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ABSTRACT. The accumulation rate on Potsdam Glacier, East Atarctica, and its spatial and temporal
variations are examined using ground-penetrating radar, aow samples, and rn-core studies. Physical
properties in snow samples and along rn cores provide distibutions of density with depth, showing only
small spatial variation. Counting of peaks in ** O along the rn 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, aeraged over the time periods 1970-1980 and
1980-2004. The shape of internal layers indicates an ablati area at the eastern margin of the investiga-
tion area. Accumulation rates show a very high spatial variility with a mean value of 141 kgm ?a * for
the time period 1970-2004 and a standard deviation of almo$0%. Mean temporal variation of only a
few per cent throughout the investigated area for the obsemd time interval is much less than the spa-
tial variations. The mean accumulation values are somewhdess than values reported before from this
region. Accumulation pattern and surface topography are Inked in a way indicating that windborne re-
distribution of snow signi cantly 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 observed IRHs arise from contrasts of dielectric perniittiin
Surface mass-balance studies of the Antarctic ice sheefaire  the subsurface. In the upper hundreds of meters densityhbas t
tal importance for an enhanced understanding of the Eatir's MOst signi cant in uence, affecting the real part of the ietric
mate and its changes (Rignot and Thomas, 2002; van der Vee!a(,armittivity (Eujita a.nd others, 1999). IRHs are shown todbe
2002) as the polar regions are able to contribute signilyant iSochronal origin (Eisen and others, 2004; Vaughan andrsthe
to global sea-level change (Wingham and others, 1998). It i€004) and from their estimated age and a density-depthi-distr
therefore crucial to determine the mass uxes of the Antarct Pution the mean accumulation rate for a certain period can be
ice sheet, for example by using remote sensing techniquiés afalculated.
satellite-based methods. Variations of accumulation amsigy ' this study, we present GPR and rn-core data from a rela-
on temporal and spatial scales also in uence the relatiowden  tively small area in East Antarctica where no reliable acelam
elevation changes and changes in gravity and mass. The knowfon data of high resolution have been available so far. Hiigh
edge of spatial and temporal patterns of ice-mass changes prduency GPR measurements were carried out on.Potsdam Glacier
vides key information especially for the validation of time- N Neuschwabenland, the coastal part of Dronning Maud Land
varying gravity eld as sensed by GRACE (Scheinert and ather (DML), during the An_tarct|c summer season 2003/2004. Shal-
2005). (For a general overview of the GRACE mission see Tapl_ow rn cores were drilled at selected locations along thdara
ley and others (2004)). For this reason small-scale variatof ~ Pro les. Two internal re ection horizons are traced thrdwyt
the accumulation rate play a signi cant role and need to be inSeveral GPR proles and dated by a reference rn core. The
vestigated closely by groundborne operations. rn-core analyses give relations between traveltime—tegtd
Usually accumulation data are derived from rn cores, SnOWQensity—depth that can be used to derive the regional adesmu
pits or stake reading®(g.,Oerter and others, 2000; Kreutz and tion pattern from these tracked IRHs.
others, 2000; Isaksson and Karlen, 1994; Melvold and others
1998). But they yield only information about the local acaliaa
tion rate at the probing location. In recent years, grouedetrating STUDY AREA

radar (GPR) measurements have proved a useful tool to map refe sy dy area is located south of the Schirmacheroase atid no
ative variations in surface-mass balance over larger @8€s ot \ohithat Massif (Figure 1a). Most parts of Potsdam Glacie
connect snow pits z?lnd rn-core drilling sites.., Richardson ;.0 ahove 1000 m as.l. and have a mean annual air tempera-
and others, 1997; Pinglot and others, 2001; Rotschky ar&$ith ;e pelow -20C (Bormann and Fritzsche, 1995). The average
2004; Sinisalo and others, 2003; Spikes and others, 2004J:|  jcq thickness is more than 1200 m and subglacial topography i
nal re ection horizons (IRHs) detected by GPR can be used tQp5 acterized by deep valleys with some subglacial highst{

match signals found in different m cores along the GPR pro-54 Eisenburger, 2005; Meyer and others, 2005). The sueface
les and assist proper correlations between the m corése T o\ ation declines from almost 1350 m a.s.l. in the southwieste
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layers were found, and below 50 m unstrati ed ice with small
bubbles occured (Bormann and Fritzsche (1995) and refesenc
therein).

Studies of ice ow in this region have been undertaken among
others by Korth and Dietrich (1996). They carried out difer
tial GPS measurements and stake readings along the GP%signa
on traverse lines going from Novolazarevskaya station tmHu
boldtfiella and Gruberfjella, respectively (Figure 1aheTl ow
pattern of Potsdam Glacier has also been deduced by imderfer
metric SAR analysis (Dietrich and others, 1999), as wellhas t
line of highest ow velocity, hereinafter referred to as timain
ow line. The velocities in the direction of glacier ow in #n
area of investigation are increasing from about 20-30 m &
the higher elevation parts to 70-80 m*ain the lower region.
Vertical velocity is unknown. Glacier ow is mainly diverge
in the higher elevation parts of the glacier whereas in thesto
elevation parts laterally convergent ow is observed (B&@nd
others, 2002, 2003).

METHODS
GPR and GPS Data

During the expedition 2003/2004 a 50 km long radar survey lin
was collected along the main ow line of Potsdam Glacier.€ehr
cross pro les were surveyed, each one being 8 km long (Fig-
ure 1b). We used a commercial RAMAC radar system (Mala
Geoscience, Sweden) with a bistatic shielded 500 MHz aatenn
that was connected to the central unit via bre optic cablzsta
were stored on a Husky Px5 computer. The GPR antenna was
mounted behind a Nansen sledge pulled by a snowmobile at an
average speed of5 km h *. Traces were recorded every 0.5 m
triggered by a distance wheel. Each trace consisted of 20#48 s
ples in a 400 ns time window, thus mapping the upp86—38 m

of the snowpack. Differential GPS data were collected siaul
neously with GPR data. The roving station was mounted on the
snowmobile, and two reference stations were situated atlthe
camp,i.e., about 1 km south of point F33 (see Figure 1), and at
the Schirmacheroase, respectively. The GPS data wereisalle

every second using a Trimble 4000SSi receiver and a chake-ri
antenna. Processing of GPS data yields positions for the GPR

Fig. 1.a) Overview of the area of investigation. Black line: main pro les as well as surface elevation. The relative accuraey

ow line of Potsdam Glacier (BaRler and others, 2002); klac tween the differential GPS points is generally in the ranfe o
squares: start/end points of GPR pro les along the ow line. several millimeters to a few centimeters for longitude aad |
(Map source: Antarctic digital database 4.0.) Grey linestour  itude and of some centimeters to about one decimeter for the
lines of elevation at 200 m intervals; thick grey line: 100@om-  elevation. However, due to the movement of the roving statio
tour line; large grey rectangle: area depicted in b. b) $kefc  over severe sastrugi elds, we assume that actual accuracy d
GPR pro les (black lines) and rn-core locations (black sggs) ~ clines to some centimeters for longitude and latitude aadives
with point names (Fxxx). Pro les 041201/041202 corresptmd & few decimeters for the elevation. The radar data were psece
the main ow line; glacier ow is from left to right. Distance  using Paradigm Geophysical FOCUS version 5.0 software by ap
F39-F33 and F33-27 amount to 25 km each. Grey scale indPlying gain control, Itering using a Bandpass butterworitier
cates magnitude of glacier- ow velocity. with cut-off frequencies of 350 MHz and 850 MHz, and correc-
tion for the rst arrival of the direct wave. From the proceds
radargrams IRHs were tracked semi-automatically usingltan
mark OpenWorks release 2003.0 software. Within the demth se
tion covered by the rn cores (given below) two internal tzmms
could be tracked throughout more than one GPR pro le.

Horizontal surface velocity

part of the area of investigation to about 850 m a.s.l. in trém
eastern part. Accumulation dominates in this region withek-
ception of small ablation areas around several nunataly.i®n
the very northeastern part of this glacier, near and eastef t
Schirmacheroase, a large ablation area is found that reaghe Firn Cores and Snow Samples

to the eastern Wohlthat Massif (Bormann and Fritzsche, 1995At ve locations (Figure 1b, Table 1) along the radar pro les
Analysis of a rn core drilled at 7068'S, 11 22' E, some 15 km  shallow rn cores were drilled, being between 12.5-13.5 regle
away from our radar pro les, showed snow and rn with some At the same sites 2 m deep snow pits were dug which were
ice layers up to a depth of 27 m. From 27-51 m strati ed iceprobed in intervals of 5 cm, giving 40 samples per pit. The-den
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Fig. 2. a) Processed radargrams from pro les 041201 and 041202 white arrows mark the IRHs chosen for the determination
of the approximate beginning of the transition zone fromuamglation to ablation. b) Depth distribution of tracked ataded IRHs.
Black solid line: IRH 1 (1980), black dashed line: IRH 2 (197@rey dashed line: IRH la (1995), light grey line: IRH Ib @&, dark
grey line: IRH Ic (1989).

sity of the snow samples was determined in situ from the w 0 0
and the known volume of the probing cylinder. a b
The rn cores and snow samples were transported to Ger Es E s
and analyzed in the cold laboratory at AWI Bremerhaver £ £
physical and chemical properties. Snow-sample data wesd & 10 810
to link rn-core data to the surface due to poor core qualitytie
upper 1-2 m of drilling. The*® O ratio was determined by me eTIE TS e e s o 2
spectrometry for both the rn cores as well as the snow ¢ ' ’ e ’ ' smsm?)
ples. Firn-core analysis covered measurements of dersityg 0 0
gamma-attenuation pro ling as well as dielectric pro lifGAP c d
and DEP, respectively) that yield density, dielectric pigiity, Es Es
and electrical conductivity of the rn (Wilhelms, 1996, 280 =1 £
8 10 810
Determination of Accumulation Rates
We derive distributions of electromagnetic wave speed an 400 ; (igom_a) 600 35 %0 dls'és(% ) 20

mulative mass with depth from the rn-core data. The mean veu
ues of density, dielectric permittivity, and conductivafall ve

rn cores are used, since no further information about therkl
variations of those parameters between the rn-core dglbites

Fig. 3. Data from rn core F39: a) Dielectric permittivity, b) elec-
trical conductivity, c) density (from GAP), and d¥ O.
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Table 1. Location of rn cores 0 0
2
Firn core  Pointname Latitude Longitude Elevation (m) £ 4 — 5
£
~ 6 ~10
FB0401  F33 71.110709S 11.646268 E 1013 = 8 £
FB0402  F332 71.143130S  11.693510E 1076 2 215
FB0403  F39 71.253401S  11.122667E 1315 10
FB0404  F331 71.078270S  11.599180E 1008 12 - 20 \
FB0405  F27 71.044023S  12.332327E 848 - R
300 500 700 ?OO 0 50 100 150 200 250
point names as in Figure 1b Density (kg m™) 0 TWT (ns) .
C 2 d .o’..
5 4
is available. Cumulative snow mass is obtained by integmatf £ 10 £ 6 ..o"‘
the mean density pro le derived from the GAP measureme =1 £ 8 o
Calculation of electromagnetic wave speed from DEP-ddri 215 8 10 o
parameters follows the procedure described by Eisen and 20 .,:‘
ers (2002). Error estimates are given below. Since the nmes( AN 12 o
reach only a depth of about 1_2 m below the surface, the 0 5000 10000 15000 1960 1980 2000
of the TWT—depth and cumulative mass—depth models were Cumulative mass (kg m?) Year

trapolated up to a depth of 25 m. Extrapolation was done us-
ing Matlab's poly t routine by tting a third order polynoral

; . ; Fig. 4. a) Density distribution of all rn cores. Thick grey line:
(Richardson and others, 1997; Frezzotti and others, 295l ) o . . .
ing a correlation coef cient of R = 0.90. Age-depth pro lesea 55 SOlid black line: F332, light grey line: F39, dark greyet

determined by counting the® O peaks which indicate summer F331, l_)laCk dotted line: F27_' Note that t_he_ der_lsity plqts ol
maxima (McMorrow and others, 2004, and references therein) set by intervals of 50 kg n? in order to distinguish the |nd|V|d-.
Consistent dating of the different rn cores turned out to beual cores. b) Model for TWT-depth and ¢) madel for cumulative

dif cult due to local variations in the ** O pro les which did mhass—fljeﬁ)tg. I_n e(;trfler plor: (band c) tlhe So“g “rolle cr?r;etli_pdm h
not allow clear identi cation of maxima and minima for every the model derived from the mean values, the dashed line to the

m core. However, m core F39 shows a° O pro le with pro- one derived from rn core F39, and the dotted line to the one

nounced maxima and minima (Figure 3d) so it was used as f(,;om F27. d) Depth—age scale as derived from the dating of rn

reference core for the interpretation of the radar data2f8aild core F39.
likewise be dated suf ciently by its*® O pro le. However, since

the tracked IRHs do not reach up to this core, F332 could not bgyo dated IRHs (IRH 1 and 2) this latter uncertainty does fiot a
used for dating the GPR layers. The two tracked horizons (IRHect the estimated age since 8.65 h2 m and 11.550.2 m still
1and IRH 2, see Figure 2b) are dated against F39 by comparingrespond to the years 1980 and 1970, respectively (Fitg)re
the depth of the respective IRH at the coring location with th From analytic error propagation the overall root-mean sgjea:
depth—age scale of the rn core. The depth values for the IRHS ror in accumulation rates becomes 11.5 % for pro le 041201.
the drilling location are 8.65 m (IHR 1) and 11.55 m (IRH 2)dan The |argest error was found to be 20 %. We therefore assume
their estimated time of origin is 1970 and 1980, respegtjvel  that the accumulation values presented in this paper areatec
years for each dating. Three more IRHs (IRH la, Ib, and Ic, segithin about 12 % on average. Errors from ray-path geometry
Figure 2b) that could only be tracked throughout the uppstmo due to the separation of transmitting and receiving antemaa
20 km along the main ow line are dated by the depth-age scalgieglected, since transmitter and receiver are separatenhlgy
of F39 as well: their estimated times of origin are 1995, 189® .18 m. For the same reason refraction within the snowpack ca

1989, 1 year for each dating. be neglected (Sinisalo and others, 2003).
The accumulation rate along the GPR pro les can be calcu-

lated by dividing the cumulative mass difference of two sedd

IRHSs by their respective age difference. RESULTS
GPR Pro les
Estimation of Errors In the processed radargrams the undulations of internarday

Errors in our density-depth distribution are assumed tofbtou can clearly be seen (Figure 2a). Internal layers show ldopes

14 % at a depth of 12 m determined from the difference betweernlong the pro le 041201. At some locations the vertical aiste

the mean values.é.the model used) and F39 and F27, respechbetween separate layers is very small (for example at —16 to
tively (Figure 4c). This includes errors from the densityasuere- —17 km) whereas a few kilometers away the same layers are
ments using GAP which are up to 10 kg m(Wilhelms, 2005). spaced more widely (for example from about —10 to —15 km).
Accuracy of DEP derived parameters is within 1 % (Wilhelms,Comparable undulating patterns have been reported before i
1996). Errors in TWT—depth conversion using DEP data are upML, for example by Richardson-Naslund (2001). Closelgcgal

to 1 % as shown by Eisen and others (2002). Errors in calculdayers indicate areas with less accumulation whereas midiywv
tions of the cumulative mass from the density pro les aredik spaced layers are associated with regions of higher aceumul
wise up to 1 % due to error propagation. The dating unceytainttion. Along pro le 041202 (Figure 2a) layers are ascending i
of the two IHRs used for determination of area-wide accumulathe direction of glacier ow (with the exception of the locah-

tion rates is 2 years. Errors in tracking of IHRs are up t& ns  dulations in the rst 6—7 km). Such patterns are charadierisr
which yields depth variations of up t00.2 m. However, for the ablation areas and the transition from an accumulationtaraa
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ablation area, where internal horizons come to the surfaee d
to surface erosion. However, it is not possible to resolveadc
ablation from very low accumulation by GPR internal laygrin
A layer outcropping at the surface at a certain location gikve
GPR pro le would only yield zero values for accumulation or
ablation for this very point. Besides, the isochronal layean-
not be traced up to the surface since they are lost withinitie t
window of the direct wave (here: the uppeR0 ns, equivalent ] ] ]

. . . . Method Time period Meanacc. Std. Min. Max.
to 2 m, Figure 2a). Assuming zero advection, ascending layers
with a_ngles< 9Q relative to the_surface would still provide accu- oo o 19701980 142 51 18 335
mulation, albeit low values (Figure 2a, near x=25 km). Witho  pr_|rHs

Table 2. Accumulation values in the area of investigation, given
inkg m 2 a *. Note that the rst three lines (GPR-based accu-
mulation rates) represent spatial means from the area e$iinv
gation whereas the last two lines ( rn-core derived acclatiah
series) represent temporal accumulation means for thepgene
riod covered by the rn cores at the respective coring |lamagi

1980-2004 140 48 27 318
advection, therefore only layers emerging perpendicukrb0 GPR-IRHs 1970-2004 141 47 31 290
indicate ablation. Yet in our case we can conclude from the as
cending IRHs that the transition zone from accumulatiorbla-&  Firn core F332  1966-2003 161 39 60 327
tion is present and visible in the radargram. Since we do héve Firncore F39  1968-2003 176 30 96 289

vection effects here, we cannot clearly de ne the beginoifte
ablation area. Thus, we do not address the actual ablatéa ar one-fold standard deviation in % of the mean
but rather the transition zone where very low accumulatioth a

also local ablation might occur. We de ne the beginning aéth .

zone by the point where the rst IRH would reach the surface.AccummatIon Rates
Using two different IRHs marked by the white arrows in Fig- The mean accumulation rate in the area of investigation is de
ure 2a and extrapolating from their respective slopes thetpo rived for the time periods 1970-1980, 1970-2004, and 1980—
where they would reach the surface results #2%.35 km and 2004, with 2004 corresponding to the surface at the time t da
x=23.84 km, respectively. Since these IRHs could not be datecollection (Table 2). The depth distribution of the datetHtRs

we are unable to apply a suf cient correction for glaciewae-  depicted in Figure 2b. Taking into account a mean glaciev- o
locity. By choosing one very shallow and one rather deep IRH/€locity of 45 m a* results in the accumulation distribution
we can at least conclude that the transition zone from vewy lo along the main ow line (Figure 6c). Furthermore, annualwcc
accumulation to ablation starts at this part of Potsdam i€ac mulation rates are obtained from the two dated rn cores (Ta-
between about 21-24 km downstream of F33. Thus, the actufle 2, Figure 5a).

ablation area is to be expected slightly farther downgtastgch

is in accordance with the description of Bormann and Fritesc
(1995) and Horwath and others (2006a).

DISCUSSION OF ACCUMULATION FEATURES
Temporal Characteristics

Comparing the mean values of the GPR-derived accumulation

rates from Table 2 we conclude that the spatial variabilky e
Firn-Core Data and Density Distribution ceeds the mean temporal variability for the time periods- con
The parameters derived from the rn-core analysis are degic sidered. This has been reported before at other places in Eas
in Figure 3 for rn core F39. Dielectric permittivity as wells ~ Antarctica, for example by Frezzotti and others (2005). fEine-
density increase with depth (Figure 3a and c) but the pasmet

do not reach values of solid ice € 917 kg m *) within the 2005

depth section covered by the rn cores. Some of the peakseof- b
density coincide with observed ice lenses in the rn core. 2000}
Figure 4 shows the models for TWT—depth (b) and cumulati —
mass—depth (c) as derived from the mean values and from 1995¢
"extreme” cores, i.e. the core with the lowest mean den&iBgj 1990+
and the core with the highest mean density (F27). Down tc _
depth of about 5-6 m the density values of the different rneso E 1985}
are very similar (Figure 4a). Below this depth they startiffed
slightly, up to  100-150 kg m® at about 12 m depth. In the 1980¢
upper 6—7 m density variations within one speci ¢ rn coreear 1975}
usually larger than the variations between the differemesat )
the same depth. Generally, F27 shows the largest densitgsal 1970¢
This core was drilled on the lower elevation part of the glaci 1965 - ‘ ‘ ‘ e
where the radar data indicate an ablation area nearby.dfaist 100 200 300 140 , 160 180 -50 0 SO 100
Acc.(kgm™ a™) Diff. (%)

a blue ice area is found (Bormann and Fritzsche, 1995; Korth &
Dietrich, 1996; Horwath and others, 2006a) where the sarfac
density should be higher than in the rn areas. Thus it can bdig. 5. @) Year-to-year accumulation values obtained from m
assumed that density in the area of investigation will iasge  core F39 (black solid line) and F332 (grey solid line); thepec-

in the direction of glacier ow which is in accordance withrou tive core means are depicted by the black dashed line (F2B) an
ndings. However, density values of F27 are still in the rargf ~ the grey dashed line (F332). b) Accumulation rates for adary

rn density and do not reach the density of solid ice. Therefo Mean for F332 (grey, dashed) and F39 (black, solid). c) Wdfia
we conclude that this part of the glacier is dominated by tn a ity expressed as per cent difference of the respective ceeaxm
least in the uppermost 12 m. Grey Iine/grey triangles: F332, black line/black Squa@.
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E 1400 ‘ ‘ ‘ ‘ The linear trend along the pro les 041201/041202 amounts to

S 1200 a | 4.9kgm?a *km *. Thisisin accordance with the observation
§ that IRHs tend to come to the surface at lower elevations en th
2 1000¢ ‘ ‘ ‘ ‘ ] main ow line (Figure 2a).

b a0 E Surface slope and slope of accumulation (Figure 6d) show
:go S regular undulations similar to those in surface elevatibig-
120 % ure 6a,b) and in accumulation (Figure 6c). Anschitz anérgth
—~ 1-40 >

(2006) show that these undulations are likely caused by @ fee
back system between atmosphere and cryosphere similae to th
features ruling the genesis of megadunes on the polar platea
(Frezzotti and others, 2002). Comparable association dstw
surface slope and accumulation has been reported beforgamcA

028 tica (among others Black and Budd, 1964; Pettré and others,
o & 1986; Goodwin, 1990; Vaughan and others, 2004; Eisen and oth

ers, 2005) and is attributed to wind in uence (King and ogher
10.2

s 20 15 10 = 0 5 10 15 2004)_Where accumulation maxima are located within su_rfgce
Distance from F33 (km) elevation troughs and on the windward slopes. Local denati
from this general pattern in our data are possibly due tewfit
Fig. 6. a) Surface elevation, b) linearly detrended surface elevalocal-scale near-surface winds. Another reason probatites
tion, ¢) accumulation pattern, d) gradient of accumulatiod ~ from the correction for glacier ow where we used a measured
surface slope on the main ow line. The solid curve in (c) esrr Mean ow speed of 45 m & to correct the GPR layer depths and
sponds to the time period 1980-2004, the dashed to 1970-2004us the accumulation pattern. Flow speed is not constangal
and the dotted curve to 1970-1980. The solid line shows the li the main ow line but increases with decreasing elevatioeaM
ear trend tted to the accumulation pattern. The solid lingd) ~ surements of spatial variations of ice ow are too inacceirat
corresponds to the slope of surface elevation (verticaiygger-  allow a more detailed correction of the isochronal layetsusy
ated by a factor of 5) in m nt, and the dashed line represents accumulation maxima can be slightly misplaced due to Igcall
the slope of accumulation (1980-2004) inkgha * m *. incorrect consideration of glacier- ow speed. Howeveg #pa-
tial variability of the accumulation rate is not affected these
errors.
poral variations in accumulation rates derived from GPR-mea
surements for the time periods 1970-1980 and 1980-2004 afeomparison with Other Studies
about 1.5 %, calculated from the mean values of the resgectivOther groundborne data in this region are sparse, but there a
time periods. However, interannual variability obtaineshf the  a few accumulation values available from pit studies anklesta
two dated rn cores (Figure 5a) is high, showing one-foldnsta readings.
dard deviations of 30 and 39 %, respectively (Table 2). Biffe  Bormann and Fritzsche (1995) report a mean accumulation
ences in per cent of the rn-core mean values range from —63 %alue derived from pit studies in the vicinity of a drill hoke
to +103 % for F332 and from —46 % to +65 % for F39 (Fig- 70 58' S, 11 22' E, about 15 km north of our radar pro les
ure 5¢). A mean over 10 years of the accumulation series 0lp41201/041202, thatis about 130 kgfa * (1950-1984) which
tained from the rn cores indicates a slight decrease at R882 s in accordance with our mean values.
an even smaller increase at F39 for the time period 1984-1993 The mean annual accumulation from the stake readings pre-
(Figure 5b). Although the time scales are rather short,gb&  sented by Korth and Dietrich (1996) on Insel traverse rogee (
gests that the accumulation pattern comprising the laseafsyis  ing from Novolazarevskaya station to Humboldtfiella, ség-F
quite stable on decadal scales in relation to the annuadhiéity. ure 1a) is 131 kg n? a * with a standard deviation of 140 %

. o because some of the stakes are located in an ablation ariea. Th
Spatial Characteristics comparison should be viewed with caution, since the staae-re
Generally, our mean core-derived accumulation rates avatab ings cover the period 1988-1993 so the time interval of tfierdi
12-23 % higher than the average GPR-based accumulatian ratent accumulation values is not the same. Furthermore, korth
in the investigation area. We therefore conclude that tle sp Dietrich (1996) do not state actual values for the densiifed
tial representativity of the rn cores is limited as has bels-  to calculate the accumulation. However, their mean valua is
cussed before for West Antarctica (Spikes and others, 28d) the range of our mean values, indicating that the overatfidis
the western part of DML (Richardson-Naslund, 2001). The-sp tion of accumulation is quite stable for the different tineipds,
tial variability of GPR-derived accumulation rates alohg tnain  although there are obvious small-scale differences. Naires
ow line is very high (Figure 6c). Differences in per cent dfet  obtained at stakes in the vicinity of our pro les, about 1 kwea
mean range from —81 % to +125 % for the time period 1980-from the main ow line, are about 250 kg M a * which is
2004, showing an undulating pattern. Accumulation ratesvsh much larger than our nearby values of some 50 kg ra *.
strong spatial gradients of up to 105 kg fna * km * with  Yet accumulation rates for the time intervals 1980-1988019
pronounced changes from increasing to decreasing acctiomula 1992, and 1980-1995 along pro le 041201 (calculated fromd IR
in the direction of glacier ow, sometimes even within letsat la, Ib, and Ic, see Figure 2b) are between 18% and 35% higher
1 km. For example, going from near F33 1 km upstream yields #han the other values in our study. Taking into account tpente
10-fold increase in accumulation (from about 30 to 330 kg *) from Korth and Dietrich (1996) this might indicate a higher a
for the time interval 1970-1980. Average accumulation grad cumulation at this part of the glacier during the 1980s artyea
ents are on the order of 23 kg a * km . Generally, a de- 1990s of about 25 % compared with the previous period (1970—
crease in accumulation in the direction of glacier ow isibls.  1980). Due to the dating uncertainty of F39 caution has tcslee u
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with these ndings. However, dating uncertainty does nétetf  of the rn core time series is only 0.6 a (Figure 5a). However,
the accumulation pattern itself or the spatial variabiitiygich is  the accumulation pattern seems fairly stable on decad#&ssca
clearly demonstrated by our study. (Figure 5b).

The accumulation values in the area of investigation we pre- The GRACE mission, launched in 2002, is planned to cover 8
sented here are less than those reported by Giovinetto aalliZw years in total. Considering the discussion above, longtsur-
(2000) who derive values of some 200-250 kg°na * for  face mass balance changes showing a considerably largal spat
this region of Antarctica. Vaughan and others (1999) reffeet pattern would be sensed by GRACE. Hence, regional studies of
same as Giovinetto and Zwally (2000). Both studies are conmass uctuations are very important to qualify the spatiote
cerned with larger areas and neglect small-scale feat@es. poral behaviour of the ice surface mass balance in largaisare
mean value of 141 kg nf a * (1970-2004) is less than these and to discriminate surface mass balance uctuations framg-
ndings because an ablation area is in the vicinity of ourdgtu term ice dynamics. In this context, the results presentethisy
area which in uences our results. Van de Berg and others200 study combined with further estimates yielded by other angth
derive speci ¢ surface mass balance (SSMB) from a regioral a for adjacent regions (e.g. Richardson-Naslund, 2001s¢tdy
mospheric climate model, estimating precipitation, sublion  and others, 2004; Frezzotti and others, 2005) provide fdua
and melt. Snowdrift processes are not considered. Thedmriz ground-based information to validate and interpret GRA®GE o
tal resolution is about 55 km. They derive values of some 20Gervations.
kgm 2 a * for the vicinity of our study area which is likewise
larger than our mean accumulation values. Our study reweals
signi cant in uence of blowing snow on the accumulation val CONCLUSIONS
ues in the area of investigation. So neglecting this prolilesly  We have combined GPR data and rn-core data to investigate
results in an overestimated SSMB for this area as given byd¥an the accumulation pattern on Potsdam Glacier in Neuschwaben
Berg and others (2006). Large-scale compilations likedluii®d  land, East Antarctica. Accumulation rates show a very hjg s
above are usually based on a limited number of scattered-obseial variability in the area of investigation with a standade-
vations. They do not take into account the spatial represigity ~ viation of almost 50 %. The generally decreasing trend of ac-
of the respective point measurements which may be obscyred lzumulation in the direction of glacier ow is overlain by lat
local-scale variability. Our study demonstrates a venhlépa- features. In accordance with other authors (Richardsasitd,
tial variability in this area of coastal DML and indicatesrmited ~ 2001; Rotschky and others, 2004; Frezzotti and others,; 2005
representativity of rn-core derived accumulation dataiethare  cone and others, 2005; Spikes and others, 2004) we contlatle t
on average higher than the GPR-derived accumulation valuef is important to take into account the spatial represeritaiof
This might explain the higher accumulation rates in largagls  point measurements such as rn cores, snow pits or stake read

compilations of this area. ings when examining accumulation rates.
o _ ) Comparing the results from our study with previous work base
Implications for Satellite-Data Interpretation on stake readings nearby we found locally lower accumuiatio

Satellite observations of surface elevation, for instamc&RS-  values, however, the previous study comprises a shortergan
1/2 and ICESat, and gravity from the GRACE mission (Tap-riod. We found indications that during the late 1980s andyear
ley and others, 2004) can provide mass-distribution chmage  1990s accumulation has been slightly higher (about 25 % com-
cording to the mission-speci ¢ spatial and temporal resohs.  pared to the period 1970-1980). Large-scale studies orrétitta
Combining GRACE data and altimetry data helps to discriteina accumulation show values between 200-250 kg e * for our
ice-mass changes (Zwally and others, 2005) from heightggran investigation area. The lower values found in our study aee p
induced by glacial isostatic adjustment or by changes invsno sumably owed to an ablation area that in uences our resultis a
and rn density (Wahr and others, 2000). However, the effec-has not been accounted for in the large-scale compilatiass,
tive spatial resolution of GRACE monthly solutions is ontyige ~ well as signi cant in uence of blowing snow on the local accu
hundred kilometers. To account for the GRACE error behavioulumation rates.
and to separate mass signals from different geographiinerig  Our results provide useful insight in small-scale featuaks
adapted lter techniques have to be utilized (Swenson andriWa fecting the accumulation in this area and can be helpfulrithér
2002; Horwath and Dietrich, 2006b). Hence, GRACE providesstudies, especially for validating satellite-based mzsance es-
only integrated mass-balance estimates over large areas. timates. Monitoring of local-scale accumulation changesastal
Trends in ice-mass changes over a few years derived frorareas provides valuable information to increase our knigde
satellite observations may be either due to interannuatuuc about ice-mass uxes from ice streams and outlet glacides i
ations in net ice surface-mass balance or due to long-teem idPotsdam Glacier (Hamilton and others, 2005).

dynamics. In order to distinguish between the two effecifar This study also complements published data sets and ershance
mation on the temporal and spatial covariance of the interaih  the evaluation and interpretation of ice-mass changesdratea
surface mass balance uctuation is needed. of East Antarctica.

With regard to spatial covariance, Anschiitz and other8§p0
report spatial autocorrelation lengths of only about 1 knsfoface-
mass balance uctuations. For values averaged over some huACKNOWLEDGEMENTS
dred kilometers the small-scale variations (depositiosejoare  This work was supported by the Deutsche Forschungsgemein-
averaged out, hence, the standard deviation of temporaliaic  schaft (DFG) through the VISA project, funded under grants D
tions will be smaller than the values of 30-39 % obtained from473/17 and Jo 191/8. O.E. was supported by the DFG “Emmy
the rn-core time series (Table 2). Therefore, such smedlkls  Noether’-scholarship ElI 672/1. Comments from G. Hamilton,
uctuations will not be resolved by GRACE. Concerning tem- R. Pettersson, and an anonymous reviewer greatly imprdweed t
poral covariance, there is, again, a large portion of ssedle  manuscript. The contribution of the eld team and help in the
deposition noise in the rn core data: the autocorrelatiengith  laboratory is gratefully acknowledged.
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