@

A Bath,
A2 %ﬁ

G

o2 Ge,,

(F’
“of the ©

The GIS-based Bathymetric Data Compilation for the
International Bathymetric Chart of the Southern Ocean (IBCSO):
More than a Technical Report

Norbert Ott* & Hans Werner Schenke!
on behalf of the IBCSO Editorial Board

! Alfred Wegener Institute for Polar and Marine Research
Bremerhaven, Germany

2010



IBCSO Report 2010



Contents

Contents
(00 01 1=] 0 PSPPSR 3
S o) T U =TSSR 5
LISE OF TADIES. ... ettt bbbt 5
N o111 = Tod USRS PR 7
T T [N o4 AT ] o S USTSST 9
WHY IBCSO? ...ttt stttk b bbbt bbb bbbt bbb bbbt bbb e bt n s 10
L=l T o] g T= LI =0 = Lo F SO RPSUSSP 11
IBCSO BOAIT ...ttt bbbt b bbb bbbt bbbt bbbt b ettt b e et 11
BatNYMETITC DAA......coueiieieieieie ettt e e b e be e e sre e nte e nnes 12
Specifications fOr the IBCSO GFid ........coeiiiiiiiiiiiiieinice et 12
Limitations of the IBCSO GFid ........cooiiieieiie ettt see e 13
Data Originator aNd PrOVIGET .........cccviiiieieesiese e ste et sttt n e e e sne e stesnesreeneeseeseeneenns 13
SINGIE-DEAM DALA.......cciiie et ae e reanrenraenre e 14
SWALN DALA .....vevvcieireeciecr bRt 15
Regional BathyMetriC GriUS........cuciiiiiiiiecie st sre et e st teete e sne e nteenneeneenes 17
(€ [0] T LI o] oTo T | = o] 0|20 S SR 28
DALA PrOCESSING ...ttt b e s e e e bbb e ek bt e s e be e st et e st et e st e s bt abeaneen e neeneeneas 29
SOTIWATE ...ttt bt e R AR bR E R SRR R s 29
Projections and DAtUMS ........cciiiieiee e sre e st e e tesan e e ae e s saesbe e teeseesreesneesreesteeneeenes 30
GENETAtING te GIIU .....oiviiiiiieiece bbbttt bbb n et 31
QUATTEY ASSESSIMEIN.......etteeteetet ettt bttt bbbtk nb et b ek bbbttt b e bbbt b et 33
TIN @Nd CONTOUNTNG PFOCESS ...ttt ekttt bbbttt sb ettt b 34
o (0T L1 T £ OSPR 35
(Do 1= = U (o o[ =10 |7 OSSP 35
L] oY =T o] o1 o PSSR 36
GEOSCIENTITIC DALA ... oo ceieiiiitee ettt e et te e et a e b e et esreesteeseesneesbeeneesreenteeneesreenseans 37
SOGIS CONCEPL ...ttt b bttt b e et bt e e r bt e bt e e s e bbb e b e b e e e nenenne s 37
10 €] IS D - RSSO 38
Bathymetry and TOPOGIAPNY ........couiiiiiiiiteet ettt bbbt bbbt nbe s 38
T ] | T Cc I - U S 39
(1T o] )T [or= LI T | - U ST OPOSSPS 40
SUIMMIAIY ittt ettt ettt s ittt e e ettt e et e e st e e st e e ekt e e e abe e e e sttt e e nb e e as b e e e anb e e e anb e e e en b e e e bt e e e sneeeensneeanseeennes 41
OULIOOK ...ttt b ettt sttt b e te e st e st et e sbeebenbe st e e b e e reeneenens 41
ACKNOWIBAGEIMENTS ...ttt bbbttt 43
L E =T =] 0T OSSR 44
AANINEXES ...ttt ettt ekttt o et b e R e e e R b et e AR et ekt e e R bt e e R b e e e bb e e e bn e e e nr e e nnee e 47
Annex A: List of ship cruises with multibeam data ..o 47
Y 0 T (=T 4 oSSR 47
RVIB NB Palmer and 0ther US SNIPS .......cooiiiiiiiiiiieeese e 48
Proprietary Data RVIB NB PAIMET .......ccooiiiiiiiiii e 49
S T L o LSS 50
Annex B: List of cruises used in compiled grids ... 51
Amundsen Sea (NitSChe et al., 2008) .......coeiiiiiieie bbbt e bbb 51
Heard 1S1and (SEXON, 2005)........c.o ittt e bbbttt e et e besbesbesbe bt e s e et e eesaenbesbeebeene e 51
Kerguelen Plateau (LE0N, 2008).........ccuuiiaiiieie ettt eieee ettt besbe e e e e e e besbesbesbe bt eseeneebesbesbesbesbeanens 52
Macquarie Island (Sexton & TUllY, 2004).........c.coiiiiiiiee e et s be e b 53
Marguerite Bay (BOIMer et al., 2004) .......cooiiieieie e ettt r bbb 54
Ross Sea (Davey, 2004; Stagpoole et al., 2004).........ccooiiiiiniieesee e 56
Central Scotia Sea (Schenke et al., 2005) ......ccccoiiiiieiiiieieese e see s 58
South Georgia Island (Fretwell et al., 2008) .......ccccoiiiiiiiii e 58

Weddell Sea (Schenke et al., 2001)......c.coiiiiriiiiireie bbb 59



IBCSO Report 2010



List of Figures

List of Figures

Figure 1: Sketch of Antarctica and the Southern Ocean (Graffe, AWI; 2006). ...........cccveveneee. 9
Figure 2: GEBCO ocean plotting sheets in Antarctic waters (Graffe, AWI; 2009)................. 10
Figure 3: Track plot of single-beam data from the IHO DCDB at NGDC ...........cc.ceovviennee. 14
Figure 4: Track plot with multibeam data from Polarstern (1983-2007) .......cccccvevvveevvenenne. 15
Figure 5: Track plot with multibeam data from NB Palmer and other US ships (1994-2007) 16
Figure 6: Track plot with multibeam data from JC R0sS (2001-2007) ......cocvevevveevreieerieenenne 16
Figure 7: Track plot for the Amundsen Sea grid compilation (Nitsche et al., 2007)................ 18
Figure 8: Regional grid sections of the GEBCO (10C, IHO and BODC, 2003) ...........cccvu... 19

Figure 9: Track plot of non-AAD data for the Heard Island grid compilation (Sexton, 2005) 20
Figure 10: GA ship tracks for the grid compilation of the Kerguelen Plateau (Leon, 2008)...21
Figure 11: MARDAT data for the Macquarie Island grid (Sexton & Tully, 2004)................. 22
Figure 12: Bathymetric data for the Marguerite Bay grid compilation (Bolmer et al., 2004) . 23
Figure 13: Ship tracks for the bathymetric map of the Ross Sea Dependency (Davey, 2004;

Stagpoole et al., 2004) .......cviiieieee e e et neanes 24
Figure 14: Polarstern track plot in the Central Scotia Sea (Schenke et al., 2006) ................... 25
Figure 15: Ship tracks and data sources for the South Georgia Island grid compilation

(Fretwell et al., 2008) .......cooiiiiiieiiieee st r e 26
Figure 16: Track plot for the generation of the BCWS (Schenke et al., 2001)..........c.cceeueee. 27
Figure 17: Global elevation grid from satellite altimetry and ship depth soundings (Smith &

SANAWEIL, 2008) ...t ettt e et e e enreeneenes 28
Figure 18: Multibeam data cleaning applied in the Swath Editor (Graffe, AWI; 2009).......... 29
Figure 19: GIS server configuration at AWI Bremerhaven as of 2009 ..........c.cccccccevveevvenenne. 30
Figure 20: M, sea surface height amplitude from CATS2008a (Padman et al., 2008)............ 31
Figure 21: The concept of pyramid layers for raster storage in ArcSDE (ESRI, 2009) .......... 32
Figure 22: Delaunay triangulation (black lines) with circumcircle centers (red dots) and

correspondent VVoronoi diagram (red lines) on point data (black dots).............cccceueeneen. 34
Figure 23: Crust (yellow lines) and skeleton point (red dots) construction. ............cccceevevenne. 34
Figure 24: ENC scheme for medium scales in Antarctica (image source: IHO, 2008). .......... 42

List of Tables
Table 1: Specifications for the IBCSO grid generation .............cccovveveeieiieieese s 12
Table 2: Single-beam data used for the IBCSO ..., 14
Table 3: Multibeam data used for the IBCSO .........ccceviiiiiiiiiceseee e 15
Table 4: Bathymetric grid compilation used for the IBCSO.........ccccoovveiviiniieiececeee e 17

Table 5: Geoscientific data displaying elevation, depth, surface, and subsurface structures... 40


file:///D:/nott/data/bathymetry/IBCSO_Report_2009.docx%23_Toc231969448
file:///D:/nott/data/bathymetry/IBCSO_Report_2009.docx%23_Toc231969448

N 1BCSO Report 2010



Abstract

Abstract

The objective of the regional ocean mapping program and Geosciences Expert Group on the
International Bathymetric Chart of the Southern Ocean (IBCSO) is to gain better knowledge
of the sea floor topography in the Southern Ocean by compiling available bathymetric data
acquired during the past 40 years. Initiated by an ad-hoc working group in 2003 the IBCSO
Group started in late 2006.

For the generation of the first International Bathymetric Chart of the Southern Ocean the
IBCSO data manager collects and compiles bathymetric data, grids, and maps provided by
hydrographic offices, scientific institutions and data centers. The IBCSO database comprises
more than 1200 cruises with single-beam data (including 300 from fisheries without tracks),
about 140 cruises with multibeam data, and 10 regional bathymetric grid compilations with an
overall number of 2 billion data points over a distance of 2.2 million nautical miles. The area
covered is the Southern Ocean south of 50°S latitude. In contrast to other proposed northern
extends of the IBCSO, e.g. south of 60°S or the Antarctic Convergence, the IBCSO study area
south of 50°S includes regions such as the Drake Passage, the Tasman Gateway, and the Ker-
guelen Plateau as important key regions for paleobathymetric modeling and oceanographic
studies.

The workflow starts with the conceptual design and implementation of the IBCSO database
entitled Southern Ocean Geographic Information System (SOGIS), followed by assembling of
bathymetric, topographic, and related geoscientific data, and preprocessing with quality con-
trol. Finally, data merge and data modeling for optimized gridding and contouring lead to
IBCSO products including GIS databases, ship track inventories, grids, and maps. The ba-
thymetric data compilation consists of 36,000 files in 740 folders with an overall file size of
220 GB.

The IBCSO technical report lists contributions to the bathymetric and geoscientific database.
Track plots and inventories show spatial distribution and variation of data points that went
into the grid. The report does not reveal the data heterogeneity in terms of data type, data for-
mat, projection, datum, sensor, source, age, description. It describes the processing taken to
assemble and implement the database and briefly explains steps taken in the grid optimization
and contouring process such as deterministic and geostatistical interpolation methods, TIN
construction, Voronoi diagrams and skeletonization. The complex data cleaning in CARIS
HIPS and ArcGIS is crucial for a consistent bathymetric database. Tight time schedules asso-
ciated with limited work force are major deficits in the current data homogenization process.

The IBCSO Version 1-2010 is a first and somehow preliminary result. The Expert Group
needs combined efforts for a sustained data transfer and data cleaning process. Additionally
advanced gridding and contouring techniques are tested for upcoming IBCSO data products
that may have effect on other ocean mapping programs.



