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Summary

The annuaburfacemass balanc015/16 of Freya Glacief5.3kmz2, 2013) was measured b¥ dew
ablation stakeg(drilled within the spring 2@ fieldwork) an automatic camera and an automatic
weather station (AWSnear stake Hwith cortinuous measurement of surface height change. The
glacierwide annual surface mass balamneas calculated to-540 +/-100 mm w.e.whichis 10% more
negative tharthe averagevaluesince the start of monitoring in 2@M8. The equilibrium altitude line
(ELA was at950m a.s.l.and the accumulation area rati®AR 15%.The glacierwide interpretation of
mass balance distribution is ® onan orthofoto from 2.7.2016,aerial fotosfrom 11.08.2016 and
the snowline retreat measured lige automatic cameraWinter mass balance is based on ~100 snow
depth probings with a mean snow depth of126 and onebulk snow density measurement of
320kg/m? within a snowpihext to the AWSOverall winter mass balan@®15/16was650+/-50 mm
w.e., which is 15% below the 6 year averagbehigh correlation between winter and annual mass
balanceshows that interannual mass balance variability is migidriven by winter accumulation
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Figure: a) Map of monitoring network in 2015/16. b) Area averaged winter and anmdats mass balance of
Freya Glacier sindbe beginning of the monitoring in 2007/08) Freya Glacier at the end of the summer 2016
on 29.8.201®:00exposing firn layers that had been accumulated in the two previous positive mass balance years

of 2014 and 2015webcamimage]


https://www.foto-webcam.eu/webcam/freya1/2016/08/29/1200

FieldworkSpring 2016

Fieldwork on Freya Glacier ipr&ig 2016 took place between 22.4. ab@.5.2016and wascarried out

by Daniel Binder (ZAMG), Bernhard Hynek (ZAMG), and Michele Citterio (GEUS). The purpose of the
fieldwork was not only to measure the winter mass balance of the glacier, but also to install automatic
measuremtent systems for a remote mass In@ka monitoring of Freya Glacier within the research
project GlacieLiveand to change the ablation stake network from plagtialuminium stakes that can

be found and redrilled during springo that only one visiper year(in spring)is necessaryThe
following tasks were carried out during spring 2016 fieldwork:

1 Winter massbalance measurements by snow depth probird 00 points)and one snow
density measurement

9 Installation of two automatic camera®r snow line monitoringon the ridge above Freya
glacier powered by 3 solar panels and a wind mill and equiped with an Iridium Pilot Antenna
for data transfer in near real time.

1 Installation of a Promiceype (GEUSutomatic weather station (AW$)cluding snow height
andice ablation sensors to measutige surfacemass and energy balancentinuously The
termistor string for ice temperature measurements and the ablation hose was drilled only in
spring 2017.

9 Drilling of 11 aluminium stakesach6-8 meter longto measure surface ablation.

1 Recoery ofsensors and datalogger frotine old AWS, whichad been burried bgnow during
the previous winter

Winter mass balance

Snow probing took place on 22.4. (46 points), 7.5.(11 ppatitstake¥ and 10.5.2016 (46 pointnd
snowpit). Between 22.4. and B).there was snowfall and storm, but the amount of new snoas

less than 10cm, so the values of different dates have been combined without adjustment to a
measurement date of 10.5.2016.

The bulk density of the snow pack was measured in a snow pit néhx WS stake 6) 0rl0.5.2016.

At the AWS there were 200 cm of winter snow accumulation with a mean density of 321 kg/m?3 (SWE
= 642 mm). Below the winter snow, there was 35cm of firn (density 507 kg/m3) and 9 cm of
superimposed ice.

As snow depth point measurements vary along short distances by half a meter, we assume, that the
snow probe penetrated through the firn layer of 2015 (and maybe 2014), so the higher values have
benn corrected or deletedApart fromtotally unmeasured zonem the accumulation arethat is the

main source of uncertainty in the winter snow depth distribution on the glacter the mean
snowdepth of95 snow depth point measuremests 201cm, using a snow density of 321kg/m? this is

a winter mass balance of 6dBn w.e.A spatial interpolation of winter accumulation over the whole
glacier yields a mean winter mass balance of 6580Hmm. w.e.



Table: Values from the snow pit next to the Asl¥Stake 6at an elevation of 688m a.s.|

depth layer weight weight r swe r swe layer
from to thickn. total snow mean sum
[em]  [em]  [cm] [¢]] 0] [kg/m3] [mm] [kg/m3]  [mm]

0 20 19.0 314 107 229 46
20 40 195 334 127 265 53

40 60 20.0 336 129 262 52
60 80 195 337 130 271 54
80 100 195 333 126 263 53
100 120 195 400 193 402 80
120 140 20.0 375 168 341 68
140 160 195 390 183 381 76
160 180 20.0 407 200 407 81

180 200 185 385 178 391 78 321 642 snow
200 235 195 450 243 507 177 507 177 firn
235 244 ~850 72 ~850 72 Slice

Figure: Snow densitye@asurements in the snow pit next to the AWS at stake 6.
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Figure: Snow depthgint measurementsn Freya Glacien April/May2016.
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Webcaminstallationfor snow line monitoring

In May 2016 an automatic camera system has been irstlabn the ridge above Freya @k to
monitor the daily snow cover and by that the spatial distribution of surface mass balance over the
glacier The system coigts of two automatic cameras, 3 solar panels andiadmill for power
generation, threeB0 Ah lead batteries and an IridiuAntenna for data transfein near real timeIn

total this was an equipment of approx. 250 kg, that was carried up an elevati@@Oafeters to be
installed on a viewpoint on the northern ridge of the glagkan elevation of 1053m a.s®ne camera

is directed downwards to cover most of the glaciers surface andebhendcamera is directed upwards

to monitor the snowcover in theaccumulation area. Unfortunately the upward camera had some
electronic defect and did not deliver data in the first year. However this could be fixed in spring 2017,
since then he camera is working preply. Online-Pictures of the webcams alere:

Downward camerahttps://www.foto -webcam.eu/webcam/freyal/

Upward camerahttps://www.foto -webcam.eu/webcam/freya2/

Table: Coordinates of th®WS and the Camera.

ID UTM_x UTM_y Lat Lon Elevation
CAM 506376 8254720 74.3825 -20.7878  1052.8
AWS 505048 8255280 74.3875 -20.8320 688.1

Figure: Pictures of the installation of the webcams in spring ged®s: B.Hynek)


https://www.foto-webcam.eu/webcam/freya1/
https://www.foto-webcam.eu/webcam/freya2/

Figures: Locatioaf the automatic cameras on the ridge above Freya Glacier on an elevation3of 80&1. Upper
picture: To the left is the windmill and on the right the Iridium Antenna for data trafi$iercameras are located
below the Iridium Antenna.



Figure:Fotosfrom the installation of the webcastation at an elevation of 1058 a.s..



Figure:Top: FreyaCam2 (left), and FreyaCaml1 (right) Bottom: Panorama Picture generated with the two
images.Almost the whole glaciesurfaceis visible from the camera position.

AuBentemperatur -

365 Tage -

180 Tage zuriick - Freyal

10 g
" B
3 Ei
a o i
K z
o
o -18
o
s
o
-20
-30
Jan Apr May Jun Jul Aug
B temp0 Jztzt 6. ﬂ H1tte'l S 4 Ha: 18 4 Min: -30.
Innentemperatur - 365 Tage - E
20 2
"n B E
3 =
- q
n a2
3 :
= -18
o
s
9
-20
-30
Sep Dect Nov. Dec Jan Feb Mar Apr May Jun Jul Aug
B Fahler hinten Jetzt: 6.1 Mittel: -6.3 Max: 18.4 Min: -30.5
B Fihler Heizung Jetzt: 7.2 Mittel: -5.0 Max: 20.9 Min: -30.4
Batteriespannung - 365 Tage - 180 Tage zuriick - Freyal -
10 WNMMMMW :
13500 m q
5 i
= o
= 13000 m
12560 m
12000 m
Sep Oct Nov Dac Jan Feb Mar Apr May Jun Jul Aug
Jetzt: 13.8 Mittel: 13.4 Max: 14.4 Min: 11.9

Figure: Temperature (outside and inside) and battery voltadbe camera statiofirom Sept 2016 to Aug 2017.
Windmill and solar panels provided enough energy to keep the station running during the Arctic winter.
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14.7.2016 23.7.2016 1.8.2016

Figure: Fotos from Camera Freyal (downstream) during ablation season 2016. Freya2 (upstream) did not work
properly in the first year. Mimimum snow cover was on 29.8.2016.

Figure: Details o€ameraFreyal during ablation season 2Q1B6e left red dot ighe approximate location of

stake 7 and the right dot is stake 6 and AWS location. The images show showing complex stratigraphic patterns.
Also refreezing processds complicate surfacelassification intace, firn (yeas 2014 and 208) or winter snow

At the AWShere was an Albedo decrease from 0.8 tolfeBveen 17.7. and 25.The ablation at the AWS was

63 cm (measured with twaultrasonicdevice3and at stake 7 it was 58cm
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Installationof a new automatic weather station (AWS)

In May 2016 an automatic weather station (AWS) was established autfece of Freya Glacier at an
elevation of 688m a.s.l. The weather station replaces the older station, that had been burried by winter
snow during the last winter. The new statioraiSEUS promice type station that measures all relevant
variables to derive the surface energy balarm® transfers all data via IridiunAdditionally two
ultrasonic rangers for snow depth and snow/ice ablation are mounted offldlaging station and on 3

extra aluminium poles, that had been ligd into the ice

Figure: During the build up of threw AWS on Freya Glacier in May 2016.

Table: Data Table of the online transmitted data of the AWS. Data are transmitted every 6 hours and

transmitted values are averaged values (4h means) or sample values from the last measurement, depnding on
the quantity. In case of low battery power dataedransmitted only once a day.

quantity unit numeric quantity unit numeric
1 timestamp 10.01.2018 00:00 16 ice temperature 1 average (°C) -5.583
2 seconds_since_1990 sec 884390400 17 ice temperature 2 average (°C) -4.376
3 airpressure average (hPa) 619.7 18 ice temperature 3 average (°C) -4.447
4  airtemperature average (°C) -18.51 19 ice temperature 4 average (°C) -4.504
5 relative humidity average (%) 52.91 20 ice temperature 5 average (°C) -3.944
6 wind speed average (m/S) 1.688 21 ice temperature 6 average (°C) -4.392
7 wind direction average (dir) 167.1 22 ice temperature 7 average (°C) -4.611
8 shortwave radiation in  average (Vx10"-5) -1.33 23 ice temperature 8 average (°C) -5.102
9 short wave radiation out average (Vx10"-5) 0.432 24 tiltx average (vx10"-2) -3.637
10 longwave radiationin  average (Vx10"-5) -46.62 25 tilty average (vx10"-2) 2.88
11 longwave radiation out average (Vx10"-5) -18.81 26 latitude sample (decdeg) 7422.7206:
12 temperature rad sensor average (°C) -19.09 27 longitude sample (dec deg) 2049.3419¢
13 snow height sample (m) 1.847 28 altitude sample (m) 677.1
14 surface height sample (m) 1.175 29 currents sample (mA) 132.7
15 ice height sample (mv) 20.05 30 Dbattery voltage sample (V) 12.39
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Figure: Detail®f the new AWS on Freya Glaci€all Guy

Table: Manual measurements at the
day of the AWS installation.

Manual measurements at the AWS in cm 07.05.201¢
Temp/Hum height (bottom of casing - surface) 335
Sonic Ranger @ AWS height (membrane - surface) 340
Wind sensor height (center of propeller - surface) 385
Sonic Ranger @ Stakes height (membrane - surface) 58
Free length of stake - outer, with sonic ranger 86
Free length of stake -middle 76
Free length of stake - outer, without sonic ranger 80
Boom direction relative to magn North 204
Mast tilt in boom direction (+ if down) -4
Mast tilt across boom (- if clockwise) 5
Height of surface irregularities 3
Snow height 200




Figures: The new AWS on Freya Glacier at on elevation of 688m a.s.l. The tddhtcsmutomatic camerais
shown in the lowest picture.
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Figuresiocation of the AWS visible on fotos from the overflight on ZIB61. The station stands still in the
firn area. To that date there had occurred already 40cm of firn ablation,thetiénd of the summer in 2016
08-29 firn ablation accumulates to 63cimhat firn had been built up in the previous two years.




800

Albedo decrease

40— i L ML A Y A L ,,,,,,,,,,,,,,,,,,,,,,,, —
20 | | | | | | | | | | |
01/06 07 01/08 01/09 01110 o 0112 0101 01/02 01/03 01/04 01/05
3 I
! : ! ! l ! ! ! ! I Sensor Stake oni
. *  Sensor AWS
g Sensor Stake shifted
S ST S R R R R e : el ; .
: : o,

24.7.

o
ot e’ oy

0=, g it i

.

—---.63cm firn ablation

| | | i i | i | i ‘ I
Bl X3
01/06 0107 01/08 01/09 oA oA 01412 0101 01102 01103 0104 01105

Figure: Data from the AWS at stake 6 from Mai 2016 to Mai 2017. From top to bottom: Shortwave radiation and
albedo, temperature and humidity, surface ablation and accumulation measured by two different ultrasonic
deviceg; one (red) mounted on a fixed pdemeasure ice and firn ablation and one (blue) mounted on the AWS
to measure only snow height.
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Ablation stakenetwork

Figure: In May 2016 a total of 11 ablation stakes have been drilled into the ice. Stakes consisegfrimts.

The lower stakes ar¢ segments coupled ®m longstakes the upper onesare 3 segments coupled &m long
stakes At the bottom there are plastic caps to avoid thermal conduction and to enlarge the surface area. At every
link the coupler pole is fixed with two rivets.

Table: Dimensions of the Aluminium Poles.

Outside Inside
Length diameter diameter  Wall thickness
[cm] [mm] [mm] [mm]
poles 200.0 33 27 3
coupler 29.5 26 4

Table: Measurements at the ablation stakes in May 2016 and May 2017.

dhto
snow snow dhto snow in in iceffim mass
Stake Stake depth  depth show surf. iceffirn iceffirn ablation icef/firn  balance
ID Length Elev. 2016 2017 surf.201€ 2017 2016 2017 2016 density  15/16 comment
[m] [masl] [cm] [cm] [cm] [cm] [cm] [cm] [ecm] [10%kg/m3] [mmw.e]
1 8 379 211 216 -50 639 not found 2017
2 8 438 192 153 -70 100 678 547 -131 900 -1179
3 8 500 147 170 37 190 616 440 -176 900 -1584
4 8 592 150 179 -73 50 723 571 -152 900 -1368
5 8 646 174 195 -10 120 636 485 -151 900 -1359
6-0s 6 688 200 210 86 139 314 251 -63 650 -410 dh 2017 est
6-mid 6 688 200 210 76 129 324 261 -63 650 -410 dh 2017 est
6-ons 6 688 200 210 80 133 320 257 -63 650 -410 dh 2017 est
7 6 724 220 212 -5 61 385 327 -58 650 -377 corrected
8 6 776 190 211 50 81 360 308 -52 650 -338
9 6 801 270 215 2 62 328 323 -5 600 -30 corrected
10 6 859 214 210 133 150 253 240 -13 600 -78 corrected
11 6 868 255 255 106 110 239 235 -4 600 -24
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Figure: Map of the measurement points of mass balance 2016 with the Orthofatolyaf2" 2016 in the
background.The Orthofoto is a SPOT satellite acquisition. Contains data $tgralsen for Dataforsyning og
Effektiviserind SDFE)Demarks Hgjdemodelanuar 205, downloaded frorkortforsyningen.dk
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https://download.kortforsyningen.dk/content/geodataprodukter?field_korttype_tid_1=3806&field_aktualitet_tid=All&field_datastruktur_tid=All&field_scheme_tid=All

Overflight August 2016

OnAugust 11" 2016(close to the end of summer okugust 29 2016) the surface of Freya Glacier has
been photographed within 44 fotos from an Airplane by Anders Anker Bjark. The fotos were created
with a CANON EOS MARK II, 24mm fixed zoorV|&1 They have been matched and orthorectified
using a structure from motion workflow and registered by using visible points from the 2013 sfm
model. The horizontal accuracy of the resulting orthofoto is approx. 5 mekefthe lower part of the
glacier thebare ice surface is exposed, while the upper part is mainly covered by firn originating from
the two last positive mass balance years of 2014 and 2015. Only a very small part of igreigk&td|
covered by what looks likeimter snow but this might o be a product of repeating refreezing events.
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Figure: Thumbnails of 39 out of the 44 fotos from the plane overflightugust 11 2016.
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