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Abstract — Ground Penetrating Radar, velocity (stake displacements measured by GPS), and ablation mea-
surements were carried out on an approximately 4 km by 4 km area on NW-Myrdalsjokull in 2003. The ice
thickness ranges from 112-304 m within the study area, revealing significant bed topography, with a total relief
of 185 m. The surface conditions vary considerably during the ablation season, with surface lowering of 4—10
m from April 22 to September 18, 2003. The dependence (relevant length scale) of velocity on surface slope
and ice thickness was difficult to estimate due to sparse velocity data and large spatial variations.

INTRODUCTION

To investigate the relationship between bed topogra-
phy, basal lubrication, and surface velocity, an area on
NW-Myrdalsjokull was chosen. The field site location
(Figure 1) had sparse radar coverage (Bjornsson, Pals-
son and Gudmundsson, 2000) and no velocity mea-
surements were known to the authors prior to this sur-
vey. Furthermore, accumulation and ablation had not
been measured at the site; however, it is known that
accumulation, especially on the south side, is as high,
or higher, than on other glaciers in Iceland.

The initial phase of the measurements took place
in April 2003, during a 5-day field campaign from
a base-station at the nearby Solheimahjaleiga farm
guesthouse. Bad weather during the summer dis-
turbed fieldwork schedules, but subsequent trips were
made in June and September.

Surface conditions at the field site during the ab-
lation season were difficult, with many crevasses and
dirt cones (Figures 2 and 10). Traveling to and from
the field site meant traversing several cauldrons asso-
ciated with the Katla volcanic system.

In April we traversed the glacier using jeeps and
for the initial setup had help from the local rescue

squad in Vik with hauling gear across the glacier. In
June and September we used snow scooters and had
guides from Arcanum adventure tours to navigate the
heavily crevassed glacier. Below is a short description
of the equipment setup, the survey measurements and
preliminary results.

THE SURVEY
GPS measurements

In April, 2003, we established a grid of 13 poles/wires
(Figure 2) which were steam-drilled to a depth of 8—
10 m with the aim of allowing determination of all
components of the surface strain-rate tensor and the
longitudinal component over 3 length scales (~3-10
ice thickness’ assuming 300 m ice thickness). Sur-
veys were done using four Trimble GPS receivers,
two 5700°s and two 4000’s. Surveys between the 4
receivers were performed for approximately 25 min-
utes; then all four receivers were moved to new loca-
tions, which gave up to 5 closed loops to solve per sur-
vey. Antenna heights were recorded; however, most
antennae were placed on the snow surface with a pole
inserted into the steam-drilled hole. The repeat survey
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Figure 1. a) Location of the study area on the northern part of Myrdalsjokull, S-Iceland. The area is about 4 km
x 4 km (black box). b) Locations of the stakes in UTM coordinate system, in the 28N zone. — a) Stadsetning
meelisveedisins d noroanveroum Myrdalsjokli. b) Meelipunktarnir { UTM hnitakerfi, svedi 28N.

in June was supposed to follow exactly the same pro-
cedure as the survey in April, in order to allow an anal-
ysis of baseline length change, yielding high accuracy
strain rates. Unfortunately, bad weather, crevasses,
and equipment failure made that impossible.

dl

Figure 2. Visiting the permanent stations in Septem-
ber was tricky due to dirt cones and crevasses. The
large amount of melting can be seen from the trian-
gular platform that was 20 cm off the snow surface
in June. — Drili og sprungur gerdu leidangursmonn-
um erfitt fyrir ad komast ad meelistodvum 1 september.
A prihyrningslagada loftnetspallinum md gloggt sjd
hversu mikill brdonun hefur dtt sér stad frd juini, en
pd var hann 20 cm yfir yfirboroi.
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The Icelandic Meteorological Office operates a
permanent GPS station (SOHO) near the south termi-
nus of Myrdalsjokull, about 20 km south of the sur-
vey area. Absolute base coordinates of the station are
listed as 63.55247°N, 19.24665°W, at 791.6 m eleva-
tion. Daily RINEX files are available on the Internet,
eliminating the need for setting up a base station for
this survey.

Three of the marks, MD00, MD11, and MD12,
were set up for semi-permanent recording (Figures 1—
4). In each case 3 poles were drilled to a depth of
approximately 8 m and fitted with a wood plug at the
bottom to prevent self-drilling. A triangular plywood
platform served as the antenna-mounting surface atop
the three poles (Figure 3). Rough solar panels mounts
were constructed of wood. A 20 amp hr battery was
used to power the three receivers. Solar panel mounts
were hose clamped to a ~30 cm long PVC tube that
fit over one of the survey poles, allowing the panels
to subside with the surface melting (Figure 4). The
battery and receiver were tied to a similar tube or the
mount itself, in hope that they too would subside with
glacier surface ablation. A 10 m antenna cable was
coiled under the platform; allowing the receiver box
to subside relative to the fixed antenna as the surface
melted. Melt rate during the April fieldwork was be-
tween a few and up to 20 cm d 1.



The permanent stations were set to record data at
30 sec intervals with a 13° elevation mask. The Trim-
ble 5700 receivers were set to log continuously, while
the Trimble 4000 receiver was set to log six 1 hr files
spaced at 4 hr intervals each day (start times of 00, 04,
08, 12, 16, 20 h).

Figure 3. Semi-permanent GPS-station visit. The ab-
lation (lowering of surface) from April 22 to June 28
at this site was about 3 m. Pictured are Elin, Bjorn,

and Gisli Arni. — Ein af langtimamclistoovunum.
Brdonun (lekkun yfirbords) frd 22. april til 28. juni
var um 3 m. A myndinni eru Elin Helga Pérarinsdott-
ir, Bjorn Oddsson og Gisli Arni Gislason, sem eiga
miklar pakkir skyldar fyrir hjdlpina.

The new Trimble 5700 receivers stopped record-
ing couple of days after being installed due to hard-
ware problems. The Trimble 4000 receiver also only
ran for a short time, perhaps due to power disrup-
tions from which they did not recover. On Thursday
September 18, 2003, we finally managed to retrieve
the instruments. The trip had been cancelled several
times, due to frequent low pressure fronts across the
south coast.

The 2003 NW-Myrdalsjokull Survey

Radar measurements

A University of Washington radar system operating at
5 MHz was used. The distance between the transmit-
ting (T) and receiving (R) antennas was 15 m and data
was collected every 8 m along each survey line.

The data was band-passed between 3 and 7 MHz
(Figure 5). Ice thickness in the area ranges between
about 112 m to 304 m. The intensity of radar echoes
changed by a factor of 10 within the study area due to
changes in bed conditions, internal reflectors and/or
surface conditions (Matsouka ef. al., submitted).

The strong reflector in the S-part of Figure 5 is
most likely from an ash layer from the Katla eruption
in 1918.

Figure 4. The semi-permanent GPS-station setup.
The solar-panels were used to charge the battery, and
the wooden framework was designed to slide up-and
down. — Uppsetning langtima GPS-stéova. Solarsell-
urnar voru notadar til ad hlada rafgeyminn og grind-
in var honnud pannig ad hin fylgdi yfirbordinu.

Ablation measurements

The poles at the semi-permanent stations and wires
at other sites also served as ablation measurement
points. The wires had a weight attached to the end that
went into the drill hole and then froze. The difference
in the length of the wire between measurements thus
provides a measure of surface subsidence. Following
installation in April, measurements were made at ac-
cessible points in June and September.
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Figure 5. Radar-profile along MD10 to MDO02 at the western margin of the study area. The depth ranges from
about 100 m to 250 m. A strong echo, most likely from an ash layer, is visible near the surface in the southern
part of the profile. — Isjdr-snid milli MD10 til MDI2, d vesturhlid melisvedisins. Dypid er breytilegt, frd um
100 m til 250 m. Sterkt endurkast, liklegast frd oskulagi, sést ndleegt yfirbordi i syorihluta pversnidsins.

RESULTS
Radar

Figure 6 shows the surface topography calculated
from the pressure record attained during the radar
measurements and the elevation of the GPS-points.
The origin of the local coordinate is at the UTM co-
ordinate of 5.91x10° m easting and 7.068x10% m nor-
thing, in the 28N zone (Figure 1b).

The ice thickness (Figure 7) was calculated from
the two-way travel time, assuming a radio-wave speed
of 169 m us~!. The ice thickness decreases from SE
to NW, from some 300 m in the SE part of the survey
region to about 112 m in the NW part.

Figure 8 shows the bed topography inferred from
surface elevation and radar data (GPR-data). The bed
relief within the study area is about 185 m.
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Location of measurement marks in April

Data processing revealed extremely small errors in the
data, <2 cm in the horizontal direction and 2.5-3.5 cm
in the vertical direction (given 1 cm horizontal set-up
error and 2 cm vertical set-up error). Redundant oc-
cupations of 50% of the network and extremely high
quality data (even with the Trimble 4000’s) contribute
to the excellent data quality. Little or no data edit-
ing was necessary to attain statistically valid solu-
tions. Most of the short baselines solved well with sin-
gle frequency solutions. Survey conditions pn April
20 were extraordinarily quiet (the best GPS data S.
O’Neel the UNAVCO GPS specialist had ever seen).

Continuous GPS survey April 22-May 7, 2003

Continuous GPS measurements were carried out at
MDO00, MD11, and MD12 (Figure 2). The MDOO sta-
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Figure 6. Surface topography (contour lines in m a.s.l.) from air-pressure records and GPS points, shaded bed
relief (blue-to-red, see Fig. 8), and measured displacements. The displacements are calculated from point
positions in April and September. — Yfirboro (hedarlinur) fengio frd prystingsmeelingum og GPS-punktum,
botn (litaskali, bldr til raudur) og meeldar feerslur d stikum. Ferslan er reiknud utfrd stadsetningu i april og

september.

tion (Trimble 5700) failed after 2 days, the others ran
for 14 and 16 days, respectively.

MDO00 moved at 33 m a~! during the 2 days it was
recording, at an angle of 20°W of N. MD11 (Figure
9) moved at 24 m a—!, at an angle of 16°W of N, and
MD12 moved at 22 m a~! and 19°W of N (Table 1).

Horizontal and vertical displacements

The horizontal displacements from April to Septem-
ber were between ~12 m to 21 m, yielding velocities
from 29.5 m a=! to 54 m a—!. Displacement errors
(Table 2) refer to the error given for the solution el-
lipse (major and minor axes always being equal) in
GPS Pathfinder for the September measurements.

Table 1. Continuous GPS measurements April 227¢
— May 7", 2003. — Samfelldar GPS-melingar, 22.
april — 7. mat.

Station Time Velocity Direction
(d (mal) °

MDO0O0 2 33 20

MDI11 14 24 16

MDI2 16 22 19

All points moved faster during the peak summer,
May-September, than for the period April to May,
although the data series is quite short for the spring
period. The biggest difference in velocity was ob-
served at MD11, from 24 m a—! in April to 54 m
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Figure 7. Ice thickness, from radar measurements, ranges from ~112 m to ~304 m within the study area. —
Ispykkt, fengin frd isjarmeelingum er 112—304 m d meelisveedinu.
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Figure 8. Bed topography from radar-data. Bed relief is about 185 m, from 713 m to 898 m a.s.l. — Botnkort af
melisveedinu. Hedarbreytingar upp d 185 m eru d sveedinu, frd 713-898 m y.s.

160 JOKULL No. 55, 2005



The 2003 NW-Myrdalsjokull Survey

Table 2. Stations measured in both April and September. — Melipunktar meeldir beedi © april og september.

Station Displacement Velocity Direction GPS Wire

(m) (ma-1) ° Ah(m) Ah(m)
MD00 164 +0.8 41.6 15.1 53+ 13 5.5 (fallen)
MDI11 21.2+1.2 53.8 30.8 84 +25 4.9 (fallen)
MDI12 11.7+0.9 29.5 17.5 40+16 44
MDO3 194+ 1.8 49.2 7.1 45+25 7.7
MD14 11.7£0.8 29.8 4.5 9.3+ 1.3 Missing data
MD07 16.2+1.0 41.5 -5.4 89£14 75

a—1, from April to September. MD11 also shifted di-
rection, from 16° to 31°.

by ~7-8 ma~!.
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Figure 9. Displacement at MD11 over 16 days, from

April 22" to May 7", 2003. The velocity from lin-

ear fit to the data is v = 6.5 cm d~! (R? = 0.9993).

— Feerslur meelipunkts MD1 1, frd 22. april til 7. mai,

2003. Hradinn it frd jofnu bestu linu er v = 6.5 cm

d=1 (R? = 0.9993).

Two types of surface measurements were ob-
tained, one determined by GPS and the other by mea-
suring the poles directly. The error in GPS elevation
in Table 2 is from GPS Pathfinder, from the data col-
lected in September. In most cases the two methods
yield similar results, but the error in vertical measure-
ments using GPS is large, and the software probably
underestimates them.

Other stations had much
smaller direction change, and their velocities changed

Figure 10. There were some significant crevasses
on the northern part of Myrdalsjokull in September.
— Pad var umtalsvert af sprungum d nordurhluta

Myrdalsjokuls i september.

DISCUSSION

Besides obtaining detailed data for the bed topogra-
phy, one of the purposes of this study was to com-
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pare measured velocities to theoretical values. Signif-
icant bedrock topography, large melting rates, heavy
crevassing (Figure 10), and thin ice made exact calcu-
lations of surface velocities very difficult. Conven-
tional methods that treat bedrock as a perturbation
(Thorsteinsson et al., 2003), or use averaging over
several ice thicknesses (Paterson, 1994) cannot be ap-
plied. In this type of landscape, full-blown numerical
modeling is probably needed to get realistic velocity
fields.

However, it is clear that the velocity increase ob-
served at MD11 has to be related to sliding. The same
explanation is valid for the other locations as well.
Whether sliding was a contributing factor already in
April is impossible to verify, from the data we ob-
tained.
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