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ABSTRACT. Temperature, density and accumulation data were obtained from shal-
low firn cores, drilled during an overland traverse through a previously unknown part of
Dronning Maud Land, East Antarctica. The traverse area is characterised by high moun-
tains that obstruct the ice flow, resulting in a sudden transition from the polar plateau to
the coastal region. The spatial variations of potential tcmperature, ncar-surface firn den-
sity and accumulation suggest that katabatic winds are active in this region. Proxy wind
data derived {rom firn-density profiles confirm that annual mean wind speed is strongly
related to the magnitude of the surface slope. The high elevation of the ice sheet south of
the mountains makes for a dry, cold climate, in which mass loss owing to sublimation is
small and erosion of snow by the wind has a potentially large impact on the surface mass
balance. A simple katabatic-wind model is used to explain the variations of accumulation
along the traverse line in terms of divergence/convergence of the local transport of drift-
ing snow. The resulting wind- and snowdrift patterns are closely connected to the topogra-
phy of the ice shect: ridges are especially sensitive to erosion, while ice strcams and other
depressions act as collectors of drifting snow.

1. INTRODUCTION

Within the Europcan Project for Ice Coring in Antarctica
(EPICA} i1t is planned to obtain two deep ice cores from
the Antarctic ice sheet. The first one is at present being
drilled at Dome C, and will hopefully provide scientists
with one of the longest undisturbed climate archives to date.
The second core site should be characterised by higher
accumulation rates with a dominant contribution of precipi-
tation from the South Atlantic Ocean (the “Atlantic signal”},
to make the link with climate data obtained from cores re-
trieved on the Greenland ice sheet. Although it has been
decided that this core will be drilled somewhere in Dron-
ning Maud Land (DML), its exact position is yet to be
determined. To this end, a reconnaissance phase has been
planned that consists of several pre-sitc surveys. This paper
presents some results of the Norwegian/Swedish/Dutch
ground traverse that was held during the 1996-97 field
season as part of the EPICA programme. The traverse, sup-
ported by the Norwegian Antarctic Research Expedition,
started out from the edge of the Fimbulisen ice shelf and
ended at 75°S, 15°E (3453 ma.s.l), via the Norwegian
stationTroll (1298 m a.s.l) (Fig. 1). The end-point is situated
approximately halfway along the ridge connecting Troll and

" Present address: Institute for Marine and Atmospheric
Research, Utrecht University, PO. Box 80003, 3508 TA
Utrecht, The Netherlands.

Valkyrjedomen, the highest point of DML (3810 m a.s.l), on
which the Japanese station Dome F is situated.

From a glaciological and meteorological point of view,
the part of DML between 0° and 15° E and 70° and 75° S is
practically unknown; most glaciological data are available
from arcas further north, south and cast. The South Pole—
Queen Maud Land Traverse (1964—68) covered large areas
between the South Pole and 76° S, 7° E (Picciotto and Cro-
zaz, 1971). East of 15° I}, Japanese expceditions have collected
glaciological data since the launch of the Enderby Land
Glaciological Observation Programme in 1969, which re-
cently resulted in the publication of a glaciological folio cov-
ering the area 15-35° E, from the coast to 80°S (NIPR,
1997). To the north and west of Troll, data are available from
two early expeditions that operated from the Maudheim
and Norway stations (Schytt, 1958; Lunde, 1961). To the south
and west, rccent German and Swedish traverses obtained
data from shallow and medium-deep ice cores as well as
snow radar (Isaksson and others, 1996; Richardson and
others, 1997),

For a more detailed description of the traverse and meth-
ods used, the reader is referred to Winther and others (1997).
Results of chemical analysis of snow pits and firn cores, as
well as detailed accumulation records obtained with snow
radar, will be presented in forthcoming papers.

2. RESULTS

Table 1 lists the location, elevation, 10 m temperature and
accumulation rate at the 15 locations at which shallow (9—

295



Journal of Glaciology

w | o

: 75

¢ Degrees East s

10° 15 20°

Fig. 1 Traverse area in DML. Solid line shows traverse route with sites and names where shallow firn cores were drilled ( Table I).

Elevation data are from the Antarctic Digital Database.

20 m) firn cores were drilled; site names correspond to those
prescnted in Figure 1. In the following, some results are dis-
cussed in more detail.

2.1. Elevation and slope

The morphology of DML differs substantially from other
areas in East Antarctica: between 15°W and 30°E, high
mountains obstruct the ice flow at many places, which results
in an abrupt transition from the
(>2500 ma.s.l) to the coastal zone { <1500 ma.s.l). Between
the mountains, deep drainage basins are present that are visi-
ble as depressions in the surface of the ice sheet for hundreds
of km upstream. The largest ice stream in this part of DML is
Jutulstraumen which drains an area of approximately
124 000 km? (Fig, 1),

Figure 2 shows surface elevation and slope along the tra-

polar  plateau

verse line; the distance to the coast was calculated assuming
the coastline to be at 70°S. The large-scale terrain slope
{based on 5km mean elevation) shows several maxima;
the broadest peak represents the transition from the polar
plateau to the coastal zone via the glacier Slithallet, and
several narrower peaks identify the transition from the
land-based ice sheet to the Fimbulisen ice shelf {Fig. 2).
Bascd on the elevation profile, three zones can be defined,
as indicated in Figure 2: ice shelf, coastal zone and plateau.
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2.2. Temperature at 10 m depth

‘len-metre temperatures at drill sites are listed inTable 1 and
Figurc 3. At 10 m depth, the amplitude of the annual tem-
perature wave at the snow surface is reduced to approx-
imately 5% of its surface value, i.e. typically 0.75°C for
coastal stations and L75°C on the plateau. The 10m tem-
perature is therefore a reasonable measure of the annual
mcan surface temperaturc. Deviations from the rea/ annual
mean surface temperature arise from various (non-instru-
mental) sources: during summer, when most measurements
are performed, the cold wave from the previous winter is
just passing the 10m depth level (Schlatter, 1972; Bintanja
and others, 1997), leading to a systematic underestimation
of the annual mean value. Another problem is the long
period needed for the thermistor string to reach thermal
equilibrium with its surroundings, typically 15h (Seppild,
1992). This caused problems at sites £ and G, where only
short stops were made and values had to be adjusted down-
ward by L1 K to achicve better agreement with ncighbour-
ing values (Fig. 3). At sites H, K and L, the boreholes were
slightly less than 10 m deep (Table 1). At these sites, tem-
peratures were measured at the lowest possible level. The
uncertainties described above culminate in an estimated
uncertainty of £1°C. Note that recalibration of the thermis-
tor string after the expedition for temperatures down to



Table 1. Position, surface elevation, 10 m temperature
and accumulation at drilling sites along the traverse
{ for locations, see Fig. 1)

Site Location Eleva- Ty Aee., Aee.,  Method
ton 1955 97 1965 97
masl. °C min mm
w.e. a ! w.e.a !
Soe 70°14'307 S,04°48'40" BV 63F ~175 2654+ 20 - 8%0
S5 719117307 8, 04°35507 E'Y 800 —203 244 + 18 §%0
A 7154007 S, 03°05'00" EV 1520% -256% - 135+ 10 3
B 72°08'01"S, 03°10°S1"E 2044 281 - 7+ 13 3
C 727150478, 02°53'28" E 2400 303 1194+ 9 123+ 9 3
D 72°30°00” S,03°00°00"E 2610 348 11249 16+ 9 3
E 72°40'428,03°39'46"E 2751 369" 354+ 5 59+ 5 3
F  72°5141”S, 04°2105” E 2840 -385 23+ 2 24+ 2 g3
G 73°02'26"S, 05°02'39"E 2929 —401™ 98+ 2 30+ 2 3
H 73°231"S,06°2738" E 3074 —427° 444+ 4 464+ 4§
I 73°43'27"S, 07°56'26"E 3174 446 524+ 4 53+ 4 3
] 74°024178,09°29'30"E 3268 463 55+ 4 2+ 4 43
K A"2167S, 10613 E 3341 4787 45+ 3 44+ 3 7
L 74°38'507 S, 12°47°97"E 3406 493" 45+ 3 41+ 3 3
M 74°59'39” S, 15°00'06" E %453 513 51+ 4 454+ 4 3

Nate: All positions are from overnight precision global positioning system
(GPS) measurements unless otherwise noted.

" Horizontal position from hand-held GPS receivers.

2 Elevation from tracked vehicle GPS record.

“ From AWS thermistor strings.

* Corrected for non-stationarity: -~ 1.1 K.

7 Measured at 9.8, 99 and 9.0 m depth at sites H, K and L, respectively.

—60°C resulted in an upward adjustment of 0.8-2.9°C com-
pared to the preliminary temperatures listed inWinther and
others {1997).

The temperature of —17.3°C at the coastal site Sqp com-
pares well with values obtained further west on the Fimbuli-
sen 1ce shelf at Norway station (—182°C; Lunde, 1961),
Maudheim (-174°C; Schytt, 1958) and SANAE III
{(—18.4°C); further east, annual mcan temperatures at or close
to sea level are significantly higher, for example at Novo-
lazerevskaya (—104°C), Syowa (-10.5°C) and Molodezhnaya
{—=11.0°C). Thc colder climate further west can be ascribed to
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Fig. 2. Surface elevation (solid line) and terrain slope
( dashed line). For the calculation of distance to the coast ( x
axis ), the coastline is assumed to be 70° S. Drilling locations
are indicated by triangles.
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Fig. 5. Absolute and polential temperature ai 10 m depth in the
Jirn. White dots indicate uncorrected temperatures al siles E
and G. Error bars indicate £1 standard error.

the presence of the extended Fimbulisen ice shelf, where
strong temperature inversions develop at the surface, in con-
trast to places that are subject o katabatic winds from the in-
land ice.

The 10 m firn temperature shows a continuous decline
further inland (Fig. 3), as would be expected given the in-
creasing clevation of the ice sheet and greater distance from
the ocean. A better variable to study is the potential tem-
perature, defined as the temperature an air parcel would
have if 1t were brought to sca level without heat exchange
with its surroundings:

Ry/Cy
6="T, <7’°> , (1)
b

where T, = T'(1 + 061q) is the virtual temperature, ¢ is the
specific humidity (kg moisture per kg air), py = 1000 hPa is
the reference pressure, Ry = 287 Jkg 'K ' is the dry gas
constant of the atmosphere and ¢}, = 1005 J kg 'K 'is the
specific heat at constant pressure. Because we do not have
information on the local air pressure, we use an empirical
relation that expresses annual mean air pressure as a func-
tion of clevation hy, based on data of 21 Antarctic stations
{Schwerdtfeger, 1970: In p = 11.504 — 0.00013524h,). Because
the humidity content of Antarctic air is very low (0.1-0.5¢g
kg ! in winter, 01-3gkg ! in summer), we can assume
T =~ T, within 0.1-03°C. The potenual temperature thus
obtained is included in Figure 3. If surface-temperature
changes with elevation were to be dry adiabatic (no mixing,
no phase changes), potential temperature would be constant
along the traverse line. Clearly, this is not the case, with a
maximum in @ at site C, at the edge of the plateau. This is a
signaturc of enhanced mixing, which will be further dis-
cussed in section 3.

2.3. Firn density

The vertical density profile of the uppermost 10-20m of
polar firn is usually described as a function of overburden
pressure and local physical quantities like annual mean
temperature, wind speed and accumulation. Higher tem-
peraturcs enhance grain growth, increasing the densifica-
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tion rate, whilc mechanical rounding of snow particles by
wind action (acilitates settling and enhances density in the
upper mctres. The latter effect is dampened by high accu-
mulation. Extending work of Kameda and others (1994),
Craven and Allison (1998) presented the [ollowing implicit
equation describing the density profile of dry polar firn:

In P=c5% 4 e3Thom + 3V + csAhce + ¢, (2)

where the overburden pressure P is the depth-integrated
weight of the overlying snow, S = (p; — p)/pi is the poros-
ity, with p; the density of bubble-free pure ice (taken as
917 kgm 3), Tiom 1s 10m temperature, V' is annual mean
wind speed and Acc is annual accumulation. Values of the
coeflicients ¢; to cs were obtained by Craven and Allison
through multiple regressions, using data from ten stations
where density profiles and climate data were available.
Kameda and others (1994) included only temperature, set-
ting ¢3 and ¢4 to zero.

Figure 4a shows the average density of depth intervals
0-1and 0-10 m of the firn along the traverse line as a func-
tion of distance to the coast. On the ice shelf, densities are
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Fig 4. (a) Average firn density for the depth intervals O—1Im
( white dots) and 0—10m (‘black dots). Frror bars indicate
+1 standard error. (b) Average firn density (0—10m) as
Sunction of 10 m temperature. Solid line indicates values cal-
culated using the expression of Kameda and others (1994).
Error bars indicate 1 standard error.
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high and the abundance of ice lenses indicates that surface
melting occurs during summer, which is confirmed by
observations somewhat further west (Winther and others,
1997). Further inland, the 0-10 m average density decreascs
in a uniform fashion in response to lower temperatures. The
0—1m average density has a clear maximum at site E, prob-
ably caused by the combined work of low accumulation and
strong winds. We compared our results to values obtained
with the formula of Kameda and others {1994) (Fig. 4b).
The most striking [eature is the linear dependence of 0-
10 m average density on temperature for Tyg, <—25°C,
with density increasing at a rate of 3.3kgm > K™ This
increase is twice as large as the increase predicted by the for-
mula of Kameda and others (1994). According to Craven
and Allison (1998), this can be ascribed to the action of
strong (katabatic) winds. This will be further discussed in
section 3.

2.4. Accumulation

To obtain local accumulation rates, the depths of the refer-
ence levels of March 1955 and January 1965 {Pourchet and
others, 1983) were located by total # radioactivily measure-
ments of snow samples (Pinglot and Pourchet, 1979). For
cores Sy and Sps, seasonal variations of oxygen isotopes
(6'%0) were used for dating. Following the approach of Ven-
teris and Whillans (1998), the local accumulation rate {in
mw.e.a ) is expressed as:

4 M, )
Acc = Ezd{" ) (3a)

12
where t is the time-span between core retrieval and the
dated stratum {in years), and M; is the mass and d; the di-
amcter of core section ¢ above the dated horizon. The stan-
dard error 1n the accumulation gac. due to measurement
uncertainties equals the sum of the first terms in aTaylor ser-
ies of the local derivatives in Equation (3a):

G = (5 () w

where o4 and oy are the uncertainty in diameter (2 mm)

and mass (3g), respectively. The bar indicates average
valucs for the core picces above the dated stratum. The un-
certainty in the time-span o arises from the dimension of
the core piece to which the § surge was assigned (typically
1020 c¢m). In low-accumulation areas o /¢ is typically com-
parable in magnitude to 204 /d, both of the order of 3%, but
usually the uncertainty in diameter dominates. The contri-
bution to the total error of oy /M is small, typically <1%.
The resulting accumulation figures are presented in
Table 1 and Figure 5. Accumulation on the high plateau
(>400km from the coast) for the period 1965 97 appears
to have been somewhat lower than for 1955-97, while the op-
posite is true of plateau sites closer to the coast, but the dif-
ferences are not statistically significant. Upon closer
inspection Isaksson and others (1999 found statistically sig-
nificant differences between the periods 195565 and 1965—
97, which agrees with earlicr measurements in this part of
Antarctica (Isaksson and others, in press) and could be due
to a recent weakening of meridional exchange of air masses
since the 1970s (Van den Broeke, 1998a, b). In the coastal
area and on the ice shelf, accumulation increases to 240—
270 mm w.e. The accumulation at site Soq is lower than the
value for Maudheim, some 600 km to the west (365 mm w.e.;
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Fig. 5. Annual accumulation along the traverse line, 1955-97
( white dots ) and 1965-97 ( black dots ). Crosses represent ac-
cumulation values between Norway station and Troll and onto
the glacier Shithallet ( Lunde, 1961). Error bars indicate £1
standard error.

Schytt, 1958), and Norway station, some 300 km to the west
495 mmw.e. for the period 1940-59 (Lunde, 1961}, and
480 mm w.e. for the period 1955 94 (personal communica-
tion from K. Mclvold, 1998}). The crosscs in Figure 5 rep-
resent stake measurements during the International
Geophysical Year (1957-38) and the following years, that
were performed between Norway station and Troll (Lunde,
1961).

On the plateau, yearly accumulation rates vary between
40 and 60 mm w.e., but 300-400 km from the coast the ac-
cumulation has a significant local minimum {24 mm w.e. at
site F). In agreement with the low accumulation are the
B Ce deposition rates at sites Fand G (32 and 38 Bqm ),
which are about half the value of the adjacent sites (65 Bq
m%). At these locations, extensive hoar layers have devel-
oped in the snowpack. The most likely reason for the low
accumulation is the combined work of low precipitation
and divergence of snowdrift transport, a topic that will be
discussced in the next section. A similar dry arca with annual
accumulation of <50 mmw.e. has been observed further
cast (NIPR, 1997), so this featurc is likely to be representa-
tive of large parts of DMI. and possibly other parts of Ant-
arctica (Pettré and others, 1986). Other, less significant,
minima in the accumulation profile are found at the foot of
Slithallet (the glacier that connects sites A and B) and
500 km from the coast (sites K and L).

3. DISCUSSION
3.1. Temperature, wind speed and density

Antarctica refllects most of the solar radiation back to space,
resulting in a negative radiation balance at the surface (ex-
cept during the summer months). As a result, a quasi-per-
manent surface-temperature inversion is present which
varies in intensity from 1-2°C at coastal stations at the foot
of the ice cap (Streten, 1990) to about 10°C on the ice shelves
{King and Tarner, 1997) and 20-25°C on the polar plateau
(Phillpot and Zillman, 1970). Over sloping terrain, the cold,
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dense air is forced downward by gravity and deflected to the
left by the Coriolis force, resulting in “inversion” or “kata-
batic” winds. _

A proxy annual mean wind speed can be obtained by fit-
ting the observed density profiles to empirical firn profiles
{Equation (2)), and minimising the sum of the squared re-
siduals. We chose 2-10m as fitting interval, in order to
obtain comparable results for all sites. ‘1o illustrate this pro-
cedure, Figure 6 shows theoretical and observed density
profiles for a 12 m corc at site G, for various values of the
prescribed wind speed. Apart from the uncertainty in the
coefhicients in Equation (2), the error in the annual mean
wind speed thus obtained arises mainly from uncertainties
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Fug. 6. Example of fitting theoretical firn profiles { Craven
and Allison, 1998) to observations, in order lo oblain a proxy
annual mean wind speed. Fitting procedure is based on mini-
mising the squared residuals at 10 em intervals between 2 and
10m depth for various wind speeds (wind-speed interval:
0.1ms™).

in obscrved density (i.e. core diameter): crror propagation
yields a 20% uncertainty in annual mean wind speed.
Results of this procedure are presented in Figure 7. The
method was not used for the sites to the north of site A,
because Equation (2} is known to yield poor results in high-
accumulation arcas (Craven and Allison, 1998). Instead,
annual mean wind speeds at Norway station and Maud-
heim have been plotted as representative wind speeds on
Fimbulisen. As a typical value for the high platcau in
DML, the annual mean wind speed at Dome F has also
been included. One year of wind-spced data is available
from automatic weather stations (AWSs) at sites A and G;
these observations confirm the density-derived wind speeds.

The proxy wind-speed profilc in Figure 7 shows a rapid
increase in the area where surface slope increases, which is
typical for gravity-driven winds. In the coastal area, radia-
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Fig. 7. Proxy annual mean wind speed, derived from firn-den-
sity profiles ( see text for more details ). Crosses represent obser-
vations. Error bars indicate +1 standard error.

tional cooling 1s less pronounced and the katabatic compo-
nent is smaller. In the abscnce of a significant katabatic
component on the flat ice shelves, the annual mean wind
speed is determined by the large-scale pressure gradient.

Under strong wind conditions, the temperature inver-
sion near the surface will be (partly) destroyed by enhanced
vertical mixing, because the latter process warms the sur-
face through the increased downward turbulent transport
of sensible heat; these warm signatures are detectable on in-
frared satellite imagery, and are often interpreted as areas
where katabatic winds are active (Bromwich, 1989). Another
factor that modifies near-surface air temperatures is en-
trainment of warm air at the top of the atmospheric bound-
ary layer (ABL) and subscquent downward mixing
Entrainment is most vigorous when the ABL wind speeds
are high compared to the frec atmosphere (i.e. large wind
shear at the ABL top). For both these processes, surface
temperature increases at higher wind speeds.

Following the line of reasoning above, the maximum
value of the surface potential temperature along the tra-
verse line in Figurc 3 is indicative of a katabatic-wind
climate, with weak winds in the interior, stronger winds at
the edge of the plateau where the surface slope increases and
again wecaker winds on the ice shelves. This qualitatively
confirms the wind-speed profile presented in Figure 7.

3.2. Accumulation

In general, accumulation as measured at an Antarctic snow

surface is the sum of precipitation, sublimation/deposition of

water vapour, erosion/depositionfsublimation through
snowdrift and melting. Except in the coastal zone, melting
1s assumed to be small. Bintanja and Van den Brocke (1995),
Bintanja and others (1997) and Van den Broeke (1997)
showed that sublimation can be an important term in the
mass balance of lower-lying areas in Antarctica (<2000 m
a.s.l), where relatively high surface temperatures allow for
significant water-vapour pressures at the snow surface.
However, annual sublimation at site F {2840 m a.s.1) is unki-
kely, at such a high elevation, to cxcced 10 mmw.e.a . Sub-
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limation is therefore insufficient to explain the observed
minimum in accumulation in Figure 5.

Another process that could account for the accumula-
tion variations along the traverse line is erosion/deposition
arising from the divergence/convergence of snowdrift trans-
port, that can be expressed as

Erosion = 9Q + 94 (1)

dr Oy

where @ is the local snowdrift transport (kgm 'a "), and
z,y are aligned in the down- and cross-slope directions, rc-
spectively. Unfortunately, from our one-dimensional proxy
wind-speed profile in Figure 7 it is not possible to estimate
the cross-slope divergence 8Q)/dy, nor can we incorporate
the influence of a changing wind direction along the slope.
Wind direction is known to show important variations in
response to a changing ratio between katabatic, Coriolis
and friction forces (Van den Broeke and Bintanja, 1995b;
Van den Broeke and others, 1997). From the continuous
increase of wind speed on the plateau (Fig. 7) it is clear that
0Q)/dx alone cannot account for a maximum in erosion at
site I, and cross-slopc divergence is likely to play an impor-
tant role.

To account in a2 more complete way for the effect of spa-
tial variations in the wind field on the distribution by snow-
drift transport, we used a theoretical katabatic-wind model
developed by Ball (1960) to calculate wind speed and wind
direction, analogous to the approach of Takahashi and
others (1988) and Van den Broeke and Bintanja (1995a). In
addition to the downslope pressurc gradient, we prescribed
a climatic synoptic pressure gradient that forces easterly
winds of 6ms " at the coast and that decreases as a linear
function of elevation. Furthermore, instead of an cxpression
for the temperature inversion as a function of altitude, we
calculated the inversion strength using a power relation
between our proxy mean wind speed and three variables:
clevation, distance from the coast and surface slope. The
local annual transport of snow by the wind @ was then csti-
mated from the annual mean wind speed V, using a relation
based on drift data of Loewe (1970) and annual mean wind
speed at 18 Antarctic stations, and erosion/deposition cal-
culated with Equation (4) on a 10 km x 10 km grid.

The resulting climatic near-surface wind ficld is pre-
sented in Figure 8a. The wind field shows two main charac-
teristics. First, there is a distinct meridional variation, with
low wind speeds on the high plateau, an increase over the
stceper slopes of the ice-sheet topography and a decrease
over the ice shelves. This results in an approximately 50 km
wide band where significant erosion is predicted (>5mm
w.e.a ; Fig 8b), at 2000-3000 ma.s.. Significant deposi-
tion {>50mmw.e.a ") occurs in the coastal zone and on
the ice shelves where the katabatic wind ceases. Note that
the synoptic pressure gradient enhances the east—west di-
rected component of the katabaiic wind. Superimposed on
this pattern, zonal variations can be detected where the
wind field diverges over ridges and promontories in the to-
pography and converges in depressions and glacier basins.

The pattern of erosion/deposition as calculated from this
simple model is presented in Figure 8b. Along the traverse
line, the model predicts significant erosion in three regions:
525 mmw.e. between sites K and L., 550 mmw.e. in the
region of sitcs E-G, and 25-100 mmw.e. at the transition
between plateau and coastal zone (sites C and D). These
values correspond well to the local accumulation minima
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Fig. 8. (a) Calculated climatic wind field, based on expressions by Ball (1960), assuming an easterly geostophic wind of 6m st
Solid line indicates traverse route, dots drilling locations. Largest vector represents annual mean wind speed of 11 m s™". See text for
more details. (b) Annual erosion ( mm w.e,) caused by divergence of snowdrift transport, calculated from the wind field presented
in (a). Areas where significant deposition occurs ( >50 mm w.e) are stippled. See text for more details.

on the polar plateau at site L and around sites F and G.
Further north, the observations lack the spatial resolution
needed for a comparison with model output, but sites A, S5
and Sy do not appear to be situated in areas with active ero-
sion/deposition. Since we have no additional information on
the amount of precipitation, melt and sublimation, a further

quantitative treatment of the mass-balance distribution is
not justified at this stage. Our results demonstrate, however,
that in this part of DML, where strong variations in wind
speed occur at relatively high altitudes, the spatial variation
of snowdrift transport can have a significant impact on the
local mass balance. In areas where most of the wind action
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takes place at lower elevation, sublimation of snow (both
from the surface and from suspended snow particles) is also
expected to play a significant role.

4. SUMMARY AND CONCLUSIONS

We presented new temperature, firn-density and accumula-
tion data that were obtained along a traverse line in DML..
This part of Antarctica is characterised by high mountains
that block the ice flow, resulting in a sudden transition from
the polar plateau to the coastal area. The spatial variation of
potential temperature, density and accumulation suggests
that katabatic winds are active in this region. This is con-
firmed by deriving proxy wind data from the density
profiles of shallow firn cores. A simple katabatic-wind
model can explain the variations of accumulation along
the traverse line in terms of divergence/convergence of the
local transport of drifting snow. Because of the cold, dry
climate associated with the high surface elevation south of
the mountains, spatial variability of erosion/deposition of
snow by the wind has a noticeable impact on the surface
mass balance. At these low temperatures, sublimation from
the snow surface and of drifting snow particles is likely to be
small.
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