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Measurements of firn density in the lower
accumulation area of the Greenland

ice sheet: EPOCH 1992

Roger J. Braithwaite and Martin Laternser

Background

The field area is above Paakitsoq (formerly spelt Pa-
kitsoq), about 80-120 km east of Ilulissat/Jakobshavn
(Fig. 1), where GGU has measured mass-balance in the
ablation area since 1982 (Thomsen et al., 1989). A line
of accumulation stakes was established in 1990 and 1991
from the upper part of the ablation area to well within
the accumulation area (see sketch map in Braithwaite et
al., 1992b). Three-dimensional stake positions were
measured at various times with a hand-held Global Po-
sitioning System (GPS), and elevations of stakes and
surface features are shown in Table 1 with an estimated
accuracy of = 35 m.

Observations in 1991 strongly suggested that firn den-
sification, and especially the change of firn to ice, is a

© GGU, Copenhagen, 1993
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Fig. 1. Location map showing GGU’s glacier-climate stations
on the Greenland ice sheet, West Greenland, including Paakit-
so0q, the location of studies described in this report.

key process determining the extent and location of the
refreezing zone, and the stretch between stakes 151 and
165 was therefore chosen for detailed study in the 1992
EPOCH field work.

Logistics

Glaciological work in the lower accumulation zone
involves severe problems of logistics and communica-
tions. This is probably why there are few data from this
zone and, in particular, why GGU has never been able
to make regular mass-balance measurements here.

Measurements have been made in the ablation area
with great success over the last 10 years by flying each
day by helicopter from Ilulissat (Thomsen et al., 1989).
However, this so-called ‘flying squad’ approach is inap-
propriate for measurements in the lower accumulation
area because of the greater distances and elevations
involved, the extra weight of equipment needed and the
time-consuming nature of the measurements, e.g. a de-
tailed density profile at a single site down to 10 metres
depth needs a very long day’s work. Further problems

63

are the difficulties of getting weather information from
the area, and the hazard of flying over snow-covered
surfaces when there is overcast sky. These problems
were solved in 1992 by a combination of helicopter
transport to and from the field area and man-hauling
within the area.

Field work was carried out between 7 May and 17
May. Temperatures were well below freezing through-
out the whole field period and there was no melting.
The main hazard was nearly continuous high wind and
snow drift combined with low air temperatures (down to
—32°C). However, it was possible to work on every day
and to travel between stakes by ski, using compass and
GPS for navigation, even when ground visibility was too
bad for a helicopter. The relative discomfort of the field
work was therefore more than compensated by its grea-
ter effectiveness. The authors were flown into the area
from Ilulissat and camped for a few days each at stakes
163 and at 157. Movement between stakes 151 to 165
was on ski and equipment was pulled on small sledges as
crevasses were thought to be absent in this stretch.
However, the stakes 122 to 141, in areas with extensive
crevasses, were only visited by helicopter.

Table 1. Elevations of stakes and surface features
in the study area, Paakitsoq, West Greenland.
Surface features as seen in 1990

Stake Surface features Elevation
m a.s.l.
122 . Glacier ice 1180
Crevasse field
Equilibrium line c. 1200
128 Superimposed ice 1260
Crevasse field
Large river
130 Superimposed ice? 1260
Crevasse field
139 Superimposed ice? 1340
Slush field
141 Superimposed ice 1350
Crevasse field
Firn limit
Runoff limit
151 Icy firn 1440
157 " Icy fim 1510
161 Firn 1530
163 Firn 1620
165 Firn 1620
‘Wet-snow line c. 1800
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Data collection

Snow pits were dug in the 1991/92 winter snow at the
five stakes 151 to 165, and snow samples were taken
from the walls of the pit. Firn samples from below the
snow pits were taken by a SIPRE corer; to depths of
almost 10 metres at stakes 157 and 163, and to depths of
5 metres at the other three sites.

Snow and firn densities were determined by weighing
samples and measuring their volumes. Thicknesses of
any ice layers were also measured. Depths of samples
were estimated by measuring the depth of the SIPRE
bore-hole after each sample extraction.

In addition to the density measurements, firn temper-
atures were measured to 10 metres depth at a number of
stakes using thermistor strings emplaced in 1991 by
steam drill.

o
80 100

Results

Densities were obtained for 221 firn samples from
below the 1991 summer surface as well as for 15 samples
from the 1991/92 winter snow. Firn samples were classi-
fied into three groups according to ice content: ‘firn’
samples with no visible sign of ice, ‘ice’ samples which
appear to consist solely of ice, and ‘firnfice’ samples
with ice layers within the firn. Despite some subjectivity
in determining ice content, density is clearly controlled
by the amount of ice in the sample (Fig. 2), in contrast
to higher elevations where density is controlled by com-

-pressive deformation (Benson, 1962). As the ice can

only be created by refreezing of meltwater from the
surface (and any rain), firn density variations reflect the
amount of surface melting and subsequent refreezing
within the top 2-4 metres of the firn pack.
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Firn densities vary greatly from sample to sample, but
a general impression of average conditions at any site
can be obtained by plotting water equivalent versus
depth, otherwise known as load-depth curves (Benson,
1962). The gradients of such plots represent densities.
Load-depth curves for the five stakes (Fig. 3) show a
clear relation between average firn density and rising
elevation above the runoff limit. The lines for ‘ice’ and
‘snow’ (with densities of 375 and 890 kg m™ respec-
tively) are guide-lines, as all load-depth curves must lie
between these limits. Although stake 151 is only about
40 m higher than the runoff limit at about 1400 m, its
load-depth curve lies far below that for ‘ice’. This sug-
gests a very rapid change in density immediately above
the runoff limit.

Load-depth curves for stakes 157 and 163, where firn
samples were collected to a greater depth of 10 metres,
show a surprising decrease of density below about 4
metres (Fig. 4). This confirms observations in 1991 by
T. Pfeffer (Braithwaite ez al., 1992b) and may show that
there was less melting a few years ago, e.g. in the late
1970s and early 1980s, when this firn was passing
through the surface layer with refreezing of meltwater.

Outlook

Analysis of field data is now complete and firn density
is being modelled in terms of snow melting at the sur-
face which, in turn, is modelled from climatological data
using the GGU degree-day model with modifications
inspired by Pfeffer ez al. (1991). In particular, the latter
identify the ratio of annual melting to annual accumu-
lation as an important parameter describing melting/
refreezing. The purpose of the modelling is to calculate
the runoff which may occur in the future from the
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present refreezing zone, and the results will be reported
to the European Community in fulfilment of GGU’s
obligations to the EPOCH piogramme.
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