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ABSTRACT. The accumulation rate on Potsdam Glacier, East Antarctica, and its spatial and temporal
variations are examined using ground-penetrating radar, snow samples, and firn-core studies. Physical
properties in snow samples and along firn cores provide distributions of density with depth, showing only
small spatial variation. Counting of peaks in δ18O along the firn cores yields an age–depth distribution
that is transferred to the stratigraphy of isochronal internal layers observed with radar. From two radar
horizons we determine the spatial accumulation pattern, averaged over the time periods 1970–1980 and
1980–2004. The shape of internal layers indicates an ablation area at the eastern margin of the investiga-
tion area. Accumulation rates show a very high spatial variability with a mean value of 141 kg m−2 a−1 for
the time period 1970–2004 and a standard deviation of almost50%. Mean temporal variation of only a
few per cent throughout the investigated area for the observed time interval is much less than the spa-
tial variations. The mean accumulation values are somewhatless than values reported before from this
region. Accumulation pattern and surface topography are linked in a way indicating that windborne re-
distribution of snow significantly contributes to the observed spatial variations of accumulation rates. The
accumulation data and their variability complement and validate present and future satellite studies of
Antarctica’s mass balance.

INTRODUCTION
Surface mass-balance studies of the Antarctic ice sheet areof vi-
tal importance for an enhanced understanding of the Earth’scli-
mate and its changes (Rignot and Thomas, 2002; van der Veen,
2002) as the polar regions are able to contribute significantly
to global sea-level change (Wingham and others, 1998). It is
therefore crucial to determine the mass fluxes of the Antarctic
ice sheet, for example by using remote sensing techniques and
satellite-based methods. Variations of accumulation and density
on temporal and spatial scales also influence the relation between
elevation changes and changes in gravity and mass. The knowl-
edge of spatial and temporal patterns of ice-mass changes pro-
vides key information especially for the validation of the time-
varying gravity field as sensed by GRACE (Scheinert and others,
2005). (For a general overview of the GRACE mission see Tap-
ley and others (2004)). For this reason small-scale variations of
the accumulation rate play a significant role and need to be in-
vestigated closely by groundborne operations.

Usually accumulation data are derived from firn cores, snow
pits or stake readings (e.g.,Oerter and others, 2000; Kreutz and
others, 2000; Isaksson and Karlen, 1994; Melvold and others,
1998). But they yield only information about the local accumula-
tion rate at the probing location. In recent years, ground-penetrating
radar (GPR) measurements have proved a useful tool to map rel-
ative variations in surface-mass balance over larger areasand
connect snow pits and firn-core drilling sites (e.g.,Richardson
and others, 1997; Pinglot and others, 2001; Rotschky and others,
2004; Sinisalo and others, 2003; Spikes and others, 2004). Inter-
nal reflection horizons (IRHs) detected by GPR can be used to
match signals found in different firn cores along the GPR pro-
files and assist proper correlations between the firn cores. The

observed IRHs arise from contrasts of dielectric permittivity in
the subsurface. In the upper hundreds of meters density has the
most significant influence, affecting the real part of the dielectric
permittivity (Fujita and others, 1999). IRHs are shown to beof
isochronal origin (Eisen and others, 2004; Vaughan and others,
2004) and from their estimated age and a density-depth distri-
bution the mean accumulation rate for a certain period can be
calculated.

In this study, we present GPR and firn-core data from a rela-
tively small area in East Antarctica where no reliable accumula-
tion data of high resolution have been available so far. Highfre-
quency GPR measurements were carried out on Potsdam Glacier
in Neuschwabenland, the coastal part of Dronning Maud Land
(DML), during the Antarctic summer season 2003/2004. Shal-
low firn cores were drilled at selected locations along the radar
profiles. Two internal reflection horizons are traced throughout
several GPR profiles and dated by a reference firn core. The
firn-core analyses give relations between traveltime–depth and
density–depth that can be used to derive the regional accumula-
tion pattern from these tracked IRHs.

STUDY AREA
The study area is located south of the Schirmacheroase and north
of Wohlthat Massif (Figure 1a). Most parts of Potsdam Glacier
are above 1000 m a.s.l. and have a mean annual air tempera-
ture below -20◦C (Bormann and Fritzsche, 1995). The average
ice thickness is more than 1200 m and subglacial topography is
characterized by deep valleys with some subglacial highs (Damm
and Eisenburger, 2005; Meyer and others, 2005). The surfaceel-
evation declines from almost 1350 m a.s.l. in the southwestern



2 Anschütz and others: Small-Scale Variations of the Accumulation Rate in Dronning Maud Land

Fig. 1.a) Overview of the area of investigation. Black line: main
flow line of Potsdam Glacier (Bäßler and others, 2002); black
squares: start/end points of GPR profiles along the flow line.
(Map source: Antarctic digital database 4.0.) Grey lines: contour
lines of elevation at 200 m intervals; thick grey line: 1000 mcon-
tour line; large grey rectangle: area depicted in b. b) Sketch of
GPR profiles (black lines) and firn-core locations (black squares)
with point names (Fxxx). Profiles 041201/041202 correspondto
the main flow line; glacier flow is from left to right. Distances
F39–F33 and F33–27 amount to 25 km each. Grey scale indi-
cates magnitude of glacier-flow velocity.

part of the area of investigation to about 850 m a.s.l. in the north-
eastern part. Accumulation dominates in this region with the ex-
ception of small ablation areas around several nunataks. Only in
the very northeastern part of this glacier, near and east of the
Schirmacheroase, a large ablation area is found that reaches up
to the eastern Wohlthat Massif (Bormann and Fritzsche, 1995).
Analysis of a firn core drilled at 70◦58’S, 11◦22’ E, some 15 km
away from our radar profiles, showed snow and firn with some
ice layers up to a depth of 27 m. From 27–51 m stratified ice

layers were found, and below 50 m unstratified ice with small
bubbles occured (Bormann and Fritzsche (1995) and references
therein).

Studies of ice flow in this region have been undertaken among
others by Korth and Dietrich (1996). They carried out differen-
tial GPS measurements and stake readings along the GPS signals
on traverse lines going from Novolazarevskaya station to Hum-
boldtfjella and Gruberfjella, respectively (Figure 1a). The flow
pattern of Potsdam Glacier has also been deduced by interfero-
metric SAR analysis (Dietrich and others, 1999), as well as the
line of highest flow velocity, hereinafter referred to as themain
flow line. The velocities in the direction of glacier flow in the
area of investigation are increasing from about 20–30 m a−1 in
the higher elevation parts to 70–80 m a−1 in the lower region.
Vertical velocity is unknown. Glacier flow is mainly divergent
in the higher elevation parts of the glacier whereas in the lower
elevation parts laterally convergent flow is observed (Bäßler and
others, 2002, 2003).

METHODS
GPR and GPS Data
During the expedition 2003/2004 a 50 km long radar survey line
was collected along the main flow line of Potsdam Glacier. Three
cross profiles were surveyed, each one being 8 km long (Fig-
ure 1b). We used a commercial RAMAC radar system (Malå
Geoscience, Sweden) with a bistatic shielded 500 MHz antenna
that was connected to the central unit via fibre optic cables.Data
were stored on a Husky Px5 computer. The GPR antenna was
mounted behind a Nansen sledge pulled by a snowmobile at an
average speed of∼5 km h−1. Traces were recorded every 0.5 m
triggered by a distance wheel. Each trace consisted of 2048 sam-
ples in a 400 ns time window, thus mapping the upper∼35–38 m
of the snowpack. Differential GPS data were collected simulta-
neously with GPR data. The roving station was mounted on the
snowmobile, and two reference stations were situated at thefield-
camp,i.e., about 1 km south of point F33 (see Figure 1), and at
the Schirmacheroase, respectively. The GPS data were collected
every second using a Trimble 4000SSi receiver and a choke-ring
antenna. Processing of GPS data yields positions for the GPR
profiles as well as surface elevation. The relative accuracybe-
tween the differential GPS points is generally in the range of
several millimeters to a few centimeters for longitude and lat-
itude and of some centimeters to about one decimeter for the
elevation. However, due to the movement of the roving station
over severe sastrugi fields, we assume that actual accuracy de-
clines to some centimeters for longitude and latitude and reaches
a few decimeters for the elevation. The radar data were processed
using Paradigm Geophysical FOCUS version 5.0 software by ap-
plying gain control, filtering using a Bandpass butterworthfilter
with cut-off frequencies of 350 MHz and 850 MHz, and correc-
tion for the first arrival of the direct wave. From the processed
radargrams IRHs were tracked semi-automatically using Land-
mark OpenWorks release 2003.0 software. Within the depth sec-
tion covered by the firn cores (given below) two internal horizons
could be tracked throughout more than one GPR profile.

Firn Cores and Snow Samples
At five locations (Figure 1b, Table 1) along the radar profiles
shallow firn cores were drilled, being between 12.5–13.5 m deep.
At the same sites 2 m deep snow pits were dug which were
probed in intervals of 5 cm, giving 40 samples per pit. The den-
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Fig. 2. a) Processed radargrams from profiles 041201 and 041202. Thewhite arrows mark the IRHs chosen for the determination
of the approximate beginning of the transition zone from accumulation to ablation. b) Depth distribution of tracked anddated IRHs.
Black solid line: IRH 1 (1980), black dashed line: IRH 2 (1970), grey dashed line: IRH Ia (1995), light grey line: IRH Ib (1992), dark
grey line: IRH Ic (1989).

sity of the snow samples was determined in situ from the weight
and the known volume of the probing cylinder.

The firn cores and snow samples were transported to Germany
and analyzed in the cold laboratory at AWI Bremerhaven for
physical and chemical properties. Snow-sample data were used
to link firn-core data to the surface due to poor core quality in the
upper 1–2 m of drilling. Theδ18O ratio was determined by mass
spectrometry for both the firn cores as well as the snow sam-
ples. Firn-core analysis covered measurements of density using
gamma-attenuation profiling as well as dielectric profiling(GAP
and DEP, respectively) that yield density, dielectric permittivity,
and electrical conductivity of the firn (Wilhelms, 1996, 2005).

Determination of Accumulation Rates
We derive distributions of electromagnetic wave speed and cu-
mulative mass with depth from the firn-core data. The mean val-
ues of density, dielectric permittivity, and conductivityof all five
firn cores are used, since no further information about the lateral
variations of those parameters between the firn-core drilling sites
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Fig. 3.Data from firn core F39: a) Dielectric permittivity, b) elec-
trical conductivity, c) density (from GAP), and d)δ18O.
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Table 1.Location of firn cores

Firn core Point name∗ Latitude Longitude Elevation (m)

FB0401 F33 71.110709 S 11.646268 E 1013
FB0402 F332 71.143130 S 11.693510 E 1076
FB0403 F39 71.253401 S 11.122667 E 1315
FB0404 F331 71.078270 S 11.599180 E 1008
FB0405 F27 71.044023 S 12.332327 E 848

∗point names as in Figure 1b

is available. Cumulative snow mass is obtained by integration of
the mean density profile derived from the GAP measurements.
Calculation of electromagnetic wave speed from DEP-derived
parameters follows the procedure described by Eisen and oth-
ers (2002). Error estimates are given below. Since the firn cores
reach only a depth of about 12 m below the surface, the data
of the TWT–depth and cumulative mass–depth models were ex-
trapolated up to a depth of 25 m. Extrapolation was done us-
ing Matlab’s polyfit routine by fitting a third order polynomial
(Richardson and others, 1997; Frezzotti and others, 2005),yield-
ing a correlation coefficient of R = 0.90. Age-depth profiles are
determined by counting theδ18O peaks which indicate summer
maxima (McMorrow and others, 2004, and references therein).

Consistent dating of the different firn cores turned out to be
difficult due to local variations in theδ18O profiles which did
not allow clear identification of maxima and minima for every
firn core. However, firn core F39 shows aδ18O profile with pro-
nounced maxima and minima (Figure 3d) so it was used as a
reference core for the interpretation of the radar data. F332 could
likewise be dated sufficiently by itsδ18O profile. However, since
the tracked IRHs do not reach up to this core, F332 could not be
used for dating the GPR layers. The two tracked horizons (IRH
1 and IRH 2, see Figure 2b) are dated against F39 by comparing
the depth of the respective IRH at the coring location with the
depth–age scale of the firn core. The depth values for the IRHsat
the drilling location are 8.65 m (IHR 1) and 11.55 m (IRH 2), and
their estimated time of origin is 1970 and 1980, respectively, ±2
years for each dating. Three more IRHs (IRH Ia, Ib, and Ic, see
Figure 2b) that could only be tracked throughout the uppermost
∼20 km along the main flow line are dated by the depth-age scale
of F39 as well: their estimated times of origin are 1995, 1992, and
1989,±1 year for each dating.

The accumulation rate along the GPR profiles can be calcu-
lated by dividing the cumulative mass difference of two selected
IRHs by their respective age difference.

Estimation of Errors
Errors in our density-depth distribution are assumed to be up to
14 % at a depth of 12 m determined from the difference between
the mean values (i.e.,the model used) and F39 and F27, respec-
tively (Figure 4c). This includes errors from the density measure-
ments using GAP which are up to 10 kg m−3 (Wilhelms, 2005).
Accuracy of DEP derived parameters is within 1 % (Wilhelms,
1996). Errors in TWT–depth conversion using DEP data are up
to 1 % as shown by Eisen and others (2002). Errors in calcula-
tions of the cumulative mass from the density profiles are like-
wise up to 1 % due to error propagation. The dating uncertainty
of the two IHRs used for determination of area-wide accumula-
tion rates is±2 years. Errors in tracking of IHRs are up to±2 ns
which yields depth variations of up to±0.2 m. However, for the
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Fig. 4. a) Density distribution of all firn cores. Thick grey line:
F33, solid black line: F332, light grey line: F39, dark grey line:
F331, black dotted line: F27. Note that the density plots areoff-
set by intervals of 50 kg m−3 in order to distinguish the individ-
ual cores. b) Model for TWT–depth and c) model for cumulative
mass–depth. In either plot (b and c) the solid line corresponds to
the model derived from the mean values, the dashed line to the
one derived from firn core F39, and the dotted line to the one
from F27. d) Depth–age scale as derived from the dating of firn
core F39.

two dated IRHs (IRH 1 and 2) this latter uncertainty does not af-
fect the estimated age since 8.65 m±0.2 m and 11.55±0.2 m still
correspond to the years 1980 and 1970, respectively (Figure4d).
From analytic error propagation the overall root-mean square er-
ror in accumulation rates becomes 11.5 % for profile 041201.
The largest error was found to be 20 %. We therefore assume
that the accumulation values presented in this paper are accurate
within about 12 % on average. Errors from ray-path geometry
due to the separation of transmitting and receiving antennaare
neglected, since transmitter and receiver are separated byonly
0.18 m. For the same reason refraction within the snowpack can
be neglected (Sinisalo and others, 2003).

RESULTS
GPR Profiles
In the processed radargrams the undulations of internal layers
can clearly be seen (Figure 2a). Internal layers show large slopes
along the profile 041201. At some locations the vertical distance
between separate layers is very small (for example at –16 to
–17 km) whereas a few kilometers away the same layers are
spaced more widely (for example from about –10 to –15 km).
Comparable undulating patterns have been reported before in
DML, for example by Richardson-Näslund (2001). Closely spaced
layers indicate areas with less accumulation whereas more widely
spaced layers are associated with regions of higher accumula-
tion. Along profile 041202 (Figure 2a) layers are ascending in
the direction of glacier flow (with the exception of the localun-
dulations in the first 6–7 km). Such patterns are characteristic for
ablation areas and the transition from an accumulation areato an
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ablation area, where internal horizons come to the surface due
to surface erosion. However, it is not possible to resolve actual
ablation from very low accumulation by GPR internal layering.
A layer outcropping at the surface at a certain location along the
GPR profile would only yield zero values for accumulation or
ablation for this very point. Besides, the isochronal layers can-
not be traced up to the surface since they are lost within the time
window of the direct wave (here: the upper∼20 ns, equivalent
to ∼2 m, Figure 2a). Assuming zero advection, ascending layers
with angles<90◦ relative to the surface would still provide accu-
mulation, albeit low values (Figure 2a, near x=25 km). Without
advection, therefore only layers emerging perpendicularly at 90◦

indicate ablation. Yet in our case we can conclude from the as-
cending IRHs that the transition zone from accumulation to abla-
tion is present and visible in the radargram. Since we do havead-
vection effects here, we cannot clearly define the beginningof the
ablation area. Thus, we do not address the actual ablation area,
but rather the transition zone where very low accumulation and
also local ablation might occur. We define the beginning of this
zone by the point where the first IRH would reach the surface.
Using two different IRHs marked by the white arrows in Fig-
ure 2a and extrapolating from their respective slopes the points
where they would reach the surface results in x=21.35 km and
x=23.84 km, respectively. Since these IRHs could not be dated,
we are unable to apply a sufficient correction for glacier-flow ve-
locity. By choosing one very shallow and one rather deep IRH
we can at least conclude that the transition zone from very low
accumulation to ablation starts at this part of Potsdam Glacier
between about 21–24 km downstream of F33. Thus, the actual
ablation area is to be expected slightly farther downglacier which
is in accordance with the description of Bormann and Fritzsche
(1995) and Horwath and others (2006a).

Firn-Core Data and Density Distribution
The parameters derived from the firn-core analysis are depicted
in Figure 3 for firn core F39. Dielectric permittivity as wellas
density increase with depth (Figure 3a and c) but the parameters
do not reach values of solid ice (ρ = 917 kg m−3) within the
depth section covered by the firn cores. Some of the peaks of the
density coincide with observed ice lenses in the firn core.

Figure 4 shows the models for TWT–depth (b) and cumulative
mass–depth (c) as derived from the mean values and from the
”extreme” cores, i.e. the core with the lowest mean density (F39)
and the core with the highest mean density (F27). Down to a
depth of about 5–6 m the density values of the different firn cores
are very similar (Figure 4a). Below this depth they start to differ
slightly, up to∼100–150 kg m−3 at about 12 m depth. In the
upper 6–7 m density variations within one specific firn core are
usually larger than the variations between the different cores at
the same depth. Generally, F27 shows the largest density values.
This core was drilled on the lower elevation part of the glacier
where the radar data indicate an ablation area nearby. Farther east
a blue ice area is found (Bormann and Fritzsche, 1995; Korth and
Dietrich, 1996; Horwath and others, 2006a) where the surface
density should be higher than in the firn areas. Thus it can be
assumed that density in the area of investigation will increase
in the direction of glacier flow which is in accordance with our
findings. However, density values of F27 are still in the range of
firn density and do not reach the density of solid ice. Therefore
we conclude that this part of the glacier is dominated by firn at
least in the uppermost 12 m.

Table 2. Accumulation values in the area of investigation, given
in kg m−2 a−1. Note that the first three lines (GPR-based accu-
mulation rates) represent spatial means from the area of investi-
gation whereas the last two lines (firn-core derived accumulation
series) represent temporal accumulation means for the timepe-
riod covered by the firn cores at the respective coring locations.

Method Time period Mean acc. Std.∗ Min. Max.

GPR–IRHs 1970–1980 142 51 18 335
GPR–IRHs 1980–2004 140 48 27 318
GPR–IRHs 1970–2004 141 47 31 290

Firn core F332 1966–2003 161 39 60 327
Firn core F39 1968–2003 176 30 96 289

∗one-fold standard deviation in % of the mean

Accumulation Rates
The mean accumulation rate in the area of investigation is de-
rived for the time periods 1970–1980, 1970–2004, and 1980–
2004, with 2004 corresponding to the surface at the time of data
collection (Table 2). The depth distribution of the dated IRHs is
depicted in Figure 2b. Taking into account a mean glacier-flow
velocity of 45 m a−1 results in the accumulation distribution
along the main flow line (Figure 6c). Furthermore, annual accu-
mulation rates are obtained from the two dated firn cores (Ta-
ble 2, Figure 5a).

DISCUSSION OF ACCUMULATION FEATURES
Temporal Characteristics
Comparing the mean values of the GPR-derived accumulation
rates from Table 2 we conclude that the spatial variability ex-
ceeds the mean temporal variability for the time periods con-
sidered. This has been reported before at other places in East
Antarctica, for example by Frezzotti and others (2005). Thetem-
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poral variations in accumulation rates derived from GPR mea-
surements for the time periods 1970–1980 and 1980–2004 are
about 1.5 %, calculated from the mean values of the respective
time periods. However, interannual variability obtained from the
two dated firn cores (Figure 5a) is high, showing one-fold stan-
dard deviations of 30 and 39 %, respectively (Table 2). Differ-
ences in per cent of the firn-core mean values range from –63 %
to +103 % for F332 and from –46 % to +65 % for F39 (Fig-
ure 5c). A mean over 10 years of the accumulation series ob-
tained from the firn cores indicates a slight decrease at F332and
an even smaller increase at F39 for the time period 1984–1993
(Figure 5b). Although the time scales are rather short, thissug-
gests that the accumulation pattern comprising the last 30 years is
quite stable on decadal scales in relation to the annual variability.

Spatial Characteristics
Generally, our mean core-derived accumulation rates are about
12–23 % higher than the average GPR-based accumulation rates
in the investigation area. We therefore conclude that the spa-
tial representativity of the firn cores is limited as has beendis-
cussed before for West Antarctica (Spikes and others, 2004)and
the western part of DML (Richardson-Näslund, 2001). The spa-
tial variability of GPR-derived accumulation rates along the main
flow line is very high (Figure 6c). Differences in per cent of the
mean range from –81 % to +125 % for the time period 1980–
2004, showing an undulating pattern. Accumulation rates show
strong spatial gradients of up to 105 kg m−2 a−1 km−1 with
pronounced changes from increasing to decreasing accumulation
in the direction of glacier flow, sometimes even within less than
1 km. For example, going from near F33 1 km upstream yields a
10-fold increase in accumulation (from about 30 to 330 kg m−2 a−1)
for the time interval 1970–1980. Average accumulation gradi-
ents are on the order of 23 kg m−2 a−1 km−1. Generally, a de-
crease in accumulation in the direction of glacier flow is visible.

The linear trend along the profiles 041201/041202 amounts to–
4.9 kg m−2 a−1 km−1. This is in accordance with the observation
that IRHs tend to come to the surface at lower elevations on the
main flow line (Figure 2a).

Surface slope and slope of accumulation (Figure 6d) show
regular undulations similar to those in surface elevation (Fig-
ure 6a,b) and in accumulation (Figure 6c). Anschütz and others
(2006) show that these undulations are likely caused by a feed-
back system between atmosphere and cryosphere similar to the
features ruling the genesis of megadunes on the polar plateau
(Frezzotti and others, 2002). Comparable association between
surface slope and accumulation has been reported before in Antarc-
tica (among others Black and Budd, 1964; Pettré and others,
1986; Goodwin, 1990; Vaughan and others, 2004; Eisen and oth-
ers, 2005) and is attributed to wind influence (King and others,
2004) where accumulation maxima are located within surface-
elevation troughs and on the windward slopes. Local deviations
from this general pattern in our data are possibly due to different
local-scale near-surface winds. Another reason probably arises
from the correction for glacier flow where we used a measured
mean flow speed of 45 m a−1 to correct the GPR layer depths and
thus the accumulation pattern. Flow speed is not constant along
the main flow line but increases with decreasing elevation. Mea-
surements of spatial variations of ice flow are too inaccurate to
allow a more detailed correction of the isochronal layers. Thus,
accumulation maxima can be slightly misplaced due to locally
incorrect consideration of glacier-flow speed. However, the spa-
tial variability of the accumulation rate is not affected bythese
errors.

Comparison with Other Studies
Other groundborne data in this region are sparse, but there are
a few accumulation values available from pit studies and stake
readings.

Bormann and Fritzsche (1995) report a mean accumulation
value derived from pit studies in the vicinity of a drill holeat
70◦58’ S, 11◦22’ E, about 15 km north of our radar profiles
041201/041202, that is about 130 kg m−2 a−1 (1950–1984) which
is in accordance with our mean values.

The mean annual accumulation from the stake readings pre-
sented by Korth and Dietrich (1996) on Insel traverse route (go-
ing from Novolazarevskaya station to Humboldtfjella, see Fig-
ure 1a) is 131 kg m−2 a−1 with a standard deviation of 140 %
because some of the stakes are located in an ablation area. This
comparison should be viewed with caution, since the stake read-
ings cover the period 1988–1993 so the time interval of the differ-
ent accumulation values is not the same. Furthermore, Korthand
Dietrich (1996) do not state actual values for the densitiesused
to calculate the accumulation. However, their mean value isin
the range of our mean values, indicating that the overall distribu-
tion of accumulation is quite stable for the different time periods,
although there are obvious small-scale differences. Theirvalues
obtained at stakes in the vicinity of our profiles, about 1 km away
from the main flow line, are about 250 kg m−2 a−1 which is
much larger than our nearby values of some 50 kg m−2 a−1.
Yet accumulation rates for the time intervals 1980–1989, 1980–
1992, and 1980–1995 along profile 041201 (calculated from IRH
Ia, Ib, and Ic, see Figure 2b) are between 18% and 35% higher
than the other values in our study. Taking into account the report
from Korth and Dietrich (1996) this might indicate a higher ac-
cumulation at this part of the glacier during the 1980s and early
1990s of about 25 % compared with the previous period (1970–
1980). Due to the dating uncertainty of F39 caution has to be used
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with these findings. However, dating uncertainty does not affect
the accumulation pattern itself or the spatial variabilitywhich is
clearly demonstrated by our study.

The accumulation values in the area of investigation we pre-
sented here are less than those reported by Giovinetto and Zwally
(2000) who derive values of some 200-250 kg m−2 a−1 for
this region of Antarctica. Vaughan and others (1999) reportthe
same as Giovinetto and Zwally (2000). Both studies are con-
cerned with larger areas and neglect small-scale features.Our
mean value of 141 kg m−2 a−1 (1970–2004) is less than these
findings because an ablation area is in the vicinity of our study
area which influences our results. Van de Berg and others (2006)
derive specific surface mass balance (SSMB) from a regional at-
mospheric climate model, estimating precipitation, sublimation
and melt. Snowdrift processes are not considered. The horizon-
tal resolution is about 55 km. They derive values of some 200
kg m−2 a−1 for the vicinity of our study area which is likewise
larger than our mean accumulation values. Our study revealsa
significant influence of blowing snow on the accumulation val-
ues in the area of investigation. So neglecting this processlikely
results in an overestimated SSMB for this area as given by Vande
Berg and others (2006). Large-scale compilations like those cited
above are usually based on a limited number of scattered obser-
vations. They do not take into account the spatial representativity
of the respective point measurements which may be obscured by
local-scale variability. Our study demonstrates a very high spa-
tial variability in this area of coastal DML and indicates a limited
representativity of firn-core derived accumulation data which are
on average higher than the GPR-derived accumulation values.
This might explain the higher accumulation rates in large-scale
compilations of this area.

Implications for Satellite-Data Interpretation
Satellite observations of surface elevation, for instanceby ERS-
1/2 and ICESat, and gravity from the GRACE mission (Tap-
ley and others, 2004) can provide mass-distribution changes ac-
cording to the mission-specific spatial and temporal resolutions.
Combining GRACE data and altimetry data helps to discriminate
ice-mass changes (Zwally and others, 2005) from height changes
induced by glacial isostatic adjustment or by changes in snow
and firn density (Wahr and others, 2000). However, the effec-
tive spatial resolution of GRACE monthly solutions is only some
hundred kilometers. To account for the GRACE error behaviour
and to separate mass signals from different geographic origins
adapted filter techniques have to be utilized (Swenson and Wahr,
2002; Horwath and Dietrich, 2006b). Hence, GRACE provides
only integrated mass-balance estimates over large areas.

Trends in ice-mass changes over a few years derived from
satellite observations may be either due to interannual fluctu-
ations in net ice surface-mass balance or due to long-term ice
dynamics. In order to distinguish between the two effects, infor-
mation on the temporal and spatial covariance of the interannual
surface mass balance fluctuation is needed.

With regard to spatial covariance, Anschütz and others (2006)
report spatial autocorrelation lengths of only about 1 km for surface-
mass balance fluctuations. For values averaged over some hun-
dred kilometers the small-scale variations (deposition noise) are
averaged out, hence, the standard deviation of temporal fluctua-
tions will be smaller than the values of 30–39 % obtained from
the firn-core time series (Table 2). Therefore, such small-scale
fluctuations will not be resolved by GRACE. Concerning tem-
poral covariance, there is, again, a large portion of small-scale
deposition noise in the firn core data: the autocorrelation length

of the firn core time series is only 0.6 a (Figure 5a). However,
the accumulation pattern seems fairly stable on decadal scales
(Figure 5b).

The GRACE mission, launched in 2002, is planned to cover 8
years in total. Considering the discussion above, long-term sur-
face mass balance changes showing a considerably large spatial
pattern would be sensed by GRACE. Hence, regional studies of
mass fluctuations are very important to qualify the spatiotem-
poral behaviour of the ice surface mass balance in larger areas
and to discriminate surface mass balance fluctuations from long-
term ice dynamics. In this context, the results presented bythis
study combined with further estimates yielded by other authors
for adjacent regions (e.g. Richardson-Näslund, 2001; Rotschky
and others, 2004; Frezzotti and others, 2005) provide valuable
ground-based information to validate and interpret GRACE ob-
servations.

CONCLUSIONS
We have combined GPR data and firn-core data to investigate
the accumulation pattern on Potsdam Glacier in Neuschwaben-
land, East Antarctica. Accumulation rates show a very high spa-
tial variability in the area of investigation with a standard de-
viation of almost 50 %. The generally decreasing trend of ac-
cumulation in the direction of glacier flow is overlain by local
features. In accordance with other authors (Richardson-N¨aslund,
2001; Rotschky and others, 2004; Frezzotti and others, 2005; Ar-
cone and others, 2005; Spikes and others, 2004) we conclude that
it is important to take into account the spatial representativity of
point measurements such as firn cores, snow pits or stake read-
ings when examining accumulation rates.

Comparing the results from our study with previous work based
on stake readings nearby we found locally lower accumulation
values, however, the previous study comprises a shorter time pe-
riod. We found indications that during the late 1980s and early
1990s accumulation has been slightly higher (about 25 % com-
pared to the period 1970–1980). Large-scale studies on Antarctic
accumulation show values between 200–250 kg m−2 a−1 for our
investigation area. The lower values found in our study are pre-
sumably owed to an ablation area that influences our results and
has not been accounted for in the large-scale compilations,as
well as significant influence of blowing snow on the local accu-
lumation rates.

Our results provide useful insight in small-scale featuresaf-
fecting the accumulation in this area and can be helpful in further
studies, especially for validating satellite-based mass-balance es-
timates. Monitoring of local-scale accumulation changes in coastal
areas provides valuable information to increase our knowledge
about ice-mass fluxes from ice streams and outlet glaciers like
Potsdam Glacier (Hamilton and others, 2005).

This study also complements published data sets and enhances
the evaluation and interpretation of ice-mass changes in this area
of East Antarctica.
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