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Abstract. Sub-ice shelf circulation and freezjimgelting rates in ocean general circulation models depend
critically on an accurate and consistent representation of cavity geometry. Existing global or pan-Antarctic
topography data sets have turned out to contain various inconsistencies and inaccuracies. The goal of this
work is to compile independent regional surveys and maps into a global data set. We use the S-2004 global
1-min bathymetry as the backbone and add an improved version of the BEDMAP topography (ALBMAP
bedrock topography) for an area that roughly coincides with the Antarctic continental shelf. The position
of the merging line is individually chosen infiérent sectors in order to capture the best of both data sets.
High-resolution gridded data for ice shelf topography and cavity geometry of the Amery, Fimbul, Filchner-
Ronne, Larsen C and George VI Ice Shelves, and for Pine Island Glacier are carefully merged into the ambient
ice and ocean topographies. Multibeam survey data for bathymetry in the former Larsen B cavity and the
southeastern Bellingshausen Sea have been obtained from the data centers of Alfred Wegener Institute (AWI),
British Antarctic Survey (BAS) and Lamont-Doherty Earth Observatory (LDEO), gridded, and blended into
the existing bathymetry map. The resulting global 1-min Refined Topography data set (RTopo-1) contains self-
consistent maps for upper and lower ice surface heights, bedrock topography, and surface type (op=n ocean,
grounded ice, floating ice, bare land surface). The data set is available in NetCDF format from the PANGAEA
database atoi:10.1594pangaea.741917

Correspondence taR. Timmermann
BY (ralph.timmermann@awi.de)

Published by Copernicus Publications.


http://dx.doi.org/10.1594/pangaea.741917
http://creativecommons.org/licenses/by/3.0/

262 R. Timmermann et al.: Antarctic ice sheet topography, cavity geometry, and global bathymetry

1 Introduction 2 Data sets and processing

Heat and salt fluxes at the base of any ice shelf, the propertied.1 Overview

of water masses within the cavity, and the exchange with th . .
open ocean in numerical simulations strongly depend on aﬁl’he RTopo—l data sgt (;ee Fisand 2 for an overview)
accurate and consistent representation of ice-shelf draft angPmPrises global 1-min fields for

sub-ice bathymetry. Early attempts to quantify the contribu-  _ pedrock topography (ocean bathymetry; surface topog-
tion of Ice Shelf Water to the Southern Ocean’s hydrogra- raphy of continents; bedrock topography under ice

phy (e.g. Hellmer and Jacobs, 1995; Beckmann etal., 1999;  gheetshelves)

Timmermann et al., 2001; Assmann et al., 2003) had to ad-

mit significant uncertainties due to partly crude assumptions — surface elevation (upper ice surface height for Antarctic
about the geometry of ice shelf cavities. Local or regional ice shegshelves; bedrock elevation for ice-free conti-
simulations of individual cavities and the adjacent seas were  nent; zero for ocean)

able to use more detailed data sets bifesed from uncer-
tainties arising from the choice of open or closed boundary
conditions (e.g. Gerdes et al., 1999; Grosfeld et al., 2001,

— ice base topography for the Antarctic ice slieetshelf
system (ice draft for ice shelves; zero in the absence of

Williams et al., 2001; Thoma et al., 2006; Dinniman et al., ice)
2007) and had no possibility to investigate larger-scale im- _ masks to identify open ocean, ice sheet, ice shelf, and
pacts and feedbacks. bare land surface

Melting of glaciers, ice caps and ice sheets contributes to _ o _ _
changes of the global sea level. Therefore, an estimate of the — locations of coast and grounding lines (consistent with
rate of ice mass loss from the Antarctic ice sheet is an im- mask) for easy plotting

portant component in the IPCC’s Fifth Assessment Report.F ico-free land surf thedrock t handsurf
Given that most of the Antarctic ice sheet drains into float-' 0" 'C&-IT€€ fand surtace, fock topographgnasurtace

ing glaciers or ice shelves, model estimates of sub-ice shelf,'levatlonmaps are identical. Naturallgedrock topography

melting rates are crucial to obtain a reliable estimate of theandlce base topographarg e_qual for grpundgd Ice. Icg not
nnected to the Antarctic ice sheet, including glaciers on

southern hemisphere’s ice mass budget. In order to reduc(éob tarctic island dthe G land i heet i i
uncertainties for high-resolution simulations of the coupledSu antarctic Islands and the sreeniana Ice Sheet, IS not cov-

ocean-sea ice-ice shelf system in circumpolar or global oceaff red 'ntﬁti[]data fset; thlesetgreas are Iakijeled as bare land sur-
general circulation models, we compiled consistent mapsfacl\(le ‘;\" th te.Slf[Laielf evation prese:;]/e t. helf t
for Antarctic ice shegshelf topography and global ocean ote that in the Toflowing we use the term tice shetl to-

bathymetry. These maps combine available gridded data Wiﬂpography” for a consistent combination ofice top and bottom

independent high-resolution data sets and original multibearr?yrface he_lghts. The term "cavity QeOme‘Ty" refers to a com-
echosounder surveys. To preserve as much as possible info'?—Ilaltlon of ice-shelf drait and sub-ice (cavity) bathymetry.

mation from the source data sets and to ensure an easy inter-

polation to any model grid, we chose a resolution of 1 min in2-2 Data sources

zonal and meridional plirectipn, altho_ugh_ we are aware thatz.z.l World Ocean bathymetry

large parts of the available information in high latitudes is

less detailed than this grid spacing might suggest. The nucleus of RTopo-1 is the S-2004 1-minute digital ter-
In this paper, we present the data sets used, discuss thei@in model (Marks and Smith, 2006), which is a combina-

spatial coverage and the preprocessing applied, the strategi&on of the gravimetry-based Smith and Sandwell (1997) map

followed for merging data sets, and the resulting maps of icewith the General Bathymetric Chart of the Oceans (GEBCO)

and bedrock topography. In contrast to the activities toward€One Minute Grid. GEBCO has been interpolated from dig-

an International Bathymetric Chart of the Southern Oceanitized contours derived from ship-based echo-soundings and

(IBCSO) (e.g., Schenke and Ott, 2009), our main goal is nots therefore artificially smooth in many places. The two prod-

a remapping of bathymetric data in the region south 6f50  ucts were combined using GEBCO at locations poleward of

but a consistent representation of Antarctic ice gshetfto-  72° latitude or shallower than 200 m depth (and on land), and

pography and global bathymetry in a data set that contain&mith and Sandwell (1997) equatorward of Zhd deeper

enough detail for a wide range of regional and larger-scalghan 1000 m, with a smooth blending for areas in between.

studies. The main target group includes, but is not restrictedrhe result represents continental bedrock topography and

to ocean modellers who aim at a realistic representation obathymetry for most of the World Ocean with an impressive

Southern Ocean ice shelf processes in ocean general circulamount of detail.

tion models.
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Figure 1. RTopo-1 global bedrock topography. On continents outside Antarctica, this represents the topography of the solid surface
(including bottom of lakes, surface elevation of glaciers and continental ice caps) and mirrors the S-2004 data set.

For the continental shelf regions of the Southern Oceantic Peninsula, the RAMP DEM (Liu et al., 1999) has been
however, where satellite gravity data are not available, manyadded. An improved representation of sub-ice shelf cavi-
uncertainties remain. Ice shelves are not represented in Sies has been achieved by using spline-based interpolation.
2004 at all; instead they appear as areas with zero surfacBedrock depth in ALBMAP has been carefully corrected
height. For the Antarctic continent, S-2004 contains the (ice)(mostly increased) towards the grounding line for many ice
surface elevation, but not the bedrock topography. shelves. Maybe most important, ALBMAP ensures consis-

We therefore use the S-2004 digital terrain model as thetency of the diferent maps along the grounding lines and in-
global backbone bathymetry outside the immediate vicinitytroduces a surface type mask for grounded ice, floating ice,
of Antarctica. We keep lakes and other features with a surand open water.
face height below mean sea level and no connection to the Like BEDMAP, ALBMAP uses a stereographic projec-
world ocean, but mark them as continent in the surface typdion, which is very convenient for studies of the Antarctic
mask (see SecR.3). Antarctica and most of the Antarctic ice shegshelf system, but much less so for circumpolar or
continental shelf are covered by a suite of regional and lo-global ocean models. We use spherical Delauney triangula-
cal data sets (Fig3), which are discussed in the following tion as a basis for linear interpolation to our regular 1-min
sections. (lon, lat) grid.

To ensure a smooth continuation of bathymetry into the
sub-ice shelf cavities, we merge the ALBMAP data into S-
2004 not strictly along the ice-shelf edge, but at a line that
Upper and lower surface elevations for the Antarctic ice sheehas been carefully adjusted to capture the best from both
and some of the ice shelves (see below for those notincludedjata sets (Fig3). In the East Antarctic and many other
and ocean bathymetry for most of the Antarctic continen-places, the transition line follows the ice shelf front or the
tal shelf are based on an improved version of the BEDMAPcoast line. In order to avoid the spurious signature of General
data set that will be refered to as ALBMAP hereafter. With Belgrano Bank, which has been reported to be only a minor
the BEDMAP dfort (Lythe et al., 2001), original survey data rise (with an elevation of only 20 m above the surrounding
collected over about 50 years were compiled into seamlesflat bottom) by Nicholls et al. (2003), we use ALBMAP for
digital topography models for the Antarctic continent and the entire continental shelf in the southwestern Weddell Sea
ice sheet. For ALBMAP, Le Brocq et al. (2010) incorpo- south of 66.15S with the transition occuring between the
rated several new data sets. Ice surface elevation for most000 m and 2000 m isobaths. Similar arguments apply to the
of Antarctica has been derived from the 1 km digital eleva-choice to use ALBMAP bathymetry in the Amundsen and
tion model (DEM) of Bamber et al. (2009). For the Antarc- Ross Seas with the transition to S-2004 placed between 2000

2.2.2 Antarctic ice and bedrock topographies
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Figure 2. Antarctic subset of the RTopo-1 data set. Top left: Bedrock topography (ocean bathymetry). Top right: surface elevation. Bottom
left: ice bottom surface height (including ice shelf draft). Bottom right: surface type maskstbaean, yellow= grounded ice, orange
floating ice, grey= bare bedrock (appears only on the islands close to the Antarctic Peninsula here). Grey line marks the grounding line,

black line the ice shelf front or coast.
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Figure 3. Data sources for ocean bathymetry (left) and ice ghleelf topography (right). See Takldor an explanation of numbers. Grey
areas mark transition zones between the data sets.

and 4000 m water depth. Tangens hyperbolicus functions are Bathymetry in the Filchner-Ronne Ice Shelf cavity is de-
used to ensure a smooth transition between the data sets withived from the data set compiled by Makinson and Nicholls
out too much spurious blurring of gradients. The width of the (1999). In order to maintain floating ice in the embayment
transition corridor varies and can be seen in the left panel ofwith the inflow of Support Force Glacier, we deviate from
Fig. 3. the ALBMAP grounding line here and apply the grounding
In order to incorporate topographic information from sur- line position of Rignot and Jacobs (2002) instead, which is
veys that have been conducted after the BEDMAP data setonsistent with the maps of Makinson and Nicholls (1999)
had been published, we replace ice and ocean topographiegid Lambrecht et al. (2007) at this location. The ice plain
by newer, regional data sets in several places outlined in théo the west and the ice rumples east of Bungenstaxian
following sections (Tabldl). Again we use spherical trian- (Heidrich et al., 1992; Scambos et al., 2004) are treated as
gulation as a basis for interpolation and tangens hyperbolicugrounded ice.
functions of the ratio between “new” and “background” data Inconsistencies between the two data sets (ice thickness
in a data window of typically 1width for the transition be- and bathymetry) are addressed by applying a minimum wa-
tween data sets. Wherever interpolation artefacts lead to inter column thickness of 10m in the area of floating ice
consistencies between ice shelf draft and ocean bathymetrgnd enforcing zero water column thickness in locations with
(resulting in negative water column thickness), we apply agrounded ice. Given the high accuracy of the ice shelf thick-
minimum water column thickness of 10 m. ness estimates (error quantified to be less than 25m by the
authors), we retain the Lambrecht et al. (2007) draft field
and apply the corrections to the bathymetry; they are typi-
cally between 100 and 200 m and occur localized in a narrow

Upper and lower surface heights for Filchner-Ronne IceP@nd along the grounding line.

Shelf and the position of the ice shelf front are derived from

the ice thickness data sets of Lambrecht et al. (2007) using 5 4 Amundsen Sea ice shelves and Pine Island Glacier
their Eq. (2) with the proposed densities and parameter val-

ues. Given their small-scale and transient nature, the inleté\s can be seen in Fig, ocean bathymetry in most of the
downstream from Hemmen Ice Rise are filled with interpo- Amundsen Sea is derived from ALBMAP, with the transition
lated values. to S-2004 occuring between 2000 and 4000 m water depth.

2.2.3 Filchner-Ronne Ice Shelf
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Table 1. Data sources for individual regions of the Southern Ocean, as merged into RTopo-1. Numbers in the Region column correspond to

the source flag in FigB

Region Data obtained from Original data source(s)
1. World Ocean bathymetry S-2004 bathymetry GEBCO 1-min bathymetry
(Marks and Smith, 2006) Smith and Sandwell (1997)
2. Antarctic ice shegthelf ALBMAP-v1 BEDMAP
upper and lower surface heights (Le Brocq et al., 2010) AGASEA
and bedrock topography Bamber et al. (2009)
3. Filchner-Ronne Ice Shelf
— ice shelf thickness Lambrecht at al. (2007) radar and seismic sounding
— cavity bathymetry Makinson and Nicholls (1999) Vaughan et al. (1995)

Johnson and Smith (1997)
Mayer et al. (1995)

4. Amundsen Sea:

— Pine Island Bay bathymetry Nitsche et al. (2007) AGASEA, ship data
5. Pine Island Glacier
— ice draft and cavity bathymetry  Jenkins et al. (2010) orig. AUTOSUB data
6. Larsen C Ice Shelf
— ice shelf topography Jansen et al. (2010) BEDMARCESat altimetry
— cavity bathymetry estimate using grouding line depth
and bathymetry at ice shelf front
7. former Larsen B Ice Shelf Domack (personal communication) “Nathaniel B. Palmer” multibeam data
cavity bathymetry AWI database “Polarstern” multibeam data
8. Bellingshausen Sea
— bathymetry Deen (2009) BAS archived multibeam data
Rottmann et al. (1996) “Polarstern” multibeam data
— George VI sub-ice bathymetry  Potter and Paren (1985) radar, plumb-line, seismics
— George VI ice shelf thickness Humbert (2007) BEDMARCESat laser altimetry

9. Amery Ice Shelf
—ice draft and cavity bathymetry  Galton-Fenzi et al. (2008) borehole and ship-based measurements,
radar, seismics, tidal modelling

10. Fimbul Ice Shelf
—ice draft and cavity bathymetry  Smedsrud et al. (2006) Ngst et al. (2004)

Open ocean bottom topography in Pine Island Bay, how-AUTOSUB data of Jenkins et al. (2010). While BEDMAP
ever, utilizes the data set from Nitsche et al. (2007), whichand S-2004 do not contain any meaningful information for
is a combination of ship data with the “Airborne Geophys- the sub-PIG cavity, the AUTOSUB survey revealed a trough
ical Survey of the Amundsen Embayment” (AGASEA) and with a depth of more than 1000 m at the ice front and a
BEDMAP data sets. This data set has already been includesdlll of about 300 m height located halfway between glacier
in ALBMAP, but to preserve its fine resolution we use the front and grounding line (see Fi§.below). Water column
original Nitsche et al. (2007) data here. thickness in the cavity thus varies from about 700 m near the

For upper and lower ice surface height and cavity glacier frontto only 275 m at the sill, but then again increases
bathymetry for most ice shelves in the Amundsen Sea weo a maximum of 360 m towards the grounding line.
retain the data from ALBMAP, which in turn uses AGASEA
data (Vaughan et al., 2006; Holt et al., 2006) for Thwaites
Glacier Tongue, and Crosson and Dotson Ice Shelves.

An important exception is Pine Island Glacier (PIG), For Larsen C Ice Shelf topography (surface elevation and
where the geometry of the sub-ice cavern (ice-shelf draftdraft) and grounding line location, we use data from Jansen
and sub-ice bathymetry) is interpolated from the very recentet al. (2010), who combined BEDMAP data with surface

2.2.5 Larsen C Ice Shelf
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Figure 4. Surface elevation (left) and ice shelf draft (right) for the Antarctic Peninsula, including Larsen C ice shelf and the remnants of
Larsen B ice shelf. The ice shelf front is marked with a black line, the grounding line location with a grey line. The |Bj&swark the
(former) Larsen A, B and C Ice Shelves.

heights obtained from ICESat altimetry. The grounding line bathymetry in this area, we combine original data from “Po-
location in this data set has been picked from interferomedarstern” cruise ANT-XXII}8 (Pugacheva and Lott, 2008)

try from the ERS-JERS-2 tandem mission in the north and with digitized maps of along-track multibeam data from the
from MODIS imagery in the south. It is a rather conserva- “Nathaniel B. Palmer” NBP0107 and NBP0603 cruise re-
tive estimate in a sense that for all areas denoted as ice shefrts (E. Domack, personal communication, 2009). Again
we can be sure to find floating ice in reality.flgérences from  spherical triangulation is used to fill the gaps between cruise
BEDMAP draft occur mainly along the ice shelf front, where tracks (Fig5). The coastline of the Larsen B embayment has
the ice is thinner now, and towards the grounding line, wherebeen corrected wherever the existence of ship tracks suggests
the depth of the ice shelf base increases to about 550 m belothe presence of open water instead of ice or continent.

sea level (Fig4).

Bottom topography in the cavity below Larsen C Ice Shelf
is based on ALBMAP, but it has been modified in order to
ensure a minumum water column thickness of 10 m near thd-or the eastern Bellingshausen Sea shelf area (i.e. the area
grounding line and a gradual rise to the bottom depth foundshallower than 1000 m in the sector east of @0and south
near the ice shelf front. Bathymetry now features a depth beef 67° S), bathymetry in our data set is mainly based on
tween 500 and 600 m under most of the ice shelf with deepmultibeam swath data from the BAS bathymetry database
troughs towards the grounding line (F&). The existence of (Deen, 2009). Many of these data go back to “James Clark
such deep troughs in immediate vicinity to the mountains ofRoss” cruises JR104 and JR165 and have already been fea-
the Antarctic Peninsula might seem doubtable at first glancetured in the papers 0 Cofaigh et al. (2005), Holland
multibeam bathymetry surveys in Antarctic Sound and theet al. (2010), and Padman et al. (2010). We add original
former Larsen B Ice Shelf cavity (Gavahan and Domack,data from RV Polarsterncruise ANT-X|3 (Rottmann et al.,
2006), however, show that in fact troughs of very similar 1996) in Ronne Entrance (Fi). Bottom topography un-
depth and horizontal scale have been carved out where icderneath George VI Ice Shelf follows the sections of Potter
streams eroded the ocean bottom. In any case it should band Paren (1985). Bathymetry in the ice shelf cavities on
kept in mind that bathymetry in the Larsen C Ice Shelf cavity the western side of Alexander Island (Bach and Wilkins Ice
in our data set is hardly more than an educated guess. Shelves) is retained from ALBMAP and is used as additional
information for the interpolation. In contrast to the repre-
sentations in BEDMAP, ALBMAP and S-2004 (Fig, top
row), our bathymetry data clearly indicate the existence of a
The disintegration of Larsen A and B Ice Shelves in Jan-700—900 m deep trough that extends all the way from Mar-
uary 1995 and February 2002, respectively, transformedyuerite Bay through George VI Sound (i.e. the cavity under
the former cavities into open water embayments. For theGeorge VI Ice Shelf) to Ronne Entrance. From here, further

2.2.7 Bellingshausen Sea and George VI Ice Shelf

2.2.6 Larsen A and B Ice Shelves
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Figure 5. Different representations of bathymetry (bedrock topography) in the area of the Larsen Ice Shelves. Top row: BEDMAP (left),
S-2004 (middle), and ALBMAP (right). Bottom row: Multibeam track data (left), and the RTopo-1 product (right). Ice shelf front and
coastline are marked with a black line, grounding line location with a grey line. The lettBf€ Anark the (former) Larsen A, B and C Ice

Shelf cavities.

channels provide connections to the continental shelf break2.2.8 Amery Ice Shelf

Note that we had to make assumptions for bathymetry in the ]

data gap in the northern part of George VI Sound, but thes€©f Amery Ice Shelf and the Prydz Bay region, we use

are fully consistent with the Potter and Paren (1985) plumbthe ice draft and ocean bathymetry data of Galton-Fenzi et

line profile along the northern ice shelf front. al. (2008), who combine radar and seismic surveys, ice thick-
Surface elevation and draft of George VI Ice Shelf is de-N€SS estimates from satellite altimetry, borehole and ship-

rived from the Humbert (2007) thickness data set. Given that@sed observations, and insight obtained from tidal mod-

melt ponds occupy large parts of George VI Ice Shelf ang€lling. This data set is substantially improved over BEDMAP

that a distinguished firn layer is virtually absent, we convertnd ALBMAP and features a much deeper ice draft (maxi-

thickness to draft assuming an ice density of 910kgand ~ MUM~ 2500 m) and bathymetry (maximum bottom depth in

do not apply any firn correction. the cavity~3000m). It also introduces five grounded-ice
regions (i.e. rumples and islands), and yields substantial cor-

rections for grounding line and ice front location.

Earth Syst. Sci. Data, 2, 261-273, 2010 www.earth-syst-sci-data.net/2/261/2010/
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Figure 6. Different representations of bathymetry (bedrock topography) in the Bellingshausen Sea. Top row: BEDMAP (left), S-2004
(middle), and ALBMAP (right). Bottom row: Multibeam track data (left), and the RTopo-1 product (right). Note fiieeedices for Pine

Island Glacier (PIG) and George VI sub-ice bathymetries. Black line represents the coastline or ice shelf front, dark grey line the grounding
line.

2.2.9 Fimbul Ice Shelf We have retained the ALBMAP grounding line location

. . here. Ice extent has been carefully reduced to match the more
For Fimbul Ice Shelf draft and sub-ice bathymetry we US€ ocent data y

the topography data set of the regional model of Smedsrud

et al. (2006), who interpolated original seismic data from

Ngst (2004) covering the central and outer parts of the ice, 3 \yater column thickness, masks and coastline

shelf. For the deeper parts of the cavity towards the ground-

ing line where no seismic data are available, ice shelf draftas already mentioned, we provide a global mask that dis-

and bathymetry were interpolated along the flow line of thecriminates between grounded and floating ice, open ocean,

Jutulstraumen ice stream. This interpolation leads to a chanand bare bedrock (Fig). For Antarctica, the mask largely

nel connecting the 1100 m deep Jutul basin with the deepesgbllows ALBMAP. However, coast and grounding line loca-

grounding line at the Fimbul ice shelf at 875 m depth. tions in the Larsen B Ice Shelf area are corrected based on
ship tracks. Modifications based on ice front or grounding

www.earth-syst-sci-data.net/2/261/2010/ Earth Syst. Sci. Data, 2, 261-273, 2010
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Water column thickness

Figure 7. Global surface type mask in RTopo-1. Blgeocean,
white = grounded ice, orange ice shelf, grey= bare land surface.

line locations in the newly integrated local data sets are
applied to Filchner-Ronne Ice Shelf (ice front; grounding
line in the Support Force Glacier region), George VI Ice
Shelf (ice front location in Ronne Entrance), Larsen C ice
shelf (ice front and grounding line), Amery Ice Shelf (ice i
front, grounding line, ice rumples), and Fimbul Ice Shelf ! oo 2000 000 Anao
gf\;ﬁiirﬁ r;tt) .tfi(;er(e:zglsugg;C(()jl‘nt%?t:l(_jl;(l\)/li]; g‘;tt:rgz,f (Ie():(‘iasfr:)ene'sng; 8l Water column thickness in the Southern Ocean sector of
the islands close to the Antarctic Peninsula, but not on the '
mainland of Antarctica) have been removed from the mask

and are now classified as bedrock. Ice surface height in thesge coast or grounding lines and in the transition corridors be-
cases has been adopted as the bedrock surface height. SuReen diferent data sets. Here we give an overview on error

glacial lakes are ignored; bedrock elevation is assumed t0 bgstimates provided by the authors of some of our source data
identical to the ice bottom surface height here. sets.

While lakes and enclosed seas outside Antarctica are still
present in the bathymetry data set (adopted from S—2004)2 41
they are marked as “bare ground” in the mask. Using the to-—" "
pography map(s) together with the mask thus allows for anGriggs and Bamber (2009) used airborne altimeter data from
easy generation of global or regional ocean model grids withfour campaigns in Antarctica covering a wide range of sur-
out the need to manually remove features with a topographyace slopes and ice sheet regions to assess the accuracy of
below mean sea level and no connection to the world oceanthe Bamber et al. (2009) 1-km DEM. They found that root-

Water column thickness (Fi@), which is needed, e.g., for mean-squared fierences varied from about 5m in a region
the generation of ocean model grids with a terrain-following with gentle slopes near Ross Ice Shelf to about 35m at the
vertical coordinate, can be computed as thiedénce be-  Antarctic Peninsula where surface slopes are steep and the
tween ice bottom surface height (which contains the ice draftacross-track spacing of the satellite data is relatively large.
for ice shelves and is zero in the open ocean) and oceaErrors ranged from typically 1 m over the ice shelves to 2—
bedrock topography (bathymetry). Locations of nonzero en-6 m for the majority of the grounded ice sheet. In the steeply
tries in the resulting field are consistent with the area denote@loping margins along the Peninsula and mountain ranges the
as “ocean” in the mask. error was estimated to be several tens of metres. Given that

Last but not least, the data set contains position data fothis data set is one of the backbone data sets in ALBMAP,
coast and grounding lines that are consistent with the maskhese numbers indicate a likely range for surface elevation
and all other (data) fields. These can be used for an easy angtrors in RTopo-1.
overlap-free plotting of maps in any desired projection (and
have been used for all the maps in this paper). 249

Ice surface height

Ice thickness and ice shelf draft

Errors for topography of the lower ice surface mostly arise
from errors in firn correction, ice surface errors, and devia-
For a synthesis of several data sets of veffedént nature, tion from the hydrostatic assumption near the grounding line.
errors are hard to quantify. This is partiularly true where val- For Filchner-Ronne Ice Shelf, Lambrecht et al. (2007) quan-
ues have been inferred from consistency arguments, e.g. neéfied the thickness error to be less than 25m; we expect

2.4 Error estimates
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errors to be slightly larger for less densely surveyed icemaps for bedrock topography and the upper and lower sur-
shelves. Maps of survey tracks have been provided by Lythdace heights of the Antarctic ice shge¢ shelf system, the

et al. (2001) for the BEDMAP data set and by Holt et data set contains consistent masks for open ocean, grounded
al. (2006) and Vaughan et al. (2006) for the AGASEA prod- ice, floating ice, and bare land surface.

uct; they give an indication for the distribution of uncertain-  Future developments may be related to using alterna-

ties in the gridded data. tive interpolation schemes to fill the data gaps in Antarctic
bedrock topography maps, like for example the streamline-
2.4.3 Bathymetry following interpolation scheme presented by Warner and

Roberts (2010). Additional contributions regarding local ice

For their gravity-based topography data set, Smith andshelfcavity geometry are very welcome and will be used to
Sandwell (1997) used a worst case scenario, i.e. a highypdate the data set as soon as possible.

relief area near the Foundation Seamounts (summits less than
1000 m below the surface; ocean floor typically 4000 m deep
with a 6500-m-deep trough) far away from most soundings,* DPata access

to compare their topography estimate to independent ship- h q ) iiable i ; )
based multibeam soundings. They found an rnftedince The RTopo-1 data set is available in NetCDF format in two

between their estimates and the observed values of aboli2vours atdoi:10.1594pangaea.741917

250 m, which can be regarded as the upper limit for possible 1. The complete global 1-min data set has been split into
errors in this product. Coherency between the estimates and

two files:
the observed depths was found to be high at all wavelengths
greater than 25 km, while two narrow objects may blur into — RTopocversion-_data.nc (2.8GB file size) con-
one object if they are much closer than that. tains the digital maps for bedrock topography, ice
For the two sectors with newly gridded bathymetry data bottom topography, and surface elevation.

in the Bellingshausen Sea and the LarsgB fce Shelves
area, the maps of ship tracks we provide in Figand6é may
serve as an indication for actual data coverage. Along the
ship tracks, accuracy is about 2% of water depth, which con-
verts to an error between 10 and 20 m. Between the tracks, , A regional subset that covers all variables for the region
uncertainties are of course much higher. _ south of 50 S is available in RTopaversion-_50S.nc
In contrast to this, sub-ice bathymetry for many of the ice (780 MB file size).
shelves is mainly inferred from soundings near the ice front
and ice thicknegdraft at the grounding line; it is thus not Data sets for the location of grounding line
very well constrained. This is particularly true for the Larsen (RTopo<version-_gl.asc, 1.7MB) and coast line
C Ice Shelf cavity, but also for the smaller ice shelves in the(RTopo<version-_coast.asc, 17.5MB) are prepared in
Amundsen Sea (PIG being a prominent exception), whereASCII format and simply contain two columns for longitude
bathymetry under the ice is largely unknown. The PIG cav-and latitude, separated by blanks.
ity instead has been surveyed by an autonomous underwater To enable communication in case of errors or updates, we
vehicle, so that cavity geometry is accurately known alongwould appreciate a notification from users of our data set.
the survey tracks. Even for this small and relatively well-
surveyed ice shelf, however, the map of AUTOSUB tracks inAcknowledgements.  We would like to thank Povl Abrahamsen,
Jenkins et al. (2010) reveals that substantial unsampled ared4ke Dinniman, Dorothea Giffe, Hannes Grobe, Klaus Gros-
still remain. feld, Verena Haid, Claus-Dieter Hillenbrand, Stanley S. Ja-
cobs, Laura Jensen, Robert D. Larter, Uta Menzel, Eric Rig-
not, James Smith, and David Vaughan for their rapid-response
3 Summary and outlook help and support. Galton-Fenzi (2008) topography data were pro-
vided by the Antarctic Climate and Ecosystems CRC. Lambrecht
We have presented a global 1-min data set for Worldet a1, (2007) thickness data and ALBMAP-v1 were obtained from
Ocean bathymetry and Antarctic ice shigkelf topography  the PANGAEA data supplementioi:10.1594PANGAEA.615277
that compiles high-resolution data for the Amery, Fimbul, anddoi:10.1594PANGAEA.734145 respectively. All other digi-
Filchner-Ronne, Larsen C and George VI Ice Shelves, andal data were received directly from the authors. Helpful comments

for Pine Island Glacier into a synthesis of the S-2004 globalfrom two anonymous reviewers are gratefully acknowledged.
1-min bathymetry with a BEDMAP-derived panantarctic to- This work was supported by funding to the ice2sea programme
pography data set. Wherever maps were derived from origifrom the European Union 7th Framework Programme, grant
nal bathymetry surveys (namely in the LarsetBAce Shelf ~ number 226375. Ice2sea contribution number 13.

area and the southeastern Bellingshausen Sea), we have pre-

sented data coverage and the resulting gridded fields. Next tBdited by: F. Schmitt

— RTopocversion-_aux.nc (700 MB file size) con-
tains the auxiliary maps for data sources and the
surface type mask.
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