although these models become more and more precise, this should always be 

considered. For example, three uncertainties can be identified in the modelling made by 

Etzelmüller et al. 2011: (1) deficits of the heat conduction model, (2) reliability of the Svalbard 

Airport temperature data and (3) lack of detailed knowledge of ice content, because no 

cryostratigraphy analyses were performed (Etzelmüller et al. 2011).  

However, it is difficult to use Svalbard permafrost as a benchmark for other areas, because on 

the one hand Svalbard has an incomparable location and on the other hand permafrost can 

differ at each location due to different control factors. Therefore, predictions are complex, since 

surface characteristics are not stable and the latent heat effect is stronger near 0 °C (Biskaborn 

et al., 2019). In any case, one thing seems clear: in the future, permafrost will continue to warm 

in almost all areas of the earth, and it will continue to be beneficial to take a close look at these 

developments (Romanovsky et al. 2017).  
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