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Sammanfattning 
 
Långsiktig glacial massbalans för Nordenskiöldbreen, Svalbard 
Sara Wiklund 
 
Den globala uppvärmningen som sker just nu har en påverkan över hela jorden och 
glaciärer på Svalbard genomgår snabba förändringar som följd. På Svalbard har den 
årliga medeltemperaturen stigit sedan början av 1900-talet och i en klimatprojicering 
förväntas temperaturen att fortsätta stiga. Den glaciala massbalansen är viktig för att 
övervaka glaciärers respons till klimatförändringar.  
  I detta arbete modelleras Nordenskiöldbreens massbalans från 1957 till 2016 med 
hjälp av en temperaturindex modell. Den meteorologiska data som används i 
modellen, nederbörd och temperatur, har mätts vid en väderstation i Longyearbyen 
sedan 1957. Med den långa tidsperioden i modellen blir långsiktiga trender i 
massbalans, nederbörd och temperatur tydliga. Massbalansen kan även korreleras 
mot temperatur och nederbörd, vilket ger viktig information om hur dessa påverkar 
glaciärers beteenden. De resultat som framkommer kan användas för att förutspå hur 
glaciärer förändras i framtiden med en klimatändring. I simuleringen har 
Nordenskiöldbreens massbalans en negativ trend, nederbörd har ingen trend och 
temperatur har en positiv trend. Det är temperatur som styr den långsiktiga 
massbalansen och den kortsiktiga mellanårs-massbalansen styrs av nederbörds 
fluktuationer. 
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Abstract 
 
Long-Term Glacier Mass Balance of Nordenskiöldbreen, Svalbard 
Sara Wiklund 
 
The global warming that’s taking place have an impact over the Earth and the 
glaciers on Svalbard are undergoing rapid changes as a result. The annual air 
temperature has been rising on Svalbard since the early 1900’s and in a climate 
projection expected temperatures continue to rise. The glacial mass balance is 
important for monitoring glacier response to climate change.  
  In this study the mass balance of Nordenskiöldbreen from 1957 to 2016 is 
modelled with a temperature-index model. The meteorological data used in the 
model, precipitation and air temperature, has been measured at a weather station 
located in Longyearbyen since 1957. The long simulation run makes trends in mass 
balance, precipitation and air temperature apparent. The mass balance can also be 
correlated to the temperature and precipitation, which provide important information 
on how these affect the behavior of glaciers. The results obtained can be used to 
predict how glaciers change in the future with climate change. In the simulation 
Nordenskiöldbreen’s mass balance has a negative trend, precipitation doesn’t have 
any trend and air temperature has a positive trend. The long-term mass balance is 
controlled by air temperature and the short-term interannual mass balance is caused 
by precipitation fluctuations. 
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Independent Project in Earth Science, 1GV029, 15 credits, 2016  
Supervisor: Ward van Pelt 
Department of Earth Sciences, Uppsala University, Villavägen 16, SE-752 36 
Uppsala (www.geo.uu.se) 
 
The whole document is available at www.diva-portal.org 
 
 
 



Table of Contents 
1. Introduction ....................................................................................................................... 1 

1.1 Study area ................................................................................................................... 3 

1.2 Surface mass balance.................................................................................................. 5 

2. Methods ............................................................................................................................ 6 

2.1 Data ............................................................................................................................. 6 

2.1.1 Meteorological data ............................................................................................... 6 

2.1.2 Stake data ............................................................................................................. 6 

2.2 Temperature-index model ............................................................................................ 7 

3. Results .............................................................................................................................. 8 

3.1 Meteorological results .................................................................................................. 8 

3.2 Simulation results ......................................................................................................... 9 

3.2.1 Grid-averaged simulation results ..........................................................................12 

4. Discussion and conclusions ..............................................................................................15 

4.1 Climate .......................................................................................................................15 

4.2 Model simulation .........................................................................................................15 

4.3 Conclusions ................................................................................................................17 

5. Acknowledgements ..........................................................................................................17 

6. References .......................................................................................................................18 

 

  



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1 
 

1. Introduction 
Changes in climate have an impact on glaciers which in turn may influence sea-level 
fluctuation. In the last century the climate changes have caused a retreat of glaciers 
throughout the Arctic (Overpeck et al., 1997), and in the last two to three decades the 
global warming has been higher in the Arctic land areas than any other region on 
Earth (Førland et al., 2011; IPCC, 2013). On Svalbard there has been a trend of 
rising annual temperature with a larger change during the winter and spring. At 
Svalbard Airport the mean annual temperature has increased by 0.25oC since 1912 
and in the last two decades the rise in temperature has been close to 1.2oC (Førland 
et al., 2011). The warming in the Arctic regions is most likely amplified by positive 
feedbacks, among them a decreased surface albedo due to melting ice and snow 
and trapped temperature anomalies at the surface caused by atmospheric stability 
(Overpeck et al., 1997; Serreze et al., 2009).  
 The mass balance of a glacier is one of the most important tools to monitor the 
glaciers response to climate change (Bøggild, Reeh & Oerter, 1994). A glaciers mass 
balance depends on variety in accumulation and ablation of mass through 
precipitation and melting of the glacier as well as calving. Generally the glaciers 
experience mass gain during the cold winter months due to snowfall and a mass loss 
during the warmer summers due to snowmelt and calving of the glacier front. The 
melting occurring at the glacier surface is produced by energy exchange between the 
atmosphere, glacier surface and the snowpack beneath. The surface melt can be 
modelled from a range of simple temperature-index models to more complex energy 
balance models. The simplest temperature-index model only requires the air 
temperature to simulate the melt, and these models have been proven to be efficient 
tools when simulating melt in areas with limited data, for example in high-mountain 
regions (Hock, 1999). 
 In this study by using a temperature-index method I will create a model of the long-
term surface mass balance of Nordenskiöldbreen, located on central Svalbard, 
between 1957 and 2016. On a selected grid within a digital elevation model (DEM), 
collected by the Norwegian Polar Institute in 2009 using aerial photogrammetric 
imagery that covers an elevation span of 0 – 1250 m a.s.l., a temperature-based 
mass balance modelling approach is used. The melt is simulated by a positive 
degree day model, which relates melt rate to the magnitude of air temperature above 
the melt point. The model requires air temperature and snowfall to model the mass 
balance. The meteorological data used as input for the model was collected from a 
weather station in Longyearbyen, operated by the Norwegian Meteorological 
Institute. Additionally, model constants were calibrated against stake mass balance 
data, recorded annually along the centerline of Nordenskiöldbreen since 2006. The 
model will be used to identify trends in the surface mass balance of 
Nordenskiöldbreen related to temperature and precipitation changes and the results 
will provide insights in long-term variability of glacier mass change. 
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Figure 1. A map over Svalbard and the ice cover. Nordenskiöldbreen’s location and 
Longyearbyen are indicated with red. The insert map show the Arctic region with the North 
Pole as center and the geographical location of the Svalbard archipelago. The map is copied 
with permission from Ward van Pelt. The original is in Van Pelt (2014). 
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1.1 Study area 
Svalbard is an archipelago located to the north of Norway with the Greenland Sea to 
the southwest, Barents Sea to the east and Arctic Ocean to the north (Fig. 1). About 
60% of Svalbard’s land mass is covered by glaciers and ice caps with an estimated 
area of 36 600 km2, which is about 6% of the Earth’s total glacier area (Hagen et al., 
2003).  
  The climate on Svalbard is relatively mild, the proximity to the northern end of the 
Gulf Current in combination with atmospheric circulation patterns contribute to the 
milder climate (Hanssen-Bauer & Førland, 1998; Førland et al., 2011). The low 
pressure area near Iceland and the high pressure area over Greenland transports 
mild air from lower latitudes to the archipelago. In the winter warm excursions with 
snow melt and rainfall may occur, conversely, it may snow at any time during the 
summer (Hagen et al., 1993). The annual mean temperature and precipitation has 
increased in the last century, although the precipitation has been more or less 
constant during the past two decades while the temperature has continued to rise 
(Førland et al., 2011). The annual mean temperature varies from -0.9oC to -5.2oC 
over Svalbard and the annual precipitation at sea level ranges from 190 to 440 mm in 
the time period 1981-2010 (Førland et al., 2011). In a climate projection from 1961-90 
to 2071-2100 based on an ensemble of Regional Climate Model runs, the mean 
annual temperature is projected to increase by 3 degrees in the southwest of 
Svalbard and up to 8 degrees in the northeast. The prediction of annual precipitation 
indicate an increase of a few percent in the southwest and up to 40% in the northeast 
(Førland et al., 2011). 
 Nordenskiöldbreen is a tidewater glacier located in central Spitsbergen and is 
connected to the Lomonosovfonna ice plateau (Fig. 2). Lomonosovfonna feeds the 
outlet glaciers Mittag-Lefflerbreen and Tunabreen as well as a number of smaller 
glaciers. The centerline of Nordenskiöldbreen flows between Terrierfjellet and De 
Geerfjellet, which are the largest rock formations adjacent to the glacier. The glacier 
flows from a height of approximately 1200 m a.s.l. down to the Adolfbukta fjord where 
it terminates at sea level (van Pelt et al., 2014). After frontal retreat only part of the 
glacier front is actively calving and another part has retreated on land (Van Pelt et al., 
2012). The glacier front has been in recession since 1900 AD and the active calving 
front is estimated to be 3 km wide (Rachlewicz, Szczucinski & Ewertowski, 2007).  
 In May 1997 an ice core was drilled on the Lomonosovfonna plateau at a height of 
1250 m a.s.l., and using the δ 18O records from the core Divine et al. (2011) 
reconstructed the surface air temperatures for Longyearbyen back to 800 AD. The 
reconstruction reveals that the surface air temperature reached a minimum during the 
Little Ice Age in the middle of the 19th century and at its end at around 1900 AD the 
temperature began to rise. Before the Little Ice Age, during the medieval period, the 
temperature was similar to the last decades. In a study where the net mass balance 
of 46 glaciers in Svalbard were measured since the 1940s, less than 10% of the 
glaciers showed a positive annual increase (Dowdeswell et al., 1997).  
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Figure 2. Left: Satellite map of the ice plateau Lomonosovfonna and the outlet glaciers 
Tunabreen, Mittag-Lefflerbreen and Nordenskiöldbreen. Right: Satellite map zooming in on 
Nordenskiöldbreen with an overlay of a height contour map from the SPOT5 DEM. 
Abbreviations: DGF = De Geerfjellet, TF = Terrierfjellet, FF = Ferrierfjellet, MF = Minkinfjellet. 
Satellite maps are from NASA Landsat imagery taken on 13 July 2002. 
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1.2 Surface mass balance 
The surface mass balance is determined by interaction between the glacier surface, 
the atmosphere above and the snow/firn beneath. The total mass balance of a 
glacier is the surface mass balance in addition to changes in ice volume caused by 
calving and basal melting. The net mass balance is the loss and gain of glacier mass 
over a set time period, usually a year. The mass balance of a glacier represents a 
direct record of glacier-climate interactions, and the measurement of glacier mass 
balance is important to determine climate change or to predict the effect climate 
change will have on glacier runoff and indirectly on sea-level. Basal melt is a small 
component of the total mass balance of Arctic glaciers and calving only occurs in 
glaciers terminating in a body of water (Dowedswell et al., 1997). On 
Nordenskiöldbreen, the ongoing retreat of the glacier on land in combination with 
relatively slow ice movement have likely caused the calving rate to become 
insignificant compared to surface mass changes. The accumulation of an Arctic 
glacier is dominated by precipitation in the form of snowfall, but rain may contribute 
as well. The snow accumulates directly on top of the glacier but rain may percolate 
into the glacier where it may be stored or frozen.  
 To determine the mass gain of a glacier precipitation data is required, although 
this may be difficult to prescribe since precipitation is very local and there may not be 
any measuring station close to the glacier. Runoff of melt water is the dominant 
component affecting ablation of an Arctic glacier. The surface melt can be gauged by 
using more or less complex energy balance models or temperature-index models. 
The energy balance model is one of the more complex methods to determine the 
energy available for surface melt: 

𝑄𝑄𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑆𝑆𝑆𝑆𝑛𝑛𝑚𝑚𝑚𝑚 + 𝐿𝐿𝑆𝑆𝑛𝑛𝑚𝑚𝑚𝑚 + 𝑄𝑄𝑠𝑠𝑚𝑚𝑛𝑛𝑠𝑠 + 𝑄𝑄𝑚𝑚𝑙𝑙𝑚𝑚 + 𝑄𝑄𝑟𝑟𝑙𝑙𝑟𝑟𝑛𝑛 + 𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠,     (1) 

where 𝑄𝑄𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 is the melt energy, 𝑆𝑆𝑆𝑆𝑛𝑛𝑚𝑚𝑚𝑚 is the shortwave solar radiation, 𝐿𝐿𝑆𝑆𝑛𝑛𝑚𝑚𝑚𝑚 is the 
longwave radiation, 𝑄𝑄𝑠𝑠𝑚𝑚𝑛𝑛𝑠𝑠 and 𝑄𝑄𝑚𝑚𝑙𝑙𝑚𝑚 are the turbulent sensible and latent heat flux, 
𝑄𝑄𝑟𝑟𝑙𝑙𝑟𝑟𝑛𝑛 is the heat transfer by rainfall, and 𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠 is the heat flux into the ice. The 
meteorological data required for Eq (1) may be difficult to obtain, although the 
resulting melt simulation is one of the most accurate compared to reality. To simulate 
melt in areas where data is scarce a temperature-index model is a valid option. The 
temperature-index model has advantages in numerical costs compared to other 
models, it takes much less time and computer resources to perform numerical 
experiments. 
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2. Methods 
2.1 Data 
Observational data is used in this study as meteorological input of the surface mass 
balance model and to calibrate the model to as closely as possible depict reality. The 
meteorological data has been continuously measured at a weather station located in 
Longyearbyen since January 1st, 1957 to March 2nd, 2016. Stake measurements 
from the glacier, providing observational estimates of the mass balance between the 
years 2006 and 2015, are used for the calibration of the model. 

 

2.1.1 Meteorological data 
The weather station located in Longyearbyen, operated by the Norwegian 
Meteorological Institute, has measured the daily air temperature and precipitation that 
is used for the model. The station lies approximately 55 km away from 
Nordenskiöldbreen and was moved a distance of 6.6 km to Svalbard Airport in 1975. 
For two years there is an overlap of measurements, from August 1st, 1975 to July 
31st, 1977, and this overlap creates the possibility to compare the temperature and 
precipitation of the two locations. If there is a significant difference in the measured 
values between the two locations the data from one of the weather station locations 
needs to be adjusted to avoid biases and unrealistic trends in the full climate record. 
The mean value of precipitation and air temperature for the overlapping time period 
of the two locations was used to compare the measurements.  
 The lapse rate for air temperature and precipitation is needed in the model to 
validate the change in air temperature and precipitation with altitude. The 
temperature lapse rate is -0.0067 K m-1 and is equivalent to the moist adiabatic lapse 
rate. The precipitation lapse rate is 0.44 % m-1 and is based on observations at 
several sites in Svalbard done by Winther et al. (2003). 

 

2.1.2 Stake data 
Stake measurements have been done since 2006 at 11 sites at different elevations 
on Nordenskiöldbreen, ranging from 150 m to 1147 m above sea level. The stake 
readings are collected early spring every year and are used to calculate the annual 
surface mass balance at each location for the years 2007 to 2014. Due to difficulty in 
tracing stakes in spring, not every stake could be measured every year. The temporal 
mean mass balance for the elevations with measurements for 6 or more years were 
compared to the mean mass balance during the same time period in the model. To 
calibrate the model the values of the degree-day factor for snow and ice were 
adjusted until the model simulation fit the stake measurements. 
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2.2 Temperature-index model 
A range of melt models exist of varying complexity. Among the simplest methods are 
temperature index models which only require air temperature as input. More complex 
models also include solar radiation and global radiation (Hock, 1999). The 
temperature index model is a common tool for melt modelling since air temperature 
data is widely available and the model generally performs well despite its simplicity 
(Hock, 2003). The temperature-index models may also be called degree-day models, 
and they are based on the assumption that ablation and air temperature are 
connected. Many of the components in the energy balance model have a high 
correlation with air temperature, thereby by using only air temperature as the basis 
for melt energy the temperature-index model may perform as well as energy balance 
models on a catchment scale (Hock, 2003). Longwave radiation and sensible heat 
flux make up three quarters of the source melt energy and both of these components 
are highly influenced by the air temperature (Ohmura, 2001).  
 The relationship between air temperature and surface melt can be expressed as 
follows: 

∑ 𝑀𝑀𝑛𝑛
𝑟𝑟=1 = 𝐷𝐷𝐷𝐷𝐷𝐷 ∑ 𝑇𝑇+𝑛𝑛

𝑟𝑟=1 ∆𝑡𝑡,          (2) 

where 𝑀𝑀 is the amount of ice and snow melt, ∆𝑡𝑡 is the period of 𝑛𝑛 time intervals, 𝑇𝑇+ is 
the sum of positive air temperatures of each time interval during that period and 𝐷𝐷𝐷𝐷𝐷𝐷 
is the degree-day factor, expressed in mm d-1 oC-1 (Hock, 2003). There are separate 
degree-day factors for snow and ice, which apply when either snow or bare-ice is 
exposed at the surface. This is relevant to account for higher melt rates associated 
with exposure of bare ice, which tends to absorb more solar radiation than snow-
covered surfaces. The degree-day factors vary from glacier to glacier and may 
change over time as well due to shifts in climate, so any model using the 
temperature-index method may not be as accurate over a longer period. Models 
based the temperature-index method are generally calibrated using measured mass 
balance gradients, in order to constrain the degree-day factors for the glacier of 
interest.  
 The temperature-index model is used in combination with the meteorological data 
and a Digital Elevation Model (DEM) to simulate the glacier averaged mass balance 
of Nordenskiöldbreen. The DEM is collected by the Norwegian Polar Institute and is 
constructed from aerial photogrammetric imagery, collected in 2009, and has a 5-m 
horizontal resolution. A hypsometry of Nordenskiöldbreen is constructed by dividing 
the glacier grid into elevation bins. The area within every elevation bin is shown in 
Figure 10, and represents the glacier hypsometry. The glacier averaged mass 
balance will be calculated by summing the mass balance of the different elevation 
bins, while accounting for the weight distribution determined by the hypsometry. In 
the results, both the mass balance at specific elevations as the glacier-averaged 
mass balance will be presented and analyzed.  
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3. Results 
3.1 Meteorological results 
The measured data during the overlapping period when weather stations were active 
in both Longyearbyen and Svalbard Airport is shown in Figure 3. The data was used 
to calculate the mean values of precipitation and air temperature (Table 1). 

 

Figure 3. The graphs show the precipitation, above, and temperature, below, measured at 
both Longyearbyen and Svalbard Airport from August 1st, 1975 to July 31st, 1977. 

 

Table 1. The mean precipitation and temperature as well as the absolute mean value of 
temperature during the time period from August 1st, 1975 to July 31st, 1977 where 
meteorological data was measured at both Longyearbyen and Svalbard Airport. The 
difference of precipitation and air temperature between the two locations is shown at the 
bottom of the table. 

 Mean precipitation (mm day-1) Mean temperature (oC) 
Longyearbyen  0.5189 -3.1226 
Svalbard Airport  0.5195 -3.0560 
 
Difference 

 
0.0006 

 
0.0666 
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3.2 Simulation results 
Using the temperature-index model, first a calibration simulation was done to 
simulate the mass balance for the period covered by the stake measurements (2007-
2015). The model was calibrated by comparing modelled and observed mass 
balance by changing the degree-day factors of ice and snow (Fig. 4). A best match 
between model and observations was found for degree-day factors of snow and ice 
of 1.5 and 2.1 mm per day, respectively. The calibrated model was then used to 
simulate the mean mass balance for the whole observation period from January 1st, 
1957 to March 2nd, 2016 (Fig. 5). The simulation run was divided in two parts, one 
from 1957 to 1987 and the other from 1987 to 2016, to compare the mass balance 
progression (Fig. 6). Figure 7-9 show the annual mass balance, precipitation and 
melt at the elevations of 100, 500 and 1200 meters. 

 

Figure 4. The top panel shows the modelled and observed mass balance height profile 
between 2006 and 2015 for a simulation with PDD factors equal to 3.5 mm per day for ice 
and 3.0 mm per day for snow. The bottom panel shows the same plot for a simulation with 
the calibrated PDD factors (1.5 mm per day for snow and 2.1 mm per day for ice).  
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Figure 5. The height profile of the calibrated mass balance of the total simulation run from 
1957 to 2016.  

 

 

Figure 6. Comparison of the height profiles of the calibrated mass balances of the total 
simulation run for the time periods 1957-1987 and 1987-2016.  
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Figure 7. Simulated annual melt, precipitation and mass balance at an elevation of 100 
meters above sea level for the time period 1957 to 2016. 

  
Figure 8. Simulated annual melt, precipitation and mass balance at an elevation of 500 
meters above sea level for the time period 1957 to 2016. 
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Figure 9. Simulated annual melt, precipitation and mass balance at an elevation of 1200 
meters above sea level for the time period 1957 to 2016. 

 

3.2.1 Grid-averaged simulation results 
By accounting for hypsometry (Fig. 10) the glacier averaged mass balance of 
Nordenskiöldbreen is simulated (Fig. 11). The linear mass balance trend in the grid-
averaged annual time-series in Figure 11 is -0.0076 m w.e. yr-2. The glacier-averaged 
annual precipitation, melt and temperature of Nordenskiöldbreen are estimated in a 
similar way (Fig. 12-13). A mass balance year is defined between the 1st of 
September and the 31st of August. 
  In order to assess how much of the variability in the mass balance time-series can 
be explained by temperature and precipitation variability correlation coefficients have 
been determined. Correlation coefficients of annual mass balance versus 
precipitation and annual mass balance versus temperature are calculated and shown 
in Figure 13. The R-value and P-value was calculated and the results show that there 
is a significance level of 0.01 between mass balance and precipitation as well as a 
significance level of 0.05 between mass balance and temperature (Table 2). 
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Figure 11. Comparison of the grid-averaged annual mass balance, precipitation and melt of 
Nordenskiöldbreen from 1957 to 2016. 

 

Figure 10. The hypsometry curve of Nordenskiöldbreen, derived from the DEM. 
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Figure 12. The grid-averaged annual temperature of Nordenskiöldbreen in Kelvin from 1957 
to 2016. 

 

Figure 13. Left: The correlation of Nordenskiöldbreen’s mass balance versus precipitation 
from 1957 to 2016. 
Right: The correlation of Nordenskiöldbreen’s mass balance versus temperature from 1957 
to 2016. 

 

Table 2. The R-value and P-value of correlation between mass balance, precipitation and 
temperature. 

 R-value P-value 
Mass balance versus 
precipitation 

0.634 <0.001 

Mass balance versus 
temperature 

-0.264 0.04 
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4. Discussion and conclusions 
4.1 Climate 
The overlap of measured meteorological data between 1975 and 1977 in Figure 3 
shows that there were no considerable differences in air temperature measured at 
the weather stations in Longyearbyen and Svalbard Airport. The two data sets are in 
close agreement, with few irregular spikes or unconformities. The mean temperature 
from Table 1 confirms this, with a 0.0666 oC difference of mean air temperature in 
Longyearbyen and Svalbard Airport. The precipitation data has a more noticeable 
daily variation, with larger precipitation spikes in one location compared to the other 
as well as precipitation measured on one location but none on the other. Even 
though the daily variations were larger the mean difference in precipitation over the 
whole time period is very small, with a value of 0.0006 mm  
day-1. The conclusion is that the local variability in precipitation between the weather 
stations evens out over a longer time period, and that the air temperature shows no 
major discrepancy between Longyearbyen and Svalbard Airport. The above shows 
consistency of the meteorological data during the overlapping period. This implies it 
is safe to connect the two time-series to cover the full observation period (1957-2016) 
and there is no need to make an adjustment of the meteorological data for one of the 
two datasets. 

 

4.2 Model simulation 
To find the degree-day factors of snow and ice the simulated mass balance of 2007 
to 2015 was calibrated by comparing the simulated mass balance to the observed 
mass balance of the same time period (Fig. 4). The degree-day factors were modified 
until the best visual fit between the simulated and observed mass balance was found. 
The starting degree-day factors were 3.5 mm per day for ice and 3.0 mm per day for 
snow, after the calibration these degree-day factors were changed to 2.1 mm per day 
for ice and 1.5 mm per day for snow. The degree-day factor for ice is higher than the 
one for snow, which means that ice will melt faster than snow. This is reasonable 
since snow has a higher albedo than ice and will reflect more solar radiation and heat 
up slower than ice. 
 After model calibration, the full model run for the period 1957 – 2016 was 
performed. The height profile in Figure 5 shows that the equilibrium line, where the 
ablation equals the accumulation over a one year period, lies at around 700 m a.s.l.. 
In Figure 6 the comparison between mass balance of the time periods 1957 to 1987 
and 1987 to 2016 shows a decrease in mean mass balance and that the equilibrium 
line has risen to a higher elevation in the latter half of the simulation run. This trend is 
noticeable in the annual melt, precipitation and mass balance profiles for the 
elevations of 100, 500 and 1200 m above sea level (Fig. 7-9). On a 100 m elevation 
there is an apparent trend in decreasing mass balance and increasing melt while the 
precipitation is nearly constant. This trend continues on a 500 m elevation, where in 
the 1960’s the mass balance lie close to 0 m w.e. per day but in 2000 the mass 
balance has decreased to -1 x 10-3 m w.e. per day, demonstrating the shift of the 
equilibrium line. On a 1200 m elevation there is a weaker decrease in mass balance 
and almost no increase in melt. The mass balance is strongly influenced by the 
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precipitation on this elevation as there is very little melt occurring. At lower elevations, 
below the equilibrium line, there is a decrease in mass balance and increase in melt 
while the precipitation is largely unaffected. These changes are hardly noticeable at 
higher elevations above the equilibrium line, which is valid considering that snow 
covers the glacier surface in the accumulation zone and snow has a lower degree-
day factor than ice. The air temperature at the elevations of the accumulation zone is 
colder than in the ablation zone and fewer days with melting conditions will occur 
annually.  
 The elevation profiles do not simulate the mass balance of Nordenskiöldbreen, 
only the mean mass balance at the different elevations. With the hypsometry curve in 
Figure 10 the actual grid-averaged annual mass balance, melt and precipitation may 
be simulated. The hypsometry curve show that the grid net of the DEM over 
Nordenskiöldbreen have few grids at lower elevations and the most grids at 475-625 
and 825-975 m above sea level. These areas have the largest influence on the grid-
averaged values. The grid-averaged annual mass balance of Nordenskiöldbreen in 
Figure 11 show the trend in decreasing mass balance. The decrease is small in the 
early part of the simulated run until the late 1990’s when there is a sharp decline 
taking place. After this decline the mass balance is evening out for the last 20 years 
of the simulation run. The linear mass balance trend of Nordenskiöldbreen during the 
simulation run is -0.0076 m w.e. yr-2, and the temporal mean mass balance for 
Nordenskiöldbreen is -0.4484 m w.e. per year. Simultaneous to the mass balance 
decrease the grid-averaged annual melt of Nordenskiöldbreen is increasing (Fig. 12). 
It is in the early 1990’s and later that the increase is more evident. There is a wide 
variety of precipitation during the simulation run, with no apparent decrease or 
increase, except a period around 2000 to 2010 when there seem to have been less 
precipitation than usual (Fig. 12). A lot of the positive and negative spikes in annual 
precipitation correspond to the positive and negative spikes in the annual mass 
balance. Figure 12 show the grid-averaged annual air temperature of 
Nordenskiöldbreen during the simulation run. There is a distinct trend of rising annual 
temperature since 1960, although the winter warming is stronger than the summer 
warming (Førland et al., 2011; Bintanja & Van der Linden, 2013). The warmer winters 
does not have a large effect on the glacier melt, and therefore does not influence the 
mass balance.  
  The correlation between mass balance, precipitation and temperature is plotted in 
Figure 13 and there seem to be a stronger correlation between mass balance and 
precipitation than between mass balance and temperature. The R-value of mass 
balance versus precipitation is 0.634 and is a 0.01 significance level. The R-value of 
mass balance versus temperature is -0.264 and is a 0.05 significance level. These 
values confirms that the precipitation have a larger influence on the annual mass 
balance. The negative correlation for temperature indicates that warmer condition 
lead to a drop in the mass balance. 
 The long-term trend in mass balance is likely related to the air temperature trend, 
the rise in annual mean temperature leads to an increase of melt and mass loss that 
cause the negative trend in mass balance. The short-term interannual variability of 
the mass balance is caused mainly by precipitation fluctuations that control the short-
term mass gain of the glacier. 
  There are limitations that need to be accounted for when viewing the simulation 
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results. The meteorological input in the model is not very accurate for 
Nordenskiöldbreen since the weather station is located a distance from the glacier. 
The lapse rates for temperature and precipitations are a source for uncertainty as 
well. The weather station changed location once during the simulation run and could 
disrupt the accuracy of the model as well. The simpler temperature-index model 
using only air temperature as input does not grant any great accuracy in the short-
term time period, but this limitation is less important on the long-term scale. Any 
minor inaccuracies when calibrating the model could propagate into greater 
inaccuracies in the simulation and potentially slightly skewed results. With these 
limitations in mind the results in this study will at the least reflect the surmised reality 
on Nordenskiöldbreen. 
 

4.3 Conclusions 
• The purpose of this study was to create a model of the long-term mass 

balance of Nordenskiöldbreen between 1957 and 2016 by using a 
temperature-index model, and to identify trends in the surface mass balance 
related to air temperature and precipitation changes. 

• There is a negative trend of -0.0076 m w.e. yr-2 in annual surface mass 
balance of Nordenskiöldbreen, and the mean mass balance during the 
simulation run is -0.4484 m w.e. yr-1. 

• There is a high variability in annual precipitation with no discerning positive or 
negative trend. 

• There is a positive trend in annual mean air temperature, with a more 
prominent winter warming than summer warming. 

• The correlation of mass balance versus precipitation has a R-value of 0.634 
while the correlation of mass balance versus temperature has a R-value of  
-0.264. 

• The long-term surface mass balance is tied to the annual air temperature and 
the short-term interannual mass balance variability is caused by precipitation 
fluctuations. 

• There are limitations of the model that may present itself in inaccurate or 
slightly skewed results. 

• The knowledge of glacier mass balance and its trend is of high relevance for 
estimating the sensitivity of Arctic glaciers to climate change. 

• In future studies the interannual variations and trends of mass balance might 
be of interest and how precipitation and air temperature affect these trends on 
a long-term scale. 
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