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Resumen
En 2018, la Carta Batimétrica General de los Océanos (GEBCO) anunció el Proyecto Nippon Founda-
tion-GEBCO Seabed 2030 para mejorar más el mapa GEBCO de los océanos del mundo. Estados Unidos 
(EE.UU.) ha respondido con diferentes iniciativas para completar un mapa de su Zona Económica Exclusiva 
(ZEE). Como la mayor parte de la ZEE estadounidense corresponde a Alaska, presentamos aquí un análisis 
que muestra qué partes de los mapas batimétricos de la Administración Nacional Oceánica y Atmosférica, 
del Servicio Nacional de Pesquerías Marinas, y del Centro de Ciencias Pesqueras de Alaska (AFSC) se 
apoyan en observaciones reales. El apoyo de datos de celdas ráster oscilaba fel 2,4 % al 43,4 % en seis 
compilaciones batimétricas del AFSC publicadas anteriormente, con gran variabilidad según la profundi-
dad y el tipo de datos hidrográficos de apoyo. Esto guiará los nuevos esfuerzos cartográficos de Alaska a 
cubrir los huecos en lugar de remapear ciertas zonas, aumentando el progreso en el cumplimiento de los 
objetivos del Proyecto Seabed 2030.

Resumé
En 2018, la Carte générale bathymétrique des océans (GEBCO) a annoncé le projet Nippon Founda-
tion-GEBCO Seabed 2030, qui vise à améliorer encore la carte GEBCO des océans du monde. Les 
Etats-Unis ont réagi en lançant différentes initiatives visant à compléter la carte de leur zone économique 
exclusive (ZEE). L'Alaska représentant la plus grande partie de la ZEE américaine, nous présentons ici une 
analyse montrant quelles portions des cartes bathymétriques de la National Oceanic and Atmospheric 
Administration, National Marine Fisheries Service, Alaska Fisheries Science Center (AFSC) sont étayées par 
des observations réelles. L'appui des données sur les cellules matricielles varie de 2,4 % à 43,4 % dans 
les six compilations de bathymétrie de l'AFSC publiées précédemment, avec une grande variabilité selon 
la profondeur et le type de données hydrographiques à l'appui. Cela orientera les prochains efforts de car-
tographie de l'Alaska vers les trous à combler au lieu de cartographier à nouveau certaines zones, ce qui 
permettra de progresser dans la réalisation des objectifs du projet Seabed 2030.
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Abstract
In 2018, the General Bathymetric Chart of the Oceans (GEBCO) announced the Nippon 
Foundation-GEBCO Seabed 2030 Project to improve further the GEBCO map of the world’s 
oceans. The United States (U.S.) has responded with different initiatives to complete a map 
of its Exclusive Economic Zone (EEZ). With Alaska accounting for the greatest fraction of the 
U.S. EEZ, here we provide an analysis showing which portions of the National Oceanic and 
Atmospheric Administration’s, National Marine Fisheries Service, Alaska Fisheries Science 
Center (AFSC) bathymetry maps are supported by actual observations. Data support of raster 
cells ranged from 2.4 % to 43.4 % within six previously published AFSC bathymetry compi-
lations, with high variability by depth and supporting hydrographic data type. This will guide 
new Alaska mapping efforts towards the gaps and away from remapping areas, increasing 
progress in fulfilling the goals of Seabed 2030 Project.
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of the commercial fishing activity occurs in areas that 
are not well-mapped by NOS, the industry has been 
utilizing tools such as Terrain Builder by ECC Globe5, 
Seabed Mapping in Olex6, and Fishing Workspace 
in TimeZero7 to create independent compilations or 
to combine their soundings with colleagues to pro-
duce group compilations such as that of the Alaska 
Longline Fishermen’s Association8. NMFS’s Alaska 
Fisheries Science Center (AFSC) has also used the 
NOS navigational charts to design and execute var-
ious fishery-independent bottom trawl surveys, as 
their survey stations and strata are partially defined by 
depth, and their estimates of biomass and population 
are also dependent upon depth. The AFSC bottom 
trawl surveys range from the nearshore to a maxi-
mum depth of ~ 80 m in the Northern Bering Sea 
(Lauth et al., 2019), 200 m in the eastern Bering Sea 
shelf (Lauth et al., 2019), 500 m in the Aleutian Is-
lands (von Szalay & Raring, 2020), 1,000 m in the Gulf 
of Alaska (von Szalay & Raring, 2016), and 1,200 m 
in the eastern Bering Sea Slope (Hoff, 2016), gen-
erally exceeding the shallower mapping focus of the 

1 Introduction
Charting the seas1 and managing fisheries2 within 
the United States (U.S.) Exclusive Economic Zone 
(EEZ) are two important responsibilities of the U.S. 
Department of Commerce’s National Oceanic and 
Atmospheric Administration (NOAA). These close-
ly linked activities are challenging to conduct in the 
EEZ off of the U.S. state of Alaska due to its remote-
ness, vastness, stormy oceans, complicated seafloor 
topography, and abundance of federally managed 
fishery resources (for location see Fig. 1). Alaska’s 
EEZ would be the tenth largest in the world if Alaska 
was considered to be its own country. Alaska has the 
lowest population density of all U.S. states3 and is 
also one of the least populated, with over half of its 
citizens living in or near Anchorage, its largest city. 
Thus, many areas are uninhabited or only occupied 
by small communities, such that there are large hy-
drographic gaps outside of thoroughly mapped ma-
rine transit corridors and commercially important 
ports. Here we define gaps as areas where we were 
unable to find any bathymetry data. Harsh weather 
conditions, including hurricane-strength storms, sub-
stantial seasonal sea ice, large tides, strong currents, 
and shallow, rocky areas that are too dangerous to 
approach, such as the Sandman Reefs, and areas 
exceeding 7,000 m in depth, such as the Aleutian 
Trench make work difficult both for hydrographers 
and fisheries researchers. Alaska consistently has the 
largest commercial catch by weight and value among 
all U.S. states and its port of Dutch Harbor consist-
ently tops the list of annual landings4. These valuable 
and economically important fisheries often occur in 
distant, poorly mapped areas of Alaska but require a 
great deal of oversight and scientific knowledge to be 
sustainable. 

2 Study area’s utility of navigational 
charts

Alaska navigational charts, often produced at a scale 
of 1:100,000 by NOAA’s National Ocean Service 
(NOS), are indispensable tools for the safe conduct of 
commercial fisheries and research activities of fishery 
biologists at NOAA’s National Marine Fisheries Ser-
vice (NMFS). The fishing industry’s ability to find target 
species, avoid bycatch species, and to prevent gear 
damage or loss because of steep, hard, and rough 
seafloor can often require bathymetry at a much finer 
scale than is available from the charts. Since much 

1 https://www.noaa.gov/charting (accessed 27 Sep. 2023).
2  https://www.fisheries.noaa.gov/about-us (accessed 27 Sep. 2023).
3 https://www.fisheries.noaa.gov/foss/f?p=215:200:16118177125799:Mail:NO::: (accessed 27 Sep. 2023).
4 https://www.fisheries.noaa.gov/national/sustainable-fisheries/fisheries-united-states (accessed 27 Sep. 2023).
5 https://www.electroniccharts.com/ (accessed 27 Sep. 2023).
6 https://olex.no/index_en.html (accessed 27 Sep. 2023).
7 https://mytimezero.com/ (accessed 27 Sep. 2023).
8 https://www.alfafish.org/bathymetry (accessed 27 Sep. 2023).

Fig. 1 The Alaska regional bathymetry rasters of Cook Inlet (CI), Norton Sound (NS), the Cen-

tral Gulf of Alaska (CGOA), the Eastern Bering Sea Slope (EBSS), the Western Gulf of Alaska 

(WGOA), and the Aleutian Islands (AI) are shown, each plotted on its own color scale, with hot 

colors for shallow waters and cold colors for deep waters. The location of three areas of dou-

ble-mapping – Chirikof Island, Kodiak Island, and Portlock Bank – is also indicated.
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GEBCO (the General Bathymetric Chart of the 
Oceans organization) was founded in Monaco in 
1903 to create the authoritative map of the world’s 
oceans, but with just a few thousand soundings 
available for the first edition. After over a century of 
periodically updated but still incomplete newer edi-
tions, GEBCO hosted the “Forum for Future Ocean 
Floor Mapping” in Monaco in 20169 to develop a plan 
to improve the data support from 18 % to 100 % of 
their grid cells (GEBCO prefers the term “grid”) while 
also improving the resolution of the 30 arc-second 
(~ 1 km) grid cells to 100 m to 800 m, depending on 
depth (Mayer et al., 2018). At GEBCO’s 2017 Sym-
posium10, this new effort was announced as “The 
Nippon Foundation – GEBCO Seabed 2030 Pro-
ject”11 and later published as a Concept Paper (May-
er et al., 2018). GEBCO’s new initiative was formally 
endorsed as a Decade Action of the United Nations 
Decade of Ocean Science for Sustainable Develop-
ment. 

Seabed 2030 divided the world’s oceans into 
four Regional Data Assembly Coordination Centers 
(RDACC12), and the AFSC regional bathymetry com-
pilations of Alaska fell within the confines of the Arctic 
and North Pacific RDACC13, providing a geograph-
ic connection between the well-established IBCAO 
(International Bathymetric Chart of the Arctic Ocean) 
compilation (Jakobsson et al., 2020) and a new fo-
cus area of the North Pacific Ocean. AFSC staff had 
also previously been contributing these Alaska EEZ 
compilations to GEBCO’s global map (Weatherall et 
al., 2015), which is now being updated annually, most 
recently at a resolution of 15 arc-seconds (~ 245 m 
west to east, ~ 460 m north to south in the Gulf of 
Alaska) (e.g., GEBCO_2022 grid: GEBCO Bathymetric 
Compilation Group 2022, 2022).

Much of the GEBCO and Seabed 2030 discus-
sions revolve around discovering new sources of 
archived or ongoing data collections, processing 
and incorporating data sets, and deciding where to 
conduct seafloor mapping expeditions. An offshoot of 
GEBCO – Map the Gaps14 – was founded to facilitate 
these discussions, provide mapping expertise to ex-
peditions, and to host an annual symposium as col-
lecting bathymetry data is often extremely expensive, 
and the costs to map unexplored ocean areas greatly 
exceed the funds available to support such efforts. 

As a guide for future mapping work in Alaska, 
the AFSC Alaska regional bathymetry compilations 
can be too large (~ 2 GB) to work with easily, and 
they do not show which raster cells are supported 
by actual soundings and which cells are populat-

NOS navigational charts. Spatial modeling of the 
distribution and abundance of numerous fish and 
invertebrate species, an important analytical method 
conducted by staff at NMFS, is also highly depend-
ent on better seafloor maps because bathymetry and 
bathymetric derivatives are the most important de-
scriptive variables (e.g., Sigler et al., 2015; Laman et 
al., 2017; Turner et al., 2017; Rooney et al., 2018). 
The bottom trawl surveys and modeling exercises al-
so require bathymetric data at a scale larger than the 
existing navigational charts.

3 Background for improving 
bathymetric knowledge

To meet the needs of NMFS research for manag-
ing the fishing industry, staff at NMFS’s AFSC have 
been creating 32-bit, floating-point bathymetry ras-
ters (allowing decimal places and negative values) 
mostly from digitized data of NOS’s pre-chart hydro-
graphic cruises, the smooth sheets (also known as 
Hydrographic or H-sheets), an online and free but 
unproofed source of bathymetry, often at a scale of 
1:20,000. Here we define raster as a generic term for 
a continuous surface of equal sized squares and rec-
ognize that others use the term “grid”. In Alaska, many 
early smooth sheet cruises were conducted in the 
1930s–1950s, so some users may suspect they are 
out of date and outclassed by the navigational charts, 
which are constantly being updated and republished. 
Unfortunately, this suspicion is due to a lack of under-
standing that these recent NOS charts are just lower 
resolution versions of these older smooth sheet da-
ta sets, often without any bathymetric updates, but 
include newer navigational information (buoys, lights, 
sea lanes, etc.) and newer publication dates. As a re-
sult, AFSC staff have developed methods of proofing 
and correcting digitization errors of these old smooth 
sheet data sets (Zimmermann and Benson, 2013), 
combining them with other sometimes non-hydro-
graphic data sources, converting the data points into 
Triangulated Irregular Networks (TINs) and then into 
bathymetry rasters. These bathymetry rasters include 
the Aleutian Islands (AI: Zimmermann et al., 2013; 
Zimmermann & Prescott, 2021a, 2021b), Cook Inlet 
(CI: Zimmermann & Prescott, 2014), Norton Sound 
(NS: Prescott & Zimmermann, 2015), the Central Gulf 
of Alaska (CGOA: Zimmermann & Prescott, 2015), 
the Eastern Bering Sea Slope (EBSS: Zimmermann 
& Prescott, 2018), and the Western Gulf of Alaska 
(WGOA: Zimmermann et al., 2019b), all published at 
a horizontal resolution of 100 m except for Cook Inlet, 
which was published at 50 m (Fig. 1).

9    https://www.gebco.net/about_us/meetings_and_minutes/forum/ (accessed 27 Sep. 2023).
10  https://www.gebco.net/about_us/gebco_symposium/#gs2017 (accessed 27 Sep. 2023).
11  https://seabed2030.org/ (accessed 27 Sep. 2023).
12   https://seabed2030.org/centers (accessed 27 Sep. 2023).
13   https://seabed2030.org/centers/arctic-and-north-pacific-ocean-regional-center (accessed 27 Sep. 2023).
14   https://www.mapthegaps.org/ (accessed 27 Sep. 2023).
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4.2 Shorelines
Smooth sheets also have ground-truthed versions of 
the Topographic or T-sheet shorelines. While technical-
ly shorelines are at an elevation (at MHW or Mean High 
Water above the MLLW datum of the smooth sheets) 
rather than a depth, they are represented on the same 
vertical scale of the smooth sheet depths, but as neg-
ative values. These shorelines were digitized, if time 
allowed, and these polyline vertices included in com-
pilations as if they were bathymetry data points. These 
shoreline data help define an area (< 0 m) that is not 
necessarily important for fishery biology but is impor-
tant for defining the inner boundary of research cruise 
survey areas, the land. Occasionally navigational chart 
shorelines were digitized when portions of the coast 
were not available from the smooth sheets, and the 
online digital T-sheet shorelines were included when 
time did not permit digitizing either smooth sheets or 
chart shorelines (Zimmermann & Prescott, 2018).

4.3 Singlebeam
Singlebeam depth data may come from two different 
sources collected during research cruises. Simrad 
ES60 singlebeam files may be edited, the seafloor de-
fined, and exported, generally with one-second time 
intervals. Files recorded by underway software sys-
tems or navigational software, often at 6- or 10-sec-
ond intervals, may also be edited and used as a lower 
resolution version of the ES60 data. These files are 
typically not corrected for vessel heave, speed-of-
sound (typically set to 1470m/s), tides, and keel depth 
but were vertically corrected by comparison to multi-
beam data, if needed (Zimmermann & Prescott, 2018). 
Since positioning was achieved with the Global Posi-
tioning System (GPS), they were regarded as superior 
to offshore, small-scale (~ 1:100,000) smooth sheets 
and typically used to fill gaps seaward of the coastal 
large-scale (~ 1:20,000) smooth sheets. 

4.4 Deep water multibeam 
Deep water multibeam was generally collected at 
depths of 1,000 m or greater. It is of higher quality 
and density than singlebeam data but lower quality 
and density than the more standardized shallow wa-
ter multibeam. Because mapping swaths widen with 
increasing depth, these files can cover very large deep 
sea areas, such as from the Sonne’s Atlas Hydro-
sweep DS, with a stated depth range of 11,000 m.

4.5 Shallow water multibeam
Shallow water multibeam and LiDAR (Light Detection 
and Ranging) were treated equally and grouped to-
gether into a single class of the highest quality bathy-
metric data, superseding all other data source types. 
Shallow water multibeam is the modern replacement 
for the leadlines and singlebeam echosounders used 

ed by interpolation. Although AFSC staff have also 
published tables listing various bathymetry research 
cruises, and maps showing the spatial distribution 
of these data sets, there is no simple, small, com-
prehensive guide available for future mapping work. 
Thus, we re-analyzed the source data of the AFSC 
staff regional bathymetry compilations, creating Type 
Identifier Grids (TIDs, also known as Source Identifier 
Grids15), a practice commonly conducted at GEBCO, 
to show which AFSC raster cells are supported by 
actual soundings, the type and quality of supporting 
data, and where the gaps are, to provide guidance 
for mapping the gaps of Alaska by 2030. 

4 Methodology
In a Geographic Information System (GIS), we re-
viewed the data sources for the published Alaska 
regional bathymetry maps as well as other data sets 
that were not incorporated before the publication 
date. The data sources were grouped into five gen-
eral types, listed here in general order of increasing 
quality: smooth sheets, digitized shorelines of the 
smooth sheets, singlebeam, deep water multibeam, 
and shallow water multibeam (including LiDAR or 
Light Detection and Ranging). All GIS work was per-
formed in ArcMap (v.10.7.1, ESRI: Environmental 
Systems Research Institute, Redlands, CA). Unincor-
porated bathymetry data sets were plotted to deter-
mine their spatial extent in comparison to each other 
and previously incorporated data sets.

4.1 Smooth sheets
Smooth sheets mostly consist of thousands of 
soundings in units of fathoms, or sometimes feet, 
that are represented as positive numbers – deeper 
than the tidal datum of MLLW (Mean Lower Low Wa-
ter), which is defined as zero depth. Soundings were 
originally conducted with lead lines but switched to 
fathometers, an early version of singlebeam echo-
sounder, in the 1930s. Inshore smooth sheets may 
also include numerous noteworthy cartographic fea-
tures, especially those that could interfere with safe 
navigation. Some of these cartographic features, 
such as rocks (submerged, awash, or always under-
water), islets, and rocky reefs, may have depths or el-
evations associated with them. Depths or elevations 
from all of these cartographic features were included 
with the smooth sheet soundings, when possible, 
although the focus was on proofing and editing the 
soundings. Smooth sheet navigation was generally 
controlled by visual observation of triangulation sta-
tion signals, with soundings carefully corrected by 
observed tides. These surveys were mostly limited to 
shallow and nearshore areas and often produced at 
large scales such as 1:20,000. 

15 https://www.gebco.net/data_and_products/gridded_bathymetry_data/gebco_2022/ 
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combine the constant TID rasters with the Mosaic 
Operator set to produce the maximum class within 
each cell in cases of class overlap. Spatial overlaps 
were uncommon as input data files had previous-
ly been edited to avoid overlaps for the publication 
of the regional bathymetry compilations, as contra-
dictory soundings can produce seafloor mapping 
errors. To associate an interpolated depth from the 
final bathy raster to each data class, we converted 
the bathymetry raster into a point Shapefile and used 
ArcMap’s Extract Values to Points tool on this point 
file and the final four-bit TID. Thus, each interpolat-
ed bathymetry raster could be analyzed to determine 
how many of its raster cells were supported with re-
al depth observations, the type class of supporting 
data, and the amount and class type of support for 
different depth intervals.

5 Results
The TID analysis separated the Alaska regional ba-
thymetry rasters by multiple obvious divisions: the 
large and the small, the well-mapped and the poor-
ly-mapped, and the shallow and the deep (Table 1). 
Bathymetry rasters ranged in size from 59 MB and 
7.5 million cells for Norton Sound to 1,631 MB and 
214.8 million cells for the Aleutian Islands (Table 1). 
As a group, the bathymetry rasters total nearly 3 
GB of computer disk storage and nearly 388 mil-
lion cells. The TIDs were much smaller in size, to-
taling only 40 MB, roughly a 70-fold decrease in 
size compared to the bathymetry rasters, and yet 
still containing the same number of raster cells. 
The bathymetry rasters of Cook Inlet (21.8 %), the 
western Gulf of Alaska (32.9 %), and the central 
Gulf of Alaska (43.4 %) were the most supported by 
actual depth observations, while those of the Aleu-
tian Islands (2.4 %), Norton Sound (3.0 %), and the 

for the older smooth sheets. LiDAR is also sometimes 
used in clear, shallow waters as a complement to 
multibeam that cannot be collected in the shallowest 
depths due to navigational dangers and equipment 
limitations. It is hazardous to life and vessels attempt-
ing to map inshore, uncharted waters and multibeam 
swaths narrow considerably in shallower waters.

4.6 Creating individual TID rasters
The various source files for each of the five classes 
of soundings were combined into separate Shape-
files (smooth sheet, digitized shoreline, singlebeam, 
deep water multibeam, and shallow water multibeam/
LiDAR) using ArcMap’s Merge tool, if needed. Then 
the Shapefile for each class of sounding was con-
verted into a raster using ArcMap’s Point to Raster 
tool, which created rasters with counts of soundings 
within each raster cell. These rasters of counts were 
processed with ArcMap’s Create Constant Raster 
tool to create rasters of different constants for the 
positive count raster cells of each of the five data 
types. Thus, the occupied raster cells for smooth 
sheets were given the lowest data value for their con-
stant raster, occupied raster cells for digitized smooth 
sheet shorelines were given the next highest data val-
ue for their constant raster, etc. We created our own 
TID values to match our data types, some of which 
do not occur in the GEBCO TID scheme, and to have 
the data ordered according to quality. Four-bit rasters 
with unsigned integers (allowing only values between 
0 to 15), with higher values for the higher quality da-
ta types, were sufficient for producing these TIDs, a 
considerable reduction in data density from the origi-
nal 32-bit floating point bathymetry rasters.

4.7 Creating final TID rasters
ArcMap’s Mosaic to New Raster tool was used to 

Table 1  Summary of bathymetry raster sizes, Type Identifier Grid (TID) sizes, total sounding support of raster cells, gap sizes, and depth range for Norton Sound, Cook 

Inlet, the eastern Bering Sea (EBS) Slope, the central Gulf of Alaska (cGOA), the western Gulf of Alaska (wGOA), and the Aleutian Islands.

Region
Raster cell 

size (m)
Cells 

(million)

Bathy 
raster Size 

(MB)

TID raster 
Size (MB)

Supported 
raster cells 

(%)

Gaps km2 
(thou-
sands)

Depth Min 
(m)

Depth 
Max (m)

Depth 
Mean (m)

Norton 
Sound

100 7.5 59 1 3.0 72 -1.3 63.0 22.3

Cook Inlet 50 8.2 85 3 21.8 16 -17.0 212.0 44.7

EBS Slope 100 96.8 755 9 4.8 921 -1.3 3848.8 1437.1

cGOA 100 38.7 242 13 43.4 219 -37.7 6440.2 1991.9

wGOA 100 21.9 194 5 32.9 147 -20.3 7004.5 2099.9

Aleutian 
Islands

100 214.8 1631 9 2.4 2097 -26.8 7553.0 3940.8
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type of bathymetry data among all regional bathyme-
try compilations. 

This analysis of the spatial extent of various data 
sets collected by numerous platforms also revealed 
multiple instances of locations that had been mapped 
more than once. We also located several data sets 
that would be valuable contributions to our previous-
ly published Alaska regional bathymetry rasters but 
were either unavailable or unknown to us at the time 
that we compiled the final versions.

5.1 Norton sound
In Norton Sound, the largest unmapped or sparse-
ly mapped areas were north and south of Port Clar-
ence, the eastern half of the sound, off of the Yukon 
Delta, and along the southern edge of the compilation 
by St. Lawrence Island. Due to very low contributions 
from smooth sheet and multibeam data sources, the 
< 0 m depth zone of NS was sparsely supported with 
data (13.1 %), mostly from a digitized shoreline (Ta-
ble 3; Fig. 2). Smooth sheets were the most impor-
tant data source for the 0 m to < 10 m depth zone 
but only occupied 3.8 % of cells. Data density de-
creased rapidly in the 10 m to < 50 m and ≥ 50 m 
depth zones, with smooth sheets still being the most 
important data source. The nearly 7,000 singlebeam 
soundings (Prescott & Zimmermann, 2015) only sup-
ported < 0.1 % of raster cells in the 10 m to < 50 m 
depth zone. 

5.2 Cook inlet
In Cook Inlet, the inshore areas of Turnagain Arm and 
west of Fire Island were the largest unmapped gaps, 
while the central, southern area was the sparsest 
mapped (Fig. 3). Only 8.9 % of the < 0 m depth zone 
was mapped despite having a digitized shoreline, and 
these shoreline data were overshadowed by a larger 

eastern Bering Sea Slope (4.8 %) were the least sup-
ported. The Norton Sound compilation had the shal-
lowest average depth (x̄  = 22.3 m), Cook Inlet was 
the next shallowest (x̄  = 44.7 m), and all other rasters 
averaged > 1,000 m in depth. Minimum depths ele-
vated above MHW in Table 1 are due to cartographic 
features with high elevations such as prominent rocks 
or islets.

The importance of source data types varied wide-
ly among the TIDs (Table 2). Smooth sheet data and 
its modern equivalent of shallow water multibeam data 
were the only data classes included in all compilations, 
with each occupying a maximum of about 11 % of to-
tal raster cells in a compilation. Shorelines were dig-
itized for the CI, NS, AI, and EBSS compilations but 
only accounted for a maximum of 0.3 % of total ras-
ter cells, despite totaling nearly 3000 km in length for 
both the CI (Zimmermann & Prescott, 2014) and NS 
(Prescott & Zimmermann, 2015) compilations. Sin-
glebeam data were incorporated into all compilations 
except for CI (Zimmermann & Prescott, 2014), and 
only a small amount was incorporated into the NS 
compilation to fill a single gap in Norton Bay (Prescott 
& Zimmermann, 2015). Large amounts of singlebeam 
data were incorporated into the WGOA (Zimmermann, 
et al., 2019b), AI (Zimmermann & Prescott, 2021a), 
and especially the EBSS compilation (Zimmermann 
& Prescott, 2018) to cover previously uncharted ar-
eas, but the TID analysis showed that these millions 
of soundings tended to be clumped into few raster 
cells, limiting their effectiveness at improving maps, 
and never reaching 3 % occupation of raster cells in 
any of the compilations. Deep water multibeam was 
not available for the relatively shallow CI and NS com-
pilations but was important for the WGOA and CGOA 
compilations, occupying 13.7 % and 38.6 % of raster 
cells, respectively, the highest data support for this 

Table 2  Percentage of cells supported by soundings of the five data types in the Alaska regional bathymetry compilations of Norton Sound, Cook Inlet, the eastern Bering 

Sea (EBS) Slope, the central Gulf of Alaska (cGOA), the western Gulf of Alaska (wGOA), and the Aleutian Islands.

Norton Sound 
(100 m)

Cook Inlet  
(50 m)

EBS Slope 
(100 m)

cGOA 
(100 m)

wGOA 
(100 m)

Aleutian 
Islands  
(100 m)

Empty 97.0 78.2 95.2 56.6 67.1 97.6

Smooth sheets 2.5 11.3 0.5 2.4 5.7 0.7

Shorelines 0.2 0.3 < 0.1 - - < 0.1

Singlebeam < 0.1 - 2.4 < 0.1 2.2 0.2

Multibeam (deep) - - 1.3 38.6 13.7 0.9

Multibeam (shallow) 0.2 10.2 0.6 2.3 11.2 0.6
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5.3 Eastern Bering Sea slope
The Aleutian Basin, along with the area between St. 
Matthew Island, St. Lawrence Island, and the Vityaz 
Sea Valley, were the most sparsely mapped of the 
Eastern Bering Sea Slope compilation (Fig. 4). Digi-
tized island shorelines provided nearly all (15.2 % of 
15.3 %) of the data in the < 0 m depth zone (Table 5). 
Data support from all sources decreased by about 
half in the 0 m to < 10 m depth zone (8.4 %), led by 
smooth sheets supporting 6.0 % of raster cells, de-
clining to negligible contributions at all deeper depth 

smooth sheet contribution (Table 4). This coverage of 
the < 0 m depth zone was the lowest among all ar-
eas. The 0 m to < 10 m and 10 m to < 50 m depth 
zones were both 31 % mapped, with the shallower 
zone more supported by smooth sheet soundings 
and the deeper zone more supported by multibeam 
data. There was a sharp decline in occupied cells in 
the 50 m to < 100 m (9.8 %) and ≥ 100 m (4.4 %) 
depth zones, both with roughly equal support from 
smooth sheet and multibeam data sources.

Table 3  Percent mapped by bathymetry data type and depth zone for the Norton Sound (100 m) regional bathymetry compilation.

< 0 m 0 m to < 10 m 10 m to < 50 m ≥ 50 m

Empty 86.9 95.7 97.3 98.8

Smooth sheets < 0.1 3.8 2.4 1.2

Shorelines 13.1 0.2 < 0.1 0.0

Singlebeam 0.0 0.0 < 0.1 0.0

Multibeam (deep) - - - -

Multibeam (shallow) < 0.1 0.3 0.2 0.0

Total mapped 13.1 4.3 2.7 1.2

Fig. 2 The Type Identifier Grid 

(TID) for the 100 m Norton Sound 

(NS) bathymetry compilation.
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zones. Data support of all data types further declined 
to ~ 3 % in the 10 m to < 50 m and 50 m to < 100 m 
depth zones. Singlebeam data was by far the most 
important data source in the 100 m to < 200 m depth 
zone, accounting for nearly all (4.5 % of 4.7 %) data 
support, and singlebeam supported even higher per-
centages of raster cells in the 200 m to < 500 m, and 
500 m to < 1000 m depth zones, where again it was 
the most important. Deep water multibeam was the 
bulk of the data support in the deepest depth zone 
of  ≥ 1,000 m.

5.4 Central Gulf of Alaska
In the Central Gulf of Alaska, the largest unmapped 
or sparsely mapped gaps occurred on Portlock Bank 
and south it, south and east of Montague Island, sea-
ward of Yakutat and Icy bays, and shoreward of the 
deep water multibeam off of Sitka (Fig. 5). Despite 
the lack of a digitized shoreline, the shallowest depth 
zone (< 0 m) of the CGOA was well-supported, main-
ly owing to the contribution of smooth sheet data 
(25.5 % of 27.0 %), higher than three of the regions 
(CI, NS, and EBSS) with digitized shorelines (Table 6). 
Smooth sheet data also provided strong support for 
the 0 m to < 10 m and 10 m to < 50 m depth zones, 
making them among the best-supported, similar to 
that of the AI and WGOA compilations. The 50 m to 
< 100 m, 100 m to < 200 m, and 200 m to < 500 
m depth zones were only moderately supported by 
smooth sheet and multibeam data and lacked a sig-
nificant singlebeam contribution, which boosted the 
support of these depth zones in the AI and WGOA 
regions. The deepest depth zones of 500 m to < 
1000 m and ≥ 1,000 m had the highest data support 
among all regions (58.2 % and 62.7 %, respectively), 
mostly due to the deep water multibeam contribution, 
which helped make the CGOA the most-supported 
bathymetry raster. 

Table 4  Percent mapped by bathymetry data type and depth zone for the Cook Inlet (50m) regional bathymetry compilation.

< 0 m 0 m to < 10 m 10 m to < 50 m 50 m to <100 m ≥ 100 m

Empty cells 91.1 68.6 68.8 90.2 95.6

Smooth sheet 4.8 25.2 14.2 4.3 2.2

Shoreline 3.4 <0.1 <0.1 0.0 0.0

Singlebeam - - - - -

Multibeam (deep) - - - - -

Multibeam (shallow) 0.7 6.2 17.0 5.5 2.2

Total mapped 8.9 31.4 31.2 9.8 4.4

Fig. 3 The Type Identifier Grid (TID) for the 50 m Cook Inlet (CI) bathymetry compilation.
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in the 0 m to < 10 m depth zone and gradually de-
creased in deeper depth zones to only 1.7 % at 200 m 
to < 500 m and to nearly 0 % in the deepest depth 
zones. Multibeam data was consistently important  
(~ 20 %) from the 10 m to < 50 m through the 200 m 
to < 500 m depth zone but declined to only 1.3 % 
in the 500 m to < 1000 m depth zone and zero in 
the ≥ 1,000 m depth zone. The singlebeam contribu-
tion was greater in deeper water, gradually increasing 
from 1.3 % in the 10 m to < 50 m zone and peaking 

5.5 Western Gulf of Alaska
In the Western Gulf of Alaska, the largest unmapped 
gaps occurred shoreward and seaward of the deep 
water multibeam along the Aleutian Trench while a 
small but notable gap occurred in the western Trinity 
Islands (Fig. 6). Over one-third of the WGOA < 0 m 
zone was mapped due to nearly equal contributions 
from smooth sheet and multibeam data sets and 
without a digitized shoreline (Table 7). The smooth 
sheet contribution peaked at 47.1 % of available cells 

Table 5  Percent mapped by bathymetry data type and depth zone for the Eastern Bering Sea Slope (100 m) regional bathymetry compilation.

< 0 m
0 m to  
< 10 m

10 m to 
< 50 m

50 m to  
< 100 m

100 m to  
< 200 m

200 m to  
< 500 m

500 m to  
< 1000 m

≥ 1000 m

Empty cells 84.7 91.6 97.4 97.0 95.3 84.6 79.4 94.9

Smooth sheet 0.0 6.0 1.9 0.2 0.1 < 0.1 < 0.1 < 0.1

Shoreline 15.2 0.3 0.0 0.0 0.0 0.0 0.0 0.0

Singlebeam 0.0 0.0 0.6 2.8 4.5 7.8 12.2 0.5

Multibeam 
(deep)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.4

Multibeam 
(shallow)

0.1 2.1 0.1 0.0 0.1 7.6 8.3 0.2

Total mapped 15.3 8.4 2.6 3.0 4.7 15.4 20.6 5.1

Fig. 4 The Type Identifier Grid 

(TID) for the 100 m Eastern Ber-

ing Sea Slope (EBSS) bathymetry 

compilation.
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band along the islands and on Petrel, Bowers, and 
Stalemate banks (Fig. 7). The digitized shoreline in 
the AI provided the highest support of the < 0 m and 
0 m to < 10 m depth zones among all bathymetry 
raster compilations (Table 8). About 50 % of raster 
cells were supported in both the 0 m to < 10 m and 
10 m to < 50 m depth zones, mostly on the contri-
bution of smooth sheets. Smooth sheets and multi-
beam data equally supported the 50 m to < 100 m 
depth zone, together accounting for 20.9 % of ras-

at 7.5 % in the 200 m to < 500 m zone before de-
clining to 0.1 % in the deepest waters. Deep water 
multibeam accounted for nearly all of the 29.4 % of 
occupied cells in the ≥ 1000 m depth zone, and this 
support greatly increased the overall data occupancy 
for the WGOA compilation.

5.6 Aleutian Islands
In the Aleutian Islands, bathymetry gaps occurred es-
sentially everywhere except in a narrow 200 km wide 

Table 6  Percent mapped by bathymetry data type and depth zone for the Central Gulf of Alaska (100 m) regional bathymetry compilation.

< 0 m
0 m to  
< 10 m

10 m to  
< 50 m

50 m to  
< 100 m

100 m to  
< 200 m

200 m to 
 < 500 m

500 m to 
 < 1000 m

≥ 1000 m

Empty cells 73.0 47.7 56.4 84.8 91.5 90.1 41.8 37.3

Smooth sheet 25.5 46.9 34.0 7.5 2.9 1.8 0.1 0.0

Shoreline 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Singlebeam 0.0 0.0 0.1 0.1 0.1 0.1 0.0 0.0

Multibeam 
(deep)

0.0 0.0 0.0 0.0 0.5 1.8 57.4 62.6

Multibeam 
(shallow)

1.4 5.4 9.4 7.6 5.1 6.2 0.7 0.0

Total mapped 27.0 52.3 43.6 15.2 8.5 9.9 58.2 62.7

Fig. 5 The Type Identifier Grid 

(TID) for the 100 m Central Gulf 

of Alaska (CGOA) bathymetry 

compilation.
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5.7 Overlap or Double-mapping
The purpose of creating the TIDs is both to help iden-
tify areas needing new mapping efforts and areas 
that have been previously well-mapped. During this 
analysis, we became aware of multiple instances of 
double-mapping in Alaska waters. Here we describe 
these examples and how they might have been 
avoided with better guidance about what has and 
has not been mapped.

ter cells, more than in all other compilations except 
the WGOA. The depth zones of 100 m to < 200 m, 
200 m to < 500 m, and 500 m to < 1,000 m were 
moderately supported (7.5 % to 10.0 %) by a mixture of 
low amounts of smooth sheet, singlebeam, multibeam 
and deep water multibeam. None of the data types, 
including deep water multibeam, supported even 1 % 
of the deepest depth zone of ≥ 1,000 m, making it the 
least-supported deep zone among all compilations.
 

Table 7  Percent mapped by bathymetry data type and depth zone for the Western Gulf of Alaska (100 m) regional bathymetry compilation.

< 0 m
0 m to  
< 10 m

10 m to 
< 50 m

50 m to  
< 100 m

100 m to  
< 200 m

200 m to  
< 500 m

500 m to  
< 1000 m

≥ 1000 m

Empty cells 66.0 45.5 44.6 59.4 69.9 69.2 91.5 70.6

Smooth sheet 18.0 47.1 34.9 10.3 5.0 1.7 < 0.1 < 0.1

Shoreline - - - - - - - -

Singlebeam 0.0 0.0 1.3 3.4 4.3 7.5 4.5 0.1

Multibeam 
(deep)

0.0 0.0 0.0 < 0.1 < 0.1 0.1 2.7 29.3

Multibeam 
(shallow)

16.1 7.4 19.2 26.8 20.8 21.6 1.3 0.0

Total mapped 34.0 54.5 55.4 40.6 30.1 30.8 8.5 29.4

Fig. 6 The Type Identifier Grid 

(TID) for the 100 m Eastern Ber-

ing Sea Slope (EBSS) bathymetry 

compilation.
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of this Thales GeoSolutions multibeam at resolutions 
of 25 m (H11483, 2005), 5 m (H11484: 2005 recon-
naissance, partial coverage), 20 m (H11589, 2006), 
and 16 m (H11687, 2007). These generally coarse 
survey transects followed the cardinal directions, 
meeting at right angles. In 2012, NOS returned and 
conducted 10 multibeam surveys forming a rectangle 
around Chirikof Island, adjoining one of the right-an-
gled junctions of the earlier coarse survey transects, 
presumably to avoid overlap and provide continuity 

5.7.1 Chirikof Island overlap
The University of Alaska Fairbanks (UAF) hired Thales 
GeoSolutions in 2001 to map with multibeam an area 
of about 1,600 km2 (hydrographic survey W00267) 
with a 10 m horizontal resolution raster, 10 km to 
20  km southwest of Chirikof Island, for geomor-
phological analysis of fish and invertebrate habitats 
(Fig. 8). Apparently, without knowledge of this 2001 
multibeam effort, NOS made multiple, coarse, widely 
spaced multibeam transects across the north portion 

Table 8  Percent mapped by bathymetry data type and depth zone for the Aleutian Islands (100 m) regional bathymetry compilation.

< 0 m
0 m to  
< 10 m

10 m to 
< 50 m

50 m to  
< 100 m

100 m to  
< 200 m

200 m to  
< 500 m

500 m to  
< 1000 m

≥ 1000 m

Empty cells 61.6 47.7 53.6 78.3 90.0 92.5 92.3 98.8

Smooth sheet 2.1 36.3 38.9 10.8 4.5 2.7 1.4 0.1

Shoreline 36.2 11.9 0.2 < 0.1 < 0.1 0.0 0.0 0.0

Singlebeam 0.0 < 0.1 0.1 0.8 1.8 1.7 0.5 0.1

Multibeam 
(deep)

0.0 0.0 0.0 < 0.1 0.1 1.4 3.8 0.9

Multibeam 
(shallow)

0.1 4.1 7.3 10.1 3.6 1.7 1.9 0.2

Total mapped 38.4 52.3 46.4 21.7 10.0 7.5 7.7 1.2

Fig. 7 The Type Identifier Grid 

(TID) for the 100m Aleutian Islands 

(AI) bathymetry compilation.
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filer) multibeam that can be installed on fishing boats 
and integrated with navigational software such as 
Nobeltec’s TimeZero17. NOS had already mapped 
the southern portion of Marmot Bay with multibeam 
in 2011 and completed the northern portion in 2012. 
NOS had also mapped with multibeam the central 
portion of Chiniak Bay in 1999 (H10913, 10 m) and 
completed the remainder in 2017. Thus, about 200 km2 
of seafloor was double-mapped.

5.7.3 Portlock Bank overlap
Multiple cruises mapped with multibeam the east-
ern edge of Portlock Bank in recent years (Fig. 10). 
The first and second cruises for plate tectonics re-
search occurred on the R/V Sonne in 1994 (SO-
96-218, and SO-97-119), utilized a deep water multi-
beam, and followed a fan-like survey pattern, where 
there were overlaps between transects in deeper 
water (~ > 2,000 m) but gaps between transects in 
the shallower waters (~  200 m) of eastern Portlock 
Bank. This partial mapping covered about 15,000 
km2. The AFSC's Auke Bay Laboratories hired Thales 
GeoSolutions’s R/V Davidson to map with multibeam 

with the older surveys. All of these 2012 surveys had 
horizontal resolutions < 10 m except for surveys in 
the SE (H12455) and SW (H12453) corners of the 
rectangle that were completed at a resolution of 16 
m. The SW corner of the SW survey overlapped the 
Thales GeoSolutions survey by about 84 km2 but left 
a gap of approximately 250 km2 between the south-
ern edge of H12453, its neighbor H12488 and the 
UAF/Thales Geo-Solutions map. This 250 km2 gap 
was partially covered by some of the coarse tran-
sects but inadequately mapped. Overall it would have 
been beneficial to coordinate these various mapping 
activities such that a homogenous, 10 m horizontal 
resolution multibeam map of the shallower waters 
surrounding Chirikof Island could be constructed.

5.7.2 Kodiak Island overlap
In 2012, the Alaska Department of Fish and Game 
(ADFG) mapped two areas at a horizontal resolution 
of 10 m for crab habitat research (Fig. 9) in Marmot 
and Chiniak bays near Kodiak Island (each roughly 
100 km2 in size)16. They used a relatively inexpensive 
entry-level WASSP (Wide Angle Sonar Seafloor Pro-

Fig. 8 Multibeam seafloor mapping overlaps near Chirikof Island. There are numerous overlaps between National Ocean Service (NOS) 

multibeam surveys H11483, H11484, H11589, and H11687 from 2005-2007 with the multibeam survey of University of Alaska Fairbanks 

(UAF)/Thales GeoSolutions conducted in 2001 (W00267). There is also an overlap of 84 km2 between NOS H12453 with the UAF/Thales 

GeoSolutions survey conducted in 2001. There is also a sparsely mapped area of 250 km2 between the NOS surveys of H12448, H12453 

and the UAF/Thales GeoSolutions survey of W00267.

16 http://projects.nprb.org/#metadata/7e6fd13f-bfcc-40e7-9b3e-3ad82543ab78/project (accessed 27 Sep. 2023). 
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and Table 7; 34.0 %, respectively). Digitizing the 
shoreline for NS, AI, and the EBSS paid off well, 
significantly improving coverage of the < 0 m depth 
zone, but was much less helpful for CI, an outcome 
that we interpret to be due to extensive mud flats oc-
curring between the shoreline and shallowest sound-
ings. Smooth sheet data density in CI was deemed 
sufficient for constructing the bathymetry raster with-
out the addition of available non-hydrographic sin-
glebeam data sets, which might have added more 
errors than useful soundings to help define the sea-

about 790 km2 of eastern Portlock Bank in 2001 for 
describing fish and invertebrate habitats (Rooney, 
2008), with deeper portions of their survey (to about 
740 m) overlapping with the shallower portion of the 
R/V Sonne surveys. In 2018, the Seattle office of the 
AFSC chartered the NOAA ship Fairweather to map 
several portions of the central Gulf of Alaska with 
multibeam for fish habitat analysis, and their eastern-
most area overlapped by about 500 km2 with the R/V 
Sonne 1994 and by about 200 km2 with the Davidson 
2001 areas, with some areas being triple-mapped. 
Thus, some knowledge of the previous mapping and 
research interests among geologists and fish biolo-
gists at eastern Portlock Bank could have benefitted 
all parties. The top of Portlock Bank remains one of 
the noteworthy, shallow, unmapped areas in the Gulf 
of Alaska (Zimmermann & Prescott, 2015).

6 Discussion
The TID analysis revealed new information about the 
Alaska regional bathymetry rasters, highlighting areas 
within each bathymetry raster of high-quality data and 
depicting areas with low-quality or no data. For exam-
ple, vast, deep (> 1000 m) areas within the AI compi-
lation are almost completely unmapped. Some entire 
rasters could use a great deal of improvement, such 
as NS, while other rasters, such as CI, are relatively 
well-mapped. Efforts to complete a bathymetry map 
of the Alaska EEZ in support of the Seabed 2030 
project may focus on either upgrading the published 
rasters by adding more soundings of higher quality 
data types or by conducting new mapping expedi-
tions in gap areas. The TID raster files are substantial-
ly smaller than the bathymetry rasters and, therefore, 
should be more easily utilized.

6.1 Effort spent on different data types
Each Alaska regional bathymetry compilation takes a 
finite amount of time and resources, with more em-
phasis placed on processing data sets judged likely 
to create a good map. For example, we would prefer 
a new, large-scale, and fully digital multibeam survey, 
which would take minutes of processing time, rather 
than to digitize an older, small-scale smooth sheet, 
which would take days of processing time. Despite 
our best efforts to triage data sets, sometimes bene-
ficial data sets do not get examined or incorporated, 
and detrimental or difficult to process data sets get 
included when they should not have been. Digitizing 
the thousands of kilometers of shoreline for the CGOA 
and WGOA compilations would have improved the 
coverage of this shallowest depth category but at a 
very significant effort for shallow (< 0 m) areas that 
were already relatively well-mapped (Table 6; 27.0 % 

Fig. 9  Multibeam seafloor mapping overlap near Kodiak Island. Areas mapped by the Alaska Depart-

ment of Fish and Game in Marmot and Chiniak bays in 2012. Areas mapped by the National Ocean 

Service in Marmot Bay in 2011–2012 and Chiniak Bay in 1999 and 2017.

Fig. 10  Multibeam seafloor mapping overlap at the eastern edge of Portlock Bank. Overlapping are-

as were mapped by the Seattle office of the Alaska Fisheries Science Center (AFSC) in 2018, by the 

AFSC's Auke Bay Laboratories (ABL) in 2001, and by the Alfred Wegener Institute’s R/V Sonne in 1994.

17 https://wassp.com/ (accessed 27 Sep. 2023).
18 https://oceanrep.geomar.de/id/eprint/28895/ (accessed 27 Sep. 2023).
19 https://oceanrep.geomar.de/id/eprint/23583/ (accessed 27 Sep. 2023).
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(JAMSTEC) and the Korea Polar Research Institute 
(KOPRI), were not known to us and, therefore, not 
included in any of the Alaska regional bathymetry 
compilations, while additional data are available from 
the Alfred Wegener Institute (AWI), Helmholtz Centre 
for Polar and Marine Research beyond that already 
included in the CGOA and WGOA compilations. Ba-
thymetry data from the commercial fishing industry are 
generally regarded as proprietary rather than public 
property because the detailed compilations of spe-
cific locations can reveal preferred fishing areas and 
breaches of areas that are closed to fishing or tran-
sit, such as the Steller sea lion (Eumetopias jubatus) 
rookeries22. If large volumes of high-quality bathymetry 
data can be collected during fishing operations, such 
as with the WASSP multibeam utilized by ADFG near 
Kodiak Island, without the standard corrections and 
calibrations that are routinely conducted during hy-
drographic multibeam surveys (e.g., speed-of-sound, 
patch test, bar checks, etc.), then this approach may 
result in the democratization of seafloor mapping. 
Fishing industry data remain a tremendous, mostly 
untapped resource (a small amount was incorporated 
only in the EBSS compilation; Zimmermann & Pres-
cott, 2018). In 2018, NOAA announced23 the hosting 
of a Crowdsourced Bathymetry (CSB) database, de-
veloped in coordination with the International Hydro-
graphic Organization’s (IHO) CSB Working Group as a 
formal means of capturing domestic and international 
non-hydrographic data sources, that are not intend-
ed to be used for navigational purposes but might be 
perfectly suitable to the Seabed 2030 project. Hope-
fully, all of the Alaska regional bathymetry rasters can 
be updated with new data and combined into a com-
plete map fully covering the Alaska EEZ in the future.

6.4 Dates of bathymetry collection
It is expected that depth and navigational data quality 
generally should improve over time, with newer hy-
drographic surveys superseding older surveys. We 
incorporated this trend in technological advancement 
in our Alaska regional bathymetry compilations by 
removing the overlap of older, lower-quality surveys 
where newer, higher-quality surveys were available, 
as indicated by our ranking of data types (e.g., multi-
beam supersedes smooth sheet). Otherwise, we 
included all available bathymetry data, regardless of 
collection date, with the CI (Zimmermann & Prescott, 
2014), CGOA (Zimmermann & Prescott, 2015), NS 
(Prescott & Zimmermann, 2015), and WGOA (Zim-
mermann et al., 2019b) bathymetry rasters incorpo-
rating sources over a century in age. Once new data 
are available, overlaps of the older, lower quality data 

floor. The generally high levels of sounding coverage 
in CI depth zones < 50 m verified the merit of this 
approach but depth zones > 100 m may have bene-
fitted from the additional soundings. The sparse cov-
erage of all depth zones > 0 m in NS and the 100 m 
to < 200 m and 200 m to < 500 m depth zones of 
COA may have benefitted from additional singlebeam 
data above the small amounts already incorporated. 
While highly beneficial in some regional compilations, 
the clumped nature of the singlebeam data limited its 
impact, and it is still not clear if it is preferable to go 
through the slower process of selecting the seafloor 
from the higher density raw echosounder data or to 
utilize the unproofed but sparser, more distributed 
data from a navigation file. The unproofed navigation 
file data undoubtedly introduced seafloor feature er-
rors in some areas but time lost to the laborious raw 
echosounder file editing meant no data could be pro-
cessed for other unmapped areas.

6.2 Additional bathymetry data sets
New data sets are continually emerging during or im-
mediately after the final raster version is completed. 
While these new data would have improved the com-
pilations, adding them would have delayed publica-
tion. For example, multibeam survey H13035 (2017) 
of the previously unmapped Coal Bay (see Figs. 1 
and 2 in Zimmermann et al., 2019b) was made pub-
licly available when the WGOA bathymetry raster was 
being finalized and published.

Other significant data sets not in the TIDs include 
regions of new NOS multibeam in the WGOA, in the 
Port Clarence area of NS, and around Kodiak Island 
in the CGOA. There are also seven additional maps 
of older deep water back-arc areas in the AI20, be-
yond the eight that were included in the most recent 
edition of the AI bathymetry raster (Zimmermann & 
Prescott, 2021a), available from the University of South 
Carolina. Caladan Oceanic21 mapped 72,000 km2 of 
the deepest portion of the Aleutian Trench in 2020, 
following their global 2018–2019 Five Deeps Expedi-
tion (Bongiovanni, 2022), where the AI raster only had 
sparse soundings approximating this area (Fig. 7). 
Numerous unprocessed singlebeam and navigation-
al files are available from newer bottom trawl cruises 
in the Gulf of Alaska which might improve coverage 
in the CGOA raster, especially in the relatively un-
mapped shelf area off of Icy and Yakutat bays (Fig. 5; 
also see Fig. 4 from Zimmermann & Prescott, 2015).

6.3 Additional bathymetry data sources
Some international data sources, such as the Japan 
Agency for Marine-Earth Science and Technology 

20  https://www.marine-geo.org/tools/search/entry.php?id=TN182 (accessed 27 Sep. 2023).
21  https://caladanoceanic.com/ (accessed 27 Sep. 2023).
22  https://www.fisheries.noaa.gov/alaska/commercial-fishing/steller-sea-lion-protection-measures (accessed 27 Sep. 2023).
23  https://nauticalcharts.noaa.gov/updates/noaa-announces-launch-of-crowdsourced-bathymetry-database/ (accessed 27 Sep. 2023).
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tunate and avoidable occurrence. Greater commu-
nication should prevent future instances from hap-
pening. Unfortunately sometimes double-mapping 
is planned on purpose, such as the Saildrone deep 
water multibeam targeting the Ingenstrem and Buld-
ir depressions in the summer of 2022, areas previ-
ously mapped in 2005 (Coombs et al., 2007). When 
double-mapping does occur, it can provide an op-
portunity to quantify changes in depth and to identify 
the processes responsible (e.g., Zimmermann et al., 
2018; Zimmermann et al., 2022)

7 Conclusion
The path forward to completing the seafloor map 
of the Alaska EEZ, and supporting the global Sea-
bed2030 effort, is to make the most judicious use of 
our limited at-sea resources. Here we provide small-
sized TIDs for use as guides for sounding the un-
mapped gaps that we identified. We expect that for-
mal mapping efforts by hydrographic-quality cruises 
will continue to supply important, definitive data sets 
but only in very limited areas. The funding for ded-
icated mapping cruises is relatively small and there 
are too few vessels conducting this work. To achieve 
Seabed2030’s goals we need to harness the effort of 
the more common non-hydrographic research cruis-
es, and the more numerous fishing vessels, already 
operating in remote and often poorly mapped areas. 
A shared and more authoritative seafloor map should 
improve the management of our natural resources, 
upgrade oceanographic and climate modeling ef-
forts, and inform our ocean policies
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