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44%

of U.S. Coastal, Ocean, and
Great Lakes Waters are Unmapped

(January 2026 analysis)

US Batymetry Gap Analysis
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GEBCO 2026: 28.7% world ocean mapped




How will we map the gaps?

* Collaboration/Coordination

 Knowledge sharing

e Data sharing
 Global movement

* Technical Innovation

* Acquisition
* Data Processing &
Integration

* Transit Mapping

IMMURING
Conducting
activithes
without
input from
or exchange
with other
institutions

\ -

NETWORKING

Iinformation for
mutual benefit

o

COORDINATING
In addition,
altering activities
to achieve

a Common
purpasa
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COLLABORATION CONTINUUM'

|
In addition,
sharing
FESOUFCES
(e.q,, staff,

finances, space,
instrumentation)

FEM
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ME

o

COLLABORATING
In additicn,
learning from
each other to
enhance each
other's capacity

INTEGRATING

Completaly
merging
operations,
administrative
structures, and
budgets. The
canstituent
parts are

no longer
discernable

1The original Collaboration Continuum, which included Networking, Coordinating, Cooperating, and Collaborating, comes from Arthur T.
Himmelman, Collaboration for a Change: Definitions, Decision-making Models, Roles, and Collaboration Process Guide. January 2002,

Himmelman Consulting, Minneapolis, MN.



Barrie

o [

Technical

]

Resource

'.‘

Cultural

LAMONT-DOHERTY EARTH OBSERVATORY

&2 COLUMBIA CLIMATE SCHOOL

0°E 45°E 90°E 135°E 180°E 135°W 90°W

Fig. 3. An example of multibeam data coverage acquired during transit legs
of research vessels 1in the US Academic Research Fleet (ARF). In addition

* Inertia

to this coverage, the ARF routinely acquires data during transits to research
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webinar series, ing sessions,
complementary themes ox‘ lhe balhymcny dara life cytle (I)
daa stewardship, (2) data discovery and identifying data gaps,
(3) data access and community needs. and (4) data processing,
transformation and integration. Each session was led by a
community member experienced with aspects of the session
topic and included 4 - 5 guest panelists who provided
perspectives on current bamriers. opportunitics. and future
vision.

These conversations highlighted both existing and emerging
efforts to improve accessibility of bathymetric data and yielded
commentary and suggestions from the global community. The
outcomes of the llstcmng sessions were used to develop a
fnmcwork for an mpcrson working meeting that sought

ities for ing current and

future mcds with respccl to data discovery, access, and re-use,

Participants in the webinars and working mecting included

from acad and industry, and

individuals with perspectives as smvey planners, data managers,

applications developers, geospatial data experts, managers,
sonar manufacturers, data processors. and data consumers.

The community engagement series was co-designed and
hosted by the General Bathymetric Chart of the Ocean
(GEBCO) Technical Sub-C: i for Ocean Mapp
(TSCOM). the I Hydrographic Organization's Data
Center for Digital Bathymetry (IHO DCDB), and the Regional
Center for the Atlantic and Indian Oceans of the Nippon
Foundation - GEBCO Seabed 2030 Project. TSCOM provides
technical advice towards the maintenance and improvements of
GEBCO products and supporting data. The DCDB, hosted by

DOI: 10.23919/0CEANS52994.2023.10337031
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Multibeam Data in the US Academic Research Fleet

Complementary data stewardship projects that address technical, resource and

Promote routine acquisition and preservation of high-quality bathymetry data
Deliver openly available tools, data and best practices

Multibeam Sonar Systems

3 < [} »
- xut
- Wi

Multibeam Advisory Committee

Increases return on investment in MBES capabilities

Providing access to and ensuring
the preservation of national

oceanographic research dara

> Acquisition > Preservation

%4 GMRT DM

Global Multi-Resolution Topography Data Synthesis

—ra e a2 e

- ————— -

Preservation, Provenance
& Access
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Growth of raw MB source data in NOAA Archive

noAR National Centers for . .
Environmental Information Bathymetrlc Data Viewer

https://www.ncei.noaa.gov/maps/bathymetry/
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GMRT: Global Multi-Resolution Topography

Provide users with access to seamlessly integrated
bathymetry and land elevation data at the best
resolution available for a particular area of interest

Support broad accessibility by specialists and non-
specialists alike through multiple user interfaces,
services, and output formats

* Web services, web app, desktop app

Continuously expand bathymetry coverage by
integrating new data and highlighting data gaps

Strive for scalability and efficiency in all aspects of
data stewardship continuum

% GMRT

# About Data Sources Tools Contribute

Global Multi-Resolution Topography Data Synthesis

Create Custom Maps and Grids with GMRT MapTool
Now available in South Polar and North Polar Projections!

The Global Multi-Resolution Topography (GMRT) synthesis is a muiti-resolutional compilation of edited multibeam sonar data collected by scientists and
institutions ide, that is revi p and gridded by the GMRT Team and merged into a single conti ly ilation of global
elevation data. The synthesis began in 1992 as the Ridge Multibeam Synthesis (RMBS), was expanded to include multibeam bathymetry data from the

Southern Ocean, and now includes bathymetry from throughout the global and coastal oceans. GMRT is included in the ocean basemap in Google Earth
(since June 2011) and the GEBCO compilation since 2014, Learn more >

GMRT v4.1.1 was released in March 2023 and includes 38,992,688 square kilometers of curated multibeam data from 1,426 cruises.

P
SV th‘mmt}umlow 500 kM by | Terms

Hosted at Lamont-Doherty Earth Observatory of Columbia University. ; X F d b US National S
: = = Z 7 { Funded by the ational Sclence

g tion 4 ernational ~
Site licensed under Creative Commans Aftribution 4.0 International Foundation (NSF)

Acknowledgments | Contact | Privacy | Terms of Use
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GMRT MBS Data Curation

/" GMRT

QA/QC + tiling

NCEI -

Archived as received
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« Create tiled rasters from swath files
- Review rasters & compare with underlying GMRT data

- Ildentify and address data quality issues
- Ping edits, SSP issues
« Ensure that processed data are fit-for-purpose and can

be seamlessly integrated with other data
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GMRT MBS Data Stewardship S COUNIA LT 00!

. Processed data accessible through integrated synthesis
grids + images)

. Processed swath files preserved, available & citable with
full attribution to data collectors and data processors

# GMRT

GMRT Multibeam Data Report

2AMGDS

<< fac) 333" MARINE GEOSCIENCE DATA SYSTEM
MGL1002 Transit (2010)
RNV Marcus G. Langseth W
Kongsberg EM122
Chiiet Scientist: Dr. John Diebold

1010290 T

MGL1002 Backscatter:Acoustic, Bathymetry:Swath, Sidescan

Data Summary
515 Data Fles Processed
Data Processed By: the GMRT Team
Tota! Ship-Track Coverage: 4730 km

Totsl Area Mapped: 72861 km?

Processed ship-based Multibeam Sonar Data (version 2) acquired in the eastern Pacific Ocean during the Marcus G.
Langseth expedition MGL1002 (2010)

This Gt 86t was acquired with a ship-based Kongsberg EM122 Multibeam Sonar system during Marcus G. Langseth axpediton MGL 1002 conducted in
2010 (Chief Sciendst: Dr, John Disboks). These data fles are of MBSystem farmat and inchude Swath Bathymetry, Sdescan, and Acoustc Backscal NOAA Hydrographic Surveys: (1)
data and were procossed by the GMAT Toam using the open sowce MB-System multibeam sonar processing software as part of tha GMRT Syrehasis &) Al Surveys with Dighs! Dats
offort. These data are includod in the GMAT Synthesis, varsion 2.0. Data wor

)

My

Sonar Extinction Plots (swath width vs depth): qured whie the Marcus G. Langseth was in transit Surveys with BAGs o
Extinction piots show the swath width of the MB echosoundar as a function of depth.
This information can be important for planning survey line spacing and can be & GMRT, Device Info SonarMutiveam Quality 2 BAG Shaded Relel Imagery (¥ 3
diagnostic tool when reviewing sonar systern health, e Korgabeng EM12 ! ave t 2
S Platform Marcus G. Langseth £ Search NCEVDCDB Surveys 3 Reset () 2
e y 3. final processed Current fitter:
Data DOI 10.2 EDAB16812 data, ph ) Survey ID: MGL1002

Crowdsourced Bathymetry Files
£ Searcn CSB Files I Reset (1)

[ T T T T ———

A Download Selected Fise(s)

515 Total Fles S C Seciad v U.S. Bathymetry Coverage and Gap Analysis (f)
Data Files - e e
- Data Files » EMODoat
Documents -/ 0004 ZDIC(bOB _014957_Langseth.alip. mort Size 17.8M8 » Australia
S\op 124,6302° W 45. aow N Format MESystom » Canada
Marine Geoscience Data System (MGDS) Data Citation 2 AT MB Format: 71 ST
Information Locale PacticOcoan » Germany
" » Japan
» Mo
€ Multibeam Advisory Committee (MAC) 1SO/XML Metadata S » Netherands
0005_20100508_021957_Langseth.allp.mb71 Size 12388 » New Zeatsnd
The My Commitiee (MAC) works with vessel operators 1o promote consistent operation and calibration of multibeam sonars across Start 124 6303° W 45.9061* N Stop 124.7285" W 45848°N Format MBSystem » Norway
the US Academic Fleet. In acdition 1o ship visits, the MAC oevv.-lovsbeswioe gucatms software 1oois, and cookbooks 10 assist vessel operators sk "l Arpe' gt M8 Format: 7 =
and sciantsts with mulibeam sonar operations, Related Information for Marcus G_Langseth "F“:"‘ICQ:“" 5
ﬂ Rolling Deck to Repository (R2R) » More | More Information
The R2R Program performs quality (QA) o0 data in order 1o sesk signais that may indicate problems that | 000& 2010NSNR (24057 | annsath alin mh71 P Lhee

may affect data quaity. The results of those tests can be accessed through the RZR QA (XML) %, R2R aiso ensures underway data from
the US Academic Fleet are delivered 1o the NOAA Nasonal Centers for Environmental Information (NCET), which in turn makes mulibeam data
ath Fiias &
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GMRT: MBES Data Sources

. Data Processing Priority: US Academic Research Fleet

- Data acqwred durlg surveys and tran5|ts o

Expeditions 1,621*
Multibeam Devices 24

Ships 54

Ship Operators 40

Chief Scientists 636

Total Swath Files 311,244
Total Area Mapped (km?) 44,116,654
Total Area Mapped (%) 12.19%
“Transit” Cruises (%) 13%

. : R *70% USARF expeditions,
https://www.gmrt.org/ https://www.geomapapp.org/ 75% processed from raw by GMRT Team




Enhanced GMRT-MBS Data Flow (e —
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Ops Teams

Raw MB to NCEI > || u

Archived as received

Scientists

proc swath

proc swzﬂ{> @ -

2 [ GMRT-t ‘
g cam GMRT 100-m

GMRT.org

&

Tiles and metadata amazon

| .
\ compilation /

Broaden and accelerate QA/QC:
GMRT team + ops groups +

scientists + students + other partners

e R webservices
e i

E MIPPON FOUNDATION-GEBCO

s~ SEABED
SB2030 =2030 ‘

* Accelerate processing and increase efficiency
e Common lens to ensure fit-for-purpose standard
* Optimize data quality in processed data archives
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GMRT: Distributable Data Processing and Curation

gmrt/gmrt-tiling
By gmrt -+ Updated about 3 hours ago
GMRT Tiling command line tools packaged with MB System in Fedora 43 .
* Goals 4,
0 426
e Establish common fit-for-integr: )
* Improve quality of publicly avail ... ..
swath files
* Minimize need reprocessing GMRT Tiling Docker Image Tag summary
* Accelerate the pace of data inte  vocterimage conainng
latest ~
. . + MB-System (compiled from source)
® SucceSSfuny deplcyed In mu |t| = GDAL / PROJ / NetCDF / HDF5 stack Content type
. . . « GMRT tiling utilities Image
* P hys I Ca I a n d VI rtu a I m ac hl n eS (C + Supporting tools (ffmpeg, gnuplot, GraphicsMagick, Java, etc.) Digest
* Personal computers e o et o e
* At-sea sz |
Contents 1.7 GB l
* Code and instructions availabli ... ostupdated |
B
« Validation Requires Docker Desktop 4.37.1 or later.
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ldentifying Data Gaps with GMRT

e GMRT Mask
* GEBCO Type Identifier
 NCElI MB Data Holdings
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ldentifying Data Gaps with GMRT & GeoMapApp

|= | GeoMapApp 3.7.1 — ] X
File DatalLayers Portals FocusSites Overlays Education Bookmarks Window Projection Help
‘.L@‘LH‘I‘\?&‘L\:}%LQL: ; LXYZ|L‘ ‘l& Llc-jfr‘l@‘tg COHI;:t:““-‘-
Y - T T : ' ‘ .' - i; Waypoints and Survey Planner =
A 2505 : Close
Detach Profile/Table
: Help -
TEE ) Generate waypoints
) Import waypoints —
1 i) Generate survey lines

27°3
THER
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) Import survey lines

Start digitizing

Delete segment|s)

Append to segment

:| ® GreatCircle 0 Straight Line

57°E 56°E 59°E BO°E B1°E B2"E B3°E B4°E B5"E BE°E B7°E BA"E :|Ship speed “‘“O‘SJ{U-U |
1 | ||”| g Catrart alasatinn >
e Cvtractalauatian

Longitude Latitude Elevation (m) Cumulative distance (km) |Distance between points (. Dwuration (hrs) @ Digitized Points

55.024 24771 - 0 0.0 0.0
55.008 26,976 - 2452 2452 0.0 ) Interpolated Points
55 266 28 701 - 4387 1935 0.0
50443 28 531 - 555 1 116.4 0.0 ) Draw Profile
59378 26,241 - 809.9 254 8 0.0
59233 24917 - 9577 147 9 0.0 S
60.007 24 398 - 1,039.6 818 0.0 Autoscale
52.023 26,241 - 1,304.9 265.3 0.0 Delete points)
§3.119 27 306 - 1,465.7 160.9 0.0 S '
53.022 28 545 - 1,603.9 1381 0.0

Elevation Data Sources ﬂ E
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GMRT in Third-Party Tools
.. @ERR

ROLLING DECK TO REPOSITORY SEARCH BROWSE VESS
D I d . .
Area of Interest | Search cruise... @ Atlantls

[search device.. |(Q] Visit the OOl Data Portal

WOODS HOLE OCRANOS National Centers for
NOARR
Search keyword... @ v Environmental Information Bathymetric Data Viewer

AND ATMOSPHERIC ADMINISTRATION

OCEAN
OBSERVATORIES
INITIATIVE

The Observatory  Science Participate in OOI Community Engagement OOl Data Resources

QA Dashboard Hf e . NEE / o /7 SR
Operator Dashboard T . . 4 ) ; T s o ) A, 8 YL [Reuagl AT A U g
. B FA FH_HH‘ y ' 4 g 0 j g e a4 R Identify L; v | Basemap ~ | Options ~
Grid Parameters " + Bathymetric Surveys and Products {2 p % : : e Kleh S A : o 0 e N \ ) .
Publications 3 : : :

Multibeam Dataset Tracklines (2)
(&) All Multibeam Datasets

{

Recommended Practices

ion Submission Guide Multibeam Raw
Cell Resolution Vehicle All Multibeam Processed
Current NDSF Vehicle [ Multibeam Products
- Has Data at MGDS 0 [ Multibeam Survey Footprints (2)
Split Grid In’ || Multibeam Bathymetry Mosaic (2)

Has Framegrab Link [

Mot Fravi Cruise ID All ~ NOAA NOS Hydrographic Data and Products

lap Preview
Feature (search string) |Biotransect || Hydrographic Survey Outlines: (2)
() All Surveys with Digital Data
Refresh Scientist - ¥ ge.oae, g
Surveys with Bathymetric Attributed Grids (BAGs)
Pilot Surveys without Digital Data
Map: Loaded o
West BAG Color Shaded Relief (2)
East | ] U.S. Bathymetry Coverage and Gap Analysis @
South ] BlusTopo @) « / 4 A ; RS
lue fopo (2 B> J Be M Wenezuela

North { ; Y *

Activity Log A - 1 > A illombig
Start Date 1980-01-01 1] || Single-Beam Surveys (3) y - ‘ ; *‘

YUY TTCTCT I PIATT f
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[15:29:19] Auto-calculated overlap: 0.016000 deg :
800m resolution) I Download Results l as:[C8V [ ] Crowdsourced Bathymetry Files (2)

[15:29:19] Generated 35 tiles ) Resal
[15:29:26] Directory selection cancelled M K Reset @

O Search Bathymetric Surveys = 3§ Reset (2)

Brazil o’

M\

Grid Extract o
Clear Log More Information Position: -
* Elevation: -3440 meters
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ARF MB Coverage Dashboard (Under Development)

Elil ARF-MBCoverage Dashboard
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Main Take-Aways

* USARF delivers significant amounts of data to national and global
mapping efforts through surveys & transit mapping

* Multiple tools to identify data gaps (GMRT, GeoMapApp + more)
« Community of experts ready to process data (GMRT + Seabed 2030)

* Distributable tools available to help ensure data are fit for integration
(GMRT)

* New tools on the horizon to enhance opportunistic and continuous
data acquisition (MAC + GMRT)

e Dashboard highlighting ARF impact under development
e Contact us — we’re here to help!
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