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Quantification and consequences of glacier volume loss on meltwater 

fluxes and organic matter since 1971, Edgeøya, Svalbard.  

Abstract 

Due to increasing temperatures in the Arctic, the 36,000 km2 of glacier ice on Svalbard is decreasing 

rapidly. Consequently, this will affect meltwater fluxes and organic matter release, which influences 

the marine ecosystem. The organic matter in glaciers has its source by biological production, wind-

blown dust and soil/bedrock erosion and can be degraded to the greenhouse gas CO2 when released 

in rivers and ocean. The aim of this research project is to quantify the changes in glacier volumes and 

its meltwater fluxes over the last 40 years and to characterize the organic matter in these glacial 

meltwater rivers at Svalbard. 

Ice volume estimates have been conducted for the years 1971, 2004 and 2014 by volume/area- 

scaling and a GIS approach based on WeertƳŀƴΩǎ ǎƭƛŘƛƴƎ ƭŀǿΦ ¢ƘŜ ƛŎŜ ŀǊŜŀΣ ōŀǎŜŘ ƻƴ ǊŜƳƻǘŜ ǎŜƴǎƛƴƎ 

and topographic maps, is used to initialize and calibrate a cryospheric hydrology model to model the 

consequence of ice loss on meltwater flow. During the Dutch Scientific Expedition Edgeøya 

Spitsbergen (SEES) water samples of 13 of these glacial meltwater rivers have been collected. These 

samples are analyzed for stable isotƻǇŜǎ ƛƴ ƳŜƭǘǿŀǘŜǊ όʵ2I ŀƴŘ ʵ18hύ ŀƴŘ ƻǊƎŀƴƛŎ ƳŀǘǘŜǊ όʵ13C), 

which elucidate the source of the water (glacial or snow) and organic matter (terrestrial or 

autochthonous), respectively. We also determine the total amount of organic carbon (dissolved and 

particulate) transport, as well as its molecular characteristics and its bioavailability. 

Results show over 40% ice volume loss since 1971 and all ice will be gone prior to 2100. The base 

flow and number of glacier melt days are slightly increasing from 1971 onwards. This suggests that 

glacier melt per unit area is increasing with time to counteract glacier area decline. Whether the 

total annual discharge is already declining due to area loss or if this is going to happen in the near 

future is unclear, since the modeled data is not verified with field data.  In meltwater rivers we 

measured 0.5-5*103 mg/L of total suspended matter, containing 0.80-1.5% organic carbon. These 

values are low, which can be explained by the thin and poorly developed soils in this high-Arctic 

setting. Organic matter is mainly from terrestrial sources (-нп҉ - -нф҉ύΦ ¢he source of the river 

water was mainly from glacier water. We estimate that the additional ice mass loss leads to an 

increase of 1.5Mton/yr organic carbon loading, important for near coastal zone ecosystems. These 

results help to assess the degree of sensitivity of these Arctic river systems for a warming future. 
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1. Introduction 

Climate is warming (IPCC, 2013) and this results in a reduction of glacier volumes (e.g.(Hagen et al., 

1991)) and increase in permafrost thawing (e.g.(Spencer et al., 2015; Westermann et al., 2011)) 

worldwide, but at faster rate in the polar region (IPCC, 2013). Glacier decline might result in more 

river discharge (Hagen et al., 2003a) resulting in a higher fresh water flux to the oceans where it will 

have its influence on sea life and ocean circulation (Fellman et al., 2010; Hood et al., 2009). 

Furthermore, the flux of organic matter (OM) in glaciers released by melting, and the amount picked 

up on the way by permafrost/soil erosion is also likely to change (Spencer et al., 2014a), due to 

increased permafrost thaw. The OM in Svalbard glaciers and rivers is hardly studied, and unknown in 

ŀƳƻǳƴǘ ŀƴŘ ōƛƻŀǾŀƛƭŀōƛƭƛǘȅΦ ¢ƘŜ ƭƛƴƪ ōŜǘǿŜŜƴ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƛƴŘǳŎŜŘ ƎƭŀŎƛŜǊ ƳŜƭǘ ǎƛƴŎŜ ǘƘŜ мфтлΩǎΣ 

its consequent changes in river discharge and OM flux, and the OM from permafrost thawing and 

soil erosion at Svalbard and, more specifically at Edgeøya, is the base for this study. The aim of this 

research project is to quantify the changes in glacier volumes and its meltwater fluxes over the last 

40 years and to characterize the organic matter in the glacial meltwater rivers at Svalbard. A change 

in organic matter flux to the ocean is fundamentally important for marine life, since it is the basis of 

their foodweb.  

Glaciers 

For most glaciers in the world, the latest increase in glacier volume was during the little ice age, 

which occurred between the 15th and 19th century (Svendsen and Mangerud, 1997). Since then 

glaciers have been retreating worldwide, and due to human-induced climate change glacier retreat 

now occurs at even faster rates (Nuth et al., 2010).  

Many researchers have investigated ice volume decline in Svalbard, all come with results of net 

negative mass balance for Svalbard and Edgeøya. The mass balance of a glacier is the result of ice 

incoming (e.g. precipitation, avalanche, flux) minus outgoing (melt, wind redistribution, flux, 

sublimation) at any location on the glacier or ice cap, where the specific net mass balance being the 

result of the entire glacier or ice cap over a year.  At Edgeøya from 1970/71-2002 values of -0.50 m 

water equivalent (w.e.)y-1 and up to -1.00±0.0 m y-1 are reported (James et al., 2012; Kääb, 2008; 

Nuth et al., 2010). Similar values for all Svalbard glaciers have been reported by several authors 

(Braithwaite and Raper, 2007; James et al., 2012; Malecki, 2013; Sobota, 2007). These values are in 

sharp contrast with reported values of -0.12±0.1m, -0.12±0.03m, -0.19m w.e. y-1 (Bamber et al., 

2005; Hagen et al., 2003b; Moholdt et al., 2010, respectively). Most of the variability is due to the 

large differences between Svalbard regions; For instance, thickening at northeast Svalbard ice caps is 

measured which neutralizes negative mass balance in other regions slightly. Despite the high 

variability, all report negative mass balances. Due to present-day warming enhanced glacier melt has 

been recorded: from -0.5 to -0.7m w.e. y-1  (1970/71-2002) (Kääb, 2008); from -0.15 to -0.69m w.e. y-

1 from 1936 to 2005 (Kohler et al., 2007); from -0.52±0.09 to 0.76±0.1m m y-1 from prior to after the 

19флΩǎ (James et al., 2012), resulting in more mass loss. Enhanced glacier melt is caused by the 

negative mass balance and results in an upward shift of the Equilibrium line altitude (ELA) between 

the accumulation and ablation zone at the glacier, which has an albedo change as result (Oerlemans 

et al., 2009). 
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Hydrology 

Glacier volume loss influences the meltwater flux from glacier to ocean, which can either increase 

due to an increase in mass loss, or decrease when the total ice area declines. Fresh meltwater can 

influence circulation and local ecosystem of the oceans and coastal zones (Hagen et al., 2003a) and 

results in sea level rise, so an increase or decrease in meltwater flux is fundamentally important to 

investigate. aƻǊŜƻǾŜǊΣ {ǾŀƭōŀǊŘΩǎ ƎƭŀŎƛŜǊ Ŏŀƴ ŎƻƴǘǊƛōǳǘŜ ǿƛǘƘ мт-20mm of sea level rise (SLR) when 

all glacier melt completely (Martin-Espanol, 2013), this is only a minor contribution of al cryospheric 

input to SLR, compared to ice melt at the Greenland and Antarctic ice cap, but still an important 

contribution. Meltwater rivers fluctuate highly annually, as shown by όwŀŘƛŏ ŀƴŘ IƻŎƪΣ нлмпύ who 

modeled 40% variation in  annual glacial discharge (worldwide). In Svalbard 30% annual discharge 

variation is measured (Hagen et al., 2003a) with higher variation in the last 10 years than in the 

19флΩǎ (Nowak and Hodson, 2013).  

Future projections show rising temperatures and prolong the glacier melt season (Nowak and 

Hodson, 2013) and show an increase of +54% in discharge in Svalbard in the mid-21st century and a 

decline to -10% of the initial values at 2100, mainly explained by the negative mass balance of 

glaciers (Bliss et al., 2014). This increase followed by a decrease in discharge is also found in other 

glaciated regions as Alaska and the Himalayas (Fellman et al., 2010; Hood et al., 2009; Immerzeel et 

al., 2012, 2013). The precise moment on which the decline in discharge will start, may, however, be 

very different by region (Bliss et al., 2014). Rising temperatures in arctic regions, also deepen the 

active layer in permafrost, creating an storage, but also a source of melt water (Nowak and Hodson, 

2013). The future projections are very sensitive to future temperature and precipitation changes and 

slight offsets may result in different projections. That precipitation is important is explained by many 

researchers; not only does an increase in precipitation result in more glacier accumulation, or might 

it counteract the decline in discharge by decrease in glacier area, it also influences monthly 

discharges by more and heavier precipitation events (Hagen et al., 2003a; Immerzeel et al., 2012, 

2013; Nowak and Hodson, 2013; Owczarek et al., 2014). Not only are hydrological changes 

dependent on the net mass balance of the glacier and therefore on future temperature and 

precipitation rates, but also on ice area, size of the drainage basin (Hagen et al., 2003a), thermal 

regime of the glacier (cold or warm based), as well as the spatial and temporal variation in the 

hydraulic properties of the glaciers surface (Rutter et al., 2011) 

Organic Matter (OM)                     

There are several sources of organic matter (OM) in glaciers: (1) Englacial autotrophic microbial life 

(bacteria, viruses and algae) fixates carbon from the atmosphere in OM. Most of this OM is coupled 

to debris in cryoconite holes as particulate organic carbon (POC), but also partly (10%) as dissolved 

organic carbon (DOC) (Anesio et al., 2009). On average about 0.11 dissolved mg C/L DOC is present in 

glacial ice around the world (Priscu and Christner 2004). Besides the production by microbial life, (2) 

aerosols with soil OM and combusted carbon together with (3) subglacial debris entrainment 

contribute to the glacial carbon pool. This OM is transported as POC and DOC in meltwater and 

added to the OC released by soil and permafrost erosion on the way down before entering the 

ocean.  

The glacial OM has been measured as highly bioavailable (Hood et al., 2009; Spencer et al., 2014a) as 

it is easily utilized by microbes, and is more bioavailable than OM from wetlands in study sites in 

Alaska (Fellman et al., 2010). The bioavailability is dependent on age and molecular composition 
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(Mann et al., 2015; Spencer et al., 2015; Vonk et al., 2013), and glaciers are expected to have older 

DOC than enclosed wetlands (Spencer et al., 2014a). At present 13% of the annual flux of glacier-

derived DOC entering the ocean is the result of glacier mass loss, which is expected to accelerate 

(Hood et al., 2015). Even though the measured DOC values (in Alaska) are low (0.18-0.53 mg C/L), 

researchers ŀƎǊŜŜ ǘƘŀǘ ǘƘŜ ƭŀōƛƭŜ h/ ŦƭǳȄ ƛǎ ƛƳǇƻǊǘŀƴǘ ŦƻǊ Ŏƻŀǎǘŀƭ ȊƻƴŜ ƭƛŦŜΩǎ ƳŜǘŀōƻƭƛǎƳ ŀƴŘ ǎŜƴǎƛǘƛǾŜ 

to seasonal and future runoff changes (Fellman et al., 2010; Hood et al., 2009; Kim et al., 2011; 

Spencer et al., 2014a).  

Research questions 

In this study, the quantity, lability and source of organic matter with the glacier loss rate and 

consequently, meltwater fluctuations, as reference for Svalbard will be investigated. So, how much 

and how fast does glacier mass loss occur (1), what is its influence on the meltwater flux (2) and 

what is the amount, bioavailability and source of the OC that is released and transported by these 

glaciers and meltwater rivers before entering the ecosystem-sensitive coastal zone (3)? For research 

questions (1) and (2), an area of 1000km2 in northwest Edgeøya has been chosen. OC research has 

been conducted after fieldwork in South and East Svalbard with special focus on Edgeøya.  

(1) Glacier volume loss has been quantified by the volume-area scaling and a modelling effort in 

which ice thickness is a factor of slope and equilibrium shear stress. Areas have been measured with 

the use of satellite images in GIS and derived from the Randolf Glacier Inventory (RGI). The results 

are compared with volumes calculated by Huss, which is based on flow dynamics, inverted from the 

surface topography (Huss and Farinotti, 2012).  

(2) Meltwater flux is modeled in a pcRaster model based on (Immerzeel et al., 2012) in which 

discharge is a factor of glacier and snow melt, a digital elevation model (DEM) together with 

precipitation and temperature data. The model is calibrated for the glacier area extent as it is in 

2014 based on satellite images.  

(3) During the Dutch Scientific Expedition Edgeøya Spitsbergen in August 2015 (SEES) water samples 

of 13 glacial meltwater rivers have been collected. These samples were analyzed for stable isotopes 

ƛƴ ƳŜƭǘǿŀǘŜǊ όʵ5 ŀƴŘ ʵ 18hύ ŀƴŘ ƻǊƎŀƴƛŎ ƳŀǘǘŜǊ όʵ 13C), which will elucidate the source of the water 

(glacial or snow) and organic matter (terrestrial or autochthonous), respectively. We will also 

determine the total amount of transport of organic carbon (dissolved and particulate), as well as its 

molecular characteristics and its bioavailability. 

Combining the results will give a more complete overview of the source, quality and export of OM in 

Svalbard glacier systems, an important study to enhance knowledge about future climate change 

impact on these changing areas.  
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2. Study area 

Glacier volume loss calculations and meltwater modelling has been done for ice caps on NE Edgeøya, 

one of the eastern islands of Svalbard (figure 1). Organic matter research from these glaciers and in 

these rivers has been done on the island Spitsbergen, Edgeøya and Barentsøya (figure 2).  

Edgeøya (77.0N/22.3E) is an 5074km2 island covered by approximately 2102 km2 ice (Dowdeswell 

and Bamber, 1995), and located in the Barents Sea. Deglaciation started 10 ky BP and since then the 

island has experience glacioeustatic uplift, leaving quaternary marine deposits in the lower parts of 

the valleys. The upper part of the valleys and the plateaus shaped by former ice caps, consist of 

Triassic flat lying sedimentary rock (Moller et al., 1995)Φ LǘΩǎ ƻƴ ǘƘŜǎŜ ǇƭŀǘŜŀǳǎ ǿƘŜǊŜ ǎƳŀƭƭŜǊ ŀƴŘ 

larger icecaps are situated with glacier tongues into and shaping the valleys.  

Four of these ice caps are studied for their volume loss: Langjokulen + Kvitisen, Blaisen, Bergfonna 

and Raundalsfonna. All are flat lying ice caps, with a maximum altitude of 560m, having low ice 

movement and more than one glacier tongue. Only one surge has been reported from one of these 

glaciers, near Kvitisen in 1965 (Dowdeswell and Bamber, 1995), but all glaciers show terminus 

retreat since the little ice age. The ELA is considered to be at approximately 300m (Hagen et al., 

2003b), and moving upwards with increasing air temperatures. The meltwater from these ice caps 

runs into 11 different valleys.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1; Svalbard and its Edgeøya, glacier volume research areas are located in the red box in the map on the right side  
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The sample points for OM research are taken at different locations around Spitsbergen, Barentsøya 

and Edgeøya. The distance from sampling point to the glacier front differs per location, as does the 

discharge. Three river valleys have been sampled: Rosenbergdalen, Plurdalen and Kvalpyntfonna. At 

Rosenbergdalen, more than one sample has been taken to investigate the variability downstream.  

Temperatures are on average below 0ꜛC with summer temperatures reaching occasionally 15ꜛ C and 

winter temperatures can be as low as -40ꜛ C. Precipitation is around 200 mm/yr. Both temperature 

and precipitation data has been taken from the weather station at Longyearbyen airport. At Edgeøya 

only temperature has been measured for a few years, which show slightly colder temperatures then 

at Longyearbyen Airport. There is no precipitation record available from Edgeøya.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2; Sample locations for OM research with on the left the sample location as taken in Rosendalen 

Rosenbergdalen-transect 
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3. Methods 

3.1 Volume determination 

To estimate the volume loss of the glaciers at Edgeøya, different methods have been compared:  

(1) The mathematical method of the Volume-Area scaling (e.g. Bahr et al., 1997), applied by several 

researchers and used worldwide, which determines the glacier and ice cap volume (V) based on its 

surface area (S).  

(2) The GIS-method uses Weertmans sliding law (Weertman, 1957) with a full DEM in a GIS-based 

environment, in which the initial thicknes (H) of the ice bodies is calculated based on the equilibrium 

shear stress. By multiplying the average thickness of a polygon with the surface area, the volume is 

calculated. Both methods are used to calculate the volume of the ice bodies for the years 1971, 

2003-2004 and 2014. 

(3) The Huss-method (Huss and Farinotti, 2012) is a physically based approach based on ice flow 

dynamics inverted from the surface geometry. Volume and ice thickness data has been received 

personally to compare with the other ice-volume deriving methods.  

3.1.1 Volume-Area scaling 

The surface-volume ratio as described in Bahr et al. (1997), Grinsted (2013), Jiyang Chen and 

Ohmura (1990), Macheret and Zhuravlev (1982), Martín-Español et al. (2015), wŀŘƛŏ ŀƴŘ IƻŎƪ 

(2010), Van De Wal and Wild (2001)Σ ŀǎǎǳƳŜǎ ŀ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ǘƘŜ ƎƭŀŎƛŜǊΩǎ ǎǳǊŦŀŎŜ ŀǊŜŀ ŀƴŘ 

its volume. The ratio between surface area (S) and volume (V) is defined as: 

ὠ ὧ Ὓ      (1) 

with constant values for the proportionality constant c, and exponent  based on glacier type. 

Different studies find different values for parameters c and . Bahr et al. (1997) describes the 

physical background of exponent  which is based on four variables that determine the volume and 

surface area of a glacier: width (q), slope (r), side drag (f), Ƴŀǎǎ ōŀƭŀƴŎŜ όƳύ ǘƻƎŜǘƘŜǊ ǿƛǘƘ DƭŜƴΩǎ 

flow law constant (n). These variables determine the   as: 

 ρ     (2) 

Bahr et al. (1997) uses previous glacier volume measurements to find the best values for the 

variables and finds  ρȢσχυ for glaciers and ,  ρȢςυ for ice caps. Others (see table 1) find 

slightly different values for often a specific region; as they are based on volume measurements by 

GPR, sea level fluctuations and field-based measurements. With the formulas as listed in table 1, the 

volumes of all ice caps and glaciers of northwestern Edgeøya are calculated. 

The surface area (S) for the years 1971, 2004 and 2014 is derived by GIS software based on the 

GLIMS dataset provided by the Norsk Polar Institute (NPI) (www.npolar.no, cryoclim-map) and a 

Landsat 8 satellite image, respectively. The chosen glacier outlines by the NPI do not separate the ice 

caps from its outlet glaciers, which is needed for some V/A-scaling methods (table 1). Therefore an 

arbitrary distinction based on the slope of the polygon and the area-perimeter ratio has been made: 

assumed is that glaciers have a steeper slope and a larger area-perimeter ratio compared to ice caps. 

The area outlines, and the distinction between glaciers (regular characters) and ice caps (bold 

characters) are shown in figure 3. The derived surface areas are then used to calculate the ice 

volume. 
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Table 1; Volume-Area scaling formulas as found in literature. Most methods are based on an inventory of  glaciers as the 

Randalf Glacier Inventory (RGI) and the World Glacier Inventory (WGI). *Van De Wal and Wild (2001) based their constant 

(c) on an expected sea level rise of 0.5m if all glaciers would melt. 

 

Figure 3; Glacier outlines in yellow (1971), red (2004) and blue (2014) as produced by the NPI and this study. Bold numbers 

correspond to  icecaps, regular numbers to glaciers, distinction based on perimeter/area-Ǌŀǘƛƻ ŀƴŘ ǘƘŜ ǇƻƭȅƎƻƴΩǎ ǎƭƻǇŜΦ 

Numbers 1-14 Langjokulen and Kvitisen, a-c from Bergfonna and I-IV from Blaisen, *-*** fo r raundalsfjella. The map is a 

landsat 8 satellite false color image with bands in 4, 5, 1 combination. 

 Source Ice body Formula Comments and specific 

locations 

A 

B 

Bahr et al. (1997) Glaciers 

Glaciers 

ὠ  πȢπςχφὃȢ  

ὠ  πȢπςχφὃȢ  

Based on 144 glaciers 

Based on physics 

C1 

C2 

D 

Grinsted (2013) Glaciers 

Ice caps 

ὃ ςυὯά 

ὠ  πȢπτσσὃȢ  

ὠ  πȢπτσςὃȢ  

ὠ  πȢπτσυὃȢ  

Based on RGI glaciers 

Based on RGI ice caps 

Based on WGI  

E 

F 

Martín-Español et al. (2015) Glaciers 

Glaciers 

ὠ  πȢπστσὃȢ  

ὠ  πȢπτυτὃȢ  

Method a 

Method b 

based on 60 Svalbard gl. 

G1 

G2 

wŀŘƛŏ ŀƴŘ IƻŎƪ (2010) Glaciers 

Ice caps 

ὠ  πȢπσφυὃȢ  

ὠ  πȢπυσψὃȢ  

Based on WGI 

H Macheret and Zhuravlev (1982) Glaciers ὠ  πȢπυωχὃȢ  Based on Svalbard gl. 

I Van De Wal and Wild (2001) Glaciers ὠ  πȢπςρσὃȢ  Based on sea level* 

J Chen and Ohmura (1990) Glaciers ὠ  πȢπςψυὃȢ  Based on alpine gl. 
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3.1.2 GIS-method 

The volume loss of glaciers has been modelled in GIS-software ōŀǎŜŘ ƻƴ ²ŜŜǊǘƳŀƴΩǎ ǎƭƛŘƛƴƎ ƭŀǿ 

(Weerman 1957, Fowler 1957). This law is based on the relation between basal sliding and basal 

shear stress: when the basal ice is above 0°C, a film of water between the ice and the bed allows slip. 

A thicker ice package increases the pressure of the ice on the bed, allowing the pressure melting 

point to increase, causing a water film which causes the basal shear stress to overcome the friction 

at the bed. This results in a faster flow of ice and thinning of the ice. The reverse is true as well, 

thinning of the ice decreases the ice pressure, decreasing the pressure melting point and the ice 

freezes to the bed and starts moving slower. So, on a certain slope only a maximum thickness of ice 

can occur, in other words it will move to lower areas when the thickness and therefore the basal 

shear stress, is exceeded. This interconnection between pressure, stress and thickness results in the 

following formula (Immerzeel et al., 2012):   

Ὄ
  

       (3) 

with the ice thickness (H), the basal shear stress (†) in Pa, the slope () in ,ꜛ the ice density (”) in 

kg/m3, and gravity (Ὣ) in m/s2. Together with a DEM (Norsk Polar Institute, 2014) and the glacier 

ƻǳǘƭƛƴŜǎ ŀǎ ǳǎŜŘ ƛƴ ǇǊŜǾƛƻǳǎ ƳŜǘƘƻŘΣ ǘƘŜ ǾƻƭǳƳŜ ƭƻǎǎ Ƙŀǎ ōŜŜƴ ƳƻŘŜƭƭŜŘ ƛƴ DL{ ōȅ ǳǎƛƴƎ ²ŜŜǊǘƳŀƴΩǎ 

sliding law.  

Beforehand, preprocessing is needed to make the data appropriate for volume modelling: In 

²ŜŜǊǘƳŀƴΩǎ ǎƭƛŘƛƴƎ law, the slope used is the bedrock slope. Here the surface slope is used as a 

proxy and since the DEM is based on the topography map with a contour interval of 100m height. 

Smoothing is necessary of 240m per grid cell, since this is the average distance between the contour 

intervals. The slope is minimum set at 1 ,ꜛ this to prevent the thickness to be unlimited. The ice 

density is 916.7 kg/m3. The equilibrium shear stress is equal to the average basal shear stress along a 

central flow line and is calculated as in (Haeberli, 2005) by the formula:  

† Ὧὴὥ πȢυ ρυωȢψЎὬ τσȢυЎὬ   (4) 

With ЎὬ as the difference in altitude in km.  

At last the volume of the glaciers and ice caps is calculated combining the surface area and grid cell 

calculated ice thickness as:  

ὠ Ὓz Ὄ     (5) 

These alterations have been done for every polygon to determine the volume and rate of volume 

change for the years 1971, 2004 and 2014.  

3.1.3 Huss&Farinotti method 

The Huss&Farinotti method is used in this thesis to compare results with the V/A-scaling and GIS-

method. Their data have been received personally and have been used in Huss and Farinotti (2012). 

Shortly, as explained in their paper, this method is a physically based approach for calculating the 

ƎƭŀŎƛŜǊǎΩ ǘƘƛŎƪƴŜǎǎ ŀƴŘ ƛǘΩǎ ǾƻƭǳƳŜ. The ice thickness is derived from inverting the surface topography 

ōŀǎŜŘ ƻƴ ǘƘŜ Ŧƭƻǿ ŘȅƴŀƳƛŎǎ ŀǎ ƛƴ DƭŜƴΩǎ Ŧƭƻǿ ƭŀǿ (ʀ  !ʐ). This combines the mass balance 

distribution with the ice flux and accounts for ƎƭŀŎƛŜǊǎΩ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ŀǎ ǎǳǊŦŀŎŜ ƎŜƻƳŜǘǊȅΣ ƭƻŎŀƭ 

climate and the distribution of the ice thickness corrected for basal sliding and the thermal regime of 

the glacier. This method holds the assumption of a minimal slope of 6,ꜛ and all parameters 

encompass some uncertainty. The ice thickness output is handled in grid cells and the volume is 

ŘŜǊƛǾŜŘ ōȅ ƳǳƭǘƛǇƭȅƛƴƎ ǘƘŜ ƎǊƛŘ ŎŜƭƭΩǎ ŎŀƭŎǳƭŀǘŜŘ ƛŎŜ ǘƘƛŎƪƴŜǎǎ ǿƛǘƘ ƛǘǎ ǎǳǊŦace area. 
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3.2 Modelling glacier extent, volume and its meltwater flux  

3.2.1 General approach 

The ice volume and meltwater flux of the EdgeøyaΩǎ ƛŎŜ ŎŀǇǎ ƘŀǾŜ ōŜŜƴ ƳƻŘŜƭƭŜŘ ƛƴ ŀ ƎǊƛŘ-based 

dynamic model (PcRaster,(Karssenberg et al., 2001)) as previously done in Immerzeel et al. (2012). 

9ǾŜǊȅ ŘŀȅΩǎ ƛŎŜ ǘƘƛŎƪƴŜǎǎ ƛǎ ŎŀƭŎǳƭŀǘŜŘ ōȅ ǘƘŜ ǳǎŜ ƻŦ ǘŜƳǇŜǊŀǘǳǊŜ (T) and precipitation (P) datasets 

and ice flow (F) in each cell on a DEM. The climate data have been taken from meteorological 

stations located at Svalbard, and ice flow is one of the key processes and assumed to be basal sliding 

only ŀǎ ōȅ ²ŜŜǊǘƳŀƴΩǎ ǎƭiding law. The initial ice thickness and extent as from satellite images from 

1971 is the basis for modelling the volume and extent of 2014, giving a 43 year simulation period, 

which is calibrated by trial and error.  After the volume of glacier loss has been calculated, based on 

the keyprocesses of ablation, mass balance and ice fluxes, the hydrology of NW Edgeøya is modelled, 

similar as in (Immerzeel et al., 2012; Shea et al., 2015). The total discharge is the sum of the glacier 

meltwater discharge, snow melt, precipitation and groundwater fluxes minus the water stored in the 

ground and evaporation. The discharges are visualized in hydrographs for a better understanding of 

daily, seasonal and decadal variation of the hydrology in this area.  

3.2.2 Datasets used 

Precipitation 

No precipitation data is available from Edgeøya, and therefore taken from Svalbard Airport. 

Precipitation is low during the year, and is made visible in figure 4. For the first four years of the 

dataset, the precipitation data is from Longyearbyen city. Here the precipitation is similar to the 

Airport location with an offset of 0.2 mm in two years. Assumed is that only snow contributes to 

glacier growth, and precipitation faƭƭǎ ŀǎ ǎƴƻǿ ŀǘ ǘŜƳǇŜǊŀǘǳǊŜǎ Җ л Cꜛ. No precipitation correction is 

used with altitude, the precipitation form (snow, rain) is corrected with the temperature lapse rate.  

 

 

Figure 4; Precipitation data at Longyearbyen, we assume it is similar at Edgeøya. 
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Temperature 

There is no long-term weather monitoring on Edgeøya, but there are several weather station on 

Svalbard. There is one at Kapp Heuglin working from 2005 to 2007. For this study the weather data 

from Longyearbyen Airport is taken from 1975 to 2014. The overlapping years with the weather 

station at Edgeøya are compared with a scatterplot (figure 5). Since temperatures are usually colder 

at Edgeøya, the temperature at Longyearbyen Airport has been corrected for Edgeøya temperatures. 

Since we need T going back to 1971, the weather station data of Longyearbyen has been used for 

the first 4 years, and the same method as above described has been used. For Edgeøya two 

approaches are taken: linear and polynomial correction, the latter causes higher off sets for colder 

temperatures, therefor the linear fit has been chosen. Temperature decreases with 5.5 degrees per 

km height for saturated air and up to 10 degrees for dry air as it depends on adiabatic process. Since 

temperatures at Svalbard are mostly very low, the air has often high relative humidity but low 

specific humidity, resulting in low temperature lapse rate values. Temperature profile of Edgeøya is 

shown in figure 6.  

 

 

 

 

 

 

 

 

Figure 5; Scatterplot from temperature measurements at Airport (Longyearbyen) and Kapp Heuglin (Edgeøya). Dotted lines 

are linear and polynomial trend lines to show the correlation between the two sites. 

 

 

 

 

 

 

 

 

 

Figure 6; Annual average temperature at Longyearbyen airport and corrected by the linear approach to get the 

temperature profile as it is at Egeøya. Trendline is the average of 5 year of average temperature.  
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3.2.3 Key processes 

Mass balance 

The glacier dynamics are based on the mass balance per grid cell and changes are calculated at daily 

time steps. The mass balance is added to the ice thickness of the previous day, and is the sum of the 

net flux (Fin-Fout) of ice by basal sliding, the accumulation by precipitation in the form of snow (P), 

and the ablation (A) based on daily temperature:    

    ὄ Ὂ ὖ Ὂ ὃ  (6) 

Therefore this is a simple positive degree day model that assumes all precipitation fallen at t < 0°C 

accumulates as ice and every day with t > 0Cꜛ results in glacier melt. Below, the variables are 

specified including their role in the model. 

Ablation 

Ablation is the loss of ice due to melting (including evaporation, sublimation) and calving. In the 

research area, calving is not occurring and therefore neglected. Melt occurs when energy received 

by the glacier exceeds its energy loss. Glaciers receive energy from short- and longwave radiation, 

ǎŜƴǎƛōƭŜ ŀƴŘ ƭŀǘŜƴǘ ƘŜŀǘ ŦƭǳȄŜǎΣ ƎƭŀŎƛŜǊΩǎ ƛŎŜ ǘŜƳǇŜǊŀǘǳǊŜ ŎƘŀƴƎŜǎ ŀƴŘ όǿŀǊƳŜǊύ ǇǊŜŎƛǇƛǘŀǘƛƻƴΦ ¢ƘŜǎŜ 

factors have not been measured in the research area, therefore ablation (A) is assumed to be based 

on the temperature of the atmosphere when Ὕ πὅ and corrected with a degree day factor (DDF). 

ὃ Ὕ ὈzὈὊ     (7) 

The degree day factor is dependent on albedo and the energy balance components and is therefore 

different per specific region and varies with time. For example, snow has a high albedo, reflecting 

shortwave radiation strongly and has therefore lower DDF values than ice; and in cases of a low 

sensible heat flux, the DDF is high. For Svalbard not many studies have been done to estimate the 

DDF. The most referred one is to (Schytt, 1964), who calculated a DDF of 13.8 mm/ Cꜛ for 

Nordaustlanded, which is very high compared to values in other parts of the world. The DDF is also 

corrected for the aspect with:  

ὈὈὊ ὈὈὊρ ὅ ÃzÏÓὥ    (8) 

with a being the aspect and C a correction factor (Konz, 2007, (Immerzeel et al., 2012)). 

Ice fluxes 

Movement of ice from one cell to another in the model is based on basal sliding as described by 

Weertman (1957) and neglects deformational flow. In the model a more extensive sliding law is used 

as in a previous method: Basal sliding dependent on the ice thickness and therefore the pressure 

melting point at the glaciers bed, is combined with basal ice creep called regelation. Basal sliding 

occurs when the basal shear stress (†) is larger than the equilibrium shear stress (†). Of which the 

equilibrium shear stress, as calculated in GIS in the previous method, is used in the model and the 

basal shear stress, dependent on ice thickness (9), is combined with regelation (10): 

    †  ” Ὣ Ὄ ίὭὲ     (9) 

    †  ό Ὑ      (10) 
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With revo si ecafrus eht htooms woh ecneulfni htob ssenhguor lairetam R ,ssenhguor kcordeb sa  

which the glacier slide. The velocity is ό ŀƴŘ ƴ ƛǎ DƭŜƴΩǎ Ŧƭƻǿ ƴǳƳōŜǊ (Glen, 1955). Combining the 

two results in:    ό Ὑ  ” Ὣ Ὄ ίὭὲ   (11) 

Sliding occurs when † †, therefore the velocity (ό) is: 

     ό  
   

    (12) 

Glens number ὲ is assumed to be 3, resulting in: 

    ό
   

    (13) 

So, glacier movement in each cell is modelled as function of slope, ice thickness and assumed bed 

rock roughness. The outgoing ice flux at each time step is determined by glacier velocity and 

estimated ice thickness and distributed to lower positioned cells based on the slope. Besides the in 

and out flux from ice between cells, input from external cells is possible by avalanches as well. Due 

to the low snowfall, and low slope profiles of the ice caps, avalanches will have minor influence on 

the ice thickness. 

Hydrology 

When the glacier part is calibrated, the hydrology part is added in the model. The total discharge 

(Qtot) is the sum of surface runoff (Qsurf), snow meltwater (Qsnow), glacier meltwater (Qglac) and 

groundwater fluxes (Qgw). Water is received by precipitation and the melt of ice and snow by 

ablation and lost by evaporation. With the help of GIS, outlet points at the rivers are drawn and used 

in the model as locations from which the discharge is presented. The drainage areas connected to 

each outlet point is derived from pcRastercalc, and its area together with its glaciated area is 

calculated. The discharge is made visible in hydrographs to show potential runoff changes with 

increased glacier melt.  

The glacier and snow melt leads to surface runoff and groundwater flow. Glacier and snow runoff is 

calculated as a fraction of the ablation modelled in previous section, and is corrected for refreezing 

and glacier water storage. Together with the precipitation, the meltwater infiltrates the soil, limited 

by the retention parameter (S) which is based on the curve number (SCS USDA, 1972). The maximum 

soil moisture content is set at 0.0375m and based on Osterkamp and Burn (2003), assumed is a silty 

soil with an active layer depth of 25cm and a water content of 15%. When the maximum soil 

moisture content is reached it is recharged to the groundwater and excess is drained as surface 

runoff. 

The calculated runoff is corrected by a recession coefficient to correct for any water flux, which is 

added to the next time step. The recession coefficient for surface runoff (kx) is calculated as and 

based on Kane et al. (1998) 

ή ή Ὧzὼ     (13) 

Ὧὼ Ὡᶻ     (14) 

ὸᶻ σσȢυz ὃȢ     (15) 
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With ή and ή as runoff at timestep t and initial runoff, respectively, and A the basin area (km2). For 

an area of 20 km2, this results in Ὧὼ πȢωψςπρ, used as the initial value in the model. The modelled 

groundwater and surface runoff, together with snow and glacier melt forms the total meltwater flux 

(Qm). 

In the drainage area, part of the water at the surface is lost due to evapotranspiration. The potential 

evapotranspiration is derived by the Hargreaves equation: 

ὉὝ πȢππςσzπȢτπψzὙᶻὝ ρχȢψᶻ Ὕ Ὕ   (16) 

Ὑ σχȢυψφzὨ ᶻ ίzὭὲ•zίὭὲὧέί•zὧέίzίὭὲ(17)  

With Ὠ  the distance from earth to sun given per day at location of interest, the sunset  

hour angle,  is the solar declination and • the latitude (78ꜛN or 1.36rad) (www.civil.uwaterloo.ca). 

Since the calculated ὉὝ is an overestimation, it needs to be corrected by the temperature reduction 

coefficient (C): 

ὅ πȢπσυzρππὬ    ÆÏÒ È υτϷ      (18) 

ὅ πȢρςυ                             ÆÏÒ È υτϷ      (19) 

The relative humidity (h) is taken from the Kapp Heuglin station Edgeøya 

(www.weatherandclimate.info) and is on average 85%, this results in a temperature reduction 

coefficient of 0.086. The evapotranspiration is influenced by the vegetation and therefore corrected 

by the crop factor (Kc) to calculate the actual evapotranspiration (Eta) (www.fao.org). Chosen is a 

low factor (0.2), since vegetation on Edgeøya is comparable to young seedlings in size and not 

continuously wet. The Eta is used to calculate the loss of ice, snow and discharge to the atmosphere.  

 

3.3 Organic matter; preparation and measurements 

Samples of 20 meltwater streams and englacial ice were collected during fieldwork at Edgeøya 

(Svalbard) and was part of the Dutch Scientific research Expedition Edgeøya Svalbard (SEES) carried 

out onboard the Ortelius, a former Russian scientific ice breaker, in August 2015. The samples have 

been analyzed for total suspended matter (TSM), dissolved and particulate OC (DOC, POC), stable 

carbon and water isotopes (d13C-POC, d2H, d18O), bioavailability, and molecular composition. Water 

was collected in pre-rinsed 1L bottles and was filtered within 24 hours on 47-mm pre-combusted 

(450ꜛ C , 4h) glass microfiber filters (0.7µm). Filtered waters were subsampled into 5, 40 and 250 mL 

vials for water isotopes, DOC and molecular composition analysis respectively. After filtering, the 

samples were frozen (filters, molecular composition analysis), kept at 4Cꜛ (water isotopes) or at 

room temperature of 20ꜛC (DOC) and all kept in the dark and returned to the lab in the USA and NL.  

3.3.1 TSM, POC, 13C-POC  

Filters were weighed prior and after filtering, with the change being the total suspended matter 

amount filtered and then standardized to mg per liter. Prior to measuring the percentage organic 

carbon (%OC) and its 13C composition, the filters have been in a desiccator for at least 24h for acid-

fumigation which removes the potential inorganic carbon on the filter. The OC on the filter is 

combusted and the mass of the combustion products are collected, using an elemental analyzer 

(Fisons Instruments NA1500), resulting in a percentage loss of the filtered material (Van Soelen et 

al., 2014). This is multiplied by the TSM mass to calculate the absolute mass of OC and then it is 



18 
 

standardized to mg/L. The mass ratio of 13C/12C of burned carbon is measured by a mass 

spectrometer (an EA-IRMS, Thermos Deltaplus) at the geochemistry lab of Utrecht University, the 

bŜǘƘŜǊƭŀƴŘǎΦ ¢ƘŜ ǊŜǎǳƭǘ ƛǎ ŜȄǇǊŜǎǎŜŘ ƛƴ ŘŜƭǘŀ ƴƻǘŀǘƛƻƴ όʵ13C ) with respect to the Vienna Peedee 

.ŜƭŜƳƴƛǘŜ ό±t5.ύ ǎǘŀƴŘŀǊŘΦ ¢ƘŜ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǘƛƻƴ ƛǎ ғлΦор҉ ōŀǎŜŘ ƻƴ ƛƴǘŜǊƴŀǘƛƻƴŀƭ όDǊŀǇƘƛǘŜ 

quartzite standard NAXOS) and internal (Nicotinamide) reference samples (Van Soelen et al., 2014). 

3.3.2 DOC and bioavailability 

For the degradability of the organic carbon measurements, an incubation has been set up with ὸ

πȟςȟχȟρτȟςψ days directly (within 5h) after water sampling and filtering (Fellman et al., 2010).  

Samples were acidified with concentrated HCl to pH 2 at each timestep to stop degradation. DOC 

was measured by a Shimadzu TOC V-CSH at Florida State University as described in  (Stubbins and 

Dittmar, 2012). The DOC data are reported as the mean of three replicate injections, for which the 

standard deviation is <2% and standardized to mg/L. The initial DOC value is measured at ὸ π , and 

the rate of carbon degradation is determined by the change from ὸ π to ὸ ρτ days.   

3.3.3 Molecular composition analysis 

The DOM in ice and river water is measured  by fluorescence spectroscopy and in a Fourier 

Transform Ion Cyclotron Resonance Mass Spectrometer (FTICR-MS). Fluorescence spectroscopy 

measures the fluorescence occurring when an excited electron emits its excess energy when 

returning to its ground state, here with a Jobin Horiba Aqualog. The excitation and emission 

wavelengths differ for molecules with different biogeochemical characteristics. The wavelength-

specific characterization is visualized in excitation-emission plots (EEMS) and together with FT-ICRMS 

data visualized in a principle compound analysis (PCA) to find covariance. The FTICR-MS detects the 

Ƴƻǘƛƻƴ ƻŦ ŀƴ ƛƻƴ ƛƴ ŀ ǎǘŀōƭŜ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘΣ ǿƘƛŎƘ ƛǎ ŘŜǇŜƴŘŜƴǘ ƻƴ ǘƘŜ ƛƻƴΩǎ ŎȅŎƭƻƴƛŎ ŦǊŜǉǳŜƴŎȅΣ 

radius, velocity and energy (mass). Different kind of atoms in the organic molecules can be 

identified, as well as the ratios between the atomic compounds investigated (O/H, C/H) (Marshall et 

al., 1998). Samples have been measured at Florida State University with the method described in 

(Mosher et al., 2015; Spencer et al., 2014b).  

3.3.4 Water isotopes 

²ŀǘŜǊ ǎŀƳǇƭŜǎ ƘŀǾŜ ōŜŜƴ ŀƴŀƭȅȊŜŘ ŦƻǊ ƛǘǎ ƛǎƻǘƻǇƛŎ ŎƻƳǇƻǎƛǘƛƻƴ όʵ5 ŀƴŘ ʵ18O, with respect to 

VSMOW) at NIOZ, the Netherlands, with a Liquid Water Isotope Analyzer (LWIA-45-EP). This is an off 

axis mass spectrometer, standardized by internal (LGR 3, 5) and external (GISP, SLAP) derived 

reference samples. During cold periods, the ice is formed from precipitation with lower ʵ18O values, 

compared to present day. This is the effect of decline in evaporation and an earlier rain out of 

heavier isotopes, since the atmosphere can hold less water vapor at lower temperatures. Therefore 

the isotopic composition in meltwater river samples, reveals the source: (old) glacier ice or (young) 

rain. Seven end member samples have been taken in the field: five from glacier ice, two from 

precipitation. With the isotopic signature of these end members, than the %glacier-derived water 

can be calculated for the river samples.  

The samples are plotted together with the Global Meteorological Water Line (GMWL) and the Local 

Meteorologicaƭ ²ŀǘŜǊ [ƛƴŜ ό[a²[ύ ǘƻ ŜƭǳŎƛŘŀǘŜ ǘƘŜ ǎƭƻǇŜ ōŜǘǿŜŜƴ ǘƘŜ ʵ5 ŀƴŘ ʵ18O correlation (as in 

Kendall and McDonell, 1998 ). The slope is dependent on evaporation and refreezing, basin 

morphology, source changes and mixing ((Turner et al., 2010; Yde et al., 2012; Yi et al., 2012)). To 

reveal if water phase transitions have fractionated the isotopic composition in the water samples, 

the D-ŜȄŎŜǎǎ ƛǎ ǇƭƻǘǘŜŘ ŀƎŀƛƴǎǘ ʵ5 ǘƻƎŜǘƘŜǊ ǿƛǘƘ ǘƘŜ [a²[ ŀǎ ŘƻƴŜ ƛƴ (Yde et al., 2012). 
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4. Results 

4.1 Volume changes 

Volumes for all four ice bodies (Langjokulen & Kvitisen, Blaisen, Raundalsfjella and Bergfonna) have 

been calculated for the years 1971, 2004 and 2014 by Volume/Area-scaling and by using the 

²ŜŜǊǘƳŀƴǎΩ ǎƭƛŘƛƴƎ ƭŀǿ ƻƴ ŀ ƎǊƛd-based model in GIS. The results of these different approaches are 

described below and are compared with a third method: the Huss&Farinotti method.  

4.1.1 Volume/Area scaling 

The volume of the four ice bodies, as in figure 3, has been derived by volume area scaling for 1971, 

2004, 2014. Since all methods are based on different assumptions, and some apply for glaciers and 

others for ice caps, the average volume (Vavg) is calculated as the average of methods C2, D and G2 

for icecaps and as the average of methods B, C1, E, F, G1, H, I and J for glaciers. Two research groups 

have a method for both glaciers and icecaps: method D (Grinsted, 2013) and method G όwŀŘƛŏ ŀƴŘ 

Hock, 2010) have been calculated for this area separately as VD and VG respectively. All volumes 

derived by volume/area scaling are shown in table 2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7; Surface outline of the icecaps and glacier in northwestern Edgeøya for 1971 (yellow), 2004 (red) and 2014 (blue). 

The map is a landsat 8 satellite natural color image with bands in 1, 2, 3 combination. 

Every ice body has lost a large part of their area and volume, as made visible in figure 7. The areas 

area taken from the WGI, and report a loss of 69km2 in 43 years, this is a 40% ice area loss. The 

surface area declines decreases with time, with 1.7km2/yr from 1971-2004 and 1.4km2/yr for 2004-

2014 and with more loss for smaller ice caps (76% for Raundalsfonna) than larger ice caps (33% for 

Langjokulen&Kvitisen). In 43 years, Langjokulen & Kvitisen, the largest ice cap in the study area, has 

lost 37.6±0.6 % of its volume; Bergfonna, Blaisen and Raundalsfjella, all smaller in size, have 

decreased by respectively 48.1±0.2 %, 44.8±0.2 and 68.0±0.2 % in volume (figure 8). Moreover, this 

area has lost 43.4±0.6% of its volume (5.5km3 of original 12.7km3, in (just) 43 years. The rate of 

average volume decline in km3/y decreases slightly from 0.14 for the period 1971-2004 to 0.11 for 

2004-2014.  
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Figure 8; Ice body volumes for 1971, 2004 and 2014 as calculated by volume/area-scaling. The average volume is used, in 

which glacier and ice caps are distinguished by slope and perimeter/area-ratio as in figure 4. 

Table 2; Surface areas (S) in km2 and ice body volumes (Vx) in km3  for the years 1971, 2004 and 2014 per ice body as 

calculated by V/A-scaling. All V/A methods are described in table 1: for ice caps methods C2, D, G2 are used and for glaciers 

the methods B, C1, E, F, G1, H, I, J. The Vavg is the cumulative average volume per ice body with the distinction between 

glacier and ice cap as in figure 3. 

  Glaciers Ice caps Glacier & Ice cap 

S
 (km

2) 1971 VA  VB  VC1 VE VF VG1 VH VI VJ VC2 VD VG2 VG VC VAVG VSD 

Langjokulen & Kvitisen 6.6 6.8 8.8 7.6 8.6 9.0 8.1 5.3 7.1 7.6 7.6 9.9 9.4 8.4 7.8 0.6 103 

Blaisen 1.4 1.5 2.0 1.7 1.9 2.0 1.9 1.1 1.5 1.7 1.7 2.2 2.0 1.9 1.7 0.2 26 

Bergfonna 1.4 1.4 1.9 1.6 1.9 1.9 1.7 1.1 1.5 1.6 1.7 2.1 2.0 1.8 1.7 0.2 24 

Raundalsfonna 1.2 1.2 1.6 1.4 1.6 1.6 1.5 0.9 1.3 1.4 1.4 1.8 1.7 1.6 1.4 0.2 21 

total volume (km3) 10.6 11.0 14.2 12.3 14.0 14.5 13.3 8.5 11.3 12.4 12.5 16.1 15.0 13.6 12.7 0.7 173 

2004     

Langjokulen & Kvitisen 4.6 4.7 6.1 5.3 6.1 6.3 5.9 3.7 4.7 5.4 5.4 7.0 6.5 5.9 5.5 0.45 76 

Blaisen 0.9 0.9 1.2 1.1 1.3 1.2 1.3 0.7 0.9 1.1 1.1 1.5 1.3 1.2 1.1 0.13 18 

Bergfonna 0.9 0.9 1.2 1.0 1.2 1.2 1.2 0.7 0.9 1.1 1.1 1.4 1.2 1.1 1.1 0.13 17 

Raundalsfonna 0.3 0.3 0.4 0.3 0.4 0.4 0.5 0.2 0.3 0.4 0.4 0.5 0.4 0.4 0.4 0.05 7 

total volume (km3) 6.6 6.8 9.0 7.7 9.0 9.0 8.8 5.3 6.8 8.0 8.0 10.3 9.5 8.6 8.0 0.48 118 

Reduction since 1971 

(%) 37.5 37.7 36.6 37.1 36.2 37.7 33.6 37.7 39.9 35.7 35.7 36.0 37.0 36.5 36.4 0.8 32 

Annual reduction 

(km3/yr) 0.12 0.13 0.16 0.14 0.15 0.17 0.14 0.10 0.14 0.13 0.13 0.18 0.17 0.15 0.14   1.7 

2014     

langjokulen & Kvitisen 4.0 4.2 5.5 4.7 5.4 5.5 5.3 3.2 4.2 4.8 4.8 6.2 5.8 5.2 4.9 0.4 69 

Blaisen 0.7 0.7 1.0 0.9 1.0 1.0 1.1 0.6 0.7 0.9 0.9 1.2 1.0 1.0 0.9 0.1 15 

Bergfonna 0.7 0.7 1.0 0.9 1.0 1.0 1.0 0.6 0.7 0.9 0.9 1.2 1.1 1.0 0.9 0.1 15 

Raundalsfonna 0.2 0.2 0.3 0.2 0.3 0.3 0.3 0.2 0.2 0.3 0.3 0.4 0.3 0.3 0.3 0.0 5 

total volume (km3) 5.7 5.9 7.8 6.6 7.7 7.7 7.7 4.5 5.8 6.9 7.0 8.9 8.2 7.5 7.0 0.4 104 

Reduction since 1971 

(%) 46.3 46.5 45.2 45.8 44.8 46.5 41.8 46.5 48.4 44.2 44.2 44.5 45.7 45.2 45.0 0.6 40 

Annual reduction 

(km3/yr) 0.09 0.10 0.12 0.11 0.12 0.13 0.11 0.07 0.10 0.11 0.11 0.14 0.13 0.12 0.11 

  

1.4 
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4.1.2 Modelling ice body volumes in GIS 

The initial thickness is dependent on the basal shear stresǎ όˍ0) at the flow line, calculated for every 

polygon (figure 9). Since ice thickness decreases over time, the basal shear stress and slope (figure 

10) needs to be calculated for all time steps. Together with the gravity and ice density constants, the 

initial thicknesses and the change in ice thickness from 1971 to 2014 (figure 11) are modelled. The 

volume per ice body per time step is calculated by multiplying the initial thickness with the surface 

area, results are shown in figure 12 and table 3.  

Decrease in area and volume is in the same order as with the V/A-scaling method: Langjokulen & 

Kvitisen has lost 39.7±3.5 % of its volume. Bergfonna, Blaisen and Raundalsfjella, have decreased by 

respectively 41.4±1.0 %, 47.9±0.6 % and 73.8±0.3 % in volume. Moreover, the NE ice caps of Edgøya 

has lost 42.6±3.1% of its volume. The rate of decline of ice volume is from 1971-2004 in the same 

range as for V/A-scaling: 0.13 km3/yr; but the present day decline rate is larger: 0.22km3/yr. 

4.1.3 Modelling ice body volumes by HuǎǎϧCŀǊƛƴƻǘǘƛΩǎ ƳŜǘƘƻŘ 

Ice body volumes for the year 2004 have been calculated by the Huss&Farinotti method (done by M. 

Huss) and are shown in table 4. The volumes are smaller than volumes derived by the GIS method 

and most V/A-scaling methods. The volumes are comparable to the ones calculated by (Martín-

Español et al., 2015) which based his V/A-scaling formula on 60 Svalbard glaciers.  

Table 3; Surface areas (S) in km2 and ice body volumes (Vx in km3  for the years 1971, 2004 and 2014 per ice body as 

calculated by GIS. 

 

 

 

 

Table 4; Volume and surface area as calculated by Huss-method. 

 

 

 

 

1971 S V  SD 

 

(km2) (km3)   

Langjokulen & kvitisen 101.4 10.89 2.97 

Blaisen 23.8 1.88 0.85 

Bergfonna 22.5 1.52 0.53 

Raundalsfonna 12.7 0.82 0.32 

Total 160 15.10 3.15 

2004       

Langjokulen & Kvitisen 74.3 8.14 2.30 

Blaisen 17.0 1.39 0.61 

Bergfonna 16.1 1.03 0.35 

Raundalsfonna 6.4 0.26 0.11 

Total 114 10.82 2.41 

Reduction since 1971 (%) 29.1 28.4 3.96 

Annual reduction 

(km3/yr) 1.41 0.13   

2014       

Langjokulen & Kvitisen 67.1 6.56 1.80 

Blaisen 14.2 1.10 0.46 

Bergfonna 14.0 0.79 0.26 

Raundalsfonna 5.2 0.21 0.09 

Total 100 8.67 1.88 

Reduction since 1971 (%) 37.4 42.6 3.05 

Annual reduction 

(km3/yr) 1.33 0.22   

2004 

S 

(km2) 

V 

(km3) 

SD 

(±12%) 

Langjokulen & Kvitisen 76.1 5.55 0.67 

Blaisen 17.7 1.03 0.12 

Bergfonna 16.7 0.95 0.11 

Raundalsfonna 7.0 0.34 0.04 

total volume (km3) 117.4 7.87 0.69 
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Figure 9; Map of the basal shear stress at the flowline as calculated in (Haeberli, 2005), depending on the altitude range of 

each glacier. False color satellite image from landsat 8, band colors 4, 5, 1. 

 Figure 10; Slope map as for 2014 ice bodies. The slope derived from the DEM and surface area of the glaciers. The 

minimum slope is set at one, to prevent unlimited ice thickness. False color satellite image from landsat 8, band colors 4, 5, 

1. 

  






















































