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Editorial 

 
 

Welcome to the November 2020 edition of the International Hydrographic Review!  It was 
my hope that this edition would see all of us returning to normal day-to-day life, but we 
remain constrained and frustrated by the global pandemic. However, this has not 
stopped the business of hydrographyðsurveys are being conducted, charts are being 
produced and data is being made available. The IHO and member states have  
embraced online meetings to ensure the IHO work program continues; not an easy task 
across the worldôs time zones. Significantly, IHO has released a new edition of  
Standards for Hydrographic Surveys (S-44 Ed 6) that specifies a new ñExclusiveò order 
and clarifies existing orders.  I highly recommend a thorough review of S-44 Ed 6, which 
can be found here: https://iho.int/uploads/user/pubs/standards/s-44/S-44_Edition_6.0.0_EN.pdf.   

Inside this edition, we start off with two articles that will be of great interest to  
hydrographic offices who are contemplating changes to chart schemes or establishment 
of a spatial data infrastructure. First, an article on NOAAôs ambitious and complex ENC 
Re-scheming Plan, followed by an overview of Singaporeôs National Marine Spatial Data 
Infrastructure highlighting the motivation and challenges of establishing an MSDI. The 
next two articles provide insight and recommendations on the use of non-traditional  
sonars for hydrographic survey, including NOAAôs Fisheries sonars and a Brazilian Navy 
Phase-Measuring Bathymetry Sidescan Sonar.  The Universiti Teknologi Malaysia then 
shares their thoughts on the establishment and use of ellipsoidally referenced surveys for 
hydrographic surveys. The last three articles address the increasing importance of  
satellite data.  The Canadian Hydrographic Service promotes accelerating the use of  
satellite based earth observation data; ARGANS, Ltd., provides a passionate argument 
for greater acceptance of satellite derived bathymetry as source data for nautical charts; 
and the Brazilian Navy shows the potential benefits of analyzing the relationship between 
satellite altimetry observations with bathymetry. 

The six notes in this edition cover a wide range of topics, including education, remote 
surveying, survey specifications, and the current status of unmapped waters in the USA.  
Of particular interest is a best practice guide for the use of autonomous survey vessels in 
hydrographic survey-I am sure you will find it informative and helpful as you pursue use 
of these systems.  Finally, the substantial work plan and activities of our colleagues in 
FIG Commission 4 (Hydrography) are presented.  

I hope you enjoy the articles and notes in this edition; the topics addressed are  
wide-ranging, relevant, and reflective of the ever-growing knowledge and skill in our  
hydrographic community.   Donôt forget to submit articles for the May 2021 edition by 
January 31, 2021.  A special edition of the IHR, celebrating 100 years of the IHO, is 
planned for release in April 2021, as well.  A website dedicated to the IHR is also in the 
works with a goal to increase accessibility to both current and archived editions of the 
IHR.  Itôs a great time to be a hydrographer! 

 

Brian Connon 

Editor 

https://iho.int/uploads/user/pubs/standards/s-44/S-44_Edition_6.0.0_EN.pdf
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Abstract 

 

 

R®sum® 

The scheme (or footprints) of NOAA Electronic Navigational Charts (ENCs) are 
based on traditional paper/raster charts from which they were derived. As a result, 
modernizing current ENC coverage to improve the way they are displayed in a  
digital environment, increase their level of detail, and incorporate additional survey 
data outside of the existing bounds is complex. As part of NOAAôs ñENC-Firstò  
effort, a re-scheming approach was developed to provide a seamless, tiled  
coverage that can easily be segmented or extended based on geographic location, 
available data and scale. In this new regular gridded ENC coverage approach, 
fewer than a dozen chart scales are used (down from the current 130 scales used 
in the paper chart scheme). The re-scheme plan also aims to improve products for 
mariners who prefer paper charts. The uniform scales will enable mariners to  
create customized charts with a new online application. Additionally, NOAA has 
created one production line for both ENC and Raster Navigational Charts (RNCs) 
products that will reduce production resources for maintaining two chart products.  
 

Key Words: Electronic Navigational Charts; Re-scheme; Marine Navigation; 
Chart Production; Production; Electronic Chart Display and Information System.  

Les sch®mas (ou empreintes) des cartes ®lectroniques de navigation (ENC) de la 
NOAA sont bas®s sur les cartes traditionnelles papier/raster ¨ partir desquelles ils 
ont ®t® tir®s. En cons®quence, la modernisation de la couverture en ENC actuelle 
afin dôam®liorer la mani¯re dont ces derni¯res sont affich®es dans un environne-
ment num®rique, dôaccro´tre leur niveau de d®tail, et dôincorporer des donn®es de 
lev®s suppl®mentaires au-del¨ des limites existantes, se r®v¯le compliqu®e. Dans 
le cadre de lôinitiative ç ENC-First è de la NOAA, une approche de resch®matisa-
tion a ®t® d®velopp®e afin de fournir une couverture maill®e continue pouvant ais®-
ment °tre segment®e ou ®tendue en se basant sur la localisation g®ographique, 
les donn®es disponibles et lô®chelle. Dans le cadre de cette nouvelle approche 
dôune couverture en ENC maill®e de mani¯re r®guli¯re, moins dôune douzaine 
dô®chelles cartographiques sont utilis®es (bien moins que les 130 ®chelles actuel-
lement utilis®es dans le sch®ma de cartes papier). Le plan de re-sch®matisation 
vise ®galement ¨ am®liorer les produits pour les navigateurs qui pr®f¯rent les 
cartes papier. Lôuniformit® des ®chelles permettra aux navigateurs de cr®er des 
cartes personnalis®es avec une nouvelle application en ligne. En outre, la NOAA a 
cr®® une ligne de production ¨ la fois pour les produits ENC et pour les cartes de 
navigation raster (RNC), ce qui r®duira les ressources de production pour la tenue 
¨ jour de deux produits cartographiques.  
 

Mots cl®s : cartes ®lectroniques de navigation ; re-sch®matisation ; navigation 
maritime ; production cartographique ; production ; syst¯me de visualisation des 
cartes ®lectroniques et dôinformations. 
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Resumen 

El esquema (o el bosquejo) de las Cartas N§uticas Electr·nicas (ENCs) de la 
NOAA se basa en las cartas tradicionales de papel/r§ster de las que se derivaron. 
Como resultado, la modernizaci·n de la cobertura ENC actual para mejorar el  
modo en el que se visualizan en un entorno digital, aumentar su nivel de detalle e 
incorporar datos de levantamientos adicionales fuera de los l²mites existentes, es 
compleja. Como parte del esfuerzo de la NOAA çENC-Firstè, se desarroll· un  
enfoque en materia de restructuraci·n para proporcionar una cobertura sin  
interrupciones y en forma de mosaico, que puede ser f§cilmente segmentada o 
ampliada bas§ndose en la ubicaci·n geogr§fica, los datos disponibles y la escala. 
En este nuevo enfoque de cobertura ENC reticulada regular se utilizan menos de 
una docena de escalas de cartas (por debajo de las 130 escalas actuales  
utilizadas en el esquema de cartas de papel). El plan de restructuraci·n tambi®n 
tiene por objeto mejorar los productos para los navegantes que prefieran las cartas 
de papel. Las escalas uniformes permitir§n a los navegantes crear cartas persona-
lizadas con una nueva aplicaci·n en l²nea. Adem§s, la NOAA ha creado una l²nea 
de producci·n para ambos productos, las cartas ENCs y R§ster (RNCs), que  
reducir§ los recursos de producci·n para el mantenimiento de dos productos  
cartogr§ficos.  
 
Palabras clave: Cartas N§uticas Electr·nicas; Restructuraci·n; Navegaci·n 
Marina; Producci·n de Cartas; Producci·n; Sistema de Informaci·n y Visualizaci·n 
de Cartas Electr·nicas. 
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 1.   Introduction 

The International Maritime Organization (IMO) requires commercial shipping to carry nautical 
charts and nautical publications for planning and displaying the ship's route for an intended  
voyage. The IMO has adopted the use of Electronic Navigational Charts (ENC), which are  
vector charts with a standardized content, structure and format described in the International 
Hydrographic Organization Standards Publication S-57 (IHO, 2000). ENCs are intended for use 
in an Electronic Chart Display and Information System (ECDIS), which is a geographic  
information display system used for nautical navigation and can also interface with other  
navigation systems, such as GPS, RADAR, and echosounders. The ECDIS itself has been 
adopted as part of carriage requirements for shipborne navigational systems and became  
mandatory for certain regulated vessels in July 2018 (IMO, 2012). Although paper charts are 
still in use, more and more mariners have switched to a digital form of these charts, known as 
Raster Navigational Charts (RNCs) that can also be loaded into ECDIS equipment and used 
together with an appropriate folio of up-to-date paper charts in the absence of ENC (IHO, 
2018). However, RNCs only meet IMO carriage requirements where there is no ENC availa-
bility. Similar to RNCs, ENCs are produced at various scales. However, while there can be any 
number of RNCs, produced at various scales, for any given area, ECDIS is limited to displaying 
no more than six different scale charts, one for each of the six ENC scale bands, - also called 
usage bands - in which only one chart at any scale can be produced over any given location. 
The division between the ECDIS scale bands is based on the intended navigational use:  
overview (Band 1), general (Band 2), coastal (Band 3), approach (Band 4), harbor (Band 5) and 
berthing (Band 6).  

The format, information, and intended uses of NOAA charts, defined here as the RNC-First  
Approach, have not changed much over the past 150 years. Since NOAA introduced the ENC 
product, more than 20 years ago, the size of commercial vessels has increased more than  
four-fold (UNCTAD, 2017), modern navigational systems have become more sophisticated, and 
recreational boaters have joined professional mariners in using electronic chart displays.  
Marine and coastal users of all types are expecting more precision in the charted positions of 
features, higher resolution of depth information on electronic charts, and easier access to 
charts and chart updates that are more frequent.  

In a digital production environment, the provision of data for many of the charted features can 
be streamlined into a hydrographic office (HO) in a digital format. Web services can provide 
shoreline and depth information as shapefiles, permits and other documents as scanned PDFs, 
and aids to navigation data as Excel spreadsheets. However, NOAA is currently managing two 
charting production lines that are not consistently harmonized with each other. As part of  
NOAAôs ENC-First approach, it has been important to develop cartographic rules that will 
standardize charting products within the same scale band, independent of geographic location. 
It is also important to be aware of the technological advancements over the past 30 years of 
display systems on marine vessels, establishment of international distribution centers for ENCs, 
GIS portals, and non-navigation applications that only incorporate subsets of the charting  
products. As such, the goal of this report is to describe the benefits, challenges, and current 
results of NOAAôs effort to re-scheme its ENC suite. 

On March 8, 2017, NOAA invited the public to provide comments on a draft National Charting 
Plan (NCP). The NCP is a strategy to improve NOAA nautical chart coverage, products, and 
distribution. It consists of two parts: the first part describes the current set of NOAA nautical 
chart products and their distribution, and second part describes some of the steps proposed to 
improve those products, including changes to chart formats, scales, data compilation, and  
symbology. This paper quantifies and explains key topics mentioned in the NCP that include 
current challenges with the ENC products and cartographic rules to provide a seamless, tiled 
coverage that can easily be segmented or extended based on geographic location, available 
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data and scale. Examples of NOAAôs regional chart coverage and charting of principle ports are 
presented in this paper to illustrate the ENC-First approach that standardizes 1,000+ irregularly 
shaped ENC cells using no more than 12 scales, instead of the current 100+.  
 
2. Key issues resulting from ENCs derived from RNC Products  

Most commercial ECDIS displays allow their users to select an ENC display according to usage 
bands. In order for a mariner to manage ENCs over the same area using different themes or 
navigational usage, IHO S-57 requires Hydrographic Offices (HOs) to identify a usage band for 
of their published ENC cells according to navigational purpose, depending on the scale of the 
source material used to compile them (IHO, 2000). The various ENC usage bands provide the 
mariner with different information based on the navigational purposes and detail preferred for 
display (IHO, 2002 and 2003). However, the S-57 ENC Product Specification does not provide 
guidance on the appropriate scale ranges to be used for each of the six Navigational Purposes. 
This issue was also identified in the context of controlling on-line generalization and multiscale 
ENC data management displayed in ECDIS using the SCAMIN (scale minimum) S-57 attribute 
(IHO, 2000; Leder, 2007). The SCAMIN attribute is the minimum scale at which an object may 
be used (e.g., for an ECDIS presentation) and allows optimal nautical data representation for 
any scale and purpose. Thus, an ENC is not cluttered when displayed at a smaller scale than 
the scale which the data was originally compiled (IHO, 2000).  

An official IHO recommendation for scale ranges and usage band was published in 2004, sever-
al years after some leading HOs had already decided on their own national usage bands and 
started to compile their ENCs accordingly (IHO, 2004a, b). Two IHO publications that were ap-
proved at that time (IHO S-65 and a SCAMIN paper) strongly recommend HOs assign each 
ENC to a navigational purpose based on the ENCôs compilation scale (Table 1). With that said, 
the inter-relationship and interaction between usage bands, SCAMIN, and compilation scale are 
particularly problematic and it is difficult to formulate voluntary guidelines that resolve all of the 
problems and that are acceptable to all HOs with differing views of these issues (Pharaoh, 
2007). For example, Table 2 presents the different definition of the usage bands by NOAA and 
the Canadian Hydrographic Office. 

 

Table 1. Interdependence of usage band, navigational purpose, scale range, compilation scale and radar 

range (according to IHO, 2004a and b). 

Usage 

Band 

Navigational 

Purpose 

IHO Recommended Scale 

Ranges (1:) 

Radar Ranges 

(NM) 

Available 

compilation scales (1:) 

6 Berthing > 4,000 < 0.25   

5 Harbour 4,000 ï 21,999 0.25 - 0.75 
8,000 
12,000 

4 Approach 22,000 ï 89,999 1.5 - 3 
22,000 
45,000 

3 Coastal 90,000 ï 349,000 6 - 12 
90,000 
180,000 

2 General 350,000 ï 1,499,999 24 - 48 
350,000 
700,000 

1 Overview < 1,499,999 96 - 200 
1,500,000 
3,000,000 
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As a result, NOAAôs RNC-First Approach and interaction between usage bands, SCAMIN, and 
compilation scale created several key issues with NOAAôs current nautical chart products and 
their distribution (NOAA, 2017): 
 

¶ Too many alarms on caution areas are shown in ECDIS. 
¶ Uncertainty values associated with ñreported,ò ñexistence doubtful,ò and ñposition approxi-
mateò dangers are not well defined. 

¶ Limited description of depth areas in key locations that require more detail for the mariner. 
¶ Irregularly shaped ENC cells compiled at over 100 different scales that result with many  
discontinuities between neighboring charts on the same scale band. 

¶ Current attributes to NOAA chart features are mainly good for SOLAS mariners, but not 
good for recreational mariners. 

 

3. Re-Scheme Plan for NOAAôS Charting Products  

3.1 Standardizing Scales 

In order for NOAAôs charts to comply with international standards, NOAA adopted IHO recom-
mended usage bands with two compilation scales in each usage band (Table 1). However, binary
-dependent compilation scales were selected for NOAAôs ENCs instead of the compilation scales 
that are dependent on radar ranges (Table 3). Use of binary dependent scales will simplify the 
display of charts in ECS displays and different web-services. Also, it is simpler to sample key  
vertex points when generalizing a larger scale chart to a smaller scale binary-dependent chart. 
The only difference between the IHO recommended usage bands and NOAAôs usage bands is 
the scale division between Band 5 (Harbor) and Band 6 (Berthing).  NOAA chooses to divide the 
scales at 1:5,000 instead of 1:4,000. Table 3 shows four common binary scale lists for the  
transition between large-scale to small-scale charts (i.e., Google Maps scale, 5-10-20, 12-48-96, 
and 25-50-100). Because of the large number of ENCs (more than 50) currently available at 
1:10,000, 1:20,000, 1:40,000, and 1:80,000 scales, the use of the 5-10-20 scale list (NOAA  
Binary 1 in Table 3) seemed to be most appropriate for NOAAôs new re-schemed ENC scales. As 
a result, fewer charts will need to be rescaled and compiled to the new binary scale list, i.e., many 
feature can directly transfer from current NOAA charts into the new re-schemed charts. NOAA is 
currently focusing on producing continuous coverage of Scale Band 4 along all of the US and its 
territories (within NOAAôs charting responsibilities), where approaches to ports will be at 1:40,000 

Usage 

Band 

Navigational 

Purpose 

NOAA Scale Ranges 

(1:) 

CHS Scale Ranges 

(1:) 

IHO Recommended Scale 

Ranges (1:) 

6 Berthing > 5,000 > 2,000 > 4,000 

5 Harbour 5,001 ï 50,000 2,001 ï 20,000 4,000 ï 21,999 

4 Approach 50,001 ï 150,000 20,001 ï 50,000 22,000 ï 89,999 

3 Coastal 150,001- 600,000 50,001 ï 150,000 90,000 ï 349,000 

2 General 600,001 ï 1,500,000 150,001 ï 500,000 350,000 ï 1,499,999 

1 Overview < 1,500,001 < 500,001 < 1,500,000 

Table 2. Interdependence of usage band, navigational purpose, scale range, compilation scale and radar 
range (according to IHO, 2004a and b). 
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scale. Principal ports (based on cargo, fisheries and tourism) will be covered at scale band 5, i.e., 
1:10,000 scale or 1:20,000 scale. 

* NOAA divides the scales between Berthing and Harbour at 1:5,000 instead of 1:4,000 as  
recommended by IHO (see Table 2). 

 3.2  Improving Charts Schemes 

The second element of the plan is the footprint (scheme) of the charts. NOAA and many other 
HOs built their ENCs by digitizing paper nautical charts in order to get them done quickly and to 
ensure that the two products matched each other. In the new ENC-First paradigm, it is important 
to point out that ENCs do not need to follow traditional raster chart limits and are solely limited by 
the 5 MB ENC file size restriction (IHO, 2000). As such, it is possible to use a gridded system with 
fixed cell sizes and standardized scales. A statistical analysis of NOAAôs current ENC cells over 
the continental US showed that the calculated cell boundaries along the width and height are  
linearly dependent on the scale, i.e., progressively larger scale usage bands cells will nest within 
the (larger size) smaller scale cells (Figure 1). The reason for excluding Pacific Islands and the 
State of Alaska was to avoid the introduction of unique small inset island charts and high-latitude 
charts that contain distortion, respectively.  A reference fishnet has been created for each usage 
band. All re-schemed ENC cell boundaries follow lines of longitude and latitude and will appear 
rectangular in a Mercator projection. The reference fishnetôs center of reference is at 0ÁN and 0ÁE 
for each of the usage bands, and it is possible to add more ENC cells to the chart suite by  
copying the footprint from the fishnet for any location on Earth. The geographic ENC size for each 

usage band was calculated based on data volume restriction of not being over 5 Mb (Table 1).   

 

 

Table 3. . Common binary compilation scales divided according to IHOôs recommended usage bands. Gmap ï 

Google Map Scale (Lee et al., 2016).  

Navigational 

Purpose 

NOAA Adaptation* 
of IHO Recommend-

ed Scale Ranges (1:) 

Gmap 
(rounded) 

(1:) 

NOAA 
Binary 1 

(1:) 

NOAA  
Binary 2 

(1:) 

NOAA 
Binary 3 

(1:) 

Berthing* > 5,000 
2,250 
4,500 

2,500 
5,000 

3,000 
  

3,125 
  

Harbour* 5,001 ï 21,999 
9,000 
18,000 

10,000 
20,000 

6,000 
12,000 

6,250 
12,500 

Approach 22,000 ï 89,999 
36,000 
72,000 

40,000 
80,000 

24,000 
48,000 

25,000 
50,000 

Coastal 90,000 ï 349,000 
144,000 
288,000 

160,000 
320,000 

96,000 
192,000 

100,000 
200,000 

General 350,000 ï 1,499,999 
576,000 
1,152,000 

640,000 
1,280,000 

384,000 
768,000 

400,000 
800,000 

Overview < 1,499,999 
2,304,000 
4,608,000 

2,560,000 
5,760,000 

1,536,000 
3,072,000 

1,600,000 
3,200,000 
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In the past, each ENC cell was maintained within its own individual database, which made  
re-scheming ENCs difficult, but now all NOAA ENCs are maintained within a single, seamless 
database called the Nautical Information System (NIS). The NIS database simplifies many ENC 
enhancements, such as the edge matching of data on adjacent cells of the same or similar 
scales, and increasing the conformity of feature compilations on different scale ENCs. ENC  
footprint dimensions are separated into three geographic zones (Figure 2): low-latitudes (48ęS to 
48ęN), mid-latitudes (48ęN to 64ęN) and high-latitudes (64ęN to 80ęN). The separation is based on 
the distortion at high-latitude caused by the projection used to display the charts. To accommo-
date this, the width of the ENC cells is doubled from low-latitudes to mid-latitudes, and doubled 
again from mid-latitudes to high-latitudes. For example, a Band 5 ENC cellôs width is 0.075ę at 
low-latitudes, 0.15ę at mid-latitudes, and 0.30ę at high-latitudes.  
 

 

 

 

 

 

 

 

 

The United Nations Code for Trade and Transport Locations (UN/LOCODE) was used to identify 
each port by a unique three letter identifier in order to differentiate the US Principle Ports from 
the rest of the re-schemed ENC cells at the same scale band. The US port list is the official short 
name in English as referenced in ISO 3166, where the two-letter identifier of the country (i.e., 
US) were ignored. Thus, the Principle Port ENC cells utilize the three-letter port code for the 
fourth, fifth and sixth characters. The last two characters are determined by the cell location with 
respect to a given reference. The southwestern corner of the ENC cell grid is the origin (ñAAò), 
where the seventh and eighth character represents distance from the origin in latitude and longi-
tude, respectively (Figure 2). In non-principle port ENCs, the U.S. state represents the fourth and 
fifth characters, followed by an integer delineating a zone within the state for the sixth character. 

Figure 1. Scatter plots of average NOAA ENC width (along latitude), height (along longitude) and area as function 
of scale. 

Figure 2. Schematic illustration of the three geographic zones based on latitude for defining the dimension of  
NOAAôs ENCs.  
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The seventh and eighth characters are the cell location with respect to a given reference. The 
port list was obtained from the UN/LOCODE Code List 2017-1 for each country (current version 
was published in July 2017): http://www.unece.org/cefact/locode/service/location.html. In cases 
where there are two or more Principle Ports next to each other, only the three letter UN code of 
the largest Principle Port will be used for the ENC grid.  
 

 

 

 

 

 

   3.3  Generalization 

NOAAôs generalization rules follow legacy best practices used in RNC production. IHO S-58 (IHO, 
2018b) also uses a validation check ï ñFor each edge which contains vertices at a density  
Greater than 0.3mm at compilation scale.ò As such, key generalization rules used in ENC produc-
tion during the re-scheming process included: 1) minimum vertex density greater than 0.3 mm/
scale, 2) double-line features become a single-line feature when the distances between the lines 
are less than 0.3 mm/scale, 3) and any branch line feature (e.g., pier or a stream) perpendicular 
to the trunk feature (e.g., shoreline or rivers) and is less than 0.8mm/scale will be omitted from the 
data. It is important to note that the IHO S-58 refers to the native spatial representation of the 
ENC features, i.e. is geographic WGS-84. However, ESRI and other GIS software encounter  
truncation issues with meter-level calculations (six digits after the decimal point). In order to avoid 
potential GIS algorithms, NOAA validated and generalizes vertex points along the same feature 
or the distance between two line features using a 0.4 mm/scale threshold in a metric projection 
(e.g., Universal Transverse Mercator) (Table 4). The output is an ENC product in geographic  
coordinate system with vertex density less than 0.3 mm/scale. 

 

 

 
 

Figure 3. Naming convention for re-schemed ENC cell names.  

Table 4. NOAAôs recommended vertex and line distance density of features for GIS tools using metric projection.  

Scale Vertex density and singleline 
threshold (0.4 mm/scale) 

Perpendicular line feature threshold 
(0.8 mm/scale) 

1:10,000 4 m 8 m 

1:20,000 8 m 16 m 

1:40,000 16 m 32 m 

1:80,000 32 m 64 m 

1:160,000 64 m 128 m 

1:320,000 128 m 256 m 

1:640,000 256 m 512 m 

1:1,280,000 512 m 1,024 m 

1:2,560,000 1,024 m 2,048 m 

1:5,120,000 2,048 m 4,096 m 

http://www.unece.org/cefact/locode/service/location.html
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4. Results 

  4.1 Current production effort 

NOAAôs Marine Chart Division (MCD) has worked to address the re-scheming challenge through 
a series of production steps that are separated by phases. The first edition of a re-schemed  
NOAA ENC should have an authorization letter that is registered in the MCD tracking system.  
Following this, production of re-schemed ENCs includes: 1) generalizing shoreline to the appro-
priate scale, 2) compiling features as function of scale, 3) matching feature edges to ensure  
connection of contours, shoreline, depth areas, etc., and 4) applying new cell boundaries and 
chart note files.  Furthermore, an Edition one re-schemed ENC should comply with MCDôs current 
vertex density rules of no more than 200 vertex density warnings for vertices closer than 0.3mm 
at compilation scale (IHO, 2018b). Phase two of a re-schemed ENC will include updated and 
recompiled hydrographic contours. The recompilation will take advantage of NOAAôs new  
National Bathymetric Source (NBS) database, which will assist in the transformation to metric 
soundings and contours (currently, compiled in feet and fathoms, and converted to meters for 
ENC production)  and ensure that the latest data is applied to re-schemed areas (Rice et al., 
2020).  The NBS will ensure that the latest data is used to compile the new products while also 
maintaining proper supersession rules between different survey data sources. The NBSôs  
automated approach will save countless cartographic compilation hours while improving the data  
quality of the ENCs. Edition three, the final step in the re-scheming process, will include the  
addition of topographic contours and feature place names, road networks and other land features.  
Once edition three is complete, the cell will be in a maintenance mode. Each new edition intends 
to provide the maximum incremental benefit to the public without having to wait for the entire  
re-scheming process to be completed. 
 

According to NOAAôs re-scheme plan (NOAA, 2017), NOAA has started its re-scheming effort in 
the band 4 space in order to produce continuous coverage along all of the US and its territories 
(within NOAAôs charting responsibilities), Two additional reasons were: 1) the ease of transition 
due to existing coverage in a corresponding scale, available data (shoreline and bathymetry) for 
the new coverage, and 2) Approach scale charts at the 1:80,000 serve as a mid-scale product for 
use in confined bodies of water, and with NOAAôs extended re-schemed coverage can be used 
for coastal navigation in the electronic environment. Figure 4 illustrates NOAAôs re-scheme plan 
for the Great Lakes. NOAA has also started working on band 5 coverage in some areas and  
intends to work on band 3 in the near future. As shown in Figure 5, the MCD is working in several 
different geographic areas around the country to re-scheme the charts.  The main reason for this 
is to ensure that each of the six regionally-based cartographic teams builds expertise simultane-
ously while working to demonstrate the benefits to a more regionally diverse set of customers.   
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. NOAAôs re-scheme plan for the Great Lakes (Band 4). Red polygons represent the legacy ENC footprint and 

the blue rectangles represent the new re-schemed ENC cells. 
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 4.2  Challenges in production 

Coordinating the production and release of a re-schemed chart while ensuring that the mariner 
has access to a current the pre-re-schemed chart is akin to changing a car tire while the car is 
moving.  Large amounts of data must be applied to both current and new products while the new 
charts are being built; the old chart must be retired or cut to new extents, simultaneously with the 
new ENC release, or overlap errors will occur. Additionally, when charts are retired by area 
(rather than individual cell) communication with the mariner is critical. Other key challenges in 
production are as follows: 
 
Bathymetry ï Applying bathymetry is one of the most challenging aspects of the re-scheming 
project.  NOAAôs aim to apply the most accurate data available while converting the contours to 
metric requires complete recompilation in many areas. The challenge of finding shore-to-shore 
coverage that is deemed acceptable to support navigation is frequently impossible and often  
requires additional data collection.  The use of non-traditional means of gathering data, including 
Airborne LiDAR Bathymetry and Satellite-Derived Bathymetry, are employed.  However, this type 
of data are only useful when the waters are optically clear to detect the bottom at depths deeper 
than 6 m (Peôeri et al., 2014).  This issue of charted areas lacking bathymetry also presents the 
challenge of creating larger scale products as part of the re-schemed plan that do not currently 
exist. Creating approximate, dashed line, contours from smaller scale data to update larger scale 
chart production (example: 1:40,000 data creating a new 1:10,000 scale chart) is not preferred 
but is possible. The same approach cannot be used to produce the desired spacing or horizontal 
accuracy for soundings on larger scale charts.  An interim solution of updating chart notes to warn 
the mariner was coordinated with IC-ENC. NOAA is enthusiastically working on deploying its  
National Bathymetry Source database (Rice et al., 2020), which is expected to significantly  
expedite the compilation process by automating data precedent and sounding selection.  
 

Figure 5. Online GIS used to display progress of creating re-schemed ENC coverage. 
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Digitized line and polygon features ï As mentioned above, most ENCs were digitized from  
raster products, resulting in severe over compilation of features, such as shoreline. In many  
cases, the vertices are closer than 0.3mm/scale (IHO, 2018b). Another issue is fragmented line 
features that represent only a single feature. This level of detail is not visible when viewing ENCs 
at the proper zoom level and requires more effort on an ECDIS to display these features. As 
such, many charts can receive hundreds or even thousands of S-58 warnings during the chart 
validation process. In addition, there might be Group 1 (ñSkin of the Earthò) errors due to gaps 
between the depth and land areas. Although there are several automated generalization tools, 
there is a need for manual editing to reduce these errors and warnings, while also amending  
topology of all the Group 1 bounding features that interact with land areas, depth areas, sea are-
as (e.g., shoreline). As a result, production time is drastically increased for generating ENC  
products.  Several possible solutions are being tested to reduce the effort of this generalization 
process, but a final solution has not yet been implemented into the workflow. 
 

Communication ï Although communication with the public and key stake holders has been a 
challenge, it has been met through a series of internet blog posts and customer interaction 
through NOAAôs regional navigation managers. NOAA also employs an online ñStatus of New 
NOAA ENCsò web map (https://distribution.charts.noaa.gov/ENC/rescheme/) that shows areas 
where re-scheming is planned, in work, in final quality check or completed. It should be noted that 
plans for the new ENC scheme are subject to change, and may be modified to meet user needs. 
The coverage and/or the scale may end up being significantly larger or slightly smaller. The web 
map will reflect changes to the planned layout as they are made. 
 

5. Discussion 

  5.1 Rasterization HD Charts 

Despite the re-scheme plan described here, raster format charts are still preferred by many  
mariners. With NOAAôs new plan to standardize a consistent gridded framework that is optimized 
for digital displays, the question is what is the future of paper charts, or raster images that are 
used in navigation systems? In order to allow a raster-based maintenance system, it is now  
possible to translate encoding attributes of vector objects into standardized chart symbols and 
labels, and therefore simplifying workflow processes for raster chart production (Ence and Peôeri, 
2019). One of the great side benefits of the re-scheming project is that it will significantly improve 
another charting service that NOAA is providing, the NOAA Custom Chart (NCC) application 
(https://devgis.charttools.noaa.gov/pod/). The NCC allows users to define their desired footprint 
for a paper chart and includes customizable settings, such as paper size, scale, and safety  
contour to name a few.  Since the NCC uses the NOAA ENC suite as its base data, the output is 
greatly improved when the ENC suite is uniform in scale. If, for example, one wishes to produce a 
chart at 1:40,000, but half of the area covered is only available at 1:80,000, then that portion of 
the paper output will only show half the level of detail as the area that has the 1:40,000 scale  
data available. Also, features like depth contours and depth areas may not be aligned or suddenly 
end. The use of only one or two scales for each usage band throughout the re-scheme effort 
should resolve these issues. 

  5.2 Re-schemed products Dissemination 

NOAA is a member of the International Centre for Electronic Navigational Charts (IC-ENC). This  
is a Regional ENC Coordinating Centre (RENC), which supports the IHO Worldwide Electronic 
Navigational Chart Database (WEND) principles. The IC-ENC validates NOAA ENCs according to 
the IHO S-58 check list and distributes the chart products. IC-ENC is acutely involved in NOAAôs 
re-scheming process for a number of reasons: 1.) Validating new, first edition, ENCs takes  
considerably more effort than validating new editions of existing ENCs. Since every new  

https://distribution.charts.noaa.gov/ENC/rescheme/
https://devgis.charttools.noaa.gov/pod/
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re-schemed ENC is a first edition chart, the re-scheming workflow has increased the IC-ENC 
workload considerably. Additionally, these new cells may be created in areas which have not 
been subject to a new edition for some time, and so there is the opportunity to update content and 
encoding to reflect the latest ñbest practiceò; 2.) IC-ENC carries out a vital function in coordinating 
the exchange between new and old cells. This RENC maintains a critical part of the communi-
cation chain during a cell re-scheming. This ensures that mariners on the bridge of a ship are  
provided with a seamless coverage, and the óoldô is replaced by the ónewô; 3.) The new chart 
scheme dramatically increases the number of ENCs in the US suite (Figure 4). While this  
increases safety, among other things, it also increases the cost of management due to the  
complexity of accounting (i.e., storage space, coordination, and distribution management, such as 
supply and user permit generation). As part of the re-scheme workflow, NOAA provided  
resources and personnel to coordinate the communication with IC-ENC to maintain a steady,  
secure production line that can reliably deliver the latest data to ships operating in US ports.   

6. Conclusions 

NOAAôs ñENC-Firstò initiative includes a multi-year re-scheming project that will result in a  
seamless, grid based coverage that can easily be segmented or extended based on geographic 
location, available data and scale. A new naming convention will be used for the re-schemed 
cells, retiring the old names associated with the raster-based ENC cells. NOAA has started by  
re-scheming the band 4 space in order to produce continuous coverage in the US and its  
territories (within NOAAôs charting responsibilities). Additional band 5 coverage re-scheming  
efforts will be conducted in key U.S. ports, but in the future, NOAA expects to work to complete 
large regional areas in all usage bands, as it works around the country. During the projectôs initial 
period, NOAA is working through multiple challenges along the production pipeline that include: 
manual work generalizing line and polygon features (e.g., shoreline and inland water bodies), 
gaps in bathymetry due to the compilation of larger-scale products from smaller-scale sources, 
and more effort in conducting validation for new ENC cells. However, the expected result will  
allow for many automated cartographic processes that are currently manual and provide updates 
to charts through the scales in a much faster time. The end goal is provide seamless sets of  
uniform data throughout US waters that will improve electronic navigation through uniform coding 
practices and standard scales while also greatly improving the ability to produce customizable 
charts for printing using ENC data as source. 
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Abstract  

Resumen 

The establishment of national Marine Spatial Data Infrastructures (MSDI) have 
been geographically uneven due to challenges such as funding, political will and 
human capital. Furthermore, actualising MSDI benefits; enabling and supporting 
hydrospatial applications, poses another set of challenges. Using Singaporeôs  
national MSDI ╖ GeoSpace-Sea, this paper uncovers four catalysts of GeoSpace-
Seaôs development and describes three challenges an emerging national MSDI 
confronts when actualising its envisaged benefits. These challenges could vary 
over time, space and the MSDIôs maturity. Along with integrated hydrospatial and 
geospatial management, MSDIs would foreseeably continue to be key to unlocking 
the value of spatial data and in revealing insights into the past, present and future.  

La mise en place dôinfrastructures de donn®es spatiales maritimes (MSDI)  
nationales a ®t® in®gale sur le plan g®ographique en raison de d®fis tels que le  
financement, la volont® politique et les ressources humaines. En outre, lôactualisa-
tion des avantages des MSDI, la facilitation et le soutien dôapplications hydrospa-
tiales, repr®sentent un autre d®fi. En utilisant la MSDI nationale de Singapour  ╖  
GeoSpace-Sea, cet article d®voile quatre catalyseurs du d®veloppement de Geo-
Space-Sea et d®crit trois d®fis auxquels est confront®e une MSDI nationale  
®mergente lors de lôactualisation de ses avantages envisag®s. Ces d®fis peuvent 
varier dans le temps, lôespace et selon la maturit® de la MSDI. Parall¯lement ¨ la 
gestion hydrospatiale et g®ospatiale int®gr®e, les MSDI continueraient probable-
ment ¨ °tre essentielles en vue de lib®rer la valeur des donn®es spatiales et de 
r®v®ler des perspectives pass®es, pr®sentes et futures.  

El establecimiento de las Infraestructuras Nacionales de Datos Espaciales  
Marinos (MSDIs) ha sido geogr§ficamente desigual debido a desaf²os como la 
financiaci·n, la voluntad pol²tica y el capital humano. Adem§s, la actualizaci·n de 
los beneficios de las MSDIs; la activaci·n y el apoyo a las aplicaciones hidroespa-
ciales, plantean otra serie de desaf²os. Al utilizar la MSDI nacional de Singapur - 
GeoSpace-Sea, este documento revela cuatro catalizadores del desarrollo de 
GeoSpace-Sea y describe tres retos a los que se enfrenta una MSDI nacional 
emergente a la hora de actualizar sus beneficios esperados. Estos desaf²os  
podr²an variar con el tiempo, el espacio y la madurez  de la MSDI.  Junto con la 
gesti·n hidroespacial y geoespacial integrada, es previsible que las MSDIs sigan 
siendo fundamentales para desentra¶ar el valor de los datos espaciales y para 
desbloquear el valor de los datos espaciales y revelar perspectivas sobre el  
pasado, el presente y el futuro.  
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1. Introduction 

At  Singaporeôs World Hydrography Day celebrations in June 2019, the Maritime and Port  
Authority of Singapore (MPA) officially announced the setting up of our national Marine Spatial 
Data Infrastructure (MSDI) initiative, called óGeoSpace-Seaô (Maritime and Port Authority of  
Singapore, 2019a). This initiative complements Singaporeôs terrestrial-based spatial data  
infrastructure (SDI). The MPA collaborated with 11 other government agencies and academic 
representatives to deliver the marine component of the national SDI, and in doing so, bridge the 
land-and-sea information gap through data harmonisation and interoperable standards, in  
particular those that are Open Geospatial Consortium (OGC) approved.  

At the national level it was agreed that a continuous land to sea surface model would be funda-
mental to addressing issues such as sea level rise and coastal adaptation. The first phase of  
GeoSpace-Sea aimed to establish partnerships, implement the Geographic Information System 
(GIS) infrastructure and provide access to government stakeholders. The next phase is expected 
to create access for institutes of higher learnings and public end-user groups, enhance the  
repository with the integration of near real-time data, and enable hydrospatial end-user  
applications.  

MSDIs are an embodiment and enabler of hydrospatial applications; harmonising and distributing 
marine and coastal spatial data and information to support a wide range of applications beyond 
safety and efficiency of navigation, such as marine and coastal spatial planning, marine science 
research and development, climate change research, and disaster response. óHydrospatialô is a 
new proposed branch of applied science to study the evolving marine and coastal spatial objects 
in the ocean and sea space, and how they are applied to serve agendas like a sustainable Blue 
Economy (Ponce, 2019; Hains, 2020). A key advantage of geospatial data is providing the  
geographical context to observations, likewise, hydrospatial data will emphasise the geography of 
the oceans and seas in the marine and coastal data and information acquired. 

Using Singaporeôs national MSDI  ╖  GeoSpace-Sea  ╖  as a case study, this paper aims to, firstly, 
uncover the catalysts for the development of a national MSDI in this time, and secondly, describe 
key challenges an emerging national MSDI would confront in order to actualise the  
benefit of enabling and supporting hydrospatial end-user applications.  

 

2. Why the need for GeoSpace-Sea for Singapore? 

Maritime, marine and coastal activities have significant socio-economic impact to Singapore. The 
maritime industry alone contributes 7% of Singaporeôs Gross Domestic Product (GDP) and  
employs over 170,000 people (Maritime and Port Authority of Singapore, 2018). Located at the 
crossroads of major shipping routes, Singaporeôs sea space is one of the worldôs busiest. At any 
one time, there are about 1,000 vessels in the Singapore port and every 2 to 3 minutes, a ship  
arrives or leaves Singapore.  

Despite the busy waters, Singaporeôs sea space is home to about a third of the worldôs  
hermatypic coral species and at least 994 marine intertidal species (Chou, et al., 2012; Lim, et al., 
2020). In 2014, southern islands Small Sisterôs Island and Big Sisterôs Island, and the western 
reefs of St Johnôs Island and Pulau Tekukor, were officially designated as Singaporeôs first Marine 
Park (Koh, 2015). Recently, Singapore also announced its expansion of aquaculture to the  
southern waters (Tan, 2020). Other uses and needs of Singaporeôs sea space include  
recreational activities and coastal development. In the future, Singapore residents could even be 
living in floating apartments (Paulo & Mak, 2019). 

 



24 

   INTERNATIONAL HYDROGRAPHIC REVIEW                                                                                                                               NOVEMBER 2020 

      

 

Singapore is not spared from the potential impacts of climate change and is at risk from more  
frequent and extreme rainfall events, storm surges, and sea level rise, which is projected to  
continue beyond 2100, even if global warming is limited to 1.5ÁC in the 21st century (high  
confidence) (National Environment Agency, 2018; IPCC, 2018). As a densely populated, low-
lying, small island city-state with limited resources, sustainable development and science-based 
climate change adaptation and mitigation strategies continue to be a focal point of Singaporeôs 
story. 

 

3. Catalysts of a national MSDI 

While the benefits of MSDIs are endless, the implementation of government-led MSDIs have 
been geographically uneven due to challenges such as funding, political will and human capital. 
However, countries and governmental bodies have shown heightened interest in MSDIs,  
especially in recent years. This is evident from the growing IHO MSDI WG Member Statesô  
membership from 2008 to 2020 which has grown from 22 to 29. The total number of participants 
inclusive of Member States, IHO secretariat and expert contributors has also steadily increased 
from 14 in 2008, to 35 in 2019, and 58 in 2020.  

Due to increased interests in the marine domain, the OGC in 2016 established a Marine Domain 
Working Group (OGC Marine DWG). With support from IHO Member States, the United Nations 
Global Geospatial Information Management Working Group on Marine Geospatial Information 
(UN-GGIM MGI WG) was also established in 2017 and held its inaugural face-to-face meeting in 
Busan, Republic of Korea, in 2019. Singaporeôs timely establishment of a national MSDI is in line 
with these positive international trends.  

This section describes four catalysts that led to the establishment of GeoSpace-Sea: the  
changing ocean and seascape, regional and global agendas, the role of the national hydrographic 
office, and the advancements and availability of standards and frameworks.  

 

3.1 Changing ocean and seascape 

The changing local seascape coupled with threats of climate change impacts were drivers for  
Singaporeôs GeoSpace-Sea initiative. Our seascape involves diverse stakeholders that can be 
categorised to government, industry, academia and public users, and further broken down into  
diverse use-cases and activities (Figure 1). Although most of Singaporeôs sea space are port  
waters, with its expanding users and uses, policymakers recognised the need to move beyond 
port planning and to produce a more comprehensive marine spatial plan and integrated urban 
coastal zone management. Mr Khoo Teng Chye, Executive Director, Centre for Liveable Cities, 
highlighted that planning requires an inventory of historical and present information and Professor 
Lui Pao Chuen, adviser to the Ministry of National Development and National Research  
Foundation, supported that ñGeoSpace-Sea would be the source for integrated knowledge-based 
planning and development of Singapore, and the instrument for the modelling of Singapore for 
various applicationsò (Maritime and Port Authority of Singapore, 2019b). The local scientists and 
community have also recommended, through óThe Singapore Blue Plan 2018ô, that a coordinated 
marine database for Singapore is required for the sustainable management of Singaporeôs sea 
space (Jaafar, et al., 2018)  
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The threat and experience of climate change impacts were also push-factors for GeoSpace-Sea. 
Prolonged sea surface warming caused major coral bleaching events in 1998, 2010 and 2016 
whereby 60% to 90% of surveyed corals were bleached (Chou, et al., 2019), and the absence of 
coral reefs could consequently have dire impact on ecosystem services such as food (fish)  
security (Friess, 2017). Furthermore, sea level rise and the more frequent and intense  
climate-change extreme events are expected to be a strong external physical stressor on  
Singaporeôs resilience (Chow, 2018). In the worst case scenario of 0.87m sea level rise,  
adaptation strategies (construction and maintenance) are projected to cost US$ 5.7 million and 
US$ 16.8 million by 2050 and 2100, respectively (Ng & Mendelsohn, 2005). Data is needed to 
study how local extreme events are related to global-scale climate change, monitor regional  
hydro-climate phenomena (e.g. ocean acidification, ocean warming and tropical cyclones) and 
local geographical changes (e.g. tidal heights and coastal development). Monitoring and  
understanding the risks of hydro-climate hazards, such as storm surge impacts, would contribute 
to the knowledge production chain and produce more robust science-based adaptation,  
mitigation and response strategies. 

 

Figure 1: Singapore's sea space stakeholders 
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  3.2 Regional and global agendas 

Singaporeôs commitment to global agendas, such as the Paris Climate Agreement and United 
Nations (UN) 2030 Agenda, including the UN Decade of Ocean Science 2030 complemented by 
The Nippon Foundation-General Bathymetric Chart of the Oceans (GEBCO) Seabed 2030  
Project, and membership to regional and international organisations, such as East Asia  
Hydrographic Commission (EAHC) and International Hydrographic Organization (IHO), were also 
catalysts to the establishment of GeoSpace-Sea.  

The ocean is one giant conveyor belt of dynamic ocean currents, nutrients, including pollutants, 
therefore, global and regional action and data is required to address marine environmental man-
agement, especially for confined and busy waterways used for international navigation like the 
Singapore and Malacca Straits. GeoSpace-Sea is envisaged to ultimately contribute to the global 
marine and coastal data ecosystem for sustainable development. Singapore updated its climate 
pledge under the Paris Agreement and reaffirmed its commitment to the UN 2030 Agenda 
through a voluntary national review report at the UN High-Level Political Forum on Sustainable 
Development (Ministry of Foreign Affairs, 2018; Ministry of the Environment and Water  
Resources, 2019). The UN 2030 Agenda is a global development framework adopted by World 
Leaders, including Singapore, at the UN Sustainable Development Summit in September 2015. 
The 2030 Agenda comprises 17 Sustainable Development Goals (SDG). Open hydrographic and 
marine spatial information is expected to contribute to not only hydro-related SDG 14 (Life below 
water) and SDG 6 (Ensure availability and sustainable management of water and sanitation for 
all), but also others like SDG 13 (Climate action), SDG 11 (Sustainable Cities and Communities), 
and SDG 15 (Life on land). 

Regionally, Singapore is also an active member of the EAHC MSDI WG which includes a total of 
10 Member States and 1 observer from the region: Brunei Darussalam, China, DPRK, Japan,  
Indonesia, Malaysia, Philippines, Republic of Korea, Singapore, Thailand and Vietnam. One of 
EAHC MSDI WGôs key tasks is to implement a regional EAHC MSDI in order to share and  
exchange marine spatial data. 

A national MSDI is now almost necessary for countries to address, demonstrate and fulfil its re-
gional and global commitments for sustainable development and climate action. The list of MSDIs 
have been growing and as of 31 March 2020, 66 MSDI/SDI portals, across 41 countries have 
been reportedly established (International Hydrographic Organization, 2020a). 

 

  3.3 The role of Singaporeôs hydrographic division 

Hydrographic offices (HO) play an important role in driving the development of a national MSDI 
and in being national custodians of marine and coastal data. Having been an integral part of  
Singaporeôs marine and coastal spatial data life cycle, the MPAôs Hydrographic Division is  
spearheading this national initiative. Over the years, the difficulties in ocean data acquisition, big 
3D marine data processing and enabling marine GIS applications has diminished alongside  
advancements in technology and digitalisation of the hydrospace (Li & Saxena, 1993). Today, 
HOs like Singaporeôs which have been acquiring, processing and distributing navigational  
products have become valuable sources of high quality, long-term, fundamental marine and 
coastal spatial data such as bathymetry, coastline and tidal heights (International Hydrographic 
Organization, 2017a; Ponce, 2019). Being custodians of most of the fundamental marine and 
coastal data and having the experience of handling these spatial data formed the foundation of 
the GeoSpace-Sea initiative.   

Before 2018, Singapore Hydrographic Divisionôs role and core functions like many of HOs  
remained largely to support safety of life at sea (SOLAS):  (1) conduct hydrographic surveys; (2) 
publication of nautical charts; (3) provide, install and maintain aids to navigation (Oei,1991).  
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However, the changing local, regional and global ocean and seascape has served as impetus for 
the Singaporeôs Hydrographic Division to expand its role and core functions.  

In July 2018, the óGeoSpace-Seaô section of Singaporeôs Hydrographic Department was set up to 
dedicate resources to the development of GeoSpace-Sea, and on 1 April 2019, the Hydrographic 
Division was upgraded to a Division. Presently, Singaporeôs Hydrographic Division consists of 
four departments: Survey, Cartographic, Aids to Navigation and GeoSpace-Sea. Its role now  
encompasses serving a wider range of applications and users beyond safety of navigation and 
mariners. Its additional functions include maintenance of data and marine GIS, namely  
Singaporeôs Integrated Hydrographic Management System (IHMS) and GeoSpace-Sea. By  
supporting safe navigation, and preventing collisions and oil spills, Singaporeôs Hydrographic  
Division has been protecting the marine environment (Oei, 2010), but it is now taking the next 
step to enable more to contribute to this mission.  

In May 2020, the co-author and author accepted to join the volunteer ñHydrospatial Movement 
Club and Community (HMCC)ò, as the Asian Node; to be the voice of Hydrospatial as the  
foundation of any activity in the oceans, seas, lakes and rivers with emphasis on the Blue  
Economy for Sustainable Development. 

 

  3.4 Advancements and availability of standards and frameworks 

The advancements and availability of MSDI standards and frameworks was also a driver for the 
timely establishing the GeoSpace-Sea. The IHO MSDI WG, OGC Marine DWG and UN-GGIM 
MGI WG have been providing technical guidance and standards on MSDIs and supporting the 
development of innovative solutions to MSDI challenges, most notably, data interoperability.  

Frameworks are useful to establish and periodically assess the state of a national MSDI. MSDIs 
must be reliable in order to enable and support the broader hydrospatial context and its  
applications. Two complementary conceptual frameworks have been adopted for GeoSpace-Sea. 
The first, is the IHO MSDI WG recommended óFour Pillars of MSDIô: (1) Policy and Governance 
(People); (2) Technical Standards (Standards); (3) Geographic Content (Data); and (4)  
Information Systems (ICT) (Figure 2). The four pillars of MSDI have been useful in organising the 
resources required to establish and monitor the progress of GeoSpace-Sea. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: The Four Pillars of MSDI (International Hydrographic Organization, 2017b, p. 6)  
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The second framework adopted is the UN-GGIM Integrated Geographic Information Framework 
(IGIF) and its nine strategic pathways, which could be useful particularly for long-term strategic 
plans (Figure 3). The four pillars of MSDI is complementary and can be easily mapped to the nine 
strategic pathways (Table 1). It is noteworthy that the óinnovationô centre puzzle piece is intended 
to be applied across all other pieces.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Open standards that MSDIs could adopt are also available to ensure data and system interopera-

bility, for instance those approved by OGC. The marine and maritime community is currently 

working towards producing and implementing a suite of product specifications to promote data 

standardisation and interoperability for hydrospatial services such as e-navigation (Table 2). At 

present, it appears that MSDIs could be both at the receiving end and producers of these  

products. The adoption of these advancing common standards and technology could enhance the 

mission of MSDIs in enabling a wider range of hydrospatial applications.  

Figure 3: UN-GGIM IGIF Nine Strategic Pathways (UN-GGIM, 2018, p. 21) 

The Four Pillars of MSDI UN-GGIM IGIF Nine Strategic Pathways 

Technical Standards (Standards) Standards 

Geographic Content (Data) Data 

Information Systems (ICT) Innovation (particularly for ICT) 

Policy and Governance (People) 

Governance and Institutions 

Policy and Legal 

Financial 

Partnerships 

Capacity and Education 

Communication and Engagement 

Table 1: How the four pillars of MSDI and IGIF nine strategic pathways are complementary 
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4. MSDIs enabling hydrospatial context and applications 
 

The MSDI road map does not stop at implementing policies, infrastructure and a portal for data 
consolidation, harmonisation and access. The process of actualising its anticipated benefits;  
enabling and supporting the hydrospatial context and wide-range of applications, poses another 
set of challenges MSDIs have to address. This section identifies and describes three key  
challenges GeoSpace-Sea has and would continue to confront in order to enable and support  
hydrospatial context and applications such as climate change research, marine spatial planning, 
coastal zone management, environmental impact assessments, incident reporting, environmental 
management, or maritime automated surface ships. 

Organisation In-charge 
Product Specification 

Series 
Planned Product Specifications 

International Hydrographic 
Organization (IHO) 

S-1xx 
  

S-101 Electronic Navigational Chart (ENC) 
S-102 Bathymetric Surface 
S-103 Sub-surface Navigation 
S-104 Water Level Information for Surface  
           Navigation 
S-111 Surface Currents 
S-112 Open - (See Decision HSSC9/38) 
S-121 Maritime Limits and Boundaries 
S-122 Marine Protected Areas 
S-123 Marine Radio Services 
S-124 Navigational Warnings 
S-125 Marine Navigational Services 
S-126 Marine Physical Environment 
S-127 Marine Traffic Management 
S-128 Catalogue of Nautical Products 
S-129 Under Keel Clearance Management    
           (UKCM) 

International Association of 
Light Authorities (IALA) 

S-2xx S-201 Aids to Navigation Information 
S-210 Inter-VTS Exchange Format 
S-211 Port Call Message Format 
S-230 Application Specific Messages 
S-240 DGNSS Station Almanac 
S-245 eLoran ASF Data 
S-246 eLoran Station Almanac 
S-247 Differential eLoran Reference  
    Station Almanac 

Intergovernmental Oceano-
graphic Commission (IOC) 

S-3xx None proposed yet 

Inland ENC Harmonization 
Group (IEHG) 

S-401 to S-402 S-401 IEHG Inland ENC 
S-402 IEHG Bathymetric Inland ENC 

Joint Technical Commission 
for Oceanography and Marine 
Meteorology (WMO/IOC 
JCOMM) 

S-411 to S-421 S-411 JCOMM Ice Information 
S-412 JCOMM Weather Overlay 
S-413 Weather and Wave Conditions 
S-414 Weather and Wave Observations 

International Electrotechnical 
Commission - Technical 
Committee 80 (IEC-TC80) 
Numbers 

S-421 to S-430 S-421 Rout Exchange Format 

Table 2: List of Planned Marine Data Product Specifications (International Hydrographic Organization, 2020b) 
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  4.1 Partnerships 

MSDI is a coordinated effort to collect, integrate, use and re-use marine and coastal spatial data. 
In order to establish and sustain the data lake of MSDIs, partnerships play a pivotal role in  
securing data sources and channels. Arguably, the biggest challenge of establishing GeoSpace-
Sea was neither a technical one nor about data availability, it was about building partnerships and 
sharing of common goals. These partnerships extended across the national, regional and  
international scales. However, in order to enable and support hydrospatial context and  
applications, these partnerships would need to be sustainable, developmental and diversified.  

 
At the national scale, a user-centric approach was adopted in the development of GeoSpace-Sea. 

A governance structure involving a steering committee, working committee and two technical 

committees were set up to support decision and policymaking. In its initial stages, an end-user 

application exercise was conducted between the government agencies to map out stakeholder 

user needs and commitment (Figure 4). Representatives from government agencies listed end-

user applications and the data or resources required. At the same time, they stated data or re-

sources they could offer to the rest of the stakeholders. The inputs were mapped and the  

outputs of the exercise were: (1) a base data inventory of data required and can be made  

accessible, and (2) a wish list of data that were presently neither available nor accessible.  

Ultimately, MSDI is a balancing act between user needs and concerns about data exchange and 

sharing, and its role is to maximise each user groupôs mission without compromising the strategic 

interest of another. An end-user application exercise makes this decision-making process  

transparent.  

Apart from the technological infrastructure that has brought data together, GeoSpace-Sea has 
also formed a network of local sea space stakeholders. This network is expected to grow and  
become more diverse as GeoSpace-Sea continues engaging various groups and enabling more 
hydrospatial applications. The GeoSpace-Sea committees notably include representatives from 
academia too, and the stakeholder group would likely expand in the next phase which aims to 
create access for academia and public end-user groups. Government-academic-industry  

Figure 4: GeoSpace-Sea end-user application exercise overview  
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partnerships have notable benefits of improving the quality of marine science research and  
development, increasing the efficiency of translating standards into industry-ready technologies or 
products, and potentially bridging the science and policy gap.   

 
Partnerships beyond national scale are also required to build a regional and global marine and 
coastal data ecosystem. In its mission to promote safe navigation, the importance of international 
cooperation and exchange of best practices has been entrenched in the international hydrogra-
phic community. Since 2007, these principles have been extended to the IHO MSDI WG. IHO 
MSDI WG and regional MSDI working groups, such as the EAHC MSDI WG, have annual  
meetings to build these partnerships. At the meetings, sharing of national reports and discussions 
on common standards foster these connections.  

4.2 Authoritative data and metadata 

With data flows secured, another challenge is how MSDIs define and maintain the 
ñauthoritativenessò and quality of data for the hydrospatial context and wide range of applications 
it intends to enable and support. MSDIs, including GeoSpace-Sea, aim to promote the use and re
-use of ñauthoritativeò marine and coastal data. Authoritative data is often understood as data  
obtained with ñformal quality assurance proceduresò, and traditionally, government agencies and 
reputable mapping companies have been sources of these data (Du, et al., 2016, p. 1). Presently, 
GeoSpace-Seaôs base data inventory includes authoritative hydrographic, coastal geography,  
environmental, species distribution and habitat, meteorological and infrastructure data from  
government sources.  

 
A datasetôs quality can be assessed for either its internal characteristics (i.e. internal quality) or its 
ófitness for useô (i.e. external quality). Typically, standardisation bodies develop internal quality 
assessments that consists of five to eight parameters, and users take these parameters to assess 
if the data is fit for use or purpose (Devillers, et al., 2005):  
 

¶ Lineage/Source 
¶ Spatial/Positional Accuracy 
¶ Attribute Accuracy 
¶ Semantic Accuracy 
¶ Thematic Accuracy 
¶ Completeness 
¶ Logical Consistency 
¶ Temporal Information/Accuracy. 
 

HOs will be familiar with the production and distribution of authoritative data and information 
through Electronic Navigational Charts (ENCs) and paper nautical charts. For the production of 
these products, most marine GIS are equipped with IHO S-58 validation tools and marine  
cartographers are trained to ensure data quality from a marinerôs perspective and for safe  
navigation. There are acceptable inaccuracies of data in charts, for instance, the generalisation of 
depth contours on the ñsafe sideò. For effective communication, spatial data and information are 
representations of reality, and are only as accurate as the elements selected to represent it.  
However, assessing data quality and ófit for purposeô from a MSDI perspective is difficult because 
the use-cases and users are intentionally broad and diverse.  
 
Instead of ensuring data is fit for purpose, MSDIs can focus on ensuring internal data quality is up 
to date. If the MSDI policy entails that dataôs ófit for purposeô-ness should be determined by users, 
MSDIs have the responsibility of providing good quality and up-to-date metadata to support usersô 
in this decision-making process. GeoSpace-Seaôs metadata is aligned with its terrestrial  
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counterpart and both systems adopt a national óGeospatialSG Data Standardsô framework that is 
based on ISO 19100 standards.  
 
In the near future, MSDIs may also have to consider the ñauthoritativenessò of crowd-sourced  
data. The data collected through volunteer GIS, mobile applications or as a bi-product of other 
processes could contribute to policy-making (Goodchild, 2007; Du, et al., 2016). For instance, as 
a bi-product of shipping and navigation, crowd-sourced bathymetry data are being contributed to 
The Nippon Foundation-GEBCO Seabed 2030 Project. There are also researcher-validated 
crowd-sourced biodiversity records, such as those in the óWild book for Whale Sharksô available in 
the International Union for Conservation of Nature (IUCN) open-source database (Morales-
Ramirez & Pang, 2018). GeoSpace-Sea could also in future consider incorporating researcher-
validated citizen science biodiversity records. These data, albeit not from traditional sources of 
authoritative data, could meet a data quality criterion and be approved for sharing in MSDIs. 

4.3 Funding and operational sustainability   

A MSDI questionnaire completed by IHO Member States revealed that majority of MSDIs are 
funded by ótask of an organisationô. The ownership and willingness to fund MSDIs is a recognition 
of the benefits of MSDIs, however, it is important to quantify its benefits, and translate them into 
cost-benefit analysis so as to justify its longer-term funding and operational sustainability. To  
enable and support the hydrospatial context and various applications, the MSDI itself needs to be 
sustainable and reliable.  
 
While the direct costs of MSDIs and, fundamentally, sharing of open data could be justified with 
qualitative potential benefits (Johnson, et al., 2017), quantification of potential and actualised  
benefits is a challenge to overcome. These benefits include operational cost-savings, such as  
reduction in duplication of data collection and improved decision-making, and socio-economic and 
environmental benefits both in the short term and long term. Griffin, Coote and Crompvoets 
(2019) found that direct costs of MSDIs could result in a net benefit; for every US dollar invested, 
it is predicted that 2 to 18 US dollars would be returned. However, the authors also highlighted 
that these are projected figures and the evaluation of the actual effectiveness of MSDIs remain a 
knowledge gap. 
 
Data being the currency of MSDI has value and MSDI could become a source of revenue too. 
Value-added data could be produced in the process of harmonising data from various sources. 
Encouraging the re-use of data also serves to maximise the lifespan of data collected and  
enhances its value when a wider range of applications depend on it.  The higher value of this data 
eventually asserts the mandate of the data source and its acquiring cost (Garavelli, 2018). The 
United Kingdom (UK) Hydrographic Office Admiralty Marine Data Portal has ópaid Admiralty data 
servicesô which currently includes five data layers: óoffshore infrastructureô, óVertical Offshore  
Reference Frames (VORF)ô, ówrecks and obstructionsô, óseabed compositionô and óHMNAO  
Astronomical and Calendar Informationô (UK Hydrographic Office, 2019). In order to do so, pricing 
mechanisms and models are required to quantify and assign a monetary value to data, possibly 
by the óageô of the dataset or the ódemandô for it.   
 

5. Conclusion: Looking ahead 
 

This paper has described the four catalysts that led to the establishment of Singaporeôs  
GeoSpace-Sea. It has also identified three key challenges that an emerging national MSDI may 
confront in the process of actualising its envisaged benefits. Catalysts and ease of establishing a 
national MSDI could vary over time and space depending on the countryôs funding priorities and 
the spatial data policies enacted. For instance, countries without an open geospatial data policy 
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or with restricted funding opportunities may have to seek more commercially driven catalysts. 
This is especially so with the economic impacts arising from the global pandemic, funding could 
surface as a more immediate challenge in the establishment of a national MSDI. 
 
Similarly, MSDIs could face additional challenges in enabling hydrospatial context and applica-
tions depending on its maturity. For example, mature MSDIs may be required to upgrade and be 
kept up to date with the latest S-100, S-200, S-300 and S-400 standards. There are various  
challenges in implementing these standards that would involve standards organisations who are  
producing these standards, the industry translating these standards into operational tools for  
production, and the HOs which must seek an opportune time and source of funding to upgrade 
the specifications of their MSDI. For HO-led MSDIs, partnerships remain essential in the  
implementation of these S-100 product standards too because the process could involve  
transforming data and workflows beyond the hydrographic domain. Looking ahead, identifying 
MSDI-relevant product specifications, an implementation roadmap for MSDI and continued  
exchange of tangible benefits from MSDIs to justify investments would be needed.  
 
In an increasingly digital hydrospace, MSDIs would foreseeably continue to play a key role in  
unlocking the value of hydrospatial data, and reveal insights through data integration, hydrospatial 
analysis and applications. To sustain MSDIs and enable it to support the hydrospatial context and 
wide-range of applications in the medium and long-run require integrated hydrospatial 
(geospatial) information management that strategically considers data, metadata, people 
(partnerships and capacity building), governance, and how to exploit opportunities arising from 
present crises and disruptive future technological and non-technological trends, for instance,  
Artificial Intelligence (AI) and the demand for digitalisation. Ultimately, when national MSDIs,  
regional MSDIs and other domain SDIs agree to better cooperation and collaboration on data 
sharing and exchange, we could develop and visualise a more holistic view of water movements 
and impact on our earth. This would enable functions akin to the development of a time machine 
where users can dynamically and more accurately model the past, present and future. In other 
words, we could be more proactive than reactive in managing our marine environment.  
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Abstract 

 
R®sum®   
 

 

 
Resumen 

 

The collection of available fisheries acoustic data holds significant seafloor  
mapping potential. We estimate that in the Northeast United States, Simrad EK60 
data from the NOAA Fisheries fleet could increase bathymetric coverage by as 
much as nine percent. This article describes initial automated processes and  
techniques used to: extract the seafloor from Simrad EK60 water column data  
collected with NOAA Fisheries vessels, obtain and apply best available information 
to realize the seafloor relative to chart datum, and verify the outcome with existing 
qualified bathymetry. 

Lôensemble disponible de donn®es acoustiques issues de la p°che repr®sente un 
potentiel significatif pour la cartographie du fond marin. Nous estimons que dans le 
nord-est des Etats-Unis, les donn®es Simrad EK60 issues de la flotte de p°che de 
la NOAA pourraient accro´tre la couverture bathym®trique jusquô¨ neuf pourcent. 
Le pr®sent article d®crit les processus et techniques automatis®s initiaux utilis®s 
pour : extraire les donn®es relatives au fond marin ¨ partir des donn®es de la  
colonne dôeau Simrad EK60 qui sont collect®es par les navires de p°che de la 
NOAA, obtenir et appliquer les meilleures informations disponibles pour r®aliser la 
cartographie du fond marin par rapport au z®ro des cartes, et v®rifier le r®sultat 
avec les donn®es bathym®triques homologu®es existantes.  

La recopilaci·n de los datos ac¼sticos disponibles sobre pesca encierra un  
importante potencial de cartograf²a de los fondos marinos. Estimamos que en el 
Noreste de los Estados Unidos, los datos del Simrad EK60 de la flota pesquera de 
la NOAA podr²an aumentar la cobertura batim®trica hasta un 9%. Este art²culo 
describe los procesos y t®cnicas automatizados iniciales utilizados para: extraer el 
fondo marino desde los datos de la columna registrados por el Simrad EK60  
recogidos con los barcos de pesca de la NOAA, obtener y aplicar la mejor  
informaci·n disponible para reconocer el fondo marino en relaci·n con el datum 
de la carta y verificar el resultado con la batimetr²a cualificada existente  
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1. Introduction 

As of January 2020, the National Oceanic and Atmospheric Administration (NOAA) has classified 
54% of the United States coastal, ocean, and Great Lakes waters as unmapped (Office of Coast 
Survey, 2020). Worldwide, bathymetry is used for charting, modeling, and coastal and ocean 
zone management purposes. Global bathymetric coverage has numerous scientific and economic 
applications which are highlighted by the need to understand an ever-changing ocean floor. In 
2011, National Centers for Environmental Information (NCEI) partnered with NOAAôs National 
Marine Fisheries Service (NMFS) and the Joint Hydrographic Center to create an archive for  
water column data collected by government, academic and international vessels. Water column 
data is the full acoustic time series of an underwater echo sounder. This archive (NOAA Water 
Column Sonar Data) includes data from various areas around the United States Exclusive  
Economic Zone (EEZ) and provides RAW data files for public use (National Centers for  
Environmental Information, 2011). NMFS often uses the Simrad EK60 split beam echo sounder 
during fisheries surveys to observe biological attributes such as marine habitat and animal  
populations in the water column. Fortunately, this water column data often includes the seafloor 
and can be used to increase the overall mapped area of the EEZ (National Centers for  
Environmental Information, 2011).  

In 2019, NOAA Office of Coast Survey (OCS) and Coastal Survey Development Lab (CSDL) took 
an interest in using the NMFS water column data to update coastal bathymetric charts. The  
National Bathymetric Source (NBS) project has begun to highlight gaps in coverage in the New 
England region and is motivated to fill these gaps with the best available bathymetry (Wyllie and 
Rice, 2020). The EK60 data from fisheries surveys was recognized as a potential source for filling 
these gaps thanks to previous collaboration with Pacific Marine and Environmental Laboratory 
(PMEL), NMFS, and Saildrone in the Bering Sea (Office of Coast Survey, 2017). Because of ties 
to the NBS project, Northeast United States waters are the focus region for this work. 

Often, hydrographic acoustic survey data is processed in manual steps to integrate supporting 
information and to derive depths. While supervised processing can be effective for single cruise 
datasets, a procedure for automating the process for significant amounts of RAW EK60 data is 
needed. The NOAA Hydrographic Systems and Technologies Branch (HSTB), along with  
contractors from Earth Resources Technologies (ERT), developed and tested a Python script for 
batch processing the water column data for derived depths on chart datum. The projectôs ultimate 
goal was to develop a way for the EK60 data to be automatically synthesized into forms easily 
consumable by the OCS External Source Data team, thus enabling efficient access for the  
national bathymetry and the chart. This paper illustrates the process and describes the current 
results of these efforts.  

The Simrad EK60 is a scientific split beam echosounder specifically intended for observing the 
water column with multiple frequencies. A split beam echosounder is a single beam echosounder, 
which is to say an acoustic transducer with a beam pattern that defines a single primary beam, 
but is capable of determining the angle to a target within the beam. Given multiple frequencies, it 
is possible to observe and discriminate between mid-water marine organisms, such as schools of 
fish and plankton, or map for gas seeps and oil spills (National Centers for Environmental  
Information, 2011). For this study we use the EK60 as a single beam echosounder. While the  
majority of hydrographic surveys use a swath sonar for more efficient and complete bathymetric 
coverage, single beam sonars are still capable of recording bathymetry while surveying the water 
column (Figure 1). The majority of the data processed includes information from five transducers 
with discrete frequencies: 18kHz, 38 kHz, 70 kHz, 120 kHz, and 200 kHz. These discrete  
frequencies allow for duplicate observations of the seafloor, potentially improving the information 
available to a seafloor detection algorithm. The EK60 data has largely been collected in the last 
20 years, making it particularly useful for updating bathymetric charts in areas where the latest 
survey may have been over 100 years ago. There are currently 401 cruises from 2003 to 2019 
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with available EK60 data, spanning a total of 1.1 million linear nautical miles of data. Of these 
EK60 cruises, NMFS vessels have collected 222 cruises for 811 thousand linear miles (National 
Centers for Environmental Information, 2011). The cumulative geographical scope of these  

surveys makes them particularly useful for hydrographic mapping (Figure 2).  

Figure 1:  Single beam echo sounder compared to swath echo sounder. Both methods record the bathymetry of 
the seafloor. The EK60 echosounder is represented by the single beam.   
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As demonstrated in our test area of the Northeast United States, the expanse of the EK60  
surveys has the potential to contribute to unmapped areas of the US EEZ (Figure 3). 

Figure 2: Available NMFS EK60 data for the entire US Exclusive Economic Zone from 2003-2019 (National  
Centers for Environmental Information, 2011).   

Figure 3: Bathymetric data coverage for the Northeast US EEZ (left) and additional NMFS EK60 data coverage for 
the same region (right). Notice how the EK60 data covers a sizable unmapped area of the United States EEZ.  
Figure credit: Meredith Westington, NOAA Office of Coast Survey.  
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Based on the January 2020 analysis of US bathymetry coverage and gaps, as referenced in the 
Progress Report of Unmapped US Waters (Office of Coast Survey, 2020), Westington estimates 
that the EK60 data could increase bathymetric data coverage in the Northeast US EEZ by nine 
percent, bringing the coverage of the area from 65% to 74% minimally mapped per Seabed 2030 
goals (Westington, 2020). The mapped statistic is based on the standard that a mapped area 
constitutes a density of at least one soundings per 100m grid cell after 1960 (Westington et al., 
2019). This large reservoir of single-beam echosounder data has the potential to significantly 
boost US bathymetric records, especially in light of a recent analysis that estimates it would take 
around 177 years for a single survey platform running continuously at 7.5 knots to survey the rest 
of US waters to meet modern survey standards (Greenaway, Batts, and Riley, 2020). Further-
more, a majority of the Northeast US covered by the NOAA Fisheries EK60 data is within depths 
of 0-200m. This is considered a ñhigh effortò zone because multibeam survey swaths are  
narrower at these depths than in deeper zones and would require more passes to collect  
complete coverage.  

We implement the following steps to extract bathymetry on chart datum from the EK60 water  
column: seafloor detection, sound speed application, and water level, heave, and draft adjust-
ments. The Python scripts described in this article are currently housed in Pydro, a public,  
Microsoft Windows-based software suite developed by HSTB. This suite contains tools, libraries, 
and information that support the processing and analysis of hydrographic data that aid in refining 
seafloor detections into depths (Gallagher et al., 2020). Since the main script exists in the Pydro 
environment, it is able to access tools for estimating harmonic sound speed from historical data in 
the World Ocean Atlas (WOA) database (Boyer et al., 2013), and tide information from the Archiv-
ing, Validation, and Interpretation of Satellite Oceanographic (AVISO) auxiliary product: Finite  
Element Solution (FES) global tide model, 2014 (AVISO+ FES2014b) (NOVELTIS et al., 2014).  

Ultimately, the purpose of the described workflow is to enable the automated extraction and  
adjustment of acoustic data from the EK60 surveys to derive useful bathymetry. As mentioned 
previously, the geographic expanse of the EK60 surveys makes them valuable for filling current 
gaps in hydrographic maps. This data also has the potential to contribute to global mapping  
projects such as Seabed 2030, which aims to map the global ocean by 2030 (Westington et al., 
2019). This style of workflow may also have implications with other projects involving large  
datasets. Additionally, this project highlights the usefulness of the AVISO tide model, which can 
be used to process other bathymetric datasets and promote hydrographic studies in new areas. 

 

2. Methods 

The overall workflow for obtaining and processing EK60 data is broken into several stages. First, 
EK60 RAW files are queried and downloaded from the NCEI public cloud (National Centers for 
Environmental Information, 2017). Once the files are local to the processing resources, our code 
extracts the time, navigation, and water column records from the EK60 RAW files. The seafloor is 
then extracted from the water column data, and the time and navigation are used to query tides 
and sound speed to create a best estimate of depth. Seafloor extraction includes identifying  
prevalent features within the water column, identifying the most likely candidates, and then  
calculating a two-way travel time (TWTT) for the selected features. A low pass filter is applied to 
the seafloor to remove heave artifacts, and draft is applied as recorded in the RAW file. After  
processing all survey files are completed, the data are gridded at eight meter resolution for  
comparison to existing data. A resolution of eight meters was chosen to match the resolution of 
existing data at the ENC Band 3 region.  
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 Seafloor Detections 

Seafloor detections are based on image processing techniques and the assumption that the sea-
floor is the largest and strongest target in the water column data. This approach first extracts the 
water column amplitude time series for each file into a two-dimensional array with dimensions 
corresponding to the number of samples and the number of pings for each frequency. For each 
frequency, a Scipy (Virtanen et al., 2020) image edge detection method performs an initial feature 
detection by applying an eight standard deviation Gaussian filter to remove noise and a Sobel 
filter in the along-ping (vertical) direction to find significant positive gradients. We defined signifi-
cant gradients as greater than one standard deviation of the Sobel gradients found within the file, 
and we selected positive gradients since the seafloor should increase in amplitude from the back-
ground noise. A region of interest for the feature is then extended to include the samples after the 
significant positive gradient to include when the gradient reaches a minimum (maximum negative) 
gradient since this corresponds to a decrease in power amplitude and the backside of the feature 

(Figure 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

These regions of interest are then grouped by classifying across pings using OpenCV (cv2 as a 
python library) (Heinisuo, 2020) to create features with metrics. Each feature within the file is 
tracked with a start and stop ping index, the index of maximum amplitude for each ping within the 
feature, the average signal to noise computed between a blanking distance and the feature, and 
the sum of the maximum amplitudes within the features. Features are then sorted by descending 
sum of the maximum amplitudes for the separate features, and the maximum non-overlapping (in 
ping index) features are selected. Features with a signal to noise ratio less than 30 dB are  
discarded. This series of steps is repeated for each transducer/frequency recorded in the RAW 
file. 

Figure 4: A subsection of the Sobel gradient and power time series in the area of a detected feature. The 
raw power and Gaussian filtered power illustrate change relative to the Sobel filter gradient. We demonstrate the 
detected feature as extended to the minimum gradient, and how this range of samples corresponds to the maximum 
power amplitude.  


