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Absolute movements, mass balance and snow
temperatures of the Riiser- Larsenisen Ice Shelf,
Antarctica*

Gjessing, Y. & Wold, B. 1986: Absolute movements, mass balance and snow temperatures of the Riiser-Larsenisen
Ice Shelf, Antarctica. Nor. Polarinst. Skr. 187, 23-31.

Accumulation, deformation, absolute velocity, and snow temperatures at IO m depth have been measured on
Riiser-Larsenisen. Accumulation was measured at several points between the ice front and the grounding line,
as well as on the top of an ice dome, for the period 1977-1979. Snow density varied from 470 kg/m? to 510 kg/m 3,

and the mean annual accumulation for twelve points on flat ice shelf was 608 kg m?yr '. At the top of the 200
m high dome the mean accumulation was only416kg m7?yr-'.

The velocities varied from 130 m.yr7' some 10 km from the grounding line to 110 m.yr ' near the ice front. By
considering mass-continuity between two flow lines, the sum of bottom melting and disequilibrium was calculated
for 7 locations across the shelf. Assuming steady state conditions, values of apparent melt rates were 900 kg
myr7' near the ice front and a maximum of 1700kg m?yr7' some 10 km from the grounding line. Thus, bottom
melting is about 80% of the total 'ablation' if the ice shelf is in a steady state.

Snow temperatures at IO m depth were measured on the ice shelf, on an ice dome, and at higher elevations
inland. The temperature decreases from -16.8°C near the ice front to -19.2°C near the grounding line. At 695 m
a.s.l. a few kilometres inland from the grounding line the temperature was -17.7°C, and on the ice dome it was
-15.4°C and -16.4°C at 95 and 200 m a.s.l. respectively. These measurements indicate that the mean annual air
temperatures, estimated from lOm deep snow temperatures, apply only to a boundary layer immediately above
the surface of the snow.

Yngvar Gjessing, Geophysical lnsitute, University of Bergen, 5000 Bergen, Norway; Bjørn Wold, Norwegian Water
Resources and Electricity Board, P.O.Box 5091, Majorstua. 030/ Oslo 3, Norway; November 1982 (revised August
1983).

Introduction

Riiser-Larsenisen is an ice shelf situated on the
coast of Dronning Maud Land, Antarctica (Fig.
1 ). The work described in this paper was carried
out during two Norwegian Antarctic Expedi-
tions, one in 1976-77 and one in 1978-79. The
field work was conducted in January-February
1977 and in February 1979.

The predominant wind direction in this area
is from ENE, and typical summer temperatures
range from 0° to -20°C.

Riiser-Larsenisen was studied briefly by Tor-
bjørn Lunde (1961) during the 1958/59 Nor-
wegian Expedition. At Maudheim, some 230 km
to the east, extensive glaciological investigations
were conducted during the Norwegian-British-

Swedish Antarctic Expedition 1949--52 (Schytt
1958; Swithinbank 1957). Further to the east,
glaciological work was carried out by the Nor-
wegian Expedition 1956--60, based at Norway
Station (Lunde 1961 ).

The part of the ice shelf investigated is situated
between 14° and 17°W and between 72° and
7 4 ° S. It extends 120 km from the coast to the
Vestfjella mountains. Except for a few smaller
areas the shelf is relatively flat and free from
crevasses. Our base camp in 1977 - Camp Nor-
way 3 - was situated some 3 km from the coast
at 35 m a.s.l. About 15 km inland from the shelf
edge, the gentle surf ace of the shelf was broken
by a shallow depression 2.5 km wide and running
ENE-WSW, which separated the peninsula of
Camp Norway 3 from the rest of the shelf. Upon

*Publication No. 50 of the Norwegian Antarctic Research Expedition 1976/79.
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our return to the area in 1979 the peninsula had
broken off along this depression. Some 30-40 km
further inland, however, the surf ace was broken
by transverse undulating valleys with a wave-
lenght of approximately 5 km and an amplitude
of about 10 m. Inland of this area and close to the
grounding line, the shelf had a more irregular
surf ace, with numerous hollows and crevasses.
The elevation of the shelf increases inland to a
maximum of 80 m a.s.l. about l 0 km from the
grounding line and then decreases to 60 m a.s.l.
at the grounding line.

The most outstanding feature of the part of the
ice shelf we studied is a prominent ice dome,
Kvitkuven,situated on the outer part of the shelf
some 20 km southeast of Camp Norway 3. This
dome is 30 km long, and its summit reaches ap-
proximately 200 m a.s.l. Numerous relatively
small crevasses surround it, indicating the pre-
sence of a 10 km wide shear zone between the
dome and the floating ice moving around it.

Field programme
In February 1977 three nets, each with six stakes,
were laid out over three areas of about 4 km 2 as
part of a combined absolute motion, strain rate,

and accumulation investigation. For a more de-
tailed study of absolute movement and accumu-
lation, 8 additional stations of two stakes each
were established.

The positions of the stakes were determined
by mutual observations, with a Wild T-2 theodo-
lite, using the stake points, from the trigono-
metric station located inland from the grounding
line and on the ice dome near the shelf edge.
These measurements were all repeated in Feb-
ruary 1979 except for those on the outermost
stake net that had been partly broken off. The
absolute motion, deformation, and mean accu-
mulation were calculated. Snow densities were
measured at 6 positions in34m deep snow pits.

Temperatures were measured at 10 m depths
in eight boreholes. Thermistors and a wheatstone
bridge were used for these measurements. The
system was calibrated before and after the field
work, and the accuracy of the measurements is
probably within± 0.05°C.

The height variations of the shelf surface along
the stake line were determined by barometric
levelling, which was repeated every time we
crossed the shelf - six times in all. Local varia-
tions in air pressure were registered at the base
camp, and the field measurements were cor-
rected for these variations when the heights were
calculated. The standard deviations for the six
observations were approximately ± 2 m.

Results and discussion

Accumulation

Snow accumulation on Riiser-Larsenisen was
measured at 21 points between the ice front and
the grounding line for the period February
1977-February 1979. It was also measured at six
points at the top of the ice dome Kvitkuven (Fig.
I). Aluminium stakes, 6 m long, were erected,
and measurements taken during two weeks in
January and February 1977. These were re-
measured in February 1979. Five additional
stakes that were placed in the shear zone between
the ice shelf and the ice dome, could not be found
in 1979 and had presumably been covered by
snow. If that was the case, the snow accumula-
tion on the shelf near the ice dome had been
more than 350-400 cm during the period
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1977-1979, or 50-60% higher than the accumula-
tion elsewhere on the shelf at the same distance
from the coast. Snow drift may account for this
anomaly. Swithinbank (1957), for example,
found that for the Maudheim Ice Shelf, even
slight surf ace slopes resulted in abnormal accu-
mulation values, but that the accumulation rates
measured at various places on flat surfaces coin-
cided within a few centimetres. It was also evi-
dent that the rate of accumulation increased with
distance from the ice front. To obtain a repre-
sentative accumulation value for the Maudheim
Ice Shelf, Swithinbank had to exclude the stakes
within 2 km of the coast. This agrees with our
results. If we omit the stakes near the ice front,
at the ice rise and near the grounding line, the
mean snow depth at the other 12 stakes is 2.48 m,

and the standard deviation is 0.11 m. The measure-
ments near the ice front and at the top of the ice
rise showed less accumulation, probably due to
snow loss from the area by drifting. The measure-
ments near the grounding line gave variable re-
sults, due to drifting and the broken surf ace.

Densities in the upper 3 m were measured at
seven points across the ice shelf. The density
varied from 470 kg/m? to 510 kg/m 3• The values
are consistent with the mean density of 481
kg/m? in a 3.40 m deep pit near Maudheim,
measured by Schytt ( 1958). Our lowest values
were measured on the inner half of the shelf and
at the top of Kvitkuven (200 m a.s.l.). The highest
values were at the grounding line and on the
outer part of the shelf. Mass balance data are
summarized in Table 1.

Table I.  Mass balance data from the Maudheim ice shelf.

Site 2 3 4 5 6 7 8 9 10 Il 12

Distance from grounding -30 0 IO 15 25 35 45 55 95 105 100 100
line
(km)
Height above sea 695 60 80 76 65 59 55 54 45 35 95 200
level,H.
(m)
Mean snow density 510 470 490 510 500
Density 0-3m
(kg·m?)
Snow temperature -17.7-19.2 -18.4 -18.8 -18.6 -16.8 -16.4
I0mdepth
(C)

5834 5988Precipitation mean 584 579 639 591 639 613 593 416
1977-79
(kg· m ?yr ')
Velocity U (horizontal) 31 130 125 125 120 110
(m· yr')
Total thickness 414 580 554 455 407 391 556 293 210
calculated, H.
(m)
Mean density o-H, p; 884 893 892 887 883 880 878 872 852
(kg·m?).

-300oStrain rate 500 0. 200 100 100
--- H @u€=- ' 3x'ice
(kg·m ?yr')
Advective terms 500 --600 -1100-500 -400 -200

3 H
u·5E' ice
(kg·m?yr')
Sum bottom melt -2900 1700 1700 1300 1100 900
disequilibrium
(kg·m ?yr')

A: Mean of6 stakes B: Direct measurement(e, +e)
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Bentley et al. ( 1964) published a map of the
mean density in the upper 2 m of snow in Antarc-
tica. According to this map, the shelf area in
Dronning Maud Land had densities higher than
450 kg/m?. These were among the highest densi-
ties measured for the upper 2 m of snow in Ant-
arctica, and except for the shelf area in Dronning
Maud Land they occur very rarely. On the Filch-
ner Ice Shelf further south and west the density
values are between 350 and 390 kg/m'.

The water equivalent of the snow pack was
calculated for all measured stakes. For points
without density measurements we have inter-
polated linearly between the nearest measure-
ments. In terms of water equivalent the accumu-
lation on the flat shelf is quite uniform. The mean
water equivalent for the previously mentioned
twelve points (Fig. I) across the shelf is 610 kg
m?yr7', and the standard deviation is 30 kg
m yr'. For the six measured points at the top
of the Kvitkuven ice rise (200 m a.s.l.) the mean
water equivalent is 420kgm ?yr:'.

Swithinbank (1957) concluded that because of
the large extent of the level ice shelf in the direc-
tion of the prevailing winds, drifting snow cannot
cause a net change in surf ace level. This implies
that, in the absence of net melting or appreciable
evaporation, the accumulation rate will give a
satisfactory measure of precipitation. In a dis-
cussion of the origin of the accumulation,
Swithinbank (1957) concluded that the bulk of
the accumulation is a result of strong cyclonic
winds from the north-east and east; drifting snow
from the interior therefore does not affect accu-
mulation.

During the NARE 1976-77 expedition, accu-
mulation was studied in pits in the same area on
Riiser-Larsenisen (Repp 1978). For 1976 Repp
found values about I 0-15% higher than the mean
for the period 1977- 79. On the other hand, values
for 197 5 were lower than the 1977- 79 mean.

According to Schytt ( 1958), a normal annual
layer in pits at Maudheim consists of a coarse
grained, highly metamorphosed summer sur-
face on top of a fim layer of varying grain size
and ice content. This firn layer is coarse and has
an abundance of ice pellets and ice layers in its
upper part, showing that some melting takes
place during a normal summer. This melting,
however, is not sufficient to soak the entire annu-

al deposit. The same criteria were used to recog-
nize the annual layers in the pits in 1977. In 1979
we also tried to find annual layers in the pits, in
order to give the exact accumulation for each of
the previous two years. This turned out to be a
very difficult task, and in some places we did not
even succeed in finding the summer surf ace of
1977. These poorly developed summer surf aces
may be due to cold and/ or relatively snowy
summers.

Our figures from the period 1977-79 give
much higher values than previous measurements
from ice shelf areas in Dronning Maud Land.
At Maudheim the mean accumulation between
1935 and 1951 was 365 kg m?yr7' (Schytt 1958),
and 420 kg m?yr ' for 1952 to 1960 (Swithin-
bank 1962). At Norway Station the mean accu-
mulation was 484 kg m yr' for the period
1950-59 (Lunde 1961 ). Whether our higher accu-
mulation values are due to a generally higher
precipitation at Riiser-Larsenisen, a change of
climate, or simply casual variations, is discussed
by Orheim et al. ( 1986, this volume), based on
0 18/0 16 isotope studies on ice cores that we
brought home. It should be mentioned, however,
that the mean accumulation in Halley for the
years 1975-79 is 535 kg m7yr ', which is 145%
of the mean accumulation for the preceding 18
years.

Absolute motion and deformation

The sites 2-6 (Fig. I) were marked with 3 m2 flags
of black canvas stretched between two poles. The
positions of these sites were determined by theo-
dolite observations from these points and from
four trigonometric stations on bedrock. After re-
peating the observations two years later, the ab-
solute motion was determined. By independent
calculations of the movements based on different
trigonometric points, the accuracy of the calcula-
tions was found to be ± 2-5%.

The absolute motion of site 10 near the ice
front was determined by observations from site
10 and from a base line at site 12 on the top of
Kvitkuven. Observations of a stake pattern that
was set out on Kvitkuven gave mean horizontal
strain rates (€) averaged over two years of
8-17.10" year' and a clockwise rotation rela-
tive to the trigonometric station inland of 0.015
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yr- 1• By compensating for this rotation the cal-
culated movement of site 10 is probably accurate
to within ± 5%.

The results given in Table 1 show that the
absolute motion of 31 m year ' near the ground-
ing line increases to 130 m year' 10 km down-
stream. Further downstream the velocities de-
crease to l10m year ' near the ice front.

For comparison these velocities are about 30%
of those on the Brunt Ice Shelf (Limbert 1964).

Mass balance

The equilibrium of an ice shelf can be assessed
by considering mass-continuity as the ice shelf
passes between two flowlines in the x direction,
thus:

D . . . .
(U) pro;H= AM +;e,=

? -H4 0  H
3tP; " axPi

where x is the distance along the flow line, H is

the ice thickness, .itPjH  is the rate of thickening

of the ice sheet, gx Pi  H  is the thickness gradient

along the flow line, , is the vertical strain rate
and is negative for thinning, M is the bottom
melting rate, A is the snow accumulation rate,
and Pi is the mean ice density. The absolute
motion, u, is assumed to be independent of
depth, which is probably valid where the shelf is
floating.

Where the ice is floating the total ice-thickness
can be expressed as:

(2) H=h.B

where h is height above sea level of the surf ace
and

1
(2a) B = - -

1-- 9/P%

where Pi and Pw are the mean densities of ice
and sea water respectively. This expression is
derived from consideration of the buoyancy of
the ice, thus:

(3)

o h

J p d = J P·  d
-(H-h) W· z - (H-h) t· z

where z = 0 is the sea level,

or a(H-h) = ;· H

so

(3) H = h · __ = h . B
1-9;/%

Densities of ice shelves have been studied in a
number of boreholes. Sch ytt ( 1958) found a mean
density of 852 kg m - 3 for the upper 200 m of the
ice shelf near Maudheim - about 200 km from
Riiser-Larsenisen. If ice deeper than 200 m has a
uniform density of 915 kg m', the mean density
for a 400 m thick ice shelf will increase to about
885kg m'.

Based on these results the mean ice density
Pi(H can be expressed as;

(4) o(H) = (200·852 + (H-200)915) =

915- 12600
H

Combining (2a) and (4) we find that B is about
7 .5 for the thickest parts of the shelf and 5 .8 near
the ice front.

The glaciological programme of NARE
1978-79 also included radio echo soundings
from helicopters (Orheim 1983). The average
thickness of the ice shelf based on his results (Fig.
2), increased from approximately 230 m near the
ice front to more than 650 m near the grounding
line. Our values, calculated from equation 4,
varied from 210 m near the ice front to 580 m
about lOkm from the grounding line and then
decreased to 515 m in the depression near the
grounding line. In addition, as noted, a number
of undulations of the shelf surf ace of some 5 km
in length and 5-10 km amplitude were observed.

As navigational uncertainties were 0.5-5 km
for the radio echo flights, and because the flight
lines mostly deviated from our stake line the
calculation of } ! based on altimeter levelling
gives the most accurate data for the stake lines.

We assume the ice to be incompressible, i:. =
- (€ +€  ). Transverse strain is found to be very
small for floating ice shelves. Ardus (l 964) and
Limbert ( 1964) measured transverse strain rates
of 0--7 . 10year ' on the Brunt Ice Shelf. For
comparison the strain rate parallel to the flow,
g , was of order of magnitude lo- 3yr- 1 on
Riiser-Larsenisen.
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Fig. 2.Profile of total ice thickness of the Riiser-Larsen-
isen Ice Shelf based on barometric levelling along the
stake line (full drawn line) and radio echo soundings
from helicopter ( dotted line).

Direct measurements of Ex and Eywere carried
out near the grounding line and gave values of Ex
and €,of 5.3 · 10? and 2.5· 102year 7'respec-
tively. This area is affected by diverging streams
from inland. It also serves as a hinge between the
floating part of the shelf that is affected by tides
and the grounded part. This explains the high
strain rate in this area.

As seen from Fig. 1the deviations between the
flow line and the stake line were less than Sg for
the inner parts of the stake line. Therefore, with
good approximation eq. l can be solved to give
the sum of bottom melting Mand disequilibrium
p.¾¥,for seven stations at different distances
from the grounding line. The accuracy of these
calculations is, however, sensitive to the value

d -
of ,PH.

The standard deviation of six independent
observations of height differences between ad-
jacent stakes was approximately ± 2 m. This
corresponds to an accuracy of our determination of

of about l0% for the steepest slopes to some

50% for gentler slopes. The values of u and A are
within 5%. This corresponds to an accuracy of
±30kg· m?yr' for A,100--200 kg·myr' for

the term u • gx pi • H, and an accuracy of

50 kg·m?yr' for the determination of H· P;·gE.
In eq. 1g is the gradient in the flow direc-

tion. At St. l Onear the ice front, only the velocity
component perpendicular to the ice front was
determined. However, here very low values of

H were found, so that the error introduced by
ay deviation between the direction of u and the
velocity component perpendicular to the ice
front leads to only small errors in u •g11-Conse-

quently, the uncertainty in the determination of
the sum of bottom melting and disequilibrium
of the shelf should be within ±300 kg·m?yr'
for site 2 and about ±200 kg·m?yr' for the
remaining sites.

The results of these calculations are given in
Table 1. Near the grounding line, strain rate
measurements showed that the contribution
from vertical strain rate ;H€, was -3.0· 103kg •
m?yr 'leading to a value of --2.9· 10?kg ·m?yr7'
for the sum of bottom melting and disequili-
brium. In this area the shelf is probably partly
grounded and partly floating so that the theory
leading to eq. 2 does not strictly apply. However,
in this area cold ice masses from inland coming
into contact with sea water could freeze a con-
siderable volume of sea water at the base of the
ice shelf before the ice temperature profile is
adjusted to new steady state conditions. This area
also serves as a hinge between the floating part of
the ice shelf, affected by tides, and the grounded
part. Bottom crevasses resulting from such tidal
action may become filled with sea water that will
freeze, except for a volume of brine that is en-
closed in the crevasses.

About 10 km downstream from the grounding
line the sum of disequilibrium and bottom melt-
ing has increased to a positive value of 1700 kg
m-2yr - 1• Further downstream it decreases and is
found to be 900 kg m ?yr' near the ice front. In
these areas we have assumed zero lateral strain,
so that €, _g} .This assumption is probably

valid near the ice front, but further upstream
there may be an effect oflateral compression due
to converging ice streams. This would tend to
make estimates of M +}%PH too high.

The rate of accumulation is an average for the
two periods, 1977-79. Studies of 0 18-0 16 ratios
of snow samples collected down to l0-13 m at 2
locations in this area (Orheim et al. 1986) indicate
that the 1977- 79 accumulation was approximate-
ly 60% higher than the mean values of the 15 year
period. When this 15 year mean accumulation
value of 350 kg m? yr' is introduced, the sum
of bottom melting and disequilibrum will be
reduced by a 150-200 kg m -2 yr- 1•

Most papers in which estimation of melting
and freezing rates under ice shelves are made
(Table 2), assume a steady state, g11= 0, and
find that bottom melting decreases with distance
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Table 2. Rates of bottom melting (sum of bottom melting and disequilibrium) from other areas.

Site

Brunt ice shelf (near ice front)
Brunt ice shelf (near ice front)
Brunt ice shelf (near ice front)
Maudheim (ice front)
Ross Ice shelf (ice front)
Ross Ice shelf (near Ross Island)
Ross ice shelf
Ross ice shelf (near Ross Island)
Filchner ice shelf (ice front)
George VI ice shelf

Bottom melting
Mg·m ?yr'

0.376
0.20-0.25

1 -3
0.9
0.6
1.3

0-0.70
0.9
9.5
1-8

Reference

Limbert 1964
Ardus 1964
Thomas 1973
Swithinbank 1957
Crary 1964
Paige 1969
Crary et al. 1962
Thomas & Bentley 1978
Behrendt 1962
Bishop & Walton 1981

from the ice front. If we assume a steady state,
we find a small increase in the rate of bottom
melting with distance upstream, which could be
used as an argument for rejection of the steady
state assumption. On the other hand, the water
at the ice-water interface must be at the pressure
melting point for that depth and for ice or water
salinity, T(S,P). The important question is how
fast heat can be transferred through this boundary
layer. This depends on currents under the ice
shelf, the stability and temperature of the water
masses under the shelf, which may change as ice
melts or forms, and the temperature gradient in
the ice. Ice is a poor conductor of heat. McAyeal
(1983) found by theoretical considerations that
the basal melting removes the warmest part of the
ice column faster than the temperature-depth
profile can adjust by conduction. The heat trans-
fer is proportional to the difference between the
water temperature T, and T (S,P).

The effect of pressure on melting temperature
can be expressed as

(5)TS, P) = TS,O)-0.00759 p

(Fujino et al. 1974) where p is the pressure in
bars measured above atmospheric. This leads to
a decrease in T, of 0.15--0.20°C under the thick-
est parts of the shelf compared to the ice front.
Under the thickest parts of the shelf there is a
'salty' ice layer that was formed by freezing near
the grounding line. This also leads to a decrease
in T. Under this part of the shelf the difference
Tr-T, therefore, has its maximum. Further
downstream the 'salty' ice layer has been remov-
ed by melting, leading to an increase of T • The

warmest water in the sub-ice shelf cavity resides
at the sea bed because of its high salinity.
McAyeal ( 1983) found by theoretical considera-
tions that turbulence generated by tidal currents
is sufficiently strong to completely mix the water
column against buoyancy input for water layer
thickness less than about I00 m. The rate of
melting under the ice shelf therefore depends on
bottom topography, which is unknown at
Riiser-Larsenisen.

Table 2 shows some calculated values of bot-
tom melting from other areas in Antarctica. Most
of these calculations have been made assuming a
steady state, and only a few studies have been
carried out to check this assumption. For examp-
le, by re-levelling after an interval of three years
Coslett et al. (1975) found no significant changes
in surf ace profiles of the Brunt Ice Shelf, thus
suggesting that a steady state existed here. In
contrast, Thomas & Bentley ( 1978) found a local
ice thickening with an average value of 0.34 m
of ice per year near the southeastern corner of the
Ross Shelf.

The sum of bottom melting and disequilibrium
near the ice front on Riiser-Larsenisen of 900 kg
m?yr' is the same as Swithinbank found for the
ice front near Maudheim (Table 2), while the
values for the Brunt Ice Shelf and the Filchner
Ice Shelf are higher by a factor of about 3 and 9
respectively. The maximum melting rates under
the George VI Ice Shelf (Bishop & Walton 1981)
are higher than on Riiser-Larsenisen by a factor
of 5, and the maximum melting rates occur in the
area of maximum ice thickness.

According to Carmach & Foster (1975), the
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westward moving Antarctic coastal current
enters the Southern Weddell Sea as a concen-
trated flow of about 0.5ms7' following the con-
tours of the continental margin. Near 27°W,
divergence occurs, and most of the current leaves
the coast. This may explain the comparatively
high rates of bottom melting under Riiser-Larsen-
isen compared to the Brunt Ice Shelf.

If we assume a linear variation between the
points of observation for the parameters in eq.
1, the following rough estimate of the mass bud-
get for a section of 1 m width from the ice shelf
to the grounding line is obtained:

Precipitation + 63 103 ton m'yr'
Sum bottom melting
and disequilibrium 98 ))

Calving 17 )

Residual 52 103 ton m'yr'

If the shelf is in a steady state, the residual of
52.10° ton · m 'yr' would have to be supplied
by flow from inland. This value is difficult to
estimate as errors are introduced in the determin-
ation of bottom melting, precipitation, and calv-
ing, and in the steady state assumption.

The precipitation on the inland of Antarctica
is primarily drained by a number of outlet gla-
ciers. The mass transport through a 1 m wide
section of these outlet glaciers is in the order of
magnitude 10· - 10 ton·yr ' (Young 1979;
Gjessing 1972). For the sector between longi-
tudes SOE and 135E, Young (1979) found a total
transport of about 150.10° ton yr7' from the in-
land to the coast, or about 50·1ton m'yr',
which is close to the value we found for the
Riiser-Larsenisen Ice Shelf, using a steady state
model. Budd et al. (1971) estimated the transport
for larger areas of Antarctica to be in the range
50--100·1·ton m 'yr'.

Snow temperatures

Snow temperatures at 10 m depths were deter-
mined by measurements in boreholes at eight
locations (Fig. 1 ). For sixteen locations in Green-
land and Antarctica, Loewe ( 1970) found a clear
correspondence between snow temperatures at
10 m depth and mean annual screen tempera-
tures 2 m above the snow surf ace. For six locations

in Antarctica in the elevation interval 30-1500 m
the difference between the mean annual screen
temperature and the snow temperature at 10 m
depth ranges from + 0.8-1.1 ° C. The 10 m snow
temperatures that we measured, Ta (Table 1 ),
ranged from -16.8° C near the ice front to
-19 .2° C near the grounding line. Inland from the
grounding line, at site 1,695 m a.s.1., the 10 m
depth temperature increased to -l 7.7°C, and at
sites 11 and 12, on Kvitkuven 95 and 200 m a.s.1.
respectively, it was -15.4°C and -16.4°C. This
suggests mean temperature lapse rates of
+ 0.35° C per I 00 m for a 640 m layer near the
grounding line, and +0.24 ° C per I 00 m for a 165
m layer near the shelf edge. Near the shelf edge,
however, the lapse rate is +2.8°C per 100 min
the lowest 40 m layer, and in the next 100 m layer
-1 ° C per 100 m. The latter is close to the dry
adiabatic lapse rate (0.98°C/IO0 m). Liljequist
(1957) found that at Maudheim, situated 5 km
from the coast line, the annual mean height of the
surf ace inversion was 495 m a.s.l. and the mean
temperature gradient in this layer was l.2°C per
100 m. For the layer from 2.5 to IO m above sur-
face level he found a mean annual difference of
+ l.8°C. We may assume that the mean height
of the inversion and the temperature lapse rate
at Riiser-Larsenisen will not differ drastically
from those in the Maudheim area. Sites 1 and 12
situated on vast horizontal snow fields, and to
some extent site 11 situated on the 2° slope up to
the ice dome, are affected by local ground inver-
sions. This leads to lower mean air temperatures
compared to the free atmosphere. Thus, the
mean annual air temperatures estimated from
snow temperatures at IO m in depth apply only
for a boundary layer immediately above the
snow surf ace, and they are lower than the mean
annual temperature would be at the same eleva-
tion in the free atmosphere.
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