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Abstract    
 

ii  
 

Calving is the mechanical loss of icebergs from tidewater glaciers, responsible for 70% of 

the annual transfer of mass from the cryosphere to the ocean (van der Veen 1998a, 2002). 

To be able to correctly predict future global sea level changes it is important to understand 

calving processes and incorporate them into the models. 

 
The aim of this thesis is to investigate surface velocities, front positions and calving rates of 

a fast flowing tidewater glacier in Svalbard using an automatic oblique terrestrial time-

lapse camera. The camera took pictures every 30 min from May 1st to September 16th 2014 

resulting in 6600 images. The project forms part of the ConocoPhillips-Lundin Northern 

Area Program project CRIOS (Calving Rates and Impact on Sea Level) program whose 

overall aim is to develop better calving-process models. 

 

Mean velocities of Kronebreen increased from 3 m/day in May and reached a peak in mid-

July of 5.3 m/day, with a velocity pattern showing increasing velocities towards the front 

and the centreline. Velocity results were filtered, sensitivity tested, averaged both spatially 

and temporally and fit well with  previous results. Results suggest that velocity has a forcing 

from air temperature and rain events due to water inputs in the glacier system. 

 

Mean front positions showed a total retreat of 320 m, and calving rates reached a peak in 

early August of 11 m/day. Different parts of the front showed different styles of retreat, and 

therefore calving styles. Inter-meltwater-plume areas were dominated by infrequent large 

calving events, and plume areas were dominated by continuous calving. Mean calving rates 

may be atmospherically controlled, but internal dynamics, melt-water plumes and fjord 

temperatures may also play a role. 

 

The high resolution both spatially and temporally gained using this method makes it 

possible to investigate the nature of calving and the evolution of surface velocity patterns in 

more detail than satellite derived results. These data are required for improving the 

understanding of calving dynamics to develop sea level rise models. 
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Sea level rise is a potentially damaging effect of climate change; it can submerge low-lying 

populated coastal areas and pollute coastal groundwaters (Benn and Evans 2010). The 

Greenland ice sheet has a volume of 2.60 million km3, equivalent to a global sea level rise of 

6.5m. An ice loss rate from the period 2002-2011 of 215 Gt / year is equivalent to a global 

sea level rise of 0.59 mm/year (IPCC 2013). 

 

Four huge fastɀflowing marine-terminating outlet glaciers named Petermann, Jakobshavn,  

Kangerdlugssuaq and Helheim Glaciers, drain 22 percent of the Greenland ice sheet 

collectively (Nick et al. 2013). A contribution to sea level rise from these outlet glaciers in a 

mid-range future warming scenario, is calculated to be between 19 and 30 mm by year 

2200 (Nick et al. 2013).  

 

The late Quaternary Svalbard-Barents Sea Ice sheet was largely marine-based, and it has 

been suggested that the collapse was due to sea level rise that in turn led to large scale 

calving. Thus in order to both predict the future of present ice sheets, and to understand 

past behaviour, it is important to understand the dynamic interactions between ocean 

systems and glacial systems (Ingólfsson and Landvik 2013). 

 

Calving is the mechanical loss of icebergs from tidewater glaciers, an important though not 

well understood ablation process, responsible for 70% of the annual transfer of mass from 

the cryosphere to the ocean (van der Veen 1998a, 2002). All calving events occur when 

tensile stresses close to glacier margin are large enough to propagate fractures through the 

ice (Benn and Evans 2010). The size of ice blocks detached range from small bits and pieces 

to large tabular ice bergs (van der Veen 2013), the breakup of Larsen B ice shelf  from the 

Antarctic Peninsula (Rignot et al. 2004) and a huge calving event at Petermann glacier in 

Greenland in 2012 are two extreme examples.  
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The Fifth Assessment report from the International Panel on Climate Change (IPCC) 

stresses the fact that mass loss from iceberg calving is not yet comprehensively assessed. 

Even though the spatio-temporal distribution of flow on fast-flowing Arctic glaciers is 

important in determining the reaction of these glaciers to climate changes, the knowledge 

about them is still limited, particularly when the glaciers are calving (Kääb et al. 2005).  

 

To be able to correctly predict future global sea level changes it is important to understand 

calving processes and incorporate them into the models. van der Veen (2013) finishes the 

chapter about fractures with the cleaÒ ÍÅÓÓÁÇÅȡ ȰȣÔÈÅ ÌÁÃË ÏÆ ÆÕÎÄÁÍÅÎÔÁÌ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ 

ÔÈÅ ÃÁÌÖÉÎÇ ÐÒÏÃÅÓÓ ÓÈÏÕÌÄ ÂÅ ÏÆ ÃÏÎÃÅÒÎ ÔÏ ÔÈÅ ÇÌÁÃÉÏÌÏÇÉÃÁÌ ÃÏÍÍÕÎÉÔÙȱȢ Sundal (2013) 

stresses the importance of high spatial and temporal resolution observations of ice flow and 

calving-front positio ns as a validation of modelling results and to capture rapid dynamic 

changes. 

 

As a way of better comprehending glacier and calving both ice velocity and front positions 

of glaciers have been measured using terrestrial time-lapse photogrammetry in the past 

(Ahn and Box 2010; Eiken and Sund 2012; T. D. James et al. 2014; R.M. Krimmel and 

Rasmussen 1986; O'Neel et al. 2003; Sund et al. 2011), but only for short periods of time (1-

2months) and with a temporal resolution of max 2h interval. O'Neel et al. (2003) highlight 

that the focus on calving rates has mainly been directed towards annual time-scales (e.g. 

Brown et al. 1982; Meier and Post, 1987; Van der Veen, 1996), with less attention given to 

seasonal changes. Luckman et al. (in review) found a strong correlation with calving rates 

and sub-surface sea temperatures, but mention that other factors may have an influence 

over shorter timescale. This project aims to increase the length of the observation period 

and the temporal resolution to gain a better and more detailed insight in the nature of 

calving on a diurnal to seasonal scale.  

 

In this study, the behaviour of the calving front of Kronebreen has been investigated by 

using high temporal resolution terrestrial time-lapse techniques. Fluctuations in velocity, 

front positions and calving rates throughout the melt season from May to September 2014 

are analysed, and results compared to processed Terra SAR-x/TanDEM-x data to validate 
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the method. An additional validation will be comparing results from two different 

terrestrial cameras. The aim of this thesis is to: 

 

¶ Develop the most suitable automated time-lapse techniques related to glacier 

observation.  

¶ Calculate ice velocity at the snout area, front position and calving rate of 

Kronebreen from May-September 2014 on a diurnal to biweekly scale. 

 

Kronebreen in Kongsfjorden in North West Svalbard was chosen as the research area for 

several reasons (Figure 1.1 ). The location close to the research settlement of Ny Ålesund 

makes it easily-accessible for logistical support. The glacier is continuously fast flowing 

(~700m/ year  (Liestøl 1988)) which makes it an excellent candidate for time-lapse velocity 

investigations and a good analogue for Greenland outlet glaciers. Due to the risk of 

travelling on the heavily crevassed glacier front, terrestrial time-lapse photogrammetry is 

preferred as a safer alternative. 

 

 

Figure 1.1  Map of the Svalbard archipelago with the location of Kronebreen and Ny-Ålesund, shown in detail 
in Figure 2.6. 
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Calving is a complex sporadic process and calving glaciers are very diverse. Calving glaciers 

terminate in a proglacial lake or in the sea, with either floating or grounded margins 

(Chapuis and Tetzlaff 2014). Calving glaciers terminating in the sea are called tidewater 

glaciers. The calving process interacts with glacier dynamics and it is necessary to 

understand subglacial hydrology, basal motion, ice fracture and energy exchanges between 

the ice and ocean to be able to develop proper general models (Benn and Evans 2010). 

 

 

Despite the chaotic nature of calving, four scenarios that generate calving can be considered 

(Benn et al. 2007a): 

 

¶ Longitudinal stretching associated with large-scale velocity gradients 

¶ Steep stress gradients at ice cliffs or floating ice fronts 

¶ Ice cliff undercutting by melting at or below the waterline 

¶ Bending forces at buoyant glacier margins 

 

Calving glaciers tend to speed up towards the terminus, as the glacier becomes thinner and 

basal drag is reduced when the front approaches flotation (Benn and Evans 2010; Vieli et al. 

2004). This phenomenon stretches the ice, and as transverse crevasses develop and they 

may propagate through the ice to trigger calving. Meltwater stored in crevasses can cause 

them to penetrate even deeper than dry crevasses. 

 

At the frontal cliff of calving glaciers there is an imbalance between outward- and inward 

directed forces, which leads to large stress gradients (Benn et al. 2007a). Cryostatic 

pressure increases downwards, and the outward component is not supported by 
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atmospheric pressure. Thus the net outward-directed force is largest at the base of the 

subaerial ice cliff (Benn and Evans 2010). The subaqueous part of the calving front has 

some opposing components from the backward-directed hydrostatic forces, but they will 

always be smaller at a grounded ice front (Benn et al. 2007a).  

 

Thermo-erosional subaqueous undercutting of ice cliffs can develop a notch that induces a 

force imbalance and leads to collapse of the undercut pillars. This process usually follows 

seasonal cycles, and ceases when sea ice is present. In addition, the undercutting is 

dependent on water circulation to transfer the energy (Benn et al. 2007a; Vieli et al. 2002). 

 

If a grounded terminus is subject to surface melting to the degree where it thins to less than 

the flotation thickness, it becomes subject to net upward buoyant forces and can fracture 

catastrophically. An ice foot can develop if the subaerial part of the ice cliff is calved off, and 

which can then shoot up because of the buoyant forces acting on it. /ȭ,ÅÁÒÙ ÁÎÄ 

Christoffersen (2013) modelled the effect of undercutting on calving, and concluded that 

water temperatures near the base of the glacier front are likely to have the greatest effect 

on calving, and not the sea surface temperatures.  

 

Calving rate can be defined as the volume of ice that breaks off per unit time and per unit 

vertical area at the glacier terminus, and is equal to the difference between glacier velocity 

at the terminus and glacier length over time: 

 

Uc = Ut ɀɿL/ɿt      Eq. 2.1 

 

Where Uc is calving rate, Ut is the glacier velocity at the terminus, L is glacier length and t is 

time (Benn and Evans 2010). Calving rate is closely linked to ice velocity at the front, and it 

is important to have in mind which external factors affect the velocity of calving glaciers. As 

mentioned, submarine melting can amplify calving, and is an important factor that can be 

included into the Uc term. A more correct terminology for calving rate would be frontal 

ablation rate (Luckman et al. in review).  
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Basal drag ceases if the glacier margin thickness is less than a critical floatation thickness, 

Hf, and the glacier can then accelerate: 

 

Hf =  Dw     Eq. 2.2 

 

Where ὴὡ is density of the water it terminates in, ὴὍ is the density of the glacier ice and Dw 

is water depth (van der Veen 2013). On Columbia Glacier a correlation between velocity 

fluctuations at the front and tidal cycles has been demonstrated to exist, with the highest 

velocities occurring at low tide (Robert M. Krimmel and Vaughn 1987; Meier and Post 

1987). The subglacial drainage system plays an important part in the velocity, and this can 

be shown by comparing velocity records with air temperature, ablation rates, rainfall-data 

and water levels in bore holes (Robert M. Krimmel and Vaughn 1987; Meier et al. 1994; 

Vieli et al. 2004).  

 

 

O'Neel et al. (2003) used time-lapse photography to determine the position of the terminus 

of LeConte Glacier on a sub-daily basis. They measured ice motion and terminus position at 

2-8 hour intervals nearly continuously between 2 May and 4 June 1999, and by measuring 

the ice thickness at the front they calculated calving flux. Data from external factors that 

might affect glacier motion and calving were collected, like tidal data, surface ablation, 

precipitation and air temperature. In addition, they recorded the timing and magnitude of 

calving events during the day, using a subjective scale from 1-10. One conclusion was 

Ȱ.ÅÉÔÈÅÒ ÔÈÅ Öisual nor the photogrammetric calving time series show evidence that 

ÃÈÁÎÇÅÓ ÉÎ ÉÃÅ ÖÅÌÏÃÉÔÙ ÁÒÅ ÒÅÌÁÔÅÄ ÔÏ ÃÁÌÖÉÎÇ ÅÖÅÎÔÓȱȟ ÁÎÄ ȰÔÈÅÒÅ ÉÓ ÌÉÔÔÌÅ ÏÒ ÎÏ ÃÏÒÒÅÌÁÔÉÏÎ 

between semi-ÄÉÕÒÎÁÌ ÔÉÄÁÌ ÆÌÕÃÔÕÁÔÉÏÎÓ ÁÎÄ ÃÁÌÖÉÎÇȱȢ  
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As part of the Extreme Ice Survey, Ahn and Box (2010) installed digital cameras by some of 

the huge outlet glaciers of Western-Greenland. Images were taken from May-June 2007. 

They had a loss of 15-20% of image data due both internal (timer failure) and external 

factors (wild animals, poor visibility ). Images taken at midday were used to calculate 

velocity. The offset measurement, displacement, was calculated using area-based image 

matching, but before this the images are enhanced several different ways, resulting in 5 

new images in addition to the original.  

 

James et al. (2014) investigated calving and ice flow velocity by using time lapse techniques 

at Helheim glacier in 2010 and 2011, both stereoscopically (until power failure) and 

monoscopically. They developed DEMs from the stereoscopic dataset. The authors 

discovered a front advance and lifting prior to three major calving events, based on 

terrestrial photo grammetry without converting pixel values to real world coordinates.  

 

Additionally, remote sensing from satellites is used to monitor glacier velocities and front 

positions (Kääb et al. 2005). Radar satellite imagery from e.g. the TerraSAR-X is 

independent of weather conditions and light (dark season in Svalbard), but will have a 

maximum temporal resolution of 11 days and a spatial resolution of 2m.  Many tidewater 

glaciers in Svalbard are monitored like this, including Kronebreen (Figure.2.1 ) (Luckman 

et al. in review).  

 

 

There are several controls on tidewater glacier terminus position, including ice velocity, 

calving rate, bed topography (Vieli et al. 2001), water depth and ice thickness. The front 

position of calving glaciers appear to go through cycles of very slow and long-lasting 

periods of advance, and shorter periods of rapid retreat (Meier and Post 1987), without any 

obvious climatic control on this  (van der Veen 2013; Benn et al. 2007a; Vieli et al. 2001). 

 



  Theoretical Background  

9 
 

 

 

It has long been discussed whether calving loss is the driver of glacier flow acceleration, or 

vice versa (Benn et al. 2007a). On one side, calving can trigger dynamic changes upstream in 

the glacier which in turn can lead to increased velocities and other dynamic changes (Meier 

and Post 1987). This makes the calving process the driving force, or the Ȭmasterȭ. On the 

other side, calving can be regarded as the Ȭslaveȭ, which acts passively to dynamic changes 

like flow acceleration or thinning (Benn et al. 2007a). Both ideas have support from the 

comprehensive Columbia Glacier dataset. 

 

Glacier velocity variations in both space and time control the depth of surface crevasses and 

rates of dynamic thickness change. This means that longitudinal and transverse velocity 

gradients determine the behaviour of calving glacier meaning they act as a fundamental 

control on where and when calving occurs, but there is not a straightforward correlation to 

calving rates (Benn et al. 2007a).  

 

 

Figure 2.1  The heavily crevassed surface of Kronebreen  
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Measuring glacier velocity from terrestrial photograph sequences was done already in 1983 

by Krimmel and Rasmussen (1986) on Columbia glacier, and O'Neel et al. (2003) further 

improved the method. Time-lapse movies are also a good way to reach out to the public, 

explaining glacier dynamic and climatic change effects on glaciers in a very visual way 

(Figure 2.2 ).   

 

Figure 2.2  Time lapse camera set up on the nunatak Steindolpen looking down at Kronebreen 

 

 

 

Digital single lens reflex cameras (SLR) produce digital images, which consist of an array of 

pixels. The total image size is the product of the number of rows and columns in the array, 

i.e. the number of pixels in the image. For each pixel the camera sensor (Charge Coupled 

Device or CCD) registers a separate RGB (red green blue) intensity value. These values build 

up an image that humans can observe. The sensor size is the product of the horizontal and 

vertical length of the sensor in the camera, often measured in mm. The raw size of each 

pixel on the CCD is calculated by dividing image size (pixels) by sensor size (mm). Focal 

length is the distance from the optical centre (where the light rays converge) to the sensor 

in the camera, see Figure 2.4 B.  
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The principal point is the perpendicular intersection point of the principal axis and the 

image plane, defined by pixel coordinates. The principal axis is the horizontal line from the 

camera centre, see Figure 2.3 .  

 

Figure  2.3 The image plane (A) with the position of the principal point. The principal point is the 

intersection of the principal axis and the image plane (B) 

 

The spatial resolution describes how many metres in real life one pixel in the image 

represents, which varies with distance from the object measured to the camera. The focal 

length and size of object in the image ratio corresponds to distance to object and size of 

object in real world ratio, shown in Figure 2.4 (Svanem 2010). 

 

 

Ὂέὧὥὰ ὰὩὲὫὸὬ

ίὭᾀὩ Ὥὲ ὭάὥὫὩ
 

ὈὭίὸὥὲὧὩ

ίὭᾀὩ Ὥὲ ὶὩὥὰ ύέὶὰὨ
 

Internal camera parameters specified by the manufacturers may deviate from actual 

parameters in different cameras. To know the exact values, a camera calibration is 

necessary. Many computer software packages can perform this operation, for example the 

Camera Calibration App in the Computer Vision System toolbox in MATLAB, as used in this 

thesis. 

Figure 2.4 Camera with the sensor (A) and the how the spatial resolution varies with distance to camera (B). 
 

A B 

A B 
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Lens distortion is the phenomenon where straight lines in the real world appear curved in 

the 2D image plane, and this can result in errors in photogrammetry. By calibrating the 

camera, the various distortion coefficients can be found and distortion accounted for, thus 

reducing errors.  

 

External camera parameters are the camera position in real world coordinates and the view 

direction. The position of the camera is typically found in the field by the use of a GPS, and 

was in this study. The view direction is defined by three variables; yaw, pitch and roll. Yaw 

is the rotation about the vertical, z axis. Pitch is the up/down angle of the camera, and roll is 

the horizontal tilt.   

 

A camera on a tripod will never be 100 % stable, due to external factors like wind gusts, 

wildlife  (Figure 2.5 ), temperature changes and ground movement due to freezing and 

thawing. This results in minor changes in camera view direction through time and therefore 

also the image sequence (Eiken and Sund 2012). Camera motion can either be corrected for 

before or after the feature tracking process. Both methods use the apparent movement of 

static features, e.g. mountains, as a basis. If it is performed before the feature tracking, one 

reference frame is chosen and all the other frames in the sequence are oriented according 

to this using computer software. If it is done after, the apparent movement of static features 

in the image is subtracted from the measured feature track.  

 

 

Figure  2.5  Suspicious wildlife in front of time lapse camera 5 that may result in camera motion.   
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Svalbard is an archipelago located at the NW limit of the European continental shelf in the 

High Arctic between 74°- 81° N 10°-35° E, and comprises an area of about 61.022 km2. The 

largest island is Spitsbergen, followed by Nordaustlandet, Edgeøya, Barentsøya and Kvitøya 

(Moholdt 2010). Kronebreen is situated at the head of Kongsfjorden, 15 km east of Ny-

Ålesund, see Figure 2.6 . Kongsfjorden is a SE-NW trending fjord, approximately 27 km long 

and 3ɀ5 km wide, with water depths of around 100 m in the inner fjord (Svendsen et al. 

2002) to a maximum of 428 m (Glasser and Hambrey 2001).  Kongsfjorden also has an 

unrestricted connection to the warm West-Spitsbergen Current (Luckman et al. in review). 

Close to 80% of the fjord drainage basin area is glaciated, mostly by tidewater glaciers 

(Glasser and Hambrey 2001).  

 

 

Figure 2.6  Location of Kronebreen and Ny-Ålesund. 
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Due to its location, Svalbard is extremely sensitive to climatic changes (Humlum et al. 

2003). The Svalbard climate is relatively mild for its latitude due to the northward Atlantic 

current that brings warm water to the west coast of Spitsbergen (Moholdt 2010, Hagen et 

al. 1993). Winter temperature variations are bigger than the more stable summer 

temperatures. The mean annual air temperature of western Spitsbergen is -6°C, with July as 

the warmest month with an average of 5-6°C and the coldest period is Jan-March with an 

average of -15°C (Hagen et al. 1993). The Sverdrup meteorological research station in Ny-

Ålesund has a continuous weather record from July 1974 to the present day. Figure  2.7 

shows the mean air temperature for June, July and August the last 20 years (NMI 2015). 

 

Figure 2.7 Mean air temperature for June, July and August from 1994 to 2014 (NMI 2015). 

 

Precipitation in the Arctic is low because air masses are usually stably stratified and contain 

only small amounts of water vapour. Local gradients in precipitation occur, for example the 

normal annual precipitation at Svalbard airport from 1961 to 1990 was 190mm, which is 

one third of the precipitation in Barentsburg for the same period (Førland and Hanssen-

Bauer 2003). Sand et al. (2003) concluded that the East coast of Spitsbergen receives 40% 

more snow, in water equivalents, than the west coast, and the southern part of the island 

receives twice as much winter precipitation than the northern part. 
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The mountains surrounding Kronebreen consist mostly of horizontal Carboniferous and 

Permian beds of sandstone, shale and coal. The famous pyramid shaped Tre Kroner peaks; 

Svea, Nora and Dana, located east of Kronebreen, have a top of Carboniferous and Permian 

strata, with gently folded Devonian rock underneath. Steindolpen nunatak consists of 

mostly gneiss, from lower to middle Proterozoic time (Hjelle 1993).  

 

On the northern margin the glacier erodes red sandstone of Carboniferous age from 

Collethøgda (Figure2.8), and transports large quantities of sediments with the meltwater 

into Kongsfjorden giving it a red colour and the bay is therefore named Raudvika (Nuth et 

al. 2015). The discharge of melt water is very dynamic, and changes location through time. 

Subglacial discharges have developed a huge grounding line fan, and based on this Trusel et 

al. (2010) calculated a sediment yield of 1.4 x 103 tonnes/ km2/y ear  for Kronebreen and the 

tributaries, which represents an effective erosion rate of 0.56 mm/y ear.  

 

 

Figure 2.8 Kronebreen enters Kongsfjorden and the mountain Collethøgda.  
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About 59 % of the Svalbard archipelago is covered by glaciers which represents an area of 

approximately 35 528 km2 (Nuth et al. 2015). The size ranges from huge ice caps like 

Autsfonna (8357 km2) and Vestfonna (2402 km2) at Nordaustlandet, to smaller cirque 

glaciers in the alpine terrain of western Spitsbergen (Nuth et al. 2015).   

 

The ȬLittle Ice Ageȭ glacier maximum in Svalbard occurred later than on mainland Norway, 

ending around 100 years ago, and most of the glaciers have retreated since (Blaszczyk et al. 

2009). The overall net balance of glaciers in Svalbard is calculated to be -4.5 km3± 1km3 

/year  (Hagen et al. 2003b).  

 

The temperature regime of Svalbardȭs glaciers is mostly polythermal, with the base frozen 

to the ground in the terminal zones and ice at the pressure melting point in the 

accumulation area (Hagen et al. 2003a). Land terminating glaciers have typical surface 

velocities of ~10 m/ year, and tidewater glaciers up to an order of magnitude higher (Hagen 

et al. 2003a). Around 33% of the glaciers in Svalbard are surge type (Blaszczyk et al. 2009), 

meaning they shift between a short and rapid phase, surge phase, and a slower and longer 

phase, quiescent phase (Benn and Evans 2010). 

 

Figure 2.9  Distribution of land-terminating and tidewater glaciers in Svalbard (Nuth et al. 2015). 



  Theoretical Backgro und  

17 
 

Two thirds of the glaciated area is drained by tidewater glaciers (Figure 2.9) (Nuth et al. 

2015). 60 % of the Svalbard glaciers terminate in tidewater and are thus subject to calving 

dynamics (Sund 2011). The total length of calving ice fronts in Svalbard is about 860 km 

(Blaszczyk et al. 2009) and all margins are grounded (Dowdeswell 1989) or at least not 

currently  able to maintain a stable floating termini (Sund 2011). Austfonna is the biggest ice 

cap in the Eurasian Arctic, and situated in Nordaustlandet, in North East Svalbard. This ice 

cap loses 2.5 km3 ice annually due to calving alone, representing 45% of the calving flux 

from the whole Svalbard Archipelago (Dowdeswell et al. 2008). The annual total runoff 

from Svalbard glaciers is 800 mm ±150mm /year , where calving represents 16% (Hagen et 

al. 2003a). 

 

During the last 40 years, Svalbard glaciers excluding Austfonna, have contributed to global 

sea level rise with a rate of 0.026 mm/ year  (Nuth et al. 2010). An increase in the calving flux 

ÆÏÒ 3ÖÁÌÂÁÒÄȭÓ ÇÌÁÃÉÅÒÓ is currently anticipated, which will lead to many tidewater glaciers 

retreating eventually terminating on land (Blaszczyk et al. 2009).  

 

 

Kronebreen is a grounded polythermal tidewater  glacier situated in Kongsfjorden (Figure 

2.10). The glacier trunk drains a 390 km2 area comprising the ice masses Holtedalsfonna, 

Dovrebreen and the smaller cirque contributory glacier Infantfonna (Nuth et al. 2012). The 

whole glacier system is 50 km long with an elevation range from 1400 m.a.s.l. to sea level 

(Nuth et al. 2012), and the bed is located down to 80m below sea level at some parts 

between the front and 7 km upstream (Kääb et al. 2005; Lefauconnier et al. 1994; Sund et 

al. 2011). The calving front is grounded at a water depth of about ~70 m (Luckman et al. in 

review) and the cliff height varies from 10-60 m (Sund et al. 2011). 

 

Figure  2.10  Two glaciologists looking down on the heavily crevassed Kronebreen.  
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Velocities and front positions  

 
Kronebreen is one of the fastest moving glaciers in Svalbard, with annual velocities of up to 

300-800 m/y ear at the front, or 1-2 m/day (Kääb et al. 2005; Nuth et al. 2012). Liestøl 

(1988) reported velocities up to 4 m/ day. Kääb et al. (2005) calculated maximum speeds of 

more than 800m/year (2.2 m/day) just above the calving front around July 2001 (Figure 

2.11). 

 

 

 

Rolstad and Norland (2009) used ground-based radar and measured velocities of 2.5 m/day 

in August/September. Using feature tracking on Terra-SAR-x imagery, Luckman et al. (in 

review) found winter velocities from 1.5-2 m/day and summer peaks of 3 ɀ 4 m/day. 

Velocities of Kronebreen have been measured using terrestrial photogrammetry before. 

Velocities in May were calculated to be around 2.5 m/day and peak velocities occurred in 

mid-July and August with values around 5 m/day (Svanem 2010). 

 

5 km upstream from its calving front, Kronebreen joins the surge type glacier Kongsvegen, 

separated by a pronounced medial moraine (Figure 2.11). Kongsvegen is now in its 

quiescent phase, and flows with velocities of 1.4 -3.6 m/year, reflected by a smooth surface 

relative to the heavily crevassed Kronebreen (Melvold and Hagen 1998; Trusel et al. 2010). 

Kronebreen has never been observed to surge, but according to Liestøl (1988) based on 

LovÅÎȭÓ ÅØÐÅÄÉÔÉÏÎȟ ÉÔ ÓÕÒÇÅÄ ÉÎ ρψφωȢ +ÏÎÇÓÖÅÇÅÎ ÓÕÒÇÅÄ ÉÎ ρωτψȟ ÁÎÄ ÔÈÉÓ ÉÓ ÒÅÆÌÅÃÔÅÄ ÉÎ Á 

shift of the medial moraine observed in photos by Kääb et al. (2005). 

 

Figure  2.11  The surface velocity field for the lower part of Kronebreen, derived from aster imagery 
of June 26th  and August 6th   2001. The isolines are speed in metres per year (Kääb et al. 2005) . 
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Kronebreen has a 175 year history of documented front positions (Sund et al. 2011). 

Receding rates of Kronebreen have been measured from zero to 300 m/year, with an 

average of 200m/year (Lefauconnier et al. 1994). Since 1998 the joint front of Kronebreen 

and Kongsvegen has retreated more than 4 km (Kääb et al. 2005). During winter 

Kronebreen advances modestly, and has a net annual retreat during summer of about 

350m.  

Calving 

 
Kronebreen has a 3 km long calving front, and is among the 10 largest contributors to the 

total calving flux of the Svalbard archipelago. The calving rate and flow velocity of the front 

of Kronebreen have been measured using ground-based radar based in August/September 

2007. The results show that calving events do not influence the speed further up-glacier, 

but an increase within 30m from the front happens before the calving event, and it goes 

back to normal after the event (Rolstad and Norland 2009). 

 

The nature of single-event calving at Kronebreen was investigated by continuous visual 

observations of the front (Chapuis and Tetzlaff  2014). The events were described with 

type, location, time and size. No significant correlations with external factors like 

temperature and tide and calving activity were found. It has been concluded that the local 

geometry and water depth around Kronebreen are controlling the strain rates, crevasse 

patterns and ultimately the calving activity (Chapuis 2011). In addition, Sund et al. (2011) 

concluded that that they found no clear relationship between calving activity and their 

velocity record of Kronebreen, and that major calving events occurred randomly. 

 

Köhler et al. (2011) identified calving activity at Kronebreen using seismic recordings 1 km 

from the front. They found an increase in calving related seismicity, when the glacier 

slowed down in autumn (2009 and 2010).  
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Luckman et al. (in review) referred to the terminal frontal ablation rate instead of calving 

rate, because of the significance and importance of submarine undercutting that is going on 

at the terminus. They measured frontal ablation rate peaks of ~8m/day (Figure 2.12). The 

maximum rates occur in September and October, and the authors concluded a strong 

correlation (r 2=0.84) between the seasonal pattern of frontal ablation and the mean annual 

cycle of sub-surface temperature. The frontal ablation rate pattern was similar for several 

glaciers in Svalbard, despite different dynamic behaviour. 

 

 

Figure 2.12  Ice front positions, retreat rates, velocities and frontal ablation rates for Kronebreen 
during 2013 and 2014 based on TerraSAR-x imagery, from Luckman et al. (in review) . 
























































































































































