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Field course and Project
work
AT-209 Arctic Hydrology and Climate Change
Autumn 2013

Photo: Nils Roar Sælthun
Fieldwork was carried out Sep 2 to Sep 5 2013, at Linnédalen, Linnébreen and Kongressvannet, with
Isfjord Radio, Kapp Linné as base. This report has three main parts; a description of the field course
as performed in 2013; individual field reports from the six teams, and, as annexe; reports on the
three field work based project tasks. These have the form of resarch reports, and are graded
outcomes of the
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Field work - Isfjord Radio, Kappe Linné, 02-05/09/2013
Introduction
The text and figures in this description of the excursion and the field work is a slightly edited
version of the input from the students through their field reports and a special report by
Anders Ginnerup on the excursion towards Solfonna on day 3. The inventory of the field
equipment and the evaluation of the excursion is by Nils Roar Sælthun, Course responsible.
There were 18 students participating in the course:
Team 1
Azhar Abdrakhmanova
Valentin Tertius Bickel
Tyler James Stewart
Team 2
Kristine Lindtveit
Liliya Saporova
Nicholas Martin Simmons
Team 3
Heather Jane Amanda Bell
Jøran Solnes Skaar
Ingvild Ketilsdotter Øverland
Team 4
Penny Joanna Clarke
Stig Magnus Lunde
Anna Stina Elisabeth Olsson
Team 5
Ribanna Dittrich
Anders Ginnerup
Myselie Nguyen
Team 6
Ola Formo Kihle
Lucianne May Marshall
Ragnhild Friis Tveit

The field trip leaders were Nils Roar Sælthun (Course responsible) and Jessica Lorraine Bosch.
Iben Nicola Andersen joined the excursion as observer from Academic Affairs.

The aim of this field excursion was to gain an understanding of Linnébreen and
Kongressvannet hydrological systems by looking at its discharge at various points along with
changes in water and ice levels, Figure 1. Another aim is to gain experience with essential
hydrological instruments in the field. To cover a fairly extensive area the class was split into
teams which would then look at different areas and complete various tasks, Figure 1.
Team 3/4 – Spring
Identification/ get
coordinates. pH and
conductivity
measurements.

Team 2 – Discharge
measurements

Team 6 – Photo
position
identification, Front
location and GPS.

Figur 1 Teams and tasks. Map: TopoSvalbard, Norwegian Polar Institute

Team 5 – Estimate lake
level, make
comparative photos
and measure discharge
in outflow.

Team 1 – Measure
ablation stakes, ice
level and position
and ELA

Each team consisted of 3 people, each team had individual tasks to be completed and
recorded - which are to be compiled and analysed at a later date along with comparisons to

Figur 2 Aerial photo of the Linnébreen glacier front in 14 August 2012 (The
Norwegian Polar Institute, 2013)

be drawn to previous data in the last few years.

Figur 3 3D topographic map of Linnebreen glacier and surrounding area (The Norwegian Polar Institute)

The Linnébreen is a 3.5 km long glacier, Figure 2, stretching from Systemfjellet down to
Linnédalen, with a tributary glacier from the area between Hermod Petersenfjellet and
Christensenfjella. The glacier front is situated 163 meters above sea level, and at its highest

point the glacier is between 500 and 550 m.a.s.l (altitude data was not collected on top of
the glacier).
The surrounding landscape is needless to say shaped by glacial and glaciofluvial erosion, with
tall morains and a wide, sloping U-valley, Figure 3.

Day 1
Monday the 2nd of September the class arrived at UNIS around 8:15 where received an initial
safety briefing for our transport to and time at Kapp Linne was given. The group then
proceed to get all the gear together and survival suits for the boat journey from UNIS to the
boats.
Using the Polarsirkel boats, with around 10 persons aboard, the excursion set off at around
1030 ish. The journey to Kapp Linne was relatively flat thus quite fast with the good
conditions, taking around 1.5 hours. On arrival accommodation was organised along with
some hot drinks to warm up, followed by an introductory lecture giving a basic plan of action
produced by Nils.
The action plan split the class into teams and the tasks were discussed - how and when they
were to be physically performed. Another note on safety in the field, along with the use of
the VH radios was briefed. After this discussion the group went for a short hike into the field
at Tunsjøelva river to find an appropriate place to gain familiarization with the field
equipment. The most complex of which was the salt mass measurements (via conductivity
measurements) and the current meter – however some ‘data’ was collected enabling an
brief understanding of the data before the actual field course, tables 1 and 2, this could be
used later to calculate average speeds and discharge rates in that location.
Table 1 Current meter measurements

Distance along Tape
(cm)
250
300
350
400
450
500
550
600
650
700
Discharge: 0.079 m3/s

Depth (cm)
0.00
8.5
14.5
19
17
16.5
15
12
7.5
2

Revolutions (per
min)
0
0
10.5
33
44
64
55
28
0
0

Velocity
0
0
0.04
0.14
0.18
0.26
0.23
0.12
0
0

Table 2 Conductivity measurements

Time (s)

Electric
Conductivity
(µs/cm)
0
420
10
456
20
495
30
496
40
603
50
608
60
680
70
760
80
719
90
716
100
674
Discharge: 0.029 m3/s

Time (s)

110
120
130
140
150
160
170
180
190
200
210

Electric
Conductivity
(µs/cm)
652
633
607
577
551
610
575
528
535
501
485

Time (s)

220
230
240
250
260
270
280
290
300
310
320

Electric
Conductivity
(µs/cm)
507
497
482
460
-

Once the trial’s with the instruments was completed, the grouped returned to the radio
station for dinner and to organise bags and gear for an early start the following day.

Day 2
On Tuesday, 3rd of September 2013, a group of 18 students and 3 supervisors left Isfjord radio
station at 7.30am (GMT). The students were divided into 6 smaller groups to investigate different
aspects in Linnédalen:
1) Team 1: Linnébreen (glacier) to measure ablation stakes, ice level and position, ELA
2) Team 2: Linnéelva (river) to take discharge measurements
3) Team 3: Kongressvannet (lake) to identify springs and measure their positions, measure
conductivity and pH in springs, lake's surface water and outflow
4) Team 4: LIA moraine to take discharge measurements
5) Team 5: Kongressvannet (lake) to estimate the water level by comparing with photos taken
and measure discharge in outflow
6) Team 6: Linnébreen (glacier) to identify front position (GPS), take photos and compare to
photo take earlier years
Equipped with wading trousers, survival suits for deeper rivers that might to be crossed, current
meters, conductivity meters, several kilograms of salt, GPS systems, VHF radios, cameras, paint,
maps, measuring tape, crampons, guns and rifles, the group headed to a base camp station south of
Linnévatnet. This hike took 2.5 hours and after a small break for snacks, the group continued hiking
further south along Linnéelva to the first relevant station for the first group so that the groups now
split apart. As there were not enough conductivity and current meters available for each single
group, the four groups responsible for hydrological measurements around Kongressvannet and
Linnéelva continued as one big group. It was then decided that the day would not be long enough to
also take the moraine measurements for which 2 groups were responsible so that the tasks were
redistributed among the river and lake groups. The initial task of team 5 was therefore divided into
two tasks:

i.
ii.

comparison of water level and
outflow discharge measurements.

Several conductivity and pH measurements were taken along the river and some inflows and around
Kongressvannet. After taking all measurements, photos and GPS data, the group hiked back to Isfjord
Radio station. As the group again split apart and a few people decided to take a more demanding
route on top of a moraine, arrival back spread from 6 to 7.30pm (GMT). In total, the hike of the day
covered approx. 27km. Dinner was not served until 9.30pm (GMT) until the group investigating
Linnébreen arrived back from a 39.2 km hike.

Day 3
Day 3 was used to a hike down the coastal flat south of Isfjord Radio (Isfjordflya) to the partly ruined
cabin (“Velferdshytta”) just north of the outlet of Griegbekken to the sea. The whole group had
photo session at the walrus colony and lunch at the cabin before half of the group continued to a
reconnaisance hike towards Solfonna (see below), and the rest returned directly to Isfjord Radio. The
hiking distance from Isfjord Radio to Velferdshytta is approximatly 8 km in easy terrain.
The background for the excursion towards Solfonna was to explore whether the Solfonna cirque
glacier can be considered as alternative to Linnébreen for glaciological investigations in the field
course, as the walking distance from the basecamp to Solfonna is only half of the distance to
Linnébreen.
Seminar about discharge measurements in the evening.

Day 4
Day 4 saw the return of the group to UNIS with two Polarsirkel ribs, in somewhat rough weather.

Reconnaissance excursion to Solfonna
Team: Myselie Nguyen, Ribanna Dittrich, Heather Bell, Nick Simmons, Ingvild Ketilsdotter Øverland ,
Kristine Lindtveit, Penny Clarke, Tyler Stewart, Lilya Saparova, Anders Ginnerup.
The walk from Isfjord Radio to Solfonna glacier is about 12.4 km long. The route can be cut shorter by
not going around the old hut at the walrus colony.
The map below (Figure 4) shows the approximate route we walked from the walrus colony hut and
onto the moraine before the glacier. The last part of the route follows the north bank of a river
coming from the front of the moraine, and this is the main meltwater river. Crossing this particular
river would require some degree of climbing to get across, more so the closer you get to the
moraine, from where on crossing is impossible until near the beginning of the glacier. At the start of
the moraine, the path marked on the map would seem to cross the river, but this is actually just a
very small side stream joining the river.
The main glacier river is not accurately drawn on the moraine part on the map from TopoSvalbard,
but it follows the inside of the sharp bend. Also the glacier is a lot shorter than what is shown on the
maps, perhaps only half as long or maybe even less.

Figur 4 Map of access route to Solfonna

Figur 5 Route taken into Solfonna valley.

As can be seen on the track above (Figure 5), we went to the northeast side of the moraine. Visiting
the southwest part would likely be tough and a bit dangerous, as this would require a walk on some
steep and exposed side-moraine above the inside of the bend in the moraine, with the meltwater
river directly at the bottom of the steep slope.
The pictures below were taken at 77.995188° N 13.752583° Ø about 1.5 hours from the walrus
colony. We did not go further than this, but had an OK view of the eventual route all the way to the
glacier. Hiking up to this point was easy, though crossing the hill made up of the frontmoraine
involves scaling some steep and lose rock.
As can be seen in the pictures, approaching the glacier along the north/eastern side (left part of the
picture) should not pose any problems. On the other hand, the steep mountainside (visible in the
right side of the picture) would make and an approach along the south/west side more demanding.

Figur 6 View towards Solfonna. Photo: Anders Ginnerup

Figur 7 The expedition members. Photo: Anders Ginnerup

Field equipment
The following field equipment was used:















1 current meter with measurement rods
2 conductivity meters
2 tape measures, 20 m
salt
7 VHF radios
1 satellite tel
1 rescue beacon
2 measuring tapes
6 GPS
6 first aid kits
7 rifles
7 signal guns
4 pairs of hip waders
2 resque suits

Evaluation
Basecamp Isfjord Radio is a good base for the course, with seminar room, internet and good service.
However, it is far fram the main targets for the field work, and the hike, especially the one to
Linnébreen is to long to give adequate seafety margins for bad weather or unforeseen trouble on a
one day hike. In general, much more time is spent on hikeing than on field work. If the course is to
continue here, the field sites will need to be changed and the program rearranged.
The instruments for discharge measurement, propeller current meter and conductivity meters were
not well enough checked beforehand, and we did not have backup for the current meter
(responsibility of the course leader). Although we managed to get the work done with some
improvisation, this is certainly a point for improvement.
Resque suits were not needed for the river crossings, hip waders will do. The summer had been wet
and mild and the rivers were relatively high. Still relatively small amounts of salt is needed, even
though the background conductivity in Linneélva and Kongressvannet is high.

Field reports
Team 1 – Linnébreen, stake measurements
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Arctic Hydrology and Climate
Change
Mass balance systems of Linnébreen
Measuring the height of ablation stakes and the
equilibrium line altitude on Linnébreen

Preliminary Field Report

Author:
Valentin Bickel

Course Responsible:

Azhar Abdrakhmanova
Tyler Stewart

Prof. Nils Roar Sæthun
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Methodology

Figure 1: Photograph of Linnébreen with person in foreground for scale.
The ablation stakes that are the subject of this report were visually located on the
surface of the glacier. The status of each stake was noted (whether it is standing,
tilted, dislodged, or completely melted out of the glacier. See Figure 6.), photographs were taken, the coordinates of their positions were recorded using GPS,
and finally the height of each stake was measured and documented. Height was
measured from the top of the stake, to the surface of the water at the base in the
drill hole. Height measurements were taken using a tape measure mounted on a
stake (See Figure 2).

Figure 2: The authors mounted the tape measure onto a dislodged ablation stake
(6m long) allowing for the higher stakes to be measured.
1

For practical purposes, the surface transition between ice and snow was used
to infer the equilibrium line altitude (ELA). This transition was visually located
in the field (see Figure 3) and three GPS waypoints were logged at equal distances
along the boundary. The average elevation above sea-level of these three values
was taken to be the ELA.

Figure 3: The visible snow/ice boundary is indicated with a red line. Person for
scale.
Adam et al.1 have observed that “the snow line at the end of the ablation
season is roughly equal to the ELA for temperate glaciers”. Although we do not
suspect Linnébreen to be a temperate glacier, this approximation will implemented
until we have access to more suitable equipment.
1

Adam, S., Pietroniro, A., & Brugman, M. M. (1997). Glacier snow line mapping using ERS-1
SAR imagery. Remote sensing of environment, 61(1), 46-54.
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Observations

Figure 4: Diagram showing the location of the six observable ablation stakes as
well as the locations of the three ELA measurements. The red line indicates the
transect referred to in Figure 5.

Figure 5: Schematic of Linnébreen illustrating the relative position of the six
remaining ablation stakes and the measured ELA.
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Status

Height (m)

GPS Location

Elevation (m)

Stake 1

Melted out

-

-

-

-

Stake 2

Melted out

-

-

-

-

Stake 3

Fixed

1.45

N 77◦ 57.825

E 13◦ 55.005

252

Stake 4

Tilted

1.35

N 77◦ 57.694

E 13◦ 54.874

302

Stake 5

Dislodged

5.70

N 77◦ 57.584

E 13◦ 54.647

326

Stake 6

Fixed

4.44

N 77◦ 57.464

E 13◦ 54.302

368

Stake 7

Fixed

4.60

N 77◦ 57.360

E 13◦ 53.895

386

Stake 8

Fixed

5.05

N 77◦ 57.277

E 13◦ 53.324

405

Table 1: Status, height, and position of ablation stakes on September 3, 2013

ELA Measurement

GPS Location

Elevation (m)

a

N 77◦ 57.825

E 13◦ 55.005

463

b

N 77◦ 57.825

E 13◦ 55.005

477

c

N 77◦ 57.825

E 13◦ 55.005

468

a+b+c
3

-

-

469

Table 2: Location and elevation measurements of the ELA on September 3, 2013

3

Problems and challenges encountered

Without prior knowledge of the location of the ablation stakes, those that had
melted out could not be found (stake 1 and 2). In addition, stake 5 had dislodged
and had to be repositioned in the drill hole whilst stake 4 was tilted and had to be
adjusted to stand in the upright position prior to measurements being taken (see
Figure 6). Movements of the stakes could allow ice to refreeze in the drill hole,
changing the upright position of the stakes and subsequently altering their position
relative to earlier measurements and introduing errors in our measurements.

4

(a) Standard

(b) Tilted

(c) Dislodged

Figure 6: stake status was divided into three categories based on its stability
In addition, we were not familiar with the methodology used by other research
teams when measuring the ablation stakes. This could create complications when
our data is compared with existing data sets from earlier years or when it is used in
subsequent studies. An example of how methodologies could conflicting is evident
when determining the height of an ablation stake: should the height of the stake
be measured from the surface of the glacier, or from the meltwater accumulated
in the drill hole? See Figure 7. For the purposes of this experiment, our measurements were recorded to the surface of the water in the drill hole.

Figure 7: Precisely locating the base of the ablation stakes is complicated by
melting/refreezing ice.
5

Finally, the length of most ablation stakes was 6 meters. Whilst the tops of the
first two stakes were easily accessible at less than 2 meters high, all other stakes
were significantly higher and their tops could not be reached without aid. We
improvised in the field by mounting the measuring tape on a dislodged ablation
stake so that the top of the stakes could be reached.

Figure 8: The height of the ablation stakes relative to a person.

4

Other comments

Given the amount of improvisation undertaken during this exercise and the large
body of research that has already been conducted on these ablation stakes, it
would be both practical and interesting to be able to consult existing literature
for their methods prior to field work and for the purpose of data correlation.
6
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Team 2 – Linnéelva, discharge measurement

AT-209 Hydrology and Climate Change

03.10.13 Report: Salt dilution at Linnéelva

Field report
Team 2
Tasks assigned
 Determination of the Discharge at Linnéelva.
Kristine Lindtveit, Liliya Saparova, Nickolas Simmons

Location and environment
Field data was collected from Linnéelva, Spitsbergen. Linnéelva is a proglacial stream
sourced by Linnébreen in Linnédalen (elva = stream, breen = glacier, dalen = valley).
Linnédalen is located on the western coast of Spitsbergen, the largest island in the Svalbard
archipelago at approximately 78˚N, 13°E (Figure 1). Discharge was measured at a site distal
from the glacier, several km downstream from the Little Ice Age moraine (LIA); (Figure 1).

Monitoring
Site

LIA Moraine

Figure 1. Location map of Linnédalen. Linnébreen is labeled, and Linnéelva is the “Main
river”. The location of the Little Ice Age (LIA) moraine and the location of the discharge
monitoring site is indicated. (Figure after Svendsen et al., 1989, p. 154).
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Sudden Injection Tracer Dilution Method
Our technique was referred to the salt dilution method which uses a known
concentration of salt in a volume of water. The tracer is dumped into the stream and changing
conductivity is measured with a conductivity meter. This technique is often useful in turbulent
rocky streams.
First the conductivity meter must be calibrated, by placing the conductivity meter into
a solution of known concentration. The special salt mixture was put into 200 ml of freshwater,
so that a solution of tracer of known concentration was made and conductivity meter was
calibrated.
The background conductivity for the Linnéelva was recorded approximately half way
into the stream, further up the stream the tracer (1 kilo of table salt) was rapidly released into
the stream (Figure 2). This stream-gauging site was evaluated at field site and chosen as a
point that favored the best mixing and a rapid dissolution of the salt injected (e.g. a narrow
point with relatively high current and good velocity creating a turbulence that can dissolve the
salt). While measuring, the conductivity readings were recorded every 10 seconds from when
the level of conductivity started to rise, until the conductivity returned to the background
level. A fix point where then drawn with the aid of a black spray box on site where the
measurement took place (Figure 2.)

Equipment
The main pieces of equipment needed to measure stream flow by salt dilution are the
electrical conductivity (EC) logger, salt, and a calibration kit for performing simple
calibrations in situ. Also a notebook is needed to fix the measurements.

Theory
There are two types of tracer injection method for calculating the discharge of a
stream:


the constant rate injection method;



the sudden injection method;

The sudden injection method will be discussed here, as it was the one which was used
in this investigation. One reason that this method was used is that salt, which was provided as
the tracer, would have to be used in huge quantities were it to be used in the constant injection
method.

NRS 2013
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However any tracer can be used for this method as long as it meets a key set of criteria
which includes it:


being able to be dissolved readily in water at ordinary temperatures;



being detectable by some technique or instrumentation;



being harmless to man and animals in the concentrations it assumes in

the stream;

The basic principle of dilution gauging is to add a known quantity of a tracer to a
stream and observe its concentration in the stream at a point where it is fully mixed with the
flow. The higher the flow, the more it dilutes the tracer. Dry salt used as the tracer must be
injected at a point that favours rapid dissolution. This creates a salt solution in situ that then
disperses into the flow aided by turbulence in the water column. The resulting concentration
of salt is measured as electrical conductivity at a point downstream of the injection point
where it is completely mixed. (Introduction to Salt Dilution Gauging for Stream flow
Measurement Part IV, Rob Hudson and John Fraser).
When salt (NaCl) is dissolved in water, it causes a near linear response in the electrical
conductivity. At infinite dilution the millimolar electrical conductivity of NaCl at 25°C is
1.254 mS/m. In water not containing other ions, 1.000 g NaCl/m3 will give 0-214 mS/m
electrical conductivity. (APHA, 1980).
By recording the concentration or conductivity downstream and plotting it against
time, a conductivity-time curve can be produced. An example of this type of graph can be
seen in Figure 2. When the data has been collected and a graph has been plotted, the following
equation (Equation 1) can be used to compute the stream discharge:

Equation 1. Equation required to calculate stream discharge from data gathered using
the sudden injection method. Source: Rantz et al (1982).
NRS 2013
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Figure 2. A tracer concentration (or conductivity) – time curve that can be plotted
from data gathered from the sudden injection method. Source: Rantz et al (1982).

The “Ideal” stream: It is important when using the sudden injection method to
consider a number of variables when choosing a stretch of stream in which the experiment
will take place. According to Rantz (1982) in a USGS stream flow manual, the accuracy of
data collected using this method is affected by; excess turbidity, loss of the tracer and degree
of mixing of the tracer. For this method in particular it is important to choose reaches that
don’t have areas of slack water, because these pooled areas can store tracer and delay its
movement to the sampling site. It is also important to have no excess turbidity as conductivity
meters can be adversely affected by the presence of air bubbles subsequently produced.
Finally, the loss of tracer by sorption can be a problem and can be minimized by choosing
channels with little streambed material, suspended sediments and dissolved sediment, as well
as a lack of plants and other organisms. However, when using this method in the field it is
reasonable to assume that it is unlikely that there will be 0% loss of tracer solution through the
above mentioned mechanisms.
If the sudden injection method were to be simulated in laboratory experiments, the
ideal controlled channel would have no areas of slack, no excess turbidity and a low amount
of tracer lost to through the mechanisms listed above. Furthermore, there would have to be no
tributaries in or out of the channel between the tracer release site and the sampling site. An
inflow tributary would likely affect the degree of mixing of tracer, and an outflow tributary
would likely cause a loss of tracer (Rantz et al., 1982).
NRS 2013
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Location, time, altitude, water level (Table 1.) and data collected (Table 2.).

Table 1. Position of fix point, time of the day, altitude and water level.

Location

Time

78,02087∘N13,86355∘E

03.09.13

Altitude
12:00 p.m.

Water level

20 m.a.s 1 1/3 of the spray
box: ~30 cm

Table 2. Discharge measurements (Linnéelva) with Dry Salt Injection method.
Electrical conductivity (EC
EC(t) Time [s] (t)) µs/cm
EC(bg)
0
192,7
0
10
196
3,3
20
205
12,3
30
212
19,3
40
223
30,3
50
233
40,3
60
233
40,3
70
235
42,3
80
231
38,3
90
227
34,3
100
221
28,3
110
216
23,3
120
212
19,3
130
207
14,3
140
204
11,3
150
202
9,3
160
199,4
6,7
170
197,7
5
180
197,1
4,4
190
196,2
3,5
200
195,8
3,1
210
195,3
2,6
220
194,9
2,2
230
194,7
2
240
194,3
1,6
250
194,1
1,4
260
193,9
1,2
270
193,8
1,1
280
193,7
1
290
193,6
0,9
300
193,4
0,7
NRS 2013
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310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
Sum:

Σn (EC(t) - EC(bg))

193,2
193,1
193,1
193
193
193
193
192,9
193
192,9
192,9
192,9
192,9
192,9
192,8
192,8
192,8

03.10.13 Report: Salt dilution at Linnéelva
0,5
0,4
0,4
0,3
0,3
0,3
0,3
0,2
0,3
0,2
0,2
0,2
0,2
0,2
0,1
0,1
0,1
408,2

Figure 1. Conductivity flux after 1kg of dry salt injection. Background level of conductivity:
~193 µS/cm.
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Problems and challenges encountered
Current meter did not work so we could not use that. Also one of the conductivity
measurers was faulty so we could only use one conductivity measurer. We also found that the
conductivity did not return to the background level, it stayed slightly elevated. This could
have been due to the stream not being turbulent enough to mix up all of the salt, some could
have stayed at the bottom of the stream and been released slowly.

Pictures

Figure 2. Linnéelva(top left); fixpoint of measurement (top left and right); site of injection,
mixing site of salt in water(bottom left).
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Team 3 – Kongressvannet – geochemistry

Field report AT-209
Team 3, Kongressvannet:
Jøran Solnes Skaar, Heather Bell and Ingvild Ketilsdotter Øverland.

Tasks assigned
Identify springs and measure position, conductivity and pH, measure conductivity and pH in surface
water and outflow.

• Register coordinates and altitude
• Measure conductivity and pH

Fig 1: map showing the measurement sites.

Methodology
The conductivity and the pH were measured with a Mettler Toledo multimeter with conductivity and
pH probe. The measure instrument was immersed in the water at the measuring point. Different
probes were used to measure the conductivity and the pH- value. The measure instrument also
measured the temperature in the water.
A GPS was used to register the coordinates and the altitude of the measurement points.

Team 3, Kongressvannet

Observations: location, time, altitude and data collected
Site 1
Position (WGS84, Decimal degrees),
altitude:

N78.02760 E13.90775, 79 meters

Date of measurement:

03.09.2013 13:52

Conductivity [µS/cm]:

1500

Temperature [°C]:

1,4

Description/comments:

Measurement taken where the spring exits the moraine.

Site 2
Position (WGS84, Decimal degrees),
altitude:

N78.02771 E13.90545, 68 meters

Date of measurement:

03.09.2013 14:08

Conductivity [mS/cm]:

2,19

Temperature [°C]:

3,8

Description/comments:

Site 3
Position (WGS84, Decimal degrees),
altitude:

N78.02212 E13.93907, 92 meters

Date of measurement:

03.09.2013 14:47

Conductivity [µS/cm]:

1585

Temperature [°C]:

3,7

Description/comments:

Strong smell of hydrogensulfide.

Team 3, Kongressvannet

Site 4
Position (WGS84, Decimal degrees),
altitude:

N78.02232 E13.93924, 93 meters

Date of measurement:
Conductivity [mS/cm]:

2,11

Temperature [°C]:

3,4

Description/comments:

Actually 3 streams, all very similar

Site 5
Position (WGS84, Decimal degrees),
altitude:

N78.01786 E13.94982. 91 meters

Date of measurement:

03.09.2013 16:37

Conductivity [µS/cm]:

620

Temperature [°C]:

5,5

Description/comments:

Surfacewater Kongressvatnet

Problems and challenges encountered
Because of slow response of the pH- probe, no pH- measurement was performed. This may be
caused by dry storage of the electrode.

Pictures:
Site 1

Team 3, Kongressvannet

Site 2:

Site 3:

Site 4a:

Team 3, Kongressvannet

Site 4b:

Site 5:

Team 3, Kongressvannet
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Team 4 – Kongressvannet outflow measurement

AT-209 Field trip to Kapp Linne 02.09.2013-05.09.2013.
Discharge measurements of the outflow at Kongressvannet
Team 4
 Penny Clarke
 Stig Lunde
 Anna Olsson
The fieldwork was conducted in the Linnevannet region located near to Kapp Linne;
the tip of the mouth of the Isfjord into the Greenland Sea (Western Spitsbergen,
Svalbard). Data was collected on 03.09.2013, leaving at approximately 10am on an
8-10km walk through the Linnévannet, approaching the Kongressvannet Lake at
15.00 hours. Team 4 approached the East facing out flowing stream of the
Kongressvannet Lake at 16.13 hours and began data collection of the out flowing
discharge. The data was collected with the assistance of groups 2 and 5. The weather
on the date of collection was cloudy with high winds; access to the location was
viable. The river flow was low with slow to moderate flow rate. Significant features in
the out flowing stream, upstream of the measuring site, were 3 natural weir like
formations; both enhancing mixing but also increasing the time taken for full passage
of the salt due to the subsequent pooling (Figure 1). The pooling can also be an
explanation for the secondary peaks in conductivity. At the site the bedload was large
angular clastic sediments intermixed with smaller clastic sediments; the river was
entrenched in steep embankments ~5m in height.
Site



Salt injection site: N 78º 01' 21.6 EO 13º 58' 28.8 (Reading of 4m accuracy)
 Altitude: 96m
Conductivity measuring site: N 78º 01' 22.4 EO 13º 58' 33.5 (Reading of 4m
accuracy)
 Altitude: 91m

(A) Measuring point

(B) Injection point

1

(C) Artificial weir features

Figure 1: Photographs of the site showing the injection point (B), the measuring point
(A) and the artificial weir like formations.
Linnevannet

Isfjord Radio

Kongressvannet

Figure 2: Areal view of the study area (Copyright © 2009 German Aerospace Center).
Aim
The original aim was to calculate discharge of the LIA moraine. Due to time
constraints this aim could not be fulfilled due to the large area extent of the field sites.
Team 4 approached and new task to:
Assess and calculate the discharge of the out flowing stream of the Kongressvannet
Lake.
Method
The method used to assess discharge was salt dilution gauging, a dry salt method was
adopted (Moore, 2005). The Background Conductivity along with temperature was
recorded; as well as a coordinate location and altitude of both the injection and
measuring points. A secondary data point was obtained from a stable fix point; this is
the measure of the water level relative to the fix point marking. Photo identification
was also taken for observational purposes. A 1kg mass of salt was injected into the
out flowing stream close to the lake entry; and the measuring point was located at

2

approximately 25 times the width of the stream, to ensure lateral dispersion/full
mixing of the salt. The recording of data began at the first change in conductivity, and
subsequently at 10 second intervals, until conductivity reached background level.
Equipment
 GPS
 Conductivity meter
 1kg of salt
 Measure
 Marking spray
 Stop watch
 Waders
 VHF radio
 Safety: Rifle and flare gun
 Camera
Results
Stable fix point 2013 marked on a stable rock surface next to the measuring point, the
value is from the central point of the X to the water surface level. The level recorded
was: 0.46m
C
Time (secs)
Cond
v y (μ )
0 (Background)
673
10
674
20
682
30
708
40
743
50
777
60
786
70
791
80
789
90
780
100
767
110
749
120
737
130
723
140
714
150
712
160
701
170
696
180
696
190
694
200
691
210
688
220
686
230
684
240
683
250
682

3

260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600

681
680
680
679
679
678
678
678
678
678
678
678
678
677
676
676
676
676
676
677
676
676
676
676
675
676
677
676
676
676
676
676
676
676
675

Interpretation
Data will be interpreted using graphic calculation of conductivity against time to
produce a discharge calculation using the following:
Q(t) = M
Σ(C(t)-C(bg))
Challenges
The original task to measure the discharge at the LIA moraine had to be changed due
to time constraints. The task to measure the discharge at Kongressvannet Lake was
viable and accessible; yet again there were problems with time. For example two
measurements of conductivity were meant to be compiled; despite this only one was
achieved. Similarly the data set collected did not return background level conductivity,
this to was due to time constraints; and can be owed to the subsequent pooling after a
4

weir, ensuring that salt pass was dispersed though time. The velocity was also meant
to be recorded using a current meter, but due to missing equipment this was not
possible to complete.
Reference
Moore, R. D. (2005) Slug Injection Using Salt in Solution. Streamline Watershed
Management Bulletin, 8, 2.
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Team 5 – Kongressvannet water level

Hydrological measurements on the lake Kongressvannet –
Estimation of changes in lake level
Anders Ginnerup, Myselie Nguyen, Ribanna Dittrich
1. Introduction
The water level of lake Kongressvannett located in the east of Linnédalen near Kapp
Linné/Svalbard, shows high, seasonal variation. By reference to photos taken by Holm et al. (2011)
of an old shed in the lake, water level can be compared. As part of other hydrological investigations
and measurements in and around lake Kongressvannet, including conductivity, pH at given inflows
and the main runoff, characteristics of the catchment area can be recorded and compared.
2. Narrative
On Tuesday, 3rd of September 2013, a group of 18 students and 3 supervisors left Isfjord radio
station at 7.30am (GMT). The students were divided into 6 smaller groups to investigate different
aspects in Linnédalen:
Team 1: Linnébreen (glacier) to measure ablation stakes, ice level and position, ELA
Team 2: Linnéelva (river) to take discharge measurements
Team 3: Kongressvannet (lake) to identify springs and measure their positions, measure
conductivity and pH in springs, lake's surface water and outflow
Team 4: LIA moraine to take discharge measurements
Team 5: Kongressvannet (lake) to estimate the water level by comparing with photos taken and
measure discharge in outflow
Team 6: Linnébreen (glacier) to identify front position (GPS), take photos and compare to photos
already taken
Equipped with wading trousers, survival suits for deeper rivers that might to be crossed, current
meters, conductivity meters, several kilograms of salt, GPS systems, VHF radios, cameras, paint,
maps, measuring tape, crampons, guns and rifles, the group headed to a base camp station south
of Linnévatnet. This hike took 2.5 hours and after a small break for snacks, the group continued
hiking further south along Linnéelva to the first relevant station for the first group so that the groups
now split apart. As there were not enough conductivity and current meters available for each single
group, the four groups responsible for hydrological measurements around Kongressvannet and
Linnéelva continued as one big group. It was then decided that the day would not be long enough
to also take the moraine measurements for which 2 groups were responsible so that the tasks
were redistributed among the river and lake groups. The initial task of team 5 was therefore divided
into two tasks: (i) comparison of water level and (ii) outflow discharge measurements.
Several conductivity and pH measurements were taken along the river and some inflows and
around Kongressvannet. After taking all measurements, photos and GPS data, the group hiked
back to Isfjord Radio station. As the group again split apart and a few people decided to take a
more demanding route on top of a moraine, arrival back spread from 6 to 7.30pm (GMT). In total,
the hike of the day covered approx. 27km. Dinner was not served until 9.30pm (GMT) until the
group investigating Linnébreen arrived back from a 39.2km hike.

3. Materials and Methods
GPS, camera, wading trousers, waterproof paper/pen
At Kongressvannet, the position of the photos taken by Holm et al. (2011) was found by trial and
error walking around the lake. The shed itself and the mountains in the background were used for
orientation. When the position was found, photos were taken for being able to compare the water

level and GPS data of the exact position was taken for future reference.

Figure 1: Route from Isfjord Radio the the base camp south-east of Linnévatner in black. Route to and from
Kongressvatnet in red. Source: Toposvalbard 2013

4. Results
Water levels of 2006, 2008 and 2013 are shown in figure 1-3. The red markings show the
orientation points for taking the pictures from the right position.

September 2013

Figure 1-3: Water level of lake Kongressvannet by reference to an old shed. Images from 2006 and 2008 taken from
Holm et al. (2011)

GPS data from the position the photo was taken:
78°1.337' N
13°56.442 E
Elevation: 102m a.s.l.
Figure 4 shows the lake and team 5 trying to find the right spot for taking a photo of the shed that
can be seen in the right corner. Water level has obviously increased from 2008 to 2013 and it might
even be higher in 2013 than it was in 2006.

Figure 4: Team 5 on its way to find the right spot for a comparison photo.

Discussion:
The water level has increased again after a major decrease from 2006 to 2008. The lake was at a
minimum in July 2008 showing the shed several 10's of meters away from the water line. Water
level seems to be even higher than in 2006. However, GPS data was not available for the 2006
and 2008 photos so that the angle of the photo taken in 2013 is not 100% accurate and the visual
water level in the photo might be distorted.
The increased water level can arise from different sources: It might have occurred due to increased
precipitation or increased melt down of the surrounding and therefore an increased catchment.
The GPS data measured differs slightly in altitude from online data: On site measurement stated
102m above sea level while the conversion system of Geoplaner (Geoplaner 2013) states 182m
for the same point.
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Team 6 – Linnébreen, frontal positions

Kapp Linne Field
report
Prof. N.

Sælthun [n.r.salthun@geo.uio.no]

Lucianne Marshall, Ragnhild Tveit and Ola Kihle

Lucianne Marshall

LucianneM@unis.no

09/09/13

Arctic Technology - Hydrology and Climate change (Nils Roar Sælthun)
Field Report – Isfjord Radio, Kappe Linne, 02/09/2013.
Introduction:
The aim of this field excursion was to gain an understanding of Linnebreen hydrological
system by looking at its discharge at various points along with changes in water and ice
levels, Figure 1. Another aim is to gain experience with essential hydrological instruments in
the field. To cover a fairly extensive area the class was split into teams which would then
look at different areas and complete various tasks, figure 1.

Team 3/4 – Spring
Identification/ get
coordinates. pH and
conductivity
measurements.

Team 2 – Discharge
measurements

Team 5 – Estimate lake
level, make
comparative photos
and measure discharge
in outflow.

Team 6 – Photo
position
identification, Front
location and GPS.

= Base camp

Team 1 – Measure
ablation stakes, ice
level and position
and ELA

Figure 1 – Map of Linnebreen Valley and points of measurements (Norwegian Polar
institute, 2013)

Each team consisted of 3 people, each team had individual tasks to be completed and
recorded - which are to be compiled and analysed at a later date along with comparisons to
be drawn to previous data in the last few years.
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Figure 2 - Aerial photo of the Linnébreen glacier front in 14 August 2012 (The Norwegian
Polar Institute, 2013).

Figure 3 – 3D topographic map of Linebreen glacier and surrounding area (The Norwegian
Polar Institute, 2013)
The Linnébreen is a 3.5 km long glacier, figure 2, stretching from Systemfjellet down to
Linnédalen, with a tributary glacier from the area between Hermod Petersenfjellet and
Christensenfjella (The Norwegian Polar Institute, 2013). The glacier front is situated 163
meters above sea level, and at its highest point the glacier is between 500 and 550 m.a.s.l
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(altitude data was not collected on top of the glacier).
The surrounding landscape is needless to say shaped by glacial and glaciofluvial erosion,
with tall morains and a wide, sloping U-valley, figure 3.

Narrative:
Day 1:
Monday the 2nd of September the class arrived at UNIS around 8:15 where received an
initial safety briefing for our transport to and time at Kapp Linne was given. The group then
proceed to get all the gear together and survival suits for the boat journey from UNIS to the
boats.
Using the Polar circuit boats, with around 10 persons aboard, the excursion set off at around
1030 ish. The journey to Kapp Linne was relatively flat thus quite fast with the good
conditions, taking around 1.5 hours. On arrival accommodation was organised along with
some hot drinks to warm up, followed by an introductory lecture giving a basic plan of
action produced by Nils.
The action plan split the class into teams and the tasks were discussed - how and when they
were to be physically performed. Another note on safety in the field, along with the use of
the VH radios was briefed. After this discussion the group went for a short hike into the field
to find an appropriate place to gain familiarization with the field equipment. The most
complex of which was the salt mass measurements (via conductivity measurements) and
the current meter – however some ‘data’ was collected enabling an brief understanding of
the data before the actual field course, table 1-2, this could be used later to calculate
average speeds and discharge rates in that location.
Table 1 – Current meter test
Distance along Tape
(cm)
250
300
350
400
450
500
550
600
650
700

Depth (cm)
0.00
8.5
14.5
19
17
16.5
15
12
7.5
2

Revolutions (per
min)
0
0
10.5
33
44
64
55
28
0
0

Velocity
0
0
0.04
0.14
0.18
0.26
0.23
0.12
0
0
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Table 2 – Conductivity Measurements
Time (s)

0
10
20
30
40
50
60
70
80
90
100

Electric
Conductivity
(µs/cm)
420
456
495
496
603
608
680
760
719
716
674

Time (s)

110
120
130
140
150
160
170
180
190
200
210

Electric
Conductivity
(µs/cm)
652
633
607
577
551
610
575
528
535
501
485

Time (s)

220
230
240
250
260
270
280
290
300
310
320

Electric
Conductivity
(µs/cm)
507
497
482
460
-

Once the trial’s with the instruments was completed, the grouped returned to the radio
station for dinner and to organise bags and gear for an early start the following day.
Day 2:
Breakfast was at 0730 where pack lunches were made for the day. Each group was to carry
their own personal gear along with any equipment needed for their tasks. This report
focuses on the activity of team 6, our task was to find the location where a given, older,
picture was taken – there take an up to date picture and also note the GPS coordinates –
also taking note of the GPS coordinates on the glacier front. Thus team 6 had a GPS and
camera for our task equipment – along with safety equipment.
As a whole the group all hiked to a ‘base camp’ approximately 10km where everyone had a
short break before the groups divided to head their individual directions. Team 1 and 6
stuck together as both had task on and around the glacier. Distance to the Glacier was
another 10km (approx.). Team 6 located the spot where the old picture was taken, figure 4
– a new record photo was taken, figure 3 along with its GPS coordinates.
Once the tasks were complete team 6 joined team 1 on the glacier with the use of crampons
to try to assist them with their task and to see some of the glacier. Once both teams were
complete, both headed back to the radio station together this time on the coastal side- in
total traveling 39.8km making it a fairly long day; returning to the radio station at
approximately 2230. The walk was quite challenging on the way back due to fatigue, sore
feet and often crossing very loose rocks across the moraine area – occasional there was the
need to assist each other and work as a team – however it was all well worth it as it was a
brilliant day!
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Materials and methods
Each team required a VH radio for safety contact and coordination with the other teams
throughout the hike along with a rifle and first aid kit. With appropriate outdoor gear and
water, food and snacks to keep sugar levels up during the day the only additional gear
required for team 6 was a camera to make the photograph and a GPS for coordinates.
Additionally crampons were taken so that team 6 could explore the glacier after completing
their task.
The old photo was visual compared with the visual landforms and angles of the peaks so
that the location could be found. Once found a new photo was made and the coordinates
noted on the GPS (WG8S4 system). Once the first record was made GPS coordinate were
then made at the glacier front and again recorded.

Results
Figure 3 was taken at a latitude of 77.58.060°N and longitude of 013.55.086°E, with an
elevation of 166m, using a Canon EOS 100D camera with a zoom of 55mm. Once the image
was procured the glacier front coordinated were made: Lat 77°58.036/ Long 013°55.088
with an elevation of 163m.

Figure 3 – New photograph of Linne glacier (Lucianne Marshall, 2013)
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Figure 4 – Older photograph of Linne glacier (Unknown, 2012)
Figure 3 shows the main part of the glacier and its front; also the two feeding areas can be
seen – branching off left and right. Ice comes past the rocky mountain outcrop to the left
(looking towards the glacier), however, little is seen on the peaks and also little is seen on
the roots of the mountains.
In the older photograph, figure 4, the glacier front doesn’t reach passed the rocky outcrop
of mountain on the left and seems to be further up on the slope. The ice itself is thinner on
the main front along with the branching left area. There is more ice/snow on the peaks and
snow is higher on the roots of the mountain.

Discussion
The older picture shows that the glacier front has retreated further and the ice itself on the
main combined section, as well as on the left hand branch, appears thinner in comparison to
the newer picture. Further data, perhaps from the ablation stakes would be a useful
analytical tool rather than just visual analysis.
However the differences seen in the images compared with annual precipitation rates could
lead to some suggestions for the changes seen. Elevated precipitation rates this year
compared to the normal annual levels show a vast difference. In July this year there was a
total of 44mm compared to the normal 18mm and August had a total of 59.2mm compared
to the normal 23mm in that month (NRK,2013). Not only had the summer months had
increased precipitation rates, the previous December (2012) was a lot higher: 47.4mm to
the normal 16.0mm. The only months not to see any increase in precipitation in comparison
to the given norm were February, March and April. Elevated precipitation rates would likely
cause the glacier to extend as there is more water and ice to feed the glacier system this
could explain the change in front position between the two years – however, more detailed
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analysis of the data set would be required along with more information on the 2012 photo,
figure 4.
Along with higher precipitation rates there has also been a higher temperature compared to
the norm (NRK,2013) this could suggest as to why there is less snow and ice cover on the
mountains themselves. These would be the less stable patches of snow and ice and with a
rise in temperature it is possible that during this year’s summer months that they could had
sequel to melting, however, this is not definitive.

Problems and Challenges
The hike up to the Linnébreen glacier and back to Isfjord radio was more demanding than
first expected and at times the terrain was challenging with large moraines in front of the
glacier and some boggy areas in the Linnévalley and along the coast on the way back to
Isfjord Radio. On arrival at the glacier front the location where the photo from 2012 was
taken proved difficult to accurately find due lack of the past coordinates from the group
who conducted field work the previous year. However, the group did not encounter any
major problems or challenges in the course of the field work.
Problems with the theories are that they rely on human visual analysis, which itself is
unreliable and changes person to person. The coordinates made for the front, again relied
on human visuals, did not take into consideration that where the ice is thinnest the glacier
front is more or less covered with gravel and sand, making it harder to determine the exact
situation of the front thus may be incorrect. The limited information of the past photo
makes it hard to compare other than visually, which is also true for the glacier front
coordinates as the older data has not been passed on for team 6 use. The validity of the
data that has been utilised (temperature/precipitation records) must also be considered as
it is not collected in the location of Linbreen itself, thus, may have quite big error margins.

References
Norwegian Polar Institute (2013) - http://toposvalbard.npolar.no/ [Accessed 09.2013]
NRK - Norwegian Meteorological Institute and Norwegian Broadcasting Corporation (2013).
http://www.yr.no/place/Norway/Svalbard/Longyearbyen/ [Accessed: 09.2013]
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Teams 1+6 The mass balance of Linnébreen

Mass Balance of Linnebreen
Arctic Hydrology and Climate Change Field Report 2013

Abstract: The current status of Linnébreen was assessed looking at the glacier mass balance for 2013. In order to
find the net mass balance ablation stakes situated at six different points on the glacier were measured. Additionally,
coordinates and photos were collected for the glacier front and the snow-ice line. This data was then compared with
data collected by students in 2012. The net balance for 2013 was a negative value, meaning that ablation in the
summer months was greater than the accumulation in the winter. The meteorological data records from November
2012 until September 2013 supports this. A positive deviation from the normal monthly average was observed in
both temperature and precipitation. The higher than normal temperatures in the ablation season may account for the
decrease in summer balance from 2012. The group also found that the ELA of Linnébreen increased by over 200m
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1. Introduction
The Linnébreen glacier is located in the Linnédalen valley. The Linnébreen is a 3.5
km long glacier, figure 1, stretching from Systemfjellet down to Linnédalen, with a
tributary glacier from the area between Hermod Petersenfjellet and Christensenfjella
(The Norwegian Polar Institute, 2013). The glacier front is situated 163 meters above
sea level, and at its highest point the glacier is between 500 and 550 meters above
sealevel (m.a.s.l).
The aim of this report is to calculate the mass balance of the Linnébreen as part of a
study of the hydrology in the Kapp Linné area. Initial focus is on the annual change
from 2012-2013, with further comparison and conclusions being drawn from any
available data that has been found for past years.The mass balance of a glacier is
the difference between snow accumulation and ablation over the period of a balance
year, which is usually measured from the end of a melt season to the end of the
next. The sum of that year’s summer and winter balances is the net balance (Hooke
2005).

2. Materials and Methods
The determination of Linnébreen’s mass balance has to be divided into two sections,
first – the gathering of data in the field and secondly, the required calculations of the
new data in comparison to previous years. There are multiple ways to calculate the
mass balance of a glacier; in this report the glaciological method is applied, rather
than observed runoff or remote sensing the use of U.S. Svalbard REU (Research for
Undergraduates) Program’s data, provided by Michael Retelle will be utilised
instead.

2.1 Physical field work
The physical work on Linnébreen required certain equipment for safety purposes and
to make the measurements. Two teams worked on collecting the necessary data,
both teams required a VH-radio for communication, along with a rifle and first aid kit
for safety. Additional requirements were a camera to make the photographic records
and a GPS for coordinates. Additionally, crampons were taken so that team 6 could
explore the glacier after completing their task.
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2.1.1 Ablation and ELA
To calculate the mass balance of the glacier, the ablation of the glacier needed to be
quantified. This was done using the ablation stakes which have been positioned on
Linnébreen. The ablation stakes were located on the surface of the glacier and the
status of each stake was noted (whether it is standing, tilted, dislodged, or
completely melted out of the glacier, Figure 1), photographs were taken, the
coordinates of their positions were recorded using GPS, and ﬁnally the height of
each stake was measured and documented. Stake height was measured from the
top of the stake, to the surface of the water at the base in the drill hole. Height
measurements were taken using a tape measure mounted on a stake (Figure 2).

Figure 1 - Examples of the status of the stakes. a) standard, b) tilted, c) dislodged.

Figure 3 - Measuring the ablation stakes.

Figure 2 - Estimated Equilibrium Line Altitude (ELA)

or practical purposes, the surface transition between ice and snow was used to infer
the equilibrium line altitude (ELA). This transition was visually located in the ﬁeld
(Figure 3) and three GPS waypoints were logged at equal distances along the
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boundary. The average elevation above sea-level of these three values was taken to
be the ELA.

2.1.2 – Glacier front and annual variation
To find the location where the given 2012 photo was taken the photo was visually
compared with the distinctive landforms and angles of the peaks. Once the correct
location was found a new photo was made and the coordinates noted on the GPS
(WG8S4 system). Once the first record was made GPS coordinate were then made
at the glacier front and again recorded.

2.2 Mass balance calculations
The mass balance of the glacier is determined by point measurements at ablation
stakes during winter, when there is an observed accumulation, and during summer,
when there is an observed ablation. These winter and summer measurements are
converted to water equivalents, then interpolated across the entire glacier, taking into
account the area and elevation interval represented by each stake (each stake
represents an averaged area) and assuming a linear relationship between elevation
and mass balance. The net mass balance is the sum of these two measurements,
where a positive net mass balance indicates larger accumulation during the winter
than ablation during the summer, and vice versa.
To calculate the mass balance of a glacier, glacier snow depth (accumulation) is
measured during winter, then compared to the snow and ice losses due to melting
over the summer (ablation). The density of the snow is measured to allow snow and
ice thicknesses to be represented using the melt water equivalent. The net balance
(bn) is the sum of the summer balance (bs) and the winter balance (bw), equation 1
(Hooke 2005). A linear regression can then be used to interpolate between
observations.

Equation 1.
bn = bs + bw
(Hooke 2005)
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3. Results
Table 1 - Status, height, and position of ablation stakes on September 3, 2013
Status

Height (m)

GPS Location

Elevation (m.a.s.l.)

Stake 1

Melted out

-

-

-

Stake 2

Melted out

-

-

-

Stake 3

Fixed

1.45

N 77° 57.825, E 13° 55.005

231

Stake 4

Tilted

1.35

N 77° 57.694, E 13° 54.874

275

Stake 5

Dislodged

5.70

N 77° 57.584, E 13° 54.647

303

Stake 6

Fixed

4.44

N 77° 57.464, E 13° 54.302

340

Stake 7

Fixed

4.60

N 77° 57.360, E 13° 53.895

351

Stake 8

Fixed

5.05

N 77° 57.277, E 13° 53.324

376

Table 2 - Location and elevation measurements of the ELA on September 3, 2013
ELA Measurement

GPS Location

Elevation (m.a.s.l.)

1

N 77° 57.190, E 13° 52.737

463

1

N 77° 57.222, E 13° 52.503

477

3

N 77° 57.263, E 13° 55.561

468

Average

-

469
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Figure 4 - The summer, winter and net balance over 2012

Table 3 - Seasonal and net balance of 2012
Winter balance

Summer balance

Net balance

ELA

AAR

0.38

-0.67

-0.28

359m

14.3%

During 2012, a net loss of glacier mass can be seen, figure 4. However, there was
accumulation at higher elevations. Whilst this accumulation was not observed, it was
interpolated to exist above 500m.

6

Linnebreen Mass Balance

Nils Roar

12/11/2013

Figure 5 - The summer, winter and net balance over 2013

Table 4 - Seasonal and net balance of 2013
Winter balance

Summer balance

Net balance

ELA

AAR

0.58

-2.02

-1.44

595m

0.0%

During 2013, we have observed a net loss of glacier mass. There was no
accumulation at any elevation on the glacier. The observed ELA (inferred from the
snow-ice transition) was at 469m.

During both 2012 and 2013, higher elevations displayed decreased ablation, whilst
also seeing increased accumulation. Our observations indicate that net mass
balance increases with elevation, with the gradient of this difference being greater
during 2012.
During 2013, an increase in accumulation can be seen compared to 2012,
concurrent with a larger increase in summer ablation, which resulted in a net balance
decrease that was greater than that observed in 2012. There has also been no
observed or interpolated net accumulation at any elevation since 2012.
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Figure 7 - Comparison of accumulation in 2012 and 2013

Figure 7 - Linear comparison of net balance

3. Discussion
3.1 Photo interpretation of glacier front
Many of Svalbard’s glaciers are continuing to
retreat from their maximum extent at the end of
the Little ice Age (LIA) which concluded between
1900 and 1936 (Liestøl 1988, Mangerud and
Landvik, 2007).
Linnébreen, a cirque glacier located within
Linnédalen, Western Spitsbergen is a suitable
analogue glacier that has exhibited a continued
retreat since its last maximum extent in 1936
(Svdendsen et al, 1989). An aerial photograph of
Linnedalen taken in 1936 shows Linnébreen at
maximum extent at its LIA (Little Ice Age)
moraine, figure 8. Since this time the glacier
retreated in excess of 1200m up valley (Bates,
2008, Schiff and Saure, 2009)
Although a mean annual temperature of -5°C and
precipitation in excess of 430mm per annum is

Figure 8 - Recorded retreat of glacier front over time with
aerial photograph - note 2013 seeming advance (Schiff &
Saure2009)

recorded, a continued retreat similar in nature to
other non-surging Svalbard glaciers has occurred since 1936, when the glacier was at or
8
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in close proximity to its ice-cored LIA moraine (Steffensen, 1982; Liestøl, 1969;
Svendsen and Mangerud, 1997). With prior research estimating a retreat distance of
1203m over the 64 years former to 2004, it has become apparent that Linnébreen is in
increasingly poor health, implying a negative mass balance has been present over its
recent past (Dowdeswell et al., 1996; Saure and Schiff, 2009).

Comparing figure 9 and 10 of the Linnébreen front by using the surrounding features the
changes can be identified. In 2013 the ice on the glacier tongue looks slightly more
extended than the previous year although it is thought to be taken in the same season September. Also a noticeable about of the ice on the peaks from 2012 to 2013 has
reduced perhaps due to the higher levels of precipitation which will be discussed further.

The 2012 photo has unknown coordinates still which has limited the past photo’s
reliability as it makes it hard to compare other than visually, which is also true for the
glacier front coordinates as the older data has not been passed on for team’s use.

Figure 10 -2012 photograph of Linnebreen (UNIS students
2012)

Figure 10 - September 2013 photograph of Linnebreen

The coordinates made for the glaciers front also relied on human judgment and did
not take into consideration that where the ice is thinnest the glacier front is more or
less covered with gravel and sand, making it harder to determine the exact situation
of the front thus may be incorrect.
A conflict has become highlighted, as the data has been further analysed, between the
past data for ablation and what can be seen in the 2012 and 2013 photos. The ablation
data suggests the glacier has been retreating consistently from 1936-2012 whereas the
photos of (2012 and 2013) and the gps from the glacier fronts, figure 8, suggests some
advance has occurred - this completely conflicts with the ablation data and the trend of
the last 76 years.
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3.2 Comparing data from 2012 and 2013
A more detailed overview of the glacier’s state can be found in the results from the mass
balance calculations (tables/figures in result section). The net balance for 2013 is -1.44,
meaning the ablation in the summer is greater than the winter accumulation. This is a
great decrease from the net balance observed in 2012 at -0.28. The factor that
contributes the most to this change is the summer balance.
After the calculations two datasets have been produced; a summary and a dataset
where values were adjusted to assume a rate of ablation at the second stake that wasn't
observed, as the stake was melted out. This adjusted ablation incorporates an additional
25% loss of stake height at stake 2 (60% additional ice melt).
The ELA observed in the field was the snow-ice line situated at 459 m.a.s.l, which
matches the ELA in the adjusted dataset, this can be considered a rough approximation.
Furthermore, the use of the snow-ice line as an indication of the ELA is only true for
temperate glaciers. In the case of Linnébreen, the accuracy of this method is
compromised, seeing that it is classified as a polythermal glacier (Dowey, Retelle et al.
2013). The ELA for Linnébreen is therefore likely to be somewhere between the
predicted ELA in the summary and the adjusted ELA, in other words between 459 and
595 m.a.s.l.
Figure 11 illustrates some of the observations that were made in the field. The state of
the stakes, the distance between them and their elevation is shown. Here an ELA of 469
m.a.s.l. is assumed. As mentioned earlier the second stake had been melted out and is
therefore not shown in the figure.

Figure 11 - graphical representation of ablation obervations.
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3.3 Meteorological data
The weather data applied was taken from Longyearbyen Airport, due to the closest
operating weather station, at Sveagruva, not provide data on precipitation.
Weather data from November 2012 until September 2013 shows that the precipitation
rates for this period are elevated compared to the normal annual levels for the
corresponding months. For instance, in July this year there was a total of 44mm
compared to the normal average of 18mm, and August had a total of 59.2mm compared
to the 23mm in that month (NRK, 2013). Not only did the summer months see increased
precipitation levels, the previous December (2012) also saw an increase from 47.4mm to
the normal average of 16.0mm for this month. The only months not to see any increase
in precipitation in comparison to the averages for those months were February, March
and April. This data corresponds with Linnébreen’s winter balance for 2013 which
showed an increase in accumulation from the previous year.
Along with higher precipitation rates the recorded average temperatures for every month
from November 2012 until September 2013 are higher than the averages for these
months (NRK,2013). The largest deviation was seen in January 2012 with a difference
of 7°C from the average temperature for this month. The elevated temperature is likely
to be the cause of the increased ablation we observed in the summer 2013. Although
the weather data shows an increase in both temperature and precipitation, the mass
balance suggests that Linnébreen was most affected by ablation caused by the elevated
temperatures.

3.4 Problems and challenges encountered
The hike up to the Linnébreen glacier and back to Isfjord radio was more demanding
than first expected and at times the terrain was challenging with large moraines in front
of the glacier and some boggy areas in the Linnévalley and along the coast on the way
back to Isfjord Radio. However, the group did not encounter any major problems or
challenges in the course of the field work.
The limited information of the past photo makes it hard to compare other than visually,
which is also true for the glacier front coordinates as the older data has not been passed
on for the team’s use.
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The team were not familiar with the methodology used by other research teams when
measuring the ablation stakes. This could create complications when our data is
compared with existing data sets from earlier years or when it is used in subsequent
studies. An example of how methodologies could conflicting is evident when determining
the height of an ablation stake: should the height of the stake be measured from the
surface of the glacier, or from the meltwater accumulated in the drill hole. For the
purposes of this experiment, our measurements were recorded to the surface of the
water in the drill hole.
Finally, the length of most ablation stakes was 6 meters. Whilst the tops of the first two
stakes were easily accessible at less than 2 meters high, all other stakes were
significantly higher and their tops could not be reached without aid. We improvised in the
field by mounting the measuring tape on a dislodged ablation stake so that the top of the
stakes could be reached.
Given the amount of improvisation undertaken during this exercise and the large body of
research that has already been conducted on these ablation stakes, it would be both
practical and interesting to be able to consult existing literature for their methods prior to
fieldwork and for the purpose of data correlation.

3.5 Future studies
As with any study a number of limitations have come to light which have the potential to
affect the results that have been obtained. It should be noted that not all the data sets
are consistent. The mass balance of the glacier is becoming less, year after year. In
order to gain a greater understanding of the changes occurring at Linnebreen, we have
added all materials and written the predictions and explanations of the used formulas,
taking photographs.

4. Conclusion
Our calculations of Linnébreen’s mass balance suggests that the glacier is experiencing
retreat. This is consistent with the observed trend for several Arctic glaciers.
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The mass balance of the glacier is becoming less, year after year. If the results of the
net balance between 2012 and 2013 are compared a change of -1.44 m water eq. loss
(in water equivalence) in 2013’s to -0.28 m water eq. in 2012, approximately 5 times
increase in the negative net balance. Our observations indicate that net mass balance

increases with elevation. And also comparing of the ELA of this two years shows that
previous year the ELA (359 m) is approximately 2 times less than it has been shown
tin 2013 (595 m).
The photo taken of the glacier in September 2013 compared to the photo from
September 2012 suggests that the glacier front has been extended the past year. As
Linnébreen is a polythermal glacier, most likely with a cold base, this is not likely to be
due to a surge. One explanation could be that the 2013 fieldwork was conducted before
the ablation season was over, and that the glacier front was subject to further retreat
after our departure. Another factor that could explain the difference in the two photos is
the fact that they are taken from slightly different angles, however, without further data
from both the past photograph location and perhaps further investigation it is difficult to
conclude with certainty.
The results obtained in this study of Linnébreen glacier, if compared with measurements
of Arctic glaciers could be used to determine if, and how Arctic glaciers in general are
responding to a changing climate.
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1. Introduction
Discharge measurements of glacial-fed rivers can be used to determine melt-water runoffs and water
balance of glaciated valleys. Within the field course to Kapp Linné, early September 2013, discharge
measurements were taken in Linnéelva for estimations of the water balance in Linnédalen and comparison
to previous years’ measurements. Linnédalen is a glaciated valley located on the west coast of Svalbard, on
the southern edge of the mouth of Isfjorden, Svalbard’s largest fjord (Elverhøi et al., 1995). It is a glacially
eroded valley containing the lake Linnévatnet which is mainly fed by the river Linnéelva that runs south to
north and is fed by the Linnébreen glacier at the southern end of the valley (Figure 1).
The discharge of a river can be expressed as the volume of water passing a given cross-section in a given
amount of time. In order to determine the discharge in Linnéelva, measurements were taken along one
stretch of the river applying the salt dilution method. Here, a specified volume of salt is injected at upstream
location in a river. Thus the turbulent current of the river redistributes the salt tracer making it possible to
monitor changes in electrical conductivity of the water, from which the actual discharge can then be
calculated.
Due to high levels of precipitation in the summer of 2013 (MET, 2013), a reasonable hypothesis is that the
discharge of Linnéelva is also somewhat higher when compared to the average precipitation of the
preceding years. Also, a seasonal variation can be expected so that the data gained during this field trip can
be compared to data of previous years measured at different seasons.

Figure 1: Map of Svalbard from Norsk Polarinstitutt (2013), zooming in on Kapp Linné and Linnédalen
where field experiments took place. The red dots mark the locations for injection of tracer (southern
point) and measuring of conductivity (northern point).

2. Sudden Injection Tracer Dilution Method
The technique used is referred to as the salt dilution method, which utilizes a known concentration of salt in a
volume of water. The tracer is rapidly released into the stream and changing conductivity is measured
downstream with a conductivity meter.
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The background conductivity for the Linnéelva was recorded approximately half way into the stream. Further
upstream (N78.02087 E13.86355, see Figure 1) the tracer, 1 kilo of standard table salt, was rapidly released
into the flowing water. The conductivity-gauging was done at a downstream point (N78.0195 E13.8693) that
favoured the best mixing conditions and rapid dissolution of the salt injected (e.g. narrow points with
relatively high current and good velocity creating a turbulence that can dissolve the salt). While measuring,
the conductivity readings were recorded every 10 seconds from when the level of conductivity started to rise,
until the conductivity returned to the background level. The measurement point was then marked with black
spray paint.
2.1 Theory
Calculating the discharge of a stream by tracer injection can be done with one of two different methods: 1.
the constant rate injection method and 2. the sudden injection method. The latter will be discussed here, as it
was the one used in the field investigation. The advantage of this method is that relatively small quantities of
tracer (salt) are sufficient, whereas somewhat larger quantities are required when using the constant
injection method.
The principle of sudden tracer injection is as follows: Salt (NaCl) is added abruptly to a turbulent water flow
thereby increasing the water’s conductivity which is then monitored at a point further downstream. Dissolving
salt in water results in a near linear response in electrical conductivity. NaCl saturated water at 25° shows a
conductivity of 1.254 mS/m. If there are no other initial ions contained in the body of water then 1.0g of NaCl
results in a conductivity of 0.214 mS/m (Hongve, 1987). The tracer dilutes more rapidly with increasing
turbulence and flow velocity of the water stream which implies that salt is to be injected at a point of high
turbidity (Hudson & Fraser, 2005). The recorded values of conductivity against time will result in a typical
curve as shown in figure 2. The stream discharge can then be calculated using the following equation
(Hongve, 1987):
m
∫

Q:
m:
:
f25:
∫

t

t

d

discharge of the stream, L/s
mass of salt, kg
gram conductivity of NaCl at the ambient electrical conductivity of the river water (at half
top height)
temperature correction factor for the ambient water temperature
d : integral of the conductivity curve above the baseline as a function of time

Figure 2: A tracer concentration (or conductivity) – time curve that can be plotted with data gathered
from the sudden injection method (graph taken from Rantz et al., 1982).
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Ideally the stretch of stream between tracer release point and the downstream sampling site should have no
areas of stagnant water as these can cause a loss of tracer material by pooling and delaying the tracer
transport. Excess turbulence should also be avoided in order to limit the presence of suspended air bubbles
which can affect the electrical conductivity. Sorption of tracer material onto suspended or dissolved
sediments will also impact the results, however, only to a negligible degree assumingly. Finally no outflows
or tributaries can be present between the two points, as this would cause loss or unwanted dilution of tracer
(Rantz et al. 1982). In the field, it is not always possible to locate such an ideal stream, so any present
imperfections must be taken into account when evaluating the accuracy of the collected data.
Before measuring, the conductivity meter must be calibrated. This is done by placing the conductivity meter
into a solution of known concentration. A special salt mixture is put into distilled water, so that a solution of
tracer with a known concentration is used for calibration.
2.2 Equipment
The key equipment needed to measure stream flow by salt dilution are an electrical conductivity logger,
tracer material (1 kg of NaCl salt was utilized), calibration kit for performing simple calibrations in situ, GPS
and a notebook to register the measurements.

3. Results
Conductivity was logged at one location over a period of 470 seconds. The background conductivity was
192.7 µs/cm, with a peak of 235 µs/cm followed by conductivity returning to a near background level of
192.8µs/cm after 450 seconds. The concentration increased distinctly for the first 40 seconds before levelling
off to a maximum at 70 seconds, and then decreasing significantly until 170 seconds. Afterwards salt
concentration continued to decrease but at a much slower rate (Figure 3). By the time logging was brought to
an end, the conductivity had stabilized at 0.08 µs/cm above initial background value. Based on the
3
conductivity readings, the mean discharge of Linnéelva was calculated to be 1.6m /s (Figure 4).
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Figure 3: Change in salt content based on measurements of stream water conductivity.
Average annual precipitation was calculated using precipitation data from 1947 to 1975 (MET, 2013). Data
after 1975 is either non-existent or incomplete. The annual average precipitation during this period is 411
mm/year (Figure 5). Average precipitation for Isfjord Radio, Barentsburg, and Svalbard Lufthavn between the
years 1961 and 1990 is 480, 525, and 190 mm/year respectively, and so the average for the region is 398
mm/year (MET, 2013).
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Figure 4: Discrete discharge for different years. The data for 2011 and 2012 was collected by Jones et
al. (2011) and Dunnebier et al. (2012). The Julian dates are not identical between the three years.
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Figure 5: Average annual precipitation is based on the total average of measurements at Isfjord
Radio from 1947 to 1975.
The total catchemt discharge volume is calculated from the average annual precipitation multiplied by the
2
catchment area. The Linnéelva catchment area is estimated at 23.3 km (Dunnebier et al, 2012), so the total
3
volume of Linnéelva is 9.6 million m /year according to 1947 to 1975 precipitation levels, and 9.3 million
3
m /year according to the 1961 to 1990 average. The volume of Linnéelva calculated from the observed
3
discharge is 50.6 million m /year. Due to the large uncertainties and amount of missing data in the
calculations it is impractical to work out the water balance of the Linnéelva catchment.
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4. Discussion and limitations
4.1 Discussion
Figure 4 shows a slightly higher discharge compared to the discharge of the two previous years. As the field
measurement only produced a single discrete reading, a direct comparison between the three years listed
should not be made. The volume of the Linnéelva catchment based on the calculated discharge is 5 times
that of the volume calculated using annual average precipitation, and is likely to be highly inaccurate as for
much of the year there is no discharge. Whilst none of the volume calculations will be 100% accurate, as
they do not take into account glacial melt, it can be safe to assume the figures based on precipitation is more
representative of the catchment. While each hydrological year can be expected to show comparable
discharge patterns, there will always be some variations. Sunlight creates diurnal differences in melt water
runoff (Carr, 2006), local weather produce days and weeks with or without precipitation, while global climate
systems sometimes are responsible for entire seasons with extreme precipitation, drought or temperature
changes. With time series of discharge for each year, these variations could to a high extent be identified,
making a comparison of discharge possible, however, with only discrete measurements available the natural
discharge variations renders a meaningful comparison impractical.
4.2 Limitations
A significant amount of limitations and uncertainties apply to the produced data. No local weather data were
available from within the basin area, making it necessary to rely on readings from Isfjord Radio, Barentsburg,
and Svalbard Lufthavn for precipitation. Although Isfjord Radio is located only about 10 km from the tracer
dilution point, the local climate of the coast can be assumed to vary considerably from the local climate at the
mountains surrounding the catchment area. It is therefore likely that the precipitation based calculation of
annual discharge volume is significantly lower than the actual volume.
When running the tracer dilution experiment, it was attempted to properly mix the dry salt and water to aid
the dissolution process and avoid oversaturated water. This was carried out by manually stirring the water
with a stick just downstream of the injection point, but it is uncertain how efficient this is. The fact that the
conductivity of the stream did not return to the initial background level, could have been the result of not
measuring long enough. If part of the dissolved tracer got trapped by nearly stagnant water or by turbulent
slipstreams, this could cause a slow continued release of low levels of tracer. At the same time, equipment
errors cannot be ruled out with only one conductivity meter at disposal. Ideally a second unit should have
been used to verify the measured levels.

5. Conclusion
Whether or not the increased precipitation during the summer months of 2013 have resulted in higher
discharge from the Linnéelva catchment cannot be determined based on the data collected. Although the
processed results certainly shows high runoff, it is not possible to conclude that this is particularly elevated
above normal average values, due to lack of sufficiently comparable data. A further consequence of the high
number of uncertainties described in part 4, and the deviations detailed in part 5, is that the collected data
cannot be recommended for publication through the Research in Svalbard (RiS) database, and should only
be used as an inspirational dataset for future related student projects in Linnédalen.
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7. Appendix
Water temperature
Logging interval (∆t)
Injected mass of salt:
Total salt

Time
s
0
10
20
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470

EC
µs/cm
192.7
196.0
205.0
212.0
223.0
233.0
233.0
235.0
231.0
227.0
221.0
216.0
212.0
207.0
204.0
202.0
199.4
197.7
197.1
196.2
195.8
195.3
194.9
194.7
194.3
194.1
193.9
193.8
193.7
193.6
193.4
193.2
193.1
193.1
193.0
193.0
193.0
193.0
192.9
193.0
192.9
192.9
192.9
192.9
192.9
192.8
192.8
192.8

5.5
10
1000
312.70

Eccorr
μS/cm
192.7
196.0
205.0
212.0
223.0
233.0
233.0
235.0
231.0
227.0
221.0
216.0
212.0
207.0
204.0
202.0
199.4
197.7
197.1
196.2
195.8
195.3
194.9
194.7
194.3
194.1
193.9
193.8
193.7
193.6
193.4
193.2
193.1
193.1
193.0
193.0
193.0
193.0
192.9
193.0
192.9
192.9
192.9
192.9
192.9
192.8
192.8
192.8
9465

g/m3

EC25
μS/cm
315.9
321.3
336.1
347.5
365.6
382.0
382.0
385.2
378.7
372.1
362.3
354.1
347.5
339.3
334.4
331.1
326.9
324.1
323.1
321.6
321.0
320.2
319.5
319.2
318.5
318.2
317.9
317.7
317.5
317.4
317.0
316.7
316.6
316.6
316.4
316.4
316.4
316.4
316.2
316.4
316.2
316.2
316.2
316.2
316.2
316.1
316.1
316.1

EC25Ecbg
μS/cm
0.00
5.41
20.16
31.64
49.67
66.07
66.07
69.34
62.79
56.23
46.39
38.20
31.64
23.44
18.52
15.25
10.98
8.20
7.21
5.74
5.08
4.26
3.61
3.28
2.62
2.30
1.97
1.80
1.64
1.48
1.15
0.82
0.66
0.66
0.49
0.49
0.49
0.49
0.33
0.49
0.33
0.33
0.33
0.33
0.33
0.16
0.16
0.16

Salt
g/m3
0.00
2.53
9.42
14.78
23.21
30.87
30.87
32.40
29.34
26.28
21.68
17.85
14.78
10.95
8.66
7.12
5.13
3.83
3.37
2.68
2.37
1.99
1.69
1.53
1.23
1.07
0.92
0.84
0.77
0.69
0.54
0.38
0.31
0.31
0.23
0.23
0.23
0.23
0.15
0.23
0.15
0.15
0.15
0.15
0.15
0.08
0.08
0.08
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Kongressvatn: A 45 year analysis of physiochemical changes to a karstic
crenogenic meromictic lake, N. W. Spitsbergen.
Team 3: J. S. Skaar, I. K. Øverland, H. A. Bell
Team 4: P. J. Clarke, S. M. Lunde, A. Olsson
Abstract
Kongressvatn, a crenogenic meromictic lake, (78º01’N, 13º58’E), North West
Spitsbergen, Svalbard; is threatened by the uncertainty of climate change.
Understanding present lake processes is vital in order to determine possible impacts
of future change. This study aims to determine if Kongressvatn catchment is a karst
system through hydrological and hydrochemical analysis. Measurements of
temperature, conductivity, stable fix point photography, and outflow discharge were
used to determine lake level change. The lake level has risen ~4m since 2010; 2013
saw a substantial increase in precipitation, yet cannot be considered a contributing
factor. Data suggests the conductivity (2190μs) and temperature (3.8ºC) of the spring
at site 2 compare well with the data of site 4 (Table 2), and monimolimnion data from
1968-2010 (Figure 7). Indicating that all sources are derivatives of a common ground
water source, yet such a conclusion is an oversimplification. Previous research
suggest sub-lacustrine drainage into Linnédalen as the cause, and discharge
decreases of such springs recorded in 2010 could explain lake level increases
described in this paper (Holm et al, 2011). Overall the most conclusive reasoning for
lake level increase is the closure sub-lacustrine drainage channels associated with a
karstic system; yet the data presented is limited and does not allow for such a
conclusion. Thus the cause of lake level change remains unknown and in need of
further and more, long term research; however, clear conclusions that climate change
has impacted the catchment and lake hydrology of Kongressvatn can be made.
Keywords
Kongressvatn, Karst, Crenogenic, Sub-lacustrine drainage channel, Conductivity,
Outflow, Climate Change
1.1 Introduction
Climate Change is a contentious issue in geographical research; future changes
and the extent of impacts are unknown. The IPCC (AR5), project temperature
increases of between 4-11°C during winter months, between 2016-2100 in Arctic land
regions; coupled with a 50% increase in precipitation by 2100 (IPCC, 2013; Moss et
al, 2013). The Arctic, in particular Svalbard, has been identified as a region to be
3
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highly sensitive to climate change, due to its positioning on the rim of the Arctic
Ocean (Holm et al, 2011). Dramatic changes in the Arctic hydrological regime are
expected to occur; therefore it is essential to understand the rapid physical, biological,
and chemical changes within such ecosystems (Holm et al, 2011). In particular, this
paper focuses on the Karstic crenogenic meromictic lake of Kongressvatn (78º01’N,
13º58’E), North West Spitsbergen, Svalbard. Research is lacking in this area, and
processes occurring in the catchment remain unknown, therefore it is critical to
understand the lake system's current state in order to determine any changes in the
future.
Karstic geological processes arise in carbonate landscapes when soluble rock bodies
undergo differential chemical and mechanical erosion, creating distinctive and
complex subsurface landforms and drainage systems (Cohen, 2011; Blair Jr, 1986).
When a lake intersects an aquifer, allowing water to enter through discrete springs, it
is termed crenogenic (Likens, 2009; Choński et al, 2008). Additionly, Kongressvatn
has rare meromictic properties; a lake in which no mixing occurs, leading to a highly
stratified water column (Holm et al, 2011; Bøyum & Kjensmo, 1968).
This study seeks to determine the cause(s) of dramatic lake level change observed at
Kongressvatn in previous studies, and aims to establish whether climate change is
enhancing physiochemical change of the lake.
1.1.1 Background
In 1962 Amrén (1964), concluded Kongressvatn was a biogenic meromictic
lake. Bøyum & Kjensmo (1968) investigated the physical-chemical limnology of
Kongressvatn contradicting Amrén; stating the lake was not biological but a
crenogenic mixis. The lake depth in 1968 was 52m, with the lake outflow emerging
15m from the lake shore into Kongresselva. High ionic content springs entering the
lake correlated well with the ionic content in the upper layer of the monimolimnion,
and is defined as the cause of meromictic stability in Kongressvatn (Bøyum &
Kjensmo, 1968). The dominating ions magnesium, calcium and sulphate originate
from the gypsum layers within the carbonate rocks in the drainage area of
Kongressvatn (Figure 4) (Bøyum & Kjensmo, 1968).
Research has progressed in recent years, work by Werner et al (2011)
considered the catchment hydrology and the effects of permafrost change, and
Guilizzoni et al (2006) worked on palaeoenvironmental interpretation of lacustrine
sediments.
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Most recent, Holm et al (2011) focused on the effect of recent climate change
on Kongressvatn. The study found that the summer surface temperature correlated
highly with air temperatures, both showing an increase of approximately 2°C since
1962 (Holm et al, 2011). The observed increased surface water temperature enhanced
the thermal stratification of the lake, and caused a temperature increase throughout the
water column. They noted an 18 % reduction in the level of the lake in 2010, linked to
a change in the hydrological regime of the catchment (Holm et al, 2011). Holm et al
made particular reference to conclude that increases in permafrost temperatures
coupled with the 25% decrease in glacial area, will affect groundwater recharge; yet
such effects are still uncertain in Kongressvatn.
Previous fieldtrip reports suggested but cannot conclude due to insufficient
data that, the lake is a karst system draining through sub-lacustrine channels into
Linnédalen. This was suggested as Linnéelva discharge increased with spring
conductivity increase (Beaton-Allison et al, 2011). Also it was suggested the lower
spring salinity compared to the monimolimnion is due to mixing with other water
sources and the passing through carbonated bedrock (Beaton-Allison et al, 2011;
Dunnebier et al, 2012).
1.1.2 Study Area
North West Spitsbergen, Kapp Linné, Nodensköld land, is the location of the
Isfjord Radio Base Camp (Figure 1). The study site of Kongrssvatn is located 9km
North West of here (78º01’N, 13º58’E) (Holm et al, 2011) (Figure 3). Svalbard is
located in a region of continuous permafrost, with ice thickness of 100m or 400-500m
in mountainous areas; yet the climate of Western Spitsbergen is relatively mild due to
the influence of the Gulf Stream/West Spitsbergen Current (WSC) (Holm et al, 2011,
Guilizzoni et al, 2006).
The meterological data addressed in this study and studies use for comparison
and analysis originate from, Isfjord radio (9km away) and Svalbard Airport (100km
away) (Holm et al, 2011). The average annual summer temperature and precipitation
is 4.4°C and 198.8mm for the later from 1961 to 1990, the lake is ice covered for 910months.
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Kapp
Linné

Kongressvatn

Figure 1: Map of Svalbard with magnified insert of the study area (Norwegian Polar
Institute, 2013).
The lake itself is situated in a karst catchment; the geology of the area is
Permain-Carboniferous carbonates and gypsum and to the east of the lake is Permain
limestone (Figure 4) (Norwegian Polar Institute, 2013; Cohen 2011). The lake is a
crenogenic meromictic lake which can be owed to the geology of the area. The lake
catchment is 3. 58km2 (Figure 2), with the lake itself covering an area of 0.55km2, the
lake volume is 13,022,677 m3 and the depth of the lake is ~52m (Holm et al, 2011).
The depth has varied greatly with time; in 1968 the depth was 52m, in 1999 37m, in
2006 52m, then dramatic decrease of 18% in 2010 to 47.5m (Holm et al, 2011,
Guilizzoni et al, 2006). The photographic reference (Plate 2), shows 2013 as similar to
2006 levels, thus present depths are interpreted at 52m. The lake is situated at 95
m.a.s.l. encompassed between two mountains at 450 and 675 m.a.s.l., which act as
shelter from the effect of wind (Guilizzoni et al, 2006).
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Figure 2: The catchment area of Kongressvatn (Norwegian Polar Institute, 2013).
The seven study sites researched and discussed in this paper were the main
inflow and outflows to the lake; as well as two sites located as spring outflows of the
moraine west of the Kongressvatn, flowing into Linnédalen (Figure 3 and Table 1).
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Figure 3: Map of the sampling sites located at or in relation to Kongressvatn
(Norwegian Polar Institute, 2013).

Permain: Chert,
siliceous shale, sandstone
and limestone

CarboniferousPermain: Carbonate
rocks, evapourites, and
clastic sediments

Figure 4: Showing the site geology (Norwegian Polar Institute, 2013).
Table 1: Description, GPS Location and date and time of sampling at each sample site.
Site Sampling date Position Decimal
& time
1 03.09.2013
13:52

2 03.09.2013
14:08

Description

degree, (WGS84)
N78.02760 E13.90775 Small spring at the location flowing West,
where it exits the moraine.

N78.02771 E13.90545 Small spring at the location flowing West,
where it exits the moraine. Desnse moss
growth in and around the spring.

3 03.09.2013
14:47
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N78.02212 E13.93907 Stream flowing in to Kongressvannet. Strong
smell of hydrogen sulfide.

AT-209 Arctic Hydrology and Climate Change
4 03.09.2013
14:52

N78.02232 E13.93924 Three streams flowing out of the moraine
before gathering as one stream flowing in to
Kongressvannet. One stream was a small pool,
used for a recording. All three streams had the
same temperature and conductivity and were
very closely located. Gas bubbles could be
observed in the pool where measurements were
performed, and a strong smell of hydrogen
sulfide was noticed.

5 03.09.2013
16:37

6 03.09.2013

N78.01786 E13.94982 Surface water at the South West shore of
Kongressvannet.

N78.02278 E13.97597 Discharge measure from the outflow of
Kongressvannet. Site of conductivity reading,
and the stable fix point. 91m above sea level.

7 03.09.2013

N78.02267 E13.97467 Site of salt injection for discharge
measurement of outflow from Kongressvannet.
96m above sea level.
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Site
Site 11

Site 2

Site 3

Site 4 A

Site 4 B
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Site 6

Site 7

Weir formation at outflow

Plate 1: Photo of each site and showing the weir formation at the outflow site.
1.1.3 Aims
The aim of this study is:
To determine if the increase in lake level and renewed lake outflow is due to the
presence of a karst system or other causal factors, and if physiological and chemical
change of the lake have been enhanced by climate change; through hydrological and
hydrochemical analysis.
1.1.4 Objectives
On the basis of the above aim the objectives of the study are as follows:
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1. To determine the lake inflow/source.
2. To determine the lake outflow.
3. To determine the process of large lake level fluctuations and lake outflow
directions.
4. To determine if the lake is a karstic system
5. To analyse meteorological data and assess if on a large scale climate change
can be attributed as enhancing lake level change.
1.2 Materials and Methods
1.2.1 Salt Dilution Gauging
Dry salt and slug injection was used to assess outflow discharge. Slug
injection refers to adding a known quantity of salt solution instantaneously to the
stream (Moore, 2005). The temperature was recorded prior to injection, since
conductivity varies with temperature (Moore, 2005). A GPS was used to register the
coordinates of the injection and measuring points; photo identification was also taken
for observational purposes. A 1kg mass of Sodium Chloride was injected into the out
flowing stream close to the lake entry; and the measuring point was located at
approximately 25 times the width of the stream, to ensure lateral dispersion/full
mixing of the salt (Day, 1976). The recording of data began at the first change in
conductivity, and subsequently at 10-second intervals, until conductivity reached
background level.
1.2.2 Conductivity and Temperature
The conductivity and temperature were measured using a Mettler Toledo
Portable LabTM with MX300 X-Mate Pro probe. Conductivity is an indicator of lake
salinity. pH should have also been measured yet the instrument could not be
calibrated. The measuring instrument was calibrated using a 1413 μS/cm solution,
then immersed at the measuring point, and the conductivity and temperature were
registered. A GPS was used to register the coordinates and the altitude of the
measurement points.
At the measuring site a stable fix point (2013) was created as a reference for
future studies. A stable rock surface next to the measuring point was marked using
paint, a depth value was taken from the central point of the X to the water surface
level.
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Two papers are used in detail for analysis of our results, Bøyum & Kjensmo
(1968) and Holm et al (2011). The results of which are used in context to broaden and
correlate our data with the lakes historical change.
1.3 Results
Table 2: Showing conductivity and temperature recordings at each sampling site, and
the discharge measurement at the outflow.
Temperature

Site

13

[°C]

Electric
conductivity

Altitude

Discharge

[µS/cm, 25°C]

[m.a.s.l.]

[L/sec]

1

1,4

1500

79

-

2

3,8

2190

68

-

3

3,7

1585

92

-

4

3,4

2110

93

-

5

5,5

620

91

-

6

5,9

673

96

98
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September 2013

Plate 2: Photographic reference of lake level change from 2006, 2008 and 2013
(Bøyum & Kjensmo, 1968 and Holm et al, 2011).

Figure 5: Mean monthly precipetation at Svalbard Airport.

Figure 6: Mean Monthly Temperature at Svalbard Airport.
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The photo imagery (Plate 2) utilises the wooden framework as a stable fix
point, to analyse the change in lake level. The lake level, decreased substantially
between 2006 and 2008; at some period between 2010 and 2013 the lake level
increased and has been restored to the 2006 level.
Temperature and conductivity measurements were recorded at each site.
Temperature varied between 1,4 and 5,9, and the electric conductivity varied between
620 and 2190 μS/cm at 25°C (Table 2). The outflow from the spring at site one has a
significantly low temperature, in comparison with the other springs, and a lower
salinity. Spring 2 had an associated strong hydrogen sulphide smell present (Table 1);
the same smell was present at site 4. Both sites are close in chemistry, having a
temperature of ~3.5ºC and conductivity of ~2100μs/cm 25ºC (Table 2). The outflow
measurement was significantly different from the inflow springs; the temperature was
much warmer at ~5.0-6.0ºC, and with much lower salinities of ~600μs/cm 25ºC
(Table 2).
Discharge was only measured at site 6, the outflow of Kongressvannet. The
discharge at the outflow was 98 L/sec; this essentially can be calculated as a measure
of the area under the graph of conductivity against time, as shown in Figure 8.
Monthly precipitation recordings from Svalbard airport (Figure 5) show that
precipitation in June, July, and August in 2013 more than doubled compared to the
other years. From January to May it was lower or at the same levels as in 2010 to
2012. This general trend of a substantial increase since 2010, with particular increase
correlating to the summer months, is when the lake is ice free and directly affected.
Monthly average temperature recorded at Svalbard airport (Figure 6) show
that the temperature in 2013 hasn’t deviated greatly from the other years. 2013 may
be considered a little warmer but not as warm as the summer period of 2011.
1.4 Discussion
Kongressvatn is so remote that temporal limnological change can be
associated with climate change (Guilizzoni et al, 2006). There is already a distinct 2ºC
rise in the eplimnion that corresponds with the changes in mean annual air
temperature (Holm et al, 2011). Despite its locality and that so few studies having
been completed at Kongressvatn, dramatic lake level change is well documented
throughout its recent history. The process of change, however, is speculative and
often conflicting, and the true cause has not been confirmed. By relating past studies
to the results presented in this paper it can give comparison and provide a perspective
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of climate change impact. However, the data presented is not as in depth and lacks
temporal variation compared with the other studies; it too has no data correlating to
water column analysis, as in the other papers.
Meterological data is an obvious place to identify changes to climate. 2013
saw a substantial increase in summer precipitation (Figure 5). This could be
considered a contributing factor to the lake level increase we see; however, Holm et al
(2011) proved that such change is not responsible. Their study discussed the 1.7%
increase per decade and higher preciptation average in 2010 compared with 2006,
when the lake level was lowest. Therefore, suggesting precipitation as a contributing
factor but not causal.
The reference images regarding lake level change (Plate 1) had no GPS data
for the 2006 and 2008 photos; therefore, the angle of the 2013 image may falsify the
accuracy of the water level. However, they show undoubtedly an increase in lake
level since 2010. As does the images of outflow (Plate 3); the fact that there is an
outflow in 2013 compared with 2008, when a spring emerged 50m east of the lake
and in 2010 when this increased to 450m, shows this increase (Bøyum & Kjensmo,
1968; Holm et al, 2011).
2013
E

3.

Plate 3: Lake outflow change from 2006-2013 (Holm et al, 2011).

16

AT-209 Arctic Hydrology and Climate Change
Figure 7: Conductivity and temperature measurements from Holm et al (2011) and
Bøyum & Kjensmo (1968).
Bøyum & Kjensmo (1968) describes four inflows where data were recorded in 1968,
presented here are the data for two inflows; these correlate to the only two visible
inputs at present. One commonality of all data throughout recent history, is the
recording of a rivulet consisting of three mineral springs (Holm et al, 2011),
correlating to site 4 presented in this paper. Holm et al (2011) believed this originated
from a rich hydrogen sulphide area. Measurements of 2013 noted this highly
sulphuric smell, and interestingly the conductivity measure of both 2013 and 2006
were 2110μs and 1835μs respectively (Table 2) (Holm et al, 2011). Although this
seems significantly different, the epilimnion conductivity values to have increased by
~ 200μs as well; from 416μs in 2006 to 620μs presently (Table 2). This new
epilimnion conductivity is close to that seen in the outflow at site 6 of 673μs. During
this study two springs located within meters of each other were measured exiting a
moraine west of the lake into Linnédalen. The spring at site 2 had dense moss growth
and also this distinctive sulphuric smell; its conductivity of 2190μs and temperature of
3.8ºC compare well with the data of site 4 (Table 2). When comparing these values
for the two sites with previous monimolimnion data from 1968-2010 (Figure 7), they
are incredibly similar. Holm et al (2011) had questioned if Linnédalen springs were
sub-drainage channels of the lake, due to the change in volume but constant height of
the monimolimnion. They suggested such similar chemistry of the inflow spring; the
monimolimnion and the Linnédalen springs found in their data were derivatives of a
common ground water source. For us to find such similar results aids to reinforce
such conclusions. However such conclusions cannot be made so easily, the processes
occurring cannot be oversimplified. Data has been recorded by Werner, Retelle, &
Christiansen (2011) regarding discharge measurements in the Linnéelva; they
describe how discharge events from the lake in 2008 correspond to influxes in
Linnévatn, similarly recorded in 2010. Holm et al (2011) also mentions in 2010 the
large 3m lake level drop in one hour, equivalent to 18% of the lake volume, was
recorded in the Linnéelva. Similarly Beaton-Allison et al (2011) had recorded
peakedness in conductivity of the Linnédalen springs, at the times of increased
discharge in the Linnéelva. This study and that of Dunnebier et al (2012) suggested
the conductivity difference of the spring and the moniminolimnion were the result of
mixing of water sources whist travelling through the karst system; and that
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precipitation could cause changes in salinity of the springs. Therefore, this suggests
that the springs are related to lake drainage. The data from Beaton-Allison et al (2011)
needs to be viewed with caution as they had no lake level data to support such a
theory. This suggests the need for a daily discharge monitoring station at the
Linnéelva catchment, downstream of the spring entries and a constant lake level
monitor. With that in mind Holm et al (2011) discusses how in 2010 there was a
decrease in the Linnédalen spring size, so should we assume that the lake drains
through such channels, this could correspond to the increased lake level we see today.
Guilizzoni et al (2006) describes how sedimentation rates have increased in the last 30
years due to modern warming, and Holm et al (2011) describes how sub channel
infilling can occur by freezing water or mud, and had observed this process occurring
in Ny Alesund. Lake bottom sediments in meromictic lakes such as Kongressvatn, are
well preserved due to little physical mixing, bioturbation, and decomposition. For this
reason sediment cores are important research tools, and may provide supporting
evidence for the cause of recent lake level increase. With the use of dating methods,
the top sediment could be analysed to see if sedimentation rates have increased since
2010. This could be indicative of climate change impact, and may also be the cause of
sub-channel infilling and lake level rise. The large precipitation values recorded
(Figure 6) could be a cause of large sediment influx; the stability of the lake would
allow rapid suspension settling. Similarly lake level infilling could be a result of
channel collapse with the increasing active layer thickness.
The decrease in lake area could correspond in part to a decrease glacial
contribution. Since 1999, glacial melt has no longer been a contributing source to the
lake, and its areal extent has decreased by 25%. Holm et al (2011) estimated it could
equate to 1/5 of the total lake volume. One complicating issue to lake level rise, is that
this decrease in glacial contribution, coupled with an increasing permafrost active
layer; is known to reduce groundwater storage, thus decreasing the spring source.
Therefore this would suggest that the lake level should be decreasing. Explanations as
to why not are speculative, yet it could be a groundwater recharge, due to the
increased rainfall. However, how much recharge is required to cause such a change is
unknown; therefore this acts to support a possible channel infilling as a more likely
cause.
Many changes can occur both spatially within the catchment and temporally; recent
data showed a possible phenomenon of double diffusion; mixing in the cold season
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without destroying the chemocline, caused by the higher diffusivity of heat (Holm et
al, 2011). Such a factor could complicate comparison with past data and may explain
any anomalies from past data trends.
Conductivity measures were not returned to background level due to time constraints;
and can be explained by the subsequent pooling after a weir (Plate 1), ensuring that
salt pass was dispersed though time. Therefore the discharge as a value may not be
accurate, however, for this report where and if there was an outflow is of most
importance. The value for discharge in the outflow (Table 2) is of little significance,
considering there is no known value for inflowing discharge. With such a value it may
be possible to determine the potential water loss, through the water balance equation.
Without pH data the comparability with past papers is decreased, therefore having
such data may have provided a more in depth context. Also error in all the data
recorded in this study is unknown with having only one data series available,
therefore no average could be taken to assign errors. With this in mind data has to be
viewed with caution.
1.5 Conclusion
The changes occurring may well correlate to a karst system and could be
caused by channel closure, yet to conclude the processes occurring at Kongressvatn
would be an oversimplification. The data presented has little significance and requires
a more detailed and temporal scale. Therefore the cause of such change is to be left as
unknown and in need of further study. This study supports the work of Holm et al
(2011), with clear conclusions that climate change is affecting this lake, the catchment
hydrology and physical properties; and thus identification of the processes occurring
in Kongressvatn is imperative.
The results presented in this paper have small temporal resolution, yet their
importance for highlighting the dramatic lake level change means they are invaluable.
They may provide valuable evidence in a sequence of change, and may provide an
important clue to the processes occurring. Therefore, the data collected should be
submitted to the RIS.
Future research could look to assess benthic organisms; their physiology and
habitat preference could be indicative of mixing of two water sources, indicating sublacustrine inflow (Spring Stewardship Institute, 2013). Research could attempt to map
the lake floor using an echo sounder, this could map sub channel features, and provide
supporting evidence for a karstic system. Similarly dye tracers could give an
19
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indication of lake drainage pathways and to provide evidence for a karstic system
(Choński et al, 2008). The study of satellite imagery of the extent of perennial ice
cover or ice thickness measurements could provide evidence for sub channel inflow;
as the changeability of water at the effluent entry can cause ice thinning or no ice
formation (Choński et al, 2008). A permanent lake level monitoring station of time
lapse photography would provide constant analysis of change (Cohen, 2011).
Sediment cores could be taken to establish if sedimentation rates have increased
recently and caused sub-channel infilling, or could sediment traps be used; cores can
also be analysed for turbidites, as these indicate extreme precipitation and could
correlate to meteorological data (Figure 6), as an attributing factor to lake level rise
(Guilizzoni et al, 2006).
Perennial or long term lake records are rare in the arctic, and with the
importance of climate change on aquatic ecosystems, a monitoring programme should
be set up for a complete conclusion of the lake processes.

Plate 4: Panoramic view of Kongressvatn.
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Appendix
Table 3: Data used to calculate discharge.
Time
s
0
10
20
30
40
50
60
70
80
90
100
110
120

22

EC
μS/cm
673
674
682
708
743
777
786
791
789
780
767
749
737

ECkorr
μS/cm
407
408
416
442
477
511
520
525
523
514
501
483
471

EC25
μS/cm
659
660
673
715
772
827
842
850
847
832
811
782
762

EC25ECbg
μS/cm
0
2
15
57
113
168
183
191
188
173
152
123
104

Salt
g/m3
0
1
7
26
53
79
85
89
88
81
71
57
48
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130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570

23

723
714
712
701
696
696
694
691
688
686
684
683
682
681
680
680
679
679
678
678
678
678
678
678
678
678
677
676
676
676
676
676
677
676
676
676
676
675
676
677
676
676
676
676
676

457
448
446
435
430
430
428
425
422
420
418
417
416
415
414
414
413
413
412
412
412
412
412
412
412
412
411
410
410
410
410
410
411
410
410
410
410
409
410
411
410
410
410
410
410

740
725
722
704
696
696
693
688
683
680
677
675
673
672
670
670
669
669
667
667
667
667
667
667
667
667
665
664
664
664
664
664
665
664
664
664
664
662
664
665
664
664
664
664
664

81
66
63
45
37
37
34
29
24
21
18
16
15
13
11
11
10
10
8
8
8
8
8
8
8
8
6
5
5
5
5
5
6
5
5
5
5
3
5
6
5
5
5
5
5

38
31
29
21
17
17
16
14
11
10
8
8
7
6
5
5
5
5
4
4
4
4
4
4
4
4
3
2
2
2
2
2
3
2
2
2
2
2
2
3
2
2
2
2
2
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580
590
600

676
676
675

410
410
409

664
664
662

5
5
3

Table 4: Equation used to calculate the discharge.
Logging interval (∆t)
Injected mass of salt:
Results:
Sum salt [g/m3]
Q (Injected/(sum ∙∆t)) [m3/s]

10
1000

s
g

1020
0.098

g/m3
m3/s

Figure 8: Graph showing a change in conductivity through time.
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