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1 Context

The Marine Geospatial Ecology Lab at Dukeesitywas contracted tgrovide datadiscovery

and mapping support faxperts atendingii K ®/orkshop on the Regional Environmental
Management Plan for the Area of the Northwest PaGifiean with a focus on management
assessmeist Busan, Republic of Kordeom 18 - 21 May 2026. This workshop isonvened by

the International Seabed Authority Secretanmatollaboration wittthe Ministry of Oceans and
Fisheries of the Republic of Korea and the Korea Institute of Ocean Science and Tedln®logy
preparation of this report was financially supportetbughthe commissioning of a consultancy
by the ISA secretariafhis data reporprovides minoupdatesto the version that was produced
for aworkshop inFebruary of 2024 in Tokyo, Japtm,the same area of interesthese updates
focus on ensuring the most recent versions of management areas are being reflected in
mapping, including Exclusive Economic Zones, Extended Continental Shelf Submissions, and ISA
contract areas.

As part of this supporg large number of datasets and analyses pertainitigetoegion oflSA
interestthe Area of the Northwest Pacifiave been collected and mappétese datasets and
supporting references have been compiled iftis tlatareport, an annotated catalog of
available spatial data arsglectedpublications tdorief workshop participants aradd with data
discovey.

The datasetslescribed herm will be availableluring theworkshopsupported bylive GIS and
mapping capabilitiedVorkshop participants will be able tequestsimple map overlays and
analyses be performedlringthe workshop that will aid in their discussions. The results of the
mapping work performed at the workshop will be included in the subsequent ISA Workshop
Report.



1.1 Geographical area to be addressed in this report

For the purposes of thatareport on theArea of the Northwest Pacifidata were collected or
generated for areas betweet0°N and1°N and 12°E to1l79E The area to be included in the
draft REMP will be discussed in thews#kshopand will not necessarily coincide with the area
covered by this data repofThis map is illustrative only and does not deliega¢ boundaries of
the REMP or of any management measures established by the ISA.

EEDataSource VLIZ v2, http://www.marineregions.org/eez.php
EC®ata Source VLIZ v2https://doi.org/10.14284/697

500 km

~—— 200 NM boundary

Marine Geospatial Ecology Lab, Duke University (2026)

Figurel.1-1 Data collection scopgndboundarycontext



http://www.marineregions.org/eez.php
https://doi.org/10.14284/697

2 Environmental Data

2.1 GEBC®athymetry

D9./hQa 3INARRRSR o0 (Ke YBjriNJs@ glédbal tefrainénSdélfor G KS D9 .
ocean and land at 15 asecond intervals. The GEBCQ32Brid is the latest global

bathymetric product released by the General Bathymetric Chart of the Oceans (GEBCO) and has
been developed through the Nippon Foundat®BBCO Seabed 2030 Project.

The complete GEBCO_2023 data set provides global coverage, spanning 89° 59' 52.5"N, 179° 59'
52.5"W to 89° 59' 52.5"S, 179° 59' 5E5n a 15 arsecond geographic latitude and longitude

grid. It consists of 43200 rows x 86400 columns, giving 3,732,480,000 data points. The data
values are pixadentre registered i.e. they refer to elevations, in meters, at the centre of grid

cells.

Source:
https://lwww.gebco.net/data and products/gridded bathymetry data/gebco 2023/
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Figure2.1-1 GEBC®athymetry

Marine Geospatial Ecology Lab, Duke University (2024)
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2.2 Benthic Terrain Model

During theprevious northwest Pacific REMBrkshop, a benthic terrain characterization was
performed to help workshop attendees assess the coverage of large benthic featwreas
seamounts and guyots, within exploration areas, workshop described areas, and the broader
workshop region. This analysis was performed using the ESRI Benthic Terrain Modeler (BTM,
Walbridge et al. 2018). The terrain forms from the BTM analgsesaggregated at two levels

for workshop attendees to review. A broad aggregation included the crest-sippet mid

slope and loweslope terrain forms. A narrow aggregation included the crest and sy

terrain forms. Attendees reviewed bdtie broad aggregation and the narrow aggregation
during the description of areas. The statistics below represent area and coverage calculations
for the narrow aggregation of benthic terrain forms. These results from the BTM tool were
filtered to focus orarge features with areas greater than 50km”2.

Subsequent GIS geoprocessing was used to summarize the identified features within several
zones of interest. Three levels of spatial overlap were mapped and summarized:

1. Large benthic features within workshop described areas
2. Large benthic features within CFC lease and exploration areas
3. Large benthic features that did not overlap with CFC areas or workshop described areas

An additional summary of depth zone representation within exploration areas, workshop
described areas, and the broader workshop region was also performed. Depth was calculated
using the GEBCO 2019 bathymetry dataset (GEBCO Compilation Group 201%) arfaly $is,

area calculations were performed using the Mollweide projection, with the central meridian set
to 155 E longitude. Area calculations were made using 2D GIS features.

Walbridge, S.; Slocum, N.; Pobuda, M.; Wright, D.J. (2018) Unified Geomorphological Analysis
Workflows with Benthic Terrain Modeler. Geosciences 8, 94. doi:10.3390/geosciences8030094

GEBCO Compilation Group (2019) GEBCO 2019 Grid (doi:10.5285/838fiH6adce053
6c86abc0788e)

For more information on how this dataset was developed and applied during the 2020 REMP
workshop, see Annex V of the Northwest Pacific REMP Refast//www.isa.org.jm/wp
content/uploads/2022/10/NWP_REMP_workshop_report.pdf
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+
Il BTM Features

500 km

Marine Geospatial Ecology Lab, Duke University (2024)

Figure2.2-1 Features identified usingehthic terrain modéing duringthe 2020 REMP workshop
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2.3 Geomorphon Landform

Abstract (Jasiewicz & Stepinski 2013):

AWe introduce a novel method for classification and mapping of landform elements from a DEM
based on the principle of pattern recognition rather than differential geometry. At the core of

the method is the concept of geomorphon (geomorphologic phonotypessimple ternary

pattern that serves as an archetype of a particular terrain morphology. A finite number of 498
geomorphongonstitute a comprehensive and exhaustive set of all possible morphological
terrain types including standard elements of landscape, as well as unfamiliar forms rarely found
in natural terrestrial surfaces. A single scan of a DEM assigns an appropnabepdemnto

every cell in the raster using a procedure that-gdtpts to identify the most suitable spatial

scale at each location. As a result, the method classifies landform elements at a range of
different spatial scales with unprecedented computationalieffiy. A general purpose
geomorphometric map an interpreted map of topography is obtained by generalizing
allgeomorphongo a small number of the most common landform elements. Due to the
robustness and high computational efficiency of the method high resolution geomorphometric
maps having continental and even global extents can be generated frooetip&MsSuch

maps are a valuable new resource for both manual and automated geomorphometric analyses.
LY 2NRSNJ G2 RSY2YyAGNXGS | LINY OGAOFf | LILX AOF GA
geomorphometric map of the entire country of Poland is generated and thedsaind

potential usage of this map are briefly discussed. The computer implementation of the method is
outlined. The code is available in the public dorgain.

Reference:

Jasiewicz, J., and Stepinski, T. F. (2013). Geomomphmpsittern recognition approach to
classification and mapping of landforms. Geomorphology 1821567 doi:
10.1016/j.geomorph.2012.11.005

Thelandformsmapped below wre generated using the Geomorphon Landforms tool in ArcGIS
Proonthe 2023 GEBCO bathymetRor more information on the tool and its use, see the
information below. Alternative inputs can be used during the workshop in Tokyo and

LI NOAOALI yiaQ RAAONBGUAZ2Y D
https://pro.arcgis.com/en/preapp/3.1/tootreference/spatiabnalyst/geomorphon

landforms.htm
https://www.esri.com/arcgiblog/products/spatiabnalyst/analytics/classHgrrain-with-the-
newgeomorphonlandformstool/
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https://pro.arcgis.com/en/pro-app/3.1/tool-reference/spatial-analyst/geomorphon-landforms.htm
https://pro.arcgis.com/en/pro-app/3.1/tool-reference/spatial-analyst/geomorphon-landforms.htm
https://www.esri.com/arcgis-blog/products/spatial-analyst/analytics/classify-terrain-with-the-new-geomorphon-landforms-tool/
https://www.esri.com/arcgis-blog/products/spatial-analyst/analytics/classify-terrain-with-the-new-geomorphon-landforms-tool/

Marine Geospatial Ecology Lab, Duke University (2024)

Figure2.3-1 Landforns derived from GEBCO 2023
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2.4 Global MultiResolution Topography (GMRT), Verdi@n

GThe Global MukResolution Topography (GMRT) synthesis is a-rasdtiution gridded

compilation of edited multibeam sonar bathymetry data from the global and polar oceans,
merged with terrestrial and lower resolution ocean data from GEBCO. Seafloonéaitylata
acquired with multibeam sonars are used for a wide range of fundamental research applications
(e.g. on active seafloor geologic processes, bottom water circulation, biological habitats), as well
as for more applied needs (e.g. marine resoureeagement, tsunami inundation, submarine
navigation)Howeverthese data have been acquired for only a small fraction of the oceans and
typically require specialist knowledge to process. The GMRT is the onlysgadeahulti

resolution compilation of these data, providing access to grids and images to theifell nat
resolution of the data, as well as attribution to the original data sources and is intended for
broad use for research and education. The GMRT also serves the terrestrial community by
providing easy access to images or grids from NASA's ASTERalezteg#iion data (3th

resolution) for the globe and the USGS National Elevation Dataset (NEDe@dlution) for

portions of the US. New source swath sonar data are obtained from NOAA's NGDC and other
sources, and are evaluated, cleaned, edited, hed tnerged into the mukliesolution DEM.

The GMRT synthesis is provided with funding from the U.S. National Science Foundation.
Collaboration with Google has resulted in publication of the GMRT multibeam conGotgle

Earth, and GMRT content has routinely been contributed to GEBCO since 2014. Further details
on the architecture of the GMRT are available in Ryan et al. (2009) and from:
https://gmrt.org/aboutk

Link: https://www.gmrt.org/about/index.php
Web Servicegittps://www.gmrt.org/services/index.php

Reference: i
Ryan, William B. F., Suzanne M. CarbottewWdza G Ay h® [/ 2LX I yX {dzZl FyyS h

W20SNI ' Nl 22 w2asS ! yyS 2283&ASdzEA By ¢ Z L2 3 Ml Lgipe
Geochemistry, Geophysics, Geosystems 10 (3). https://doi.org/10.1029/2008GC002332.
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Global Multi-Resolution Topography (GMRT), Version 4.2

500 km

Marine Geospatial Ecology Lab, Duke University (2024)

Figure2.4-1 Globalmulti-resolutiontopography
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2.5 Multibeam Bathymetric Survey Tracklines

G¢KS adzAf GAOSEHY . FdK@YSGNEB 5FdFolasS da..5.0
from the earliest commercial installations (circa 1980) through today's moderndsigiation
collections. Data are acquired from both U.S. and international govetraméracademic

sources (see individual cruise metadata records for source information) and consist of the raw
(as collected) sonar data files. Datasets may also include processed or edited versions of the
sonar data, ancillary data (i.e., sound velocita)alerived products (i.e., grids), and/or

metadata for the data collectiohe MBBDB provides data that span the globe and are
discoverable and accessible via map interface oraelyt search options. This map service

AK264a AKALI GNIOla F2N) YdZ GAG6SHY 6FGKeaYSGENRO

Sourcehttps://www.ngdc.noaa.gov/mgg/bathymetry/multibeam.html

Multibeam Bathymetric Surveys: Survey Year 500 km
1980 - 1989 2000 - 2004
1990 - 1994 - 2005 - 2009
1995 - 1999 —— 2010 - 2030

Marine Geospatial Ecology Lab, Duke University (2024)

Figure2.5-1 Multibeam bathymetry survey tracklines
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https://www.ngdc.noaa.gov/mgg/bathymetry/multibeam.html

2.6 InterRidge Vents Database

G ¢ KS L yGloBabatalbasedf Active Submarine Hydrothermal Vent Fields, hereafter
referred to as the InterRidge Vents Database, is available online as the authoritative source for
locations of hydrothermal vent fields worldwide (linked to InterRidge homepage:
http://www.interridge.org. The InterRidge Vents Database was developed to provide a
comprehensive list of active submarine hydrothermal vent fields for use in academic research
YR SRdzOl GA2Y d¢

Sourcehttp://vents-data.interridge.org/database version 3.4

Reference:

Beaulieu, S. E., E. T. Baker, C. R. German, and A. Maffei (2013), An authoritative global database
for active submarine hydrothermal vent fields, Geochem. Geophys. Geosys., 490892
doi:10.1002/2013GC004998.
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Hydrothermal Vents 500 km

A active, confirmed

4 active, inferred

A inactive

Marine Geospatial Ecology Lab, Duke University (2024)

Figure2.6-1 Hydrothermal vents
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2.7 GEBCO Undazra Features Gazetteer

GThe GEBCO S@mmmittee on Undersea Feature Names (SCUFN) maintains and makes
available a digital gazetteer of the names, generic feature type and geographic position of
features on the seafloor.

The gazetteer is available\iw and downloagia a web map application, hosted by the
International Hydrographic Organization Data Centre for Digital Bathymetry (IHO DCDB) co
located with the US National Centers for Environmental Information (NCEI).

The data are available in a number of formats including spreadsheéshapefile.

Name proposal® y 0SS adz2oYAUGGSR G2 {/!Cb F2NJ O2yaARSN

Sourcehttps://www.gebco.net/data and products/undersea feature names/
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http://www.ngdc.noaa.gov/gazetteer/
https://www.gebco.net/data_and_products/undersea_feature_names/#names_proposals
https://www.gebco.net/data_and_products/undersea_feature_names/

GEBCO Undersea Feature Names 500 km

+  Seamount
*  Guyot
¢  Other Feature

Marine Geospatial Ecology Lab, Duke University (2024)

Figure2.7-1 Undersedeatures names
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2.8 Seafloor Geomorphic Features

Abstract (Harris et al. 2014):

G2S LINBaSyd GKS FANRG RAIAGEE &ASEFEFE22N) 3S2Y2N

GSFM includes 131,192 separate polygons in 29 geomorphic feature categories, used here to
assess differences between passive and active continental margink as etween 8 major

ocean regions (the Arctic, Indian, North Atlantic, North Pacific, South Atlantic, South Pacific and
the Southern Oceans and the Mediterranean and Black Seas). The GSFM provides quantitative
assessments of differences between passneactive margins: continental shelf width of

passive margins (88 km) is nearly three times that of active margins (31 km); the average width
of active slopes (36 km) is less than the average width of passive margin slopes (46 km); active
margin slopes cdain an area of 3.4 million km2 where the gradient exceeds 5°, compared with
1.3 million km2 on passive margin slopes; the continental rise covers 27 million km2 adjacent to
passive margins and less than 2.3 million km2 adjacent to active margins. Exasypesfic
applications of the GSFM are presented to show that: 1) larger rift valley segments are generally
associated with slowpreading rates and smaller rift valley segments are associated with fast
spreading; 2) polar submarine canyons are twieeatferage size of ngwolar canyons and

abyssal polar regions exhibit lower seafloor roughness thaipolan regions, expressed as

spatially extensive fan, rise and abyssal plain sediment depoalt®f which are attributed

here to the effects of contental glaciations; and 3) recognition of seamounts as a separate
category of feature from ridges results in a lower estimate of seamount number compared with
SAGAYIGSa 2F LINBOA2dza 62 NJ] SNA ¢

Reference:

Harris PT, Macmillaoawler M, Rupp J, Baker EK (2014), Geomorphology of the oceans. Marine
Geology. doi: 10.1016/j.margeo0.2014.01.011
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Seafloor Geomorphic Features 500 km

Guyot I Ridge Abyssal Classification
Bridge B sSpreading ridge [l Mountains
Rift valley Terrace B Hills

I Trough Il Trench Plains

Marine Geospatial Ecology Lab, Duke University (2024)

Figure2.8-1 Seafloor geomorphic features
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2.9 Global Distribution of Seamounts

Abstract (Yesson et al. 2011):

G{SIrY2dzyia IyR ly2ftta NS Wdzy RSNBRSI Y2dzyil Ay a
the seafloor. These features provide important habitats for aquatic predators, demersal
deepsea fish and benthic invertebrates. However most seamounts have not been surveyed
and their numbers and locations are not well known. Previous efforts to locate and quantify
seamounts have used relatively coarse bathymetry grids. Here we use global bathymetric
data at 30 areecond resolution to identify seamounts and knolls. We identify 33,452
seamounts and 138,412 knolls, representing the largest global set of identified seamounts
and knolls to date. We compare estimated seamount numbers, locations, and depths with
validation sets of seamount data from New Zealand and Azores. This comparison indicates
the method we apply finds 94% of seamounts, but may overestimate seamount numbers
along ridges and in areas where faulting and seafloor spreading creates highly complex
topography. The seamounts and knolls identified herein are significantly geographically
biased towards areas surveyed with shgsed soundings. As only 6.5% of the ocean floor

has been surveyed with soundings it is likely that new seamounts will be uncovered as
surveying improves. Seamount habitats constitute approximately 4.7% of the ocean floor,
whilst knolls cover 16.3%. Regional distribution of these features is examined, and we find
a disproportionate number of productive knolls, with a summit depth of 01.5 km, located in
the Southern Ocean. Less than 2% of seamounts are within marine protected areas and the
majority of these are located within exclusive economic zones with few on the High Seas.
The database of seamounts and knolls resulting from this study will be a useful resource
F2N) NBaAaSIHENOKSNAR YR O2yaSNBFGA2Y LI FYYSNERDE

Reference:

YessonC., Clark, M. R., Taylor, M. L., & Rogers, A. D. (2011). The global distribution of seamounts
based on 30 arc seconds bathymetry data. Deep Sea Research Part I: Oceanographic Research
Papers, 58(4), 44253. doi:10.1016/j.dsr.2011.02.004
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Seamounts: Summit Depth
4 <500m 4 -2499 - -2000
4 -999 - -500 A -2999 - -2500
4 -1499--1000 & >3000m
+  -1999 - -1500

500 km

Marine Geospatial Ecology Lab, Duke University (2024)

Figure2.9-1 Seamounsummit depths
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Seamounts: Height 500 km

1001 -2000 & 4001 -5000
4+ 2001-3000 a 5001-6000
4 3001 -4000

Marine Geospatial Ecology Lab, Duke University (2024)

Figure2.9-2 Seamounheight
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2.10 Global Seamount Classification

Abstract (Clark et al. 2011):

G{SIFrY2dzyia |NBE LINRYAYSYyld FSIFGdz2NBa 2%ealiKS 62 NI
O2YYSNOAIET UAKSNARSaz yR 2F AyuSNBad T2NJ YAyYS
communities, which can be rapidly and severely impacted by humaniegtiVhere have been

recent calls to establish networks of marine protected areas on the High Seas, including

seamounts. However, there is little biological information on the benthic communities on

seamounts, and this has limited the ability of scientis inform managers about seamounts

U -S4

GKFG akKz2dZ R 0S LINRPUGSOGSR a LINL 2F I ySis2N]
0FdaSR 2y GoA2ft23A01F & YSI yA¥cAddidh are dvidflabla.A O f @
The approach involves$h dza S 2F | 3ASYSNIf 06A23S23INI LIKAO Of

zone (neassurface to 3500 m and then uses four key environmental variables (overlying export
production, summit depth, oxygen levels, and seamount proximity) to group seamounts with

similar characteristics. This procedure is done in a simple hierarchical manner, which results in

1pn &SFY2dzyd Of FaaSa GKNRdAdAK2dzi GKS g2NI RQa 2¢C
multivariate approach, and grousidithed against octocoral data for the North Atlantic. We

believe it gives biologically realistic groupings, in a transparent process that can be used to either
RANBSOGf @ aStSOux 2NJFAR aStSOuAz2y 2F2 &SI Y2dzy

Reference:

Clark, Malcolm R., Les Watling, Ashley A. Rowden, John M. Guinotte, and Craig R. Smith. "A
global seamount classification to aid the scientific design of marine protected area networks."
Ocean & Coastal Management 54, no. 1 (2011R61%l0i:10.1016/j.ocecoaman.2010.10.006

Sourcehttp://seamounts.sdsc.edu/
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Seamount Classes: Summit Depth Zone, Particulate Organic Carbon (POC) Flux Level 500 km
A Photic, high POC flux 4 Upper Bathyal, high POC 4 Lower Bathyal, high POC + Abyssal, high POC
4 Photic, med POC flux 4 Upper Bathyal, med POC 4 Lower Bathyal, med POC 4 Abyssal, med POC
4 Photic, low POC flux & Upper Bathyal, low POC 4 Lower Bathyal, low POC 4 Abyssal, low POC

Marine Geospatial Ecology Lab, Duke University (2024)

Figure2.10-1 Global seamount classificatidbepthZoneand POC Flux
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211 ¢20Ff {SRAYSYyl ¢KAOlySaa 2F (KS

Gb/9LUYaE 3It20ltf 20SIy aSRAYSyl GKAOlySaa 3INRR
has been updated again for the NE Atlantic, Arctic, Southern Ocean, and Mediterranean regions.
¢KS ySg 3Jt206Fft pmrl NOnYAY dziSediicdrpotates navbdata ah@ y i G K
several regional oceanic sediment thickness maps, which have been compiled and published for

the, (1) NE Atlantic (Funck et al., 2017; Hopper et al., 2014), (2) Mediterranean (Molinari &

Morelli, 2011), (3) Arctic (Petrov et,&016), (4) Weddell Sea (Huang et al., 2014), and (5) the

Ross Sea, Amundsen Sea, and Bellingshausen Sea sectors off West Antarctica (Lindeque et al.,
2016; Wobbe et al., 2014). This version also includes updates in the White Sea region based on

the VSEQHEnap of Orlov and Fedorov (200Df 20 { SR O2@JSNE&E | f I NHSNJ I NX
global gridsivins, 2003Whittaker et al. 2013 and the new updates results in a 29.7%
AYONBLIFaS Ay SaidAYFGSR G201t 20SFYyAO aSRAYSyd

Sourcehttps://www.ngdc.noaa.gov/mgg/sedthick/

Reference:

Straume, E.O., Gaina, C., Medvedeyv, S., Hochmuth, K., Gohl, K., Whittaker, J. M., et al. (2019).
GlobSed: Updated total sediment thickness in the world's oceans. Geochemistry, Geophysics,
Geosystems, 2@OI: 10.1029/2018GC008115
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https://doi.org/10.1029/2018GC008115

Sediment Thickness (m)
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> 10000m

Marine Geospatial Ecology Lab, Duke University (2024)

Figure2.11-1 Sediment thickness
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2.12 SeafloorSediments

Abstract (Dutkiewicz et al. 2015)

GYY26Ay3a GKS LI GGSNYya 2F RAAGNRAROdziA2Yy 2F aSRA
understanding biogeochemical cycles and how esspdeposits respond to environmental

change at the sea surface. We present the first digital map of seafloor litlsobagied on

descriptions of nearly 14,500 samples from original cruise reports, interpolated using a support
vector machine algorithm. We show that sediment distribution is more complex, with significant
deviations from earlier handrawn maps, and that maj lithologies occur in drastically different
proportions globally. By coupling our digital map to oceanographic data sets, we find that the

global occurrence of biogenic oozes is strongly linked to specific rangesurfaea

parameters. In particulaby using recent computations of diatom distributions from pigment

calibrated chlorophyh satellite data, we show that, contrary to a widely held view, diatom

oozes are not a reliable proxy for surface productivity. Their global accumulation is instead

strongly dependent on low surface temperature (8.9 °C) and salinity (3834.0 PSS,

Pradical Salinity Scale 1978) and high concentrations of nutrients. Under these conditions,

diatom oozes will accumulate on the seafloor regardless of surface productivity as long as there

is limited competition from biogenowasd detrital components, and diatom frustules are not
significantly dissolved prior to preservation. Quantifying the link between the seafloor and the

sea surface through the use of large digital data sets will ultimately lead to more robust
reconstructiy &8 YR LINBRAOGAZ2ya 2F OftAYIFGS OKIy3aS | yR

Reference:
5dzi1] ASAOT T o3 wd aNfftSNE {d hQ/FEflFIAKIYS |y
Ay (KS 2 2 Needbe4d (9 1898 .yitths://doi.org/10.1130/G36883.1
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Seabed Lithology

I Gravel and coarser i} Calcarecus ooze
Sand Radiolarian ooze

M sitt I Diatom coze

M Clay I sponge spicules

500 km

Mixed calcareous/siliceous coze ||| Fine-grained calcareous sediment
Shells and coral fragments

I Ash and volcanic sand/gravel

B siliceous mud

Marine Geospatial Ecolegy Lab, Duke University (2024)

Figure2.12-1 Seafloor sediments
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2.13 World Ocean AtlasDissolved Oxygen

& ¢ KV®Al8updates previous versions of the World Ocean Atlas to include approximately 3
million new oceanographic casts added to the World Ocean Database and renewed quality
control. This final version of WOA18 published in July, 2019 is replacing a prerelesisad ver
made available iBeptember, 2018. The changes between the versions include:
1 For the first time the Animal mounted pinniped temperature profiles (APB) have been
added improving coverage in high latitude areas.
1 A different Expendable Bathythermograph (XBT) correction (Cheng et al., 2014) has been
employed.
1 A double XBT correction has been detected irrglEase version and fixed in final
version.
1 All temperature and salinity climatological fields werealeulated to account for these
I R2dza i YSYy (& oé

Sourcehttps://www.nodc.noaa.gov/OC5/woal8/
https://www.nodc.noaa.gov/cedin/OC5/woal8/woal8oxnu.pl

Reference:

Locarnini, R. A., A. V. Mishonov, O. K. Baranova, T. P. Boyer, M. M. Zweng, H. E. Garcia, J. R.
Reagan, D. Seidov, K. Weathers, C. R. Paver, and I. Smoly&¥adzliiBceanAtlas2018,

Volumel: TemperatureA. Mishonov Technical Ed.; NOAA Atlas NESDIS 81, 52 pp.
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Marine Geospatial Ecology Lab, Duke University (2024)

Figure2.13-1 Dissolvedxygen 500m
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Dissolved Oxygen at 1000m (pmol / kg)
I 4-40 W 71-80 B 11-120
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500 km

Marine Geospatial Ecology Lab, Duke University (2024)

Figure2.13-2 Dissolvedxygen 1000m
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Dissolved Oxygen at 2000m (pmol / kg)
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Marine Geospatial Ecology Lab, Duke University (2024)

Figure2.13-3 Dissolvedxygen 2000m
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2.14 SeaflooDissolved Oxygen

Abstract (Sweetman et al. 2017):

The deep sea encompasses the largest ecosystems on Earth. Although poorly known, deep
seafloor ecosystems provide services that are vitally important to the entire ocean and
biosphere. Rising atmospheric greenhouse gases are bringing about significgaschahe
environmental properties of the ocean realm in terms of water column oxygenation,
temperature, pH and food supply, with concomitant impacts on &e@pecosystems.

Projections suggest that abyssal (3(®TI00 m) ocean temperatures could increagel°C over

the next 84 years, while abyssal seafloor habitats under areas ofxdgepformation may
experience reductions in water column oxygen concentrations by as much as 0€iBbyL L

2100. Bathyal depths (28000 m) worldwide will undergo the niasgnificant reductions in pH

in all oceans by the year 2100 (0.29 to 0.37 pH units). O2 concentrations will also decline in the
bathyal NE Pacific and Southern Oceans, with losses up to 3.7% or more, especially at
intermediate depths. Another importanteironmental parameter, the flux of particulate

organic matter to the seafloor, is likely to decline significantly in most oceans, most notably in
the abyssal and bathyal Indian Ocean where it is predicted to decrease3®»¢#by the end of

the century. Wfortunately, how these major changes will affect deepfloor ecosystems is, in
some cases, very poorly understood. In this paper, we provide a detailed overview of the impacts
of these changing environmental parameters on deegafloor ecosystems thatihwmost likely

be seen by 2100 in continental margin, abyssal and polar settings. We also consider how these
changes may combine with other anthropogenic stressors (e.g., fishing, mineral mining, oil and
gas extraction) to further impact deegafloor eceystems and discuss the possible societal
implications.

Reference:

Sweetman, AK et al 2017 Major impacts of climate change onsgeepenthic ecosystems.
Elem Sci Anth, 5: 4, DOI: https://doi.org/10.1525/elementa.203
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Dissolved Oxygen (ml /L)

1.78 4.51

500 km

Marine Geospatial Ecology Lab, Duke University (2024)

Figure2.14-1 Seafloor dissolved oxygen
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2.15 Hybrid Coordinate Ocean Model (HYCOM) Data

The HYCOM consortiumt{s://hycom.org/abouy is a multinstitutional effort sponsored by

the National Ocean Partnership Program (NOPP), as part of the U.S. Global Ocean Data
Assimilation Experiment (GODAE), to develop and evaluate-assatailative hybrid isopycral
sigmapressure (generalizedpardinate ocean model (called HYbrid Coordinate Ocean Model or
HYCOM).

GThe system uses the Navy Coupled Ocean Data Assimilation (NCODA) system (Cummings, 2005;
Cummings and Smedstad, 2013) for data assimilation. NCODA use$the 2¥del forecast

as a first guess in a 3D variational scheme and assimilates availabte atitalgter

observations, satellite, and-gitu sea surface temperature as well asitao vertical temperature

and salinity profiles from XBTs, Argo floats and moored buoys. Surface information is projected
downward into the water column using Improv@ghthetic Ocean Profiles (Helber et al., 2@13).

Data were summarized for single months i@2€r surface and bottom temperature and
bottom currents and a fivgear (201&022) monthly climatology for sea surface elevasind
can also be summarized into other climatologies as needed.

References:
Cummings, J.A., 2005: Operational multivariate ocean data assimilation. Quart. J. Royal Met.
Soc., Part C, 131(613), 358&04.

Cummings, J.A. and O.M. Smedstad. 2013: Variational Data Assimilation for the Global Ocean.
Data Assimilation for Atmospheric, Oceanic and Hydrologic Applications. Vol. Il, chapter 13, 303
343.

Helber, R.W., T.L. Townsend, C.N. Barron, J.M. Dastugue and M.R. Carnes, 2013: Validation Test

Report for the Improved Synthetic Ocean Profile (ISOP) System, Part I: Synthetic Profile Methods
and Algorithm. NRL Memo. Report, NRL/MR/T3289364.
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Surface Current Velocity, June (m/s) 500 km

0.01 1.92

Marine Geospatial Ecology Lab, Duke University (2024)

Figure2.15-1 Current velocitysurface, dine 2023
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Surface Current Velocity, December (m/s) 500 km

0.01 1.53

Marine Geospatial Ecology Lab, Duke University (2024)

Figure2.15-2 Current velocitysurface,Decembe023

42



Bottom Current Velocity (m/s) 500 km

0 0.47

Marine Geospatial Ecology Lab, Duke University (2024)

Figure2.15-3 Current velocitybottom, line 2023
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Bottom Temperature (C) 500 km

-0.26

Marine Geospatial Ecology Lab, Duke University (2024)

Figure2.15-4 Bottom temperature, Jun2023
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2.16 Sea Surface Temperature Front Climatology

The NASA Jet Propulsion Laboratory Physical Oceanography Distributed Active Archive Center
(PO.DAApublishes sea surface temperature images from the Moderate Resolution Imaging
Spectroradiometer (MODIS).

For this effort, SST fronts were detected using the "Find CG@gufallon Fronts in PO.DAAC

MODIS L3 SST" tool in the Marine Geospatial Ecology Tools (MGET) for ArcGIS (Roberts et al.,
2010). The front threshold was set to 1 degree Celsius, and the tool was run for every daily
image available from 20152019 (inclusive). A custom Python gonps then run to calculate

the percentage of days with a temperature front over the full set of daily images. Data
summaries were created monthly, annually, and over the entire date range.

Reference®

Roberts, J.J., B.D. Best, D.C. Dunn, E.A. Treml, and P.N. Halpin (2010). Marine Geospatial Ecology
Tools: An integrated framework for ecological geoprocessing with ArcGIS, Python, R, MATLAB,

and C++. Environmental Modelling & Software 25: 21797 .

J:-F. Cayula, P. Cornillon (1992), Edge Detection Algorithm for SST Joagpes ,of Atmospheric
and Oceanic Technology6780.

An overall mean is shown below.
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Marine Geospatial Ecology Lab, Duke University (2024)

Figure2.16-1 Seasurfacetemperaturefront climatology
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2.17 Mesoscaldddydimatology

A¢KS f3OAYSGSNI KS aSaz2a0ltS 9RRe& ¢NI2SOG2NE

SSALTO/DUACS and distributed by AVISO+ (http://www.aviso.altimetry.fr/) with support
from CNES, in collaboration with Oregon State University with support from NASA. Eddies
detected from the multimission altimetry datasets, with location each day for the whole
altimetry period (199ngoing, in delayedme), type (cyclonic/anticyclonic), speed,

NI RAdza +FyR | 2a20AF0SR YSOlFRIGF d¢

Source: Mesoscale Eddy Trajectory Atlas, version 2.0exp,
https://www.aviso.altimetry.fr/index.php?id=3280&L=1

Reference:

Mesoscale Eddy Trajectory Atlas Product Handbook;SBIFPEA23126, issue 2.0
https://www.aviso.altimetry.fr/fileadmin/documents/data/tools/hdbk _eddytrajectory 2.
Oexp.pdf
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Marine Geospatial Ecology Lab, Duke University (2024)

Figure2.17-1 Mesoscale eddy density
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2.18 Dirifter Climatology of Ne&urface Currents

Description:

G { I (-BackedA SV drifting buoys (Sybraady Niiler, 1991; Niiler, 2001) provide
observations of neasurface circulation at unprecedented resolution. In September 2005,

the Global Drifter Array became the first fully realized component of the Global Ocean
Observing System when it reached an array size of 1250 drifters. A drifter is composed of a
surface float which includes a transmitter to relay data, a thermometer that reads
temperature a few centimeters below the air/sea interface, and a submergence sensor used
to detect whenl/if the drogue is lost. The surface float is tethered to a holey sock drogue,
centered at 15 m depth. The drifter follows the flow integrated over the drogue depth,
although some slip with respect to this motion is associated with direct wind forcing (Niiler
and Paduan, 1995). This slip is greatly enhanced in drifters that have lost their drogues
(Pazan and Niiler, 2000). Drifter velocities are derived from finite differences of their
position fixes. These velocities, and the concurrent SST measurements, are archived at
AOML's Drifting Buoy Data Assembly Center, where the data are quality controlled and
interpolatedto 1/4R+ & AYGSNIBFt & o1 FyasSy FyR | SN¥YIys

Source: https://www.aoml.noaa.gov/phod/gdp/mean_velocity.php
Reference:
Laurindo, L. C., Mariano, A. J., & Lumpkin, R. (2017). An improvedriaee velocity

climatology for the global ocean from drifter observations. Deep Sea Research Part I:
Oceanographic Research Papers, 1242/310i:10.1016/j.dsr.2017.04.009
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Figure2.181 Drifter-derived climatology of neaurface currents
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