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Editorial
Welcome to the May 2021 edition of the International Hydrographic Review! I am
excited to share the articles and notes of this edition with you. Perhaps most
importantly, all of us here at the IHR would like to celebrate 100 years of the
IHO. Following this editorial, you will find a letter from the current IHO Directorate about this momentous occasion. It is incredible to think that 100 years
ago, our predecessor hydrographers had the foresight to create an organization
focused on improvement to global hydrography and maritime commerce. I am
particularly impressed by the work leading up to the official establishment of the
International Hydrographic Bureau in 1921. A reprint of the very first IHR article,
“HISTORY of the INCEPTION of the I.H.B.” is provided to revisit the hard work
and professionalism exhibited during a post-war, global pandemic to improve
safety of navigation world-wide. Today, we again find ourselves in a pandemic,
yet we continue to conduct hydrographic surveys, process our data, and produce
nautical charts, maritime safety information and digital data to support the needs
of our maritime world. Our articles in this edition are indicative of the constant
drive of today’s hydrographers and cartographers to improve the data provided
to our customers. First, a fascinating look at a quantitative method to assess
hydrographic data and nautical chart information over time. Next, an analysis of
the bathymetric compilation process—so important with today’s multibeam sonar
systems producing terabytes of data. The last article provides a mechanism for
evaluating the validity of Volunteered Bathymetric Information, or Crowd-sourced
Bathymetry, using a reputation based system adapted from the world of chess.
This notes section of this edition is led by the thoughts of Rear Admiral Shephard
Smith, the outgoing Chair of the IHO Council. RDML Smith provides a firsthand
account of the actions, outcomes, and strategic impact from the Council’s first 3
years. We wish RDML Smith fair winds and following seas for his retirement,
and welcome Dr. Geneviève Béchard, the Director General of the Canadian Hydrographic Service, as the new Chair of the IHO Council. This note is followed
by an update from the Chair of the International Board on Standards of Competence for Hydrographic Surveyors and Nautical Cartographers, who discusses
common shortfalls of applications and provides an overview of the current board
membership. Next is a note addressing an important issue in our profession:
diversity and inclusion. This note, “Empowering Women in Hydrography”,
describes an IHO-approved project to address the large gender imbalance in
hydrography. Congratulations are also offered to the Portuguese Hydrographic
Institute as they celebrate their 60th anniversary, as described in a note from
their Director General, Rear Admiral Carlos Ventura Soares. This is followed by
the next installment on the term “hydrospatial” and the desire to engage in a
conversation about its adoption in our lexicon. A note from Colombia details the
impact of, and response to, Hurricanes Eta and Iota. This is followed by two
notes on satellite derived bathymetry (SDB) showcasing new techniques and
recapping the 3rd International Conference on SDB. Use of uncrewed surface
vessels in Canada is the topic of the next note, providing unique insight for cold
climate surveys. This use of remotely operated vehicles ties in nicely with the
next note on cloud-based processing and training that is becoming a more prevalent, especially during the pandemic. Ocean mapping is the topic of the next
note, as the “SEAMAP 2030” efforts of the Portuguese Hydrographic Institute to
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map their waters are described. Finally, a detailed description of the challenges
faced by the Chilean Navy Hydrographic and Oceanographic Service to update
the chart of the Kirke Channel, located in the very southern extreme of Chile.
We also include three obituaries in this edition. These individuals, Sean Hinds of
the Canadian Hydrographic Service, Etienne Cailliau of the French Hydrographic
Office, and Rick Brennan, the United States’ National Hydrographer, left lasting
impacts on our hydrographic community. We offer our condolences to their
families and thank them for their contributions to hydrography.
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. Don’t forget to submit articles for the November
2021 edition by July 31, 2021. It’s a great time to be a hydrographer!
Brian Connon
Editor
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Special - IHO Directing Committee contribution
It is with great pleasure that we accept the invitation of the IHR Editor to write a
few lines in this prestigious Review on the eve of a unique anniversary for the
International Hydrographic Organization (IHO), the first 100 years which will be
celebrated on 21 June 2021. The 100 years celebrations of one of the world's
oldest International Organizations precede that of the International Hydrographic
Review (IHR) which will be in 2023.
The International Hydrographic Review is an authoritative, international journal
publishing original peer-reviewed works on all aspects of hydrography and associated subjects, ranging from history via scientific insight to the latest technical
developments. The Review provides immediate open access to its content on
the principle that making research freely available to the public, supports a greater global exchange of knowledge.
The IHR has tirelessly accompanied generations of hydrographers, researchers
and scientists throughout their careers, proving to be a reliable point of reference
both for those who have decided to practise hydrography, and for professionals,
who have considered the Review a useful tool to put their knowledge and experience in the fields of Hydrography and Nautical Cartography at the disposal of the
International Hydrographic and Maritime Communities.
The similarities between the modern editions and those of the early years are
numerous. Reading, for example, the articles that appeared in the first issue of
the IHR, and in particular one, entitled: Use of the words "Hydrography" and
"Hydrographer", one still feels a strong desirable endeavour to arrive at some
definite conclusion, so that hydrography is no longer a discipline for the few, but
a science at the service of humanity, necessary - now more than ever - to contribute to the sustainable growth of our planet.
In this respect, the topics dealt with by the hundreds of experts who have contributed articles and notes to the IHR have changed over the years, moving more
and more towards digital and databases. But, the spirit of those who continue to
passionately contribute to the Review has remained practically unchanged, as
well as that of the readers who continue to follow the evolution of Hydrography
with interest and passion, demonstrating that hydrography represents today,
more than ever, that branch of applied sciences which underpins almost every
other activity associated with the sea.
We wish everyone - the Editor, authors and readers of the International Hydrographic Review - to participate in the next 100 years of the International Hydrographic Organization with undiminished interest and in the spirit of international
cooperation that has distinguished the centennial activity of IHO and its Review.

Abri Kampfer
Director

Dr Mathias Jonas
Secretary-General

7

Luigi Sinapi
Director

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

Page intentionally left blank

8

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

9

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

10

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

11

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

12

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

13

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

14

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

15

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

16

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

17

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

18

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

19

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

20

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

21

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

22

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

23

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

24

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

25

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

26

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

27

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

28

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

29

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

30

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

31

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

Page intentionally left blank

32

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

IDENTIFYING FUTURE HYDROGRAPHIC SURVEY PRIORITIES:
A QUANTITATIVE UNCERTAINLY BASED APPROACH
By C. Bongiovanni 1, T. C. Lippmann 1, B. Calder 1, A. Amstrong 2

1

Center for Coastal and Ocean Mapping, University of New Hampshire, Durham, NH 03824, USA

2

NOAA/University of New Hampshire Joint Hydrographic Center, University of New Hampshire,
Durham, NH 03824, USA

Abstract
There is no universal standard methodology for assessing the validity of hydrographic survey data and charted information as they age. NOAA’s current method is
the Hydrographic Health Model (HHM), a risk-based approach that incorporates
crucial maritime variables and heuristic changeability terms through the history and
frequency of large storms, tidal currents, and anthropogenic obstructions of a given
area. Here we propose a quantitative approach evaluated in Chesapeake Bay and
the Delmarva Peninsula that supports uncertainty-based estimates of chart health
through alternative methodologies of calculating the initial state of historic
hydrographic data and modeling how those change through time.

Résumé
Il n’existe pas de méthode standard universelle permettant d’évaluer la validité des
données des levés hydrographiques et des informations cartographiées quand elles
deviennent anciennes. La méthode actuelle de la NOAA est l’Hydrographic Health
Model (HHM), une approche basée sur les risques incorporant des variables maritimes cruciales ainsi que des termes heuristiques d’évolutivité via l’historique et la
fréquence des grandes tempêtes, des courants de marée et des obstacles anthropiques d’une région donnée. Nous proposons ici une approche quantitative évaluée
dans la baie de Chesapeake et dans la Péninsule de Delmarva qui permet des estimations de « l’état de santé » des cartes basées sur l’incertitude, grâce à des méthodes alternatives de calcul de l’état initial des données hydrographiques historiques et de modélisation de leur évolution dans le temps.

Resumen
No existe una metodología estándar universal para evaluar la validez de los datos
de los levantamientos hidrográficos y de la información cartográfica a medida que
maduran. El método actual de la NOAA es el Modelo Hidrográfico de Salud (HHM),
un enfoque basado en el riesgo que incorpora variables marítimas cruciales y términos de variabilidad heurística a través de la historia y de la frecuencia de grandes
tormentas, corrientes de marea y obstrucciones antropógenas de una zona determinada. Aquí proponemos un enfoque cuantitativo evaluado en la bahía de Chesapeake y en la península de Delmarva, que apoya, basadas en la incertidumbre, las
estimaciones de la salud cartográfica mediante metodologías alternativas de cálculo
del estado inicial de los datos hidrográficos históricos y de la modelización de cómo
cambian dichos datos a través del tiempo.
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1. Introduction
1.1 The Hydrographic Health Model (HHM)
The United States of America has collected hydrographic data for charting purposes covering 3.4
million square nautical miles of coastal and continental shelf waters since the early 1800s. Collection methodologies have significantly advanced from the earliest lead-line surveys having a data
density equivalent to chart sounding density, to the modern multibeam echosounder (MBES)
technology collecting thousands of data points each ping (Hawley, 1931; Adams, 1942; Van Der
Wal and Pye, 2003; Calder, 2006; Wong et al., 2007). The National Oceanographic and Atmospheric Administration (NOAA) is the U.S. organization responsible for the collection, management, and publication of these data and the over 1000 nautical charts to which they contribute.
NOAA reports that they obtain about 3,000 square nautical miles of new coverage annually from
their four survey ships and additional outsourced contract work (Gonsalves et al., 2015; Keown et
al., 2016; Fandel et al., 2017; Hicks et al., 2017), making survey prioritization essential. Traditionally, this is performed by experienced hydrographers, though more recently NOAA has developed
a model to identify these areas called the Hydrographic Health Model (HHM) (Keown et al., 2016;
Fandel et al., 2017; Hicks et al., 2017).

The HHM is a risk-based approach to approximate the current state of charted data that relies
primarily on survey quality assessments and the associated risks to those vessels with out of date
soundings. While this heuristically accounts for some environmental change factors such as
storms, tides, and marine debris, it could be improved with the inclusion of quantifiable and more
dynamic, area-specific estimates of change. Specifically, the inclusion of hydrodynamic variables
could refine the accuracy of the HHM and resultant risk factors as they drive regional and nearshore sediment transport patterns.
Presently, the HHM is implemented in ESRI ArcGIS with a 500 m resolution output and relies on
the difference between the present and desired survey scores (or the hydrographic gap) to
assess the quality of survey data. The core HHM equation multiplies the estimated hydrographic
risk,
, by the hydrographic gap of a specific area,
, such that,
(1)
resulting in a nondimensional rating ranging from less than 0 to 100, with the healthiest (or most
recent surveys) scoring near or below 0 to demonstrate a lack of need. The hydrographic risk is a
subjective mathematical weighting function that rates consequences and likelihoods on a scale of
1-5 with 5 presenting the most risk (Keown et al., 2016; Fandel et al., 2017; Hicks et al. 2017).
The hydrographic gap of currently charted data is determined by the difference between the
estimated present survey score (PSS) and a user-defined desired survey score (DSS),
(2)
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The PSS and DSS terms are populated with values (0-110) that closely correspond to the International Hydrographic Organization (IHO) categorical zone of confidence (CATZOC) level coverage
specifications (IHO S-57, 2014; Keown et al., 2016; Fandel et al., 2017; Hicks et al. 2017). The
DSS variable is completely user-defined and is essentially meant to delineate areas that have
high accuracy requirements (like navigational channels and ports) from those that are not as stringent (like in deep water areas). The definition can be as specific or general as desired. However,
NOAA’s DSS specifics are outlined in Table 1.
Table 1

Table 1: Conversion between HHM ISS and DSS values and uncertainty values necessary for HUG calculations.
*CATZOC <A1 does not exist internationally, it is a NOAA standard found in their Hydrographic Survey Specifications
and Deliverables (NOAA, 2018) Document and the corresponding TVU variables are estimated by the authors. All
other TVU values are from the International Hydrographic Organization (IHO) S-44 quality standards for assessing
survey uncertainty later applied through S-57 Category of Zones of Confidence (CATZOC) Levels.

The PSS is defined by
(3)
where the survey’s initial score, ζ, is depreciated by an empirical exponential decay based on the
age of the survey, T, weighted by an empirical function C that depends on several changeability
variables including heuristic estimates of the number of large storms, tidal currents, marine debris, and an empirical factor (Keown et al., 2016; Fandel et al., 2017). Although these variables do
not always result in physical changes and their absence does not necessarily equate to a stable
environment, they generally characterize areas of navigational interest with hydrographically relevant information. More objective methods to estimate the hydrographic gap (2) could include observation of bathymetric change. Additionally, local hydrodynamic variables drive sediment
transport patterns that lead to erosion and deposition, and their inclusion could markedly improve
the accuracy of predicted chart health estimates. However, a direct application of these estimates
into the current iteration of the HHM is not presently possible.
1.2 Hydrographic Uncertainty Gap (HUG)
Our premise is that the hydrographic gap of the HHM could be modified to integrate relevant values of bathymetric change and have units expressed in meters (or normalized by the total water
depth). As such, the modified gap equation proposed herein utilizes the quantification of vertical
uncertainty through annually observed average rates of change to characterize the risk of inaccurate charted depths (Taylor, 1982), and it is henceforth referred to as the hydrographic uncertainty
gap (HUG).
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, is defined as
(4)

a measure of the difference (reported in meters) between the estimated present uncertainty,
σpresent, and the maximum allowable uncertainty, σmax, each essentially taking the place of the
PSS and DSS terms respectively, in the HHM. Here, σpresent incorporates temporal variability
(rate of change of the seafloor) and assessments of data quality with

(5)
where the temporal rate of change of the seafloor elevation, ∆z/∆t, is multiplied by a time period,
∆T, that can correspond to the survey age but can also be used to represent changes in
bathmetric depths a given time frame into the future. The initial uncertainty, σinitial, is the vertical
uncertainty (in meters) of a given survey at the time of collection.
In (4), the maximum allowable uncertainty in meters, σmax, is a user-defined variable based on a
desired CATZOC level and derived using the associated IHO vertical uncertainty equation,
(6)

where a and b are IHO S-44 order-dependent parameters (IHO S-44, 2008) and d is depth (in
meters). Differencing the σpresent and σmax estimates the hydrographic uncertainty gap of a given
charted region. Normalizing by d recasts the results in terms of the fraction of water depth.
Positive values from this calculation indicate that the uncertainty exceeds allowable limits, while
negative values indicate areas within the desired uncertainty limit. Through this methodology we
expect to more robustly identify degrading regions that exceed acceptable variability as outlined
by IHO survey standards.
Understanding how a given area will change in the future allows for more comprehensive
resource allocation, updates to disaster response requirements, and better understanding of how
climate change scenarios may impact charted waters. It is important to note that the various
temporal variability estimates are not required to be used together. Instead, through this assessment, we show how to utilize publicly available data to better estimate bathymetric change, and to
further outline how numerical modeling could be useful.
Given that 200 years of data have been incorporated into U.S. charts, a vast span of technologies
have been used, and the unstable nature of the data acquisition environment, establishing a present and initial uncertainty estimate for all charted data could be rather complex. Here we outline
a methodology for calculating the uncertainty for an entire survey area with archived data sets,
constraining that uncertainty where appropriate using available vessel Automatic Identification
System (AIS) data, and assess the resulting area uncertainty. When combined with the temporal
variability component, an integrated assessment of the current hydrographic state of an area can
be constructed.
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The proposed enhancements to the HHM are implemented and evaluated as a proof of concept
study in Chesapeake Bay and nearby Delmarva Peninsula where frequent hydrographic surveys
are required to monitor significant sediment transport in heavily trafficked regions (Figure 1). This
work creates a link between hydrodynamic models and hydrographic survey priorities that more
objectively prioritizes current and future survey needs and investments.

Figure 1: NOAA hydrographic surveys in the Chesapeake Bay, Delaware Bay, and Delmarva peninsula
areas. Newest surveys are in purple while the oldest surveys are in white. BAG surveys include estimates of uncertainty; all others are estimated. Image created in ESRI ArcGIS using the “NOS hydro dynamic” web map service from NOAA NCEI – National Center for Environmental Information
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2. Methods
2.1 Initial Survey Uncertainty Calculation
Publicly available data from MarineCadastre.gov and NOAA National Centers for Environmental
Information (NCEI – formerly NGCDC; NGDC, 1999) were used in ESRI ArcGIS 10.5.1 and
MATLAB 2017b 9.3.0 to perform the σinitial calculation.
All bathymetric data in the study area were downloaded and broken up into layers based on
coverage through time and then again into groups based on physical location to lessen
processing load and ensure areas of similar natural geophysical processes were processed similarly. Specifically, data were broken into three layers according to initial coverage of the study
area and acquisition year (lower, middle, and upper) where the lowest layer includes any dataset
that covers a portion of the study for the first time, the upper layer includes the most modern
datasets, and the middle includes any data in between. Both the lower and middle layers were
further divided into groups based on location for quicker processing (e.g., Upper Chesapeake
Bay, Delaware Bay, Delmarva Peninsula, Chesapeake Bay mouth, middle Chesapeake Bay,
etc.).
Each group of points was then run through ArcGIS’s kriging tools (discussed in Oliver and Webster, 2014) to interpolate a 40m surface using variogram analyses. Kriging is a well-established,
well understood technique for geospatial interpolation (Cressie, 1990; Oliver and Webster, 2014),
which has the significant benefit of providing an assessment of the uncertainty of the interpolated
surface based on the observed variability of the source data (Calder, 2006; Dorst, 2009; Baily et
al., 2010, Aykut et al., 2013). While many other interpolation techniques are possible, providing a
usable uncertainty which includes both measurement uncertainty and spatial variability estimates
is a significant benefit in the current work. Kriging assumes a number of features of the data, such
as ergodicity (one sample of data acts as a proxy for the population) and homogeneity (statistics
are stationary from place to place). Very few real datasets completely meet these requirements,
but restrictions to relatively small areas typically get closer to the ideal. We have assumed these
conditions apply in the current dataset in order to proceed with the analysis. The bathymetric
kriging outputs are then mosaicked back together into individual layer grids using user-defined
supersession criteria to maintain the temporal progression of the survey area. The kriging uncertainty of each layer was also determined by taking the square root of each layer’s variance output
raster, also 40m.
Using the ArcGIS ‘point to raster’ tool, each layer’s point data were gridded to 30 m raster to
preserve the point nature of the datasets and then mosaicked with a constant value raster (-999).
Th en, the ArcGIS ‘Extract by Attributes’ tool was used to identify the interpolated data. The
interpolated data outline was then used as the mask in the ‘Extract by Mask’ tool with the merged
layer bathymetry as the base to produce a bathymetric grid of only interpolated data.
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All publicly available AIS tracklines were brought into ArcGIS and turned into shapefiles and
clipped to the study area. The attribute tables for these shapefiles were exported to Excel tables
and brought into a MATLAB workspace. A MATLAB script was created and run to correct errors
with draft recordings by identifying excessively large draft values based on vessel type. The
underlying assumption being that these values have unit errors and were mistakenly recorded in
US feet instead of the required SI meters and thus require conversion. Drafts equal to less than
the maximum allowable for each vessel type were not altered. All edited drafts were combined
into a singular file, imported back into ArcGIS, and were used to populate a raster grid with the

deepest recorded drafts per cell (Figure 2A).

Figure 2: A) AIS draft corrected raster with deepest draft prioritized. B) AIS draft and bathymetry comparison
where all negative values identify regions where drafts exceed bathymetric depths and are filtered out. C) Final HUG
constrained initial uncertainty grid. All outputs have 40 m resolution. All figures were made in ArcGIS 10.5.

Next, the interpolated bathymetry raster grid for each layer was differenced with the combined
draft grid using the ‘Raster Calculator’ tool to determine the vertical distance between the vessel
drafts and the seafloor. Any negative values (or positive if depth is negative) are removed as the
drafts exceed the bathymetry (discussed further in later sections). The resulting AIS seafloor difference rasters for each layer were differenced from their respective uncertainty raster in the
‘Raster Calculator’ tool to produce a constrained estimate of uncertainty (Figure 2B). Finally, each
layer’s constrained uncertainty raster was mosaicked with their original uncertainty raster for a
final layer uncertainty grid – constrained uncertainty having priority in the gridding process. These
layer uncertainty grids were then mosaicked into one raster with the oldest data on the bottom
and the newest data with the highest priority to mimic chart compilation techniques, producing a
final estimate of initial survey uncertainties (Figure 2C).

40

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

2.2 The HUG Calculation
Publicly available data from NOAA’s Office of Coast Survey’s chart catalog, NCEI bathymetry,
and Coastal Relief Model (CRM; NGDC, 1999) bathymetry websites were used in ESRI ArcGIS
10.5.1 and ESRI S-57 Viewer 2.2.0.9 to perform the HUG calculation.
All survey polygons from Electronic Navigation Charts (ENCs) within the study area were used to
create constant value survey raster grids populated with survey year. Where surveys existed without polygons, the ‘Raster Domain’ tool was used to create a polygon which was then populated
with the survey year and converted to a raster grid. All survey year grids were mosaicked into a
combined raster grid of survey age – youngest on top, oldest on the bottom (output similar to
Figure 1).
For this study, our temporal variability components were based on sedimentation rates determined by a literature review and bathymetric differencing. All literature review sedimentation rates
were translated into a raster grid (with units of m/yr). Bathymetric differencing was performed
where overlapping surveys existed by differencing older surveys from more recent surveys and
dividing the residuals by the difference in survey year to determine sedimentation rates (in m/yr).
Both sets of sedimentation rates were mosaicked into a singular grid (in m/yr) (Figure 3A).
Using the sedimentation rate raster, the survey age raster, and the final constrained initial uncertainty raster, σpresent was calculated in the ‘Raster Calculator’ tool as outlined in (5) (Figure 3C).

Figure 3: A) HUG sedimentation rates (m/yr) from literature and bathymetric differencing where available.
B) HUG Initial survey uncertainty in meters (same as Figure 2C). C) HUG present survey uncertainty calculated using
Equation 4 (Table 1) and layers shown in A and B. All outputs have 40 m resolution. All figures were made in ArcGIS
10.5.
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The HUG equation (4) was performed using the appropriate grids using the ‘Raster Calculator’
tool (Figure 4C). Larger positive values indicate higher survey priorities.

Figure 4: A) HUG present uncertainty raster in meters (same as Figure 3C). B) HUG maximum allowable uncertainty in meters as defined by NOAA’s HHM. C) HUG final results in meters created using Equation 4 (Table 1) and the
layers shown in A and B. All outputs have 40 m resolution. All figures were made in ArcGIS 10.5 .

3. Results
3.1 Initial Uncertainty
Only two years of AIS data were publicly available (2011 and 2013) at the time of this study. Of
these, 22% from each year were removed before processing as draft information was not included. Another 10% of the total data were altered through the draft assessment process (i.e. adjusting drafts based on maximum allowable drafts by boat type)– 7% from 2011 and 13% from 2013,
primarily from tugboats (Figure 2A). An additional filtering process was performed in ArcGIS
during the AIS and bathymetry differencing where 8% of drafts exceeded the bathymetry
(Figure 2B). These data were almost exclusively removed from nearshore areas and within
navigational channels both of which could be explained by physical changes to the seafloor
between the time of survey and AIS data observation (explored further in later sections). A final
initial uncertainty grid revealed that 2% of the total study area was constrained through this
process, equating to ~182 nm2 (Figure 2C). Most of the constrained uncertainty values were less
than 0.5 m; however, those greater than 0.5 m were observed primarily in areas where the water
depth far exceeded two times the uncertainty, and thus were localized to deeper areas where
navigational significance is of lesser importance. A small percentage of these are the exception
and were found to be exclusively in two surveys (H10193 and D00052) with minimal coverage.
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3.2 Present Uncertainty
Sedimentation rates were estimated for the entire study area from reported values and bathymetric differencing for areas with repeat surveys. The combined average rate was +2.8 mm/yr
and only 16% of the study had rates over 10 mm/yr, the majority of which are found offshore and
in Delaware Bay (Figure 3A). The largest reported rates were observed at the Susquehanna and
James Rivers within Chesapeake Bay while the largest bathymetric differencing rates were found
at the mouth of Chesapeake Bay. The latter is consistent with the findings presented by Colman
et al. (1988) where shoal sediments are worked into the bay by Fisherman’s Island and into the
channels in a south-western progression. Similar patterns are observed at the mouth of Delaware
Bay around Cape May. Similarly, offshore Delmarva exhibits sedimentation rate patterns
consistent with migration along the coast evident by the presence of positive values (areas of
deposition) contiguous with negative values (areas of erosion) with rates that fall near
± 20 mm/yr.
Both final sedimentation rate (Figure 3A) and initial uncertainty (Figure 3B) raster grids are used
to fully estimate the present state of hydrographic data within the study area. The average
present uncertainty was 0.66 m with a standard deviation of 0.87 m (Figure 3C). Over 47% of the
study area has uncertainty larger than 0.5 m, but only 15% has uncertainty larger than 1 m and
18% larger than 50% of the water depth. The largest uncertainties are found in and around the
Susquehanna and James Rivers as a direct result of large sedimentation rates and survey ages.
The values produced in these areas by this model are not realistic and instead are a byproduct of
inaccurately capturing the true nature of geophysical processes, not accounting for dredging, and
sparse bathymetric coverages. However, they still call attention to a region of large change and
high uncertainty in the current information.
3.3 Hydrographic Uncertainty Gap
The user-defined σmax was determined for this study by translating the current HHM DSS values
into uncertainty values aligned with CATZOC TVU calculations allowing a direct comparison of
final HUG results between the two models (Figure 4B). This maximum uncertainty raster was then
subtracted from the final present uncertainty (Figure 4A) to create the HUG outputs (Figure 4C).
The average result was a gap of -0.40 m with a standard deviation of 0.91 m. The lowest
observed values were found in intertidal zones in central Chesapeake Bay. The maximum values
were near navigational channels in both bays, upstream of the major rivers in Chesapeake Bay,
and around the mouth of Chesapeake Bay. Only 13.6% of the study area exceeds the maximum
uncertainty and were determined survey priorities – equal to nearly 1,130 nm2. About 80% of
these priorities have uncertainties that are less than 50% of the water depth, although 215 nm 2
exceed this and are found near the Susquehanna and James Rivers.
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4. Discussion
4.1 HUG Ambiguity
While our methodology provides a prioritized assessment of the study area regarding survey
investments, possible sources of ambiguity may be found in two key assumptions essential to
HUG model development.
Negative values were calculated through the differencing of AIS drafts and bathymetry. These
negative values were filtered out as ambiguous data and through elimination provides a more
conservative estimate. In this process we could not account for tides, smaller unit errors or misassignment of vessel category embedded in the AIS information, nor changes in bathymetry through
time. Given the nearly 290,000 AIS tracklines available across both 2011 and 2013 datasets, it
would be an arduous task to verify each attribution for every vessel without error. Similarly, determining which vessels advantageously used the tides to gain access would be hard to incorporate
accurately in this workflow without adjusting every ship passage to account for tides.
That said, the tides within the study area have an observed maximum of ~1 m above MLLW and
the difference between MLLW and MSL is less than 0.5 m. While this is still enough to change the
model outputs, leaving the AIS drafts referenced to MSL provides a more conservative uncertainty than if everything was referenced to MLLW. Specifically, referencing to MLLW would increase
the number of apparent groundings, ultimately removing more data from the analysis due to ambiguity; what does not ground makes the uncertainty smaller. Conversely, if drafts are referenced to
MHHW, the uncertainties become more conservative, but allow for larger errors in AIS drafts to
be perpetuated by increasing the draft limits. Thus, referencing drafts to MSL minimizes errors in
both the AIS drafts and the uncertainties.
Perhaps the most impactful aspect of this assumption comes from our inability to account for
temporal variability. The only public AIS information is from 2011 and 2013, but the bulk of the
data incorporated into this calculation comes from the 1940-1960s. It is highly probable that the
seafloor has changed within the last 50 years, especially given the creation and constant maintenance of deep-draft navigational channels throughout the study area since the 1800s (Gottschalk,
1945; Hargis, 1962). While it is also possible that these locations represent navigational hazards,
if groundings had occurred, the charts in these areas would have changed to reflect this and
additional more modern bathymetry would have been gathered. As such, it is most likely these
data represent errors from draft recordings or changes in bathymetry not reflected in historic data,
so they were removed.
Along similar lines, we presume to accurately account for temporal variability through sedimentation rates and bathymetric differencing. While bathymetric differencing is not new and has been
done many times before (Ludwick 1978; Donoghue, 1990; Hobbs et al., 1990; Van Der Wal and
Pye, 2003), assumptions are required including that all data used are without error, yet depth and
position errors can propagate through the analysis and lead to misinterpretations (Van Der Wal

44

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

and Pye, 2003; Jakobsson et al., 2005). Additionally, bathymetric differencing can lead to inaccurate predictions including those derived from migratory rates which may only be valid for a
specific point in time, as sand waves, dunes, shoals, and bars oscillate shoreward and offshore
depending on wave energy (e.g., Gallagher et al., 1998; and many others).
HUG estimates resulting from this approach may not quantify all geophysical processes acting on
the study area, especially in regards to dredging activities; however, they are inclusive of
high-frequency changes like effects from tides, storms, and flooding and do still identify areas of
potential change (Van Der Wal and Pye, 2003). Future work should focus on the inclusion of
known migratory rates and patterns into sedimentation rate calculations. Additionally, temporal
variability estimates could further be improved with outputs from sediment transport models.
The methodology discussed in this paper allows for reliable sediment transport model predictions
to be directly input into the HUG model via the temporal variable in (5) and can ultimately be used
to identify future survey priorities with more certainty in areas with large changes and complex
forcing.
4.2 Direct comparison with HHM Hgap results
In order to assess the HUG outputs, a direct comparison with the HHM Hgap outputs in our study
area was performed. In this study, we translated the HHM ISS and DSS values using the IHO
CATZOC levels as indicated by the coverage requirements for each ISS and DSS level (Table 1).
Using CATZOC levels and TVU variables outlined in Table 1, an HHM Initial Survey Score (ISS)
uncertainty grid was created and compared to the HUG final initial survey uncertainty grid (Figure
5). 88% of the σinitial uncertainties are smaller than those from the ISS. The largest uncertainties
resulted from an edging effect due to resolution differences between the two models and from a
few more modern surveys. As coarser grids populate larger geospatial areas with single values,
finer grids allow for more variability to be captured and comparing the two can result in large
differences particularly on the outer edges of each grid.

It is not wholly surprising that the HHM ISS uncertainty values would be larger, as charts are
compiled from conservative estimates of uncertainty and shoal-biased bathymetric grids (Van Der
Wal and Pye, 2003; Wong et al., 2007; NOAA, 2018) compounding “worse case” scenarios for
increased safety margins. In particular, the assignment of a CATZOC level is itself a conservative
process where the limiting factor between coverage and data quality determines the confidence
level for the whole survey area (Calder, 2006; IHO S-57, 2014). This process unintentionally
implies that the seafloor contained within the bounds of each survey polygon meets the corresponding level uncertainties which is not always the case. As the uncertainty of hydrographic data
is only known where data exists and cannot accurately be extrapolated between data points, it is
not uncommon for data to have larger uncertainties than can be estimated without accounting for
geophysical processes (Calder, 2006; Oliver and Webster, 2014). Thus, the methodologies
outlined in this paper provide more accurate initial uncertainty estimates as a direct result from
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utilizing the uncertainties associated with each survey and calculating the uncertainty between
bathymetric data points instead of generalizing an area by its lowest quality.
As previously mentioned, the PSS decay coefficient in (3) uses heuristic estimates to highlight
areas of potential physical change; however, this calculation produces values that cannot be
translated to uncertainty and therefore a direct comparison between the PSS and σpresent terms is
not possible. Given that the DSS and σmax values are essentially the same, a direct comparison of
Hgap and HUG outputs almost exclusively addresses this comparison. With that in mind, 52% of
Hgap values are greater than 0 and indicate hydrographic “needs” (Keown et al., 2016; Fandel et
al., 2017; Hicks et al. 2017). This is almost four times more than the 13.6% identified by the HUG
model and is potentially a result of over-estimating risk and underestimating survey quality but is
also a direct result of the differences in the PSS calculation.
Specifically, the HHM attributions of “CATZOC” for both the ISS and DSS variables do not equate
to the traditional international CATZOC TVU standards alone, but also incorporate the seafloor
coverage and survey characteristics portions of the CATZOC definition as well. From the TVUderived definition alone, this leads to a conservative grouping of the CATZOC values (Table 2).
For example: a survey that meets or exceeds CATZOC A1 standards initially is then grouped with
surveys that meet CATZOC A2 standards. This is inherently a conservative process as CATZOC
A1 and A2 have vertical and horizontal uncertainty requirements double of each other and very
different coverage requirements, meaning any survey that meets A1 would be indistinguishable
from A2 surveys in the HHM outputs despite meeting stricter requirements. These A1/A2 surveys
would then undergo conservative estimates of physical change and then potentially be compared
to NOAA’s object detection standards. HHM accounts for this by differentiating the ISS for
surveys depending on their degree of bottom coverage.
Arguably, more accurate HHM results could be achieved by grouping surveys strictly on their uncertainty requirements, which would leave A1 surveys in a group of their own and then group A2
and B surveys together as their uncertainty requirements are the same, an issue that was highlighted through the translation process of the HHM groups into the HUG model. If the HHM
process remains unchanged, it will always produce large amounts of survey priorities based on
the assignment of initial survey quality.
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Table 2

Table 2: HHM ISS and DSS groups and their assigned CATZOC level and corresponding TVU values in
comparison with the traditional CATZOC and TVU values. *CATZOC <A1 does not exist internationally, it is a
NOAA standard found in their Hydrographic Survey Specifications and Deliverables Document (NOAA, 2018) and
the corresponding TVU variables are estimated by the authors. All other TVU are from the International Hydrographic Organization (IHO) S-44 quality standards for assessing survey uncertainty later applied through S-57
Category of Zones of Confidence (CATZOC) Levels.

Figure 5: HHM ISS comparison with HUG initial uncertainty estimates. Teal represents where HUG values
are less than HHM ISS estimates, and purple indicates where HUG values are greater. Figure created in ESRI
ArcGIS 10.5
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There is an argument to be made that identifying 52% of the study area as survey needs does not
identify priorities but instead highlights a lack of information necessary to make priority-based
decisions. However, when focusing on Hgap values that exceed a health rating of 50, only 14% of
the area were identified which is a more comparable quantity to the identified HUG priorities but
lacks the consistent overlap (Figure 6). Only 30% of the Hgap values over 50 overlap with HUG
priorities, leaving almost 300 nm2 of unique HUG survey priorities.

Figure 6: A) NOAA HHM Hgap values in the study area greater than zero, which show survey needs. B) NOAA HHM
Hgap values greater than 50 (as an example chosen to denote possible survey priorities). C) HUG values greater
than zero which equate to survey priorities. HHM outputs have 500 m resolutions and the HUG outputs have 40 m
resolution. All figures were made in ESRI ArcGIS 10.5.

When looking at the notoriously problematic navigation channels throughout the study area
(Gottschalk, 1945; U.S. Army Corps of Engineers, 2017), almost all are identified in the HUG
priorities and none are visible in the HHM. This is likely a result of resolution differences – the
HHM has an output resolution of 500 m and the HUG output is 40 m. While the 500 m HHM
resolution makes modeling on a national scale more achievable, it misses the small-scale
features essential to safe navigation. Additionally, the HUG priorities encapsulate known problem
areas like the eastern side of the mouth of Chesapeake Bay, an area fed by shelf sediments that
extend into the bay along the eastern boundary and are driven by a strong longshore current from
the Delmarva Peninsula (Coleman et al., 1988). This is supported by U.S.G.S. mobility estimates
that show greater sediment movement on the eastern side of the bay than those observed on the
western side (Dalyander et al., 2013).
Conversely, the HHM priorities are primarily grouped on the western side of the bay, north of and
including the James River mouth. While the James River is known for large sedimentation rates
and has been found to be the primary source of infilling in the southern Chesapeake Bay mouth
channels (Ludwick, 1981; Donoghue, 1990; Skrabal et al., 1991), this does not explain the
continued western favoritism the HHM priorities exhibit. Instead, the answer is again found in how
each model accounts for change. The HHM decay coefficient’s use of heuristic change estimates
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is likely to have overestimated how influential storms and tidal currents are on the western half of
the bay while underestimating original data quality. While limited available geologic information
supports the results from the HHM, the only way to truly verify either model’s results would be to
survey a portion of their priority areas to ground truth and calibrate future iterations.
4.3 Recommendations for national-scale implementation
The HHM is NOAA’s national model for estimating survey priorities and a large part of its feasibility is that its output resolution is lowered to 500 m. Such low resolution does not capture complex
geophysical processes and features essential to safe navigation. Conversely, the HUG model
presented in this paper has an output resolution of 40 m which allows for these more detailed
analyses, although would be problematic to maintain when scaling nationally. That said, not all
regions within the coastal U.S. are faced with the same dynamic processes as those highlighted
in our study area and consequently do not require analyses to the same level of detail. Thus, we
recommend a variable resolution output for national implementation where complex areas (such
as navigable inlets and shoals) have higher resolution outputs and more steady areas (such as
offshore in deeper waters) have lower resolution outputs.
Problem areas within the U.S. are well known to NOAA hydrographers, who typically consult with
local stakeholders in determining final survey areas and schedules, so determining where higherresolution outputs should be incorporated into the model itself should be a fairly straightforward
process. For example, Louisiana consistently struggles with the Mississippi River delta (Mossa,
1996; Nittrouer et al., 2008; Nittrouer et al., 2012) and the outputs from the Columbia River on the
border of Washington and Oregon are also problematic with sediment moving along the coast
(Byrnes and Li, 1996; Kaminsky et al., 2010). These places and others are long-established
problem areas that have drawn the attention of local scientists, meaning extensive archives of
geophysical studies may be readily available. Furthermore, locations of heightened interest may
have already established coupled hydrodynamic and sediment transport models in place, the
outputs of which could be directly incorporated into the HUG calculations.

While it is more time-consuming to collaborate with outside groups, incorporate third-party
outputs, and perform extensive studies on all known high-risk areas, such efforts would yield
model results more aligned with the actual behavior. Once a base understanding for each area is
established, future iterations should take less time. Consideration of the extra time required for
these advance analyses should be balanced with the time and money necessary to survey – the
more accurate the model, the less likely that limited survey resources would be expended on
surveying areas unnecessarily. Regardless, the methodology outlined in this paper provides a
pathway for the inclusion of more realistic estimates of change and should be considered as part
of the Hgap. As such, we recommend incorporating hydrodynamic outputs from established
models where appropriate nationally to include in future HUG calculations.
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5. Conclusion
An alternative quantitative approach for identifying survey priorities is presented. Specifically, we
outline methods to calculate and constrain vertical uncertainty of less-than full coverage hydrographic surveys using AIS records and kriging, and how to incorporate quantifiable hydrodynamic
estimates of change through an updated hydrographic gap calculation. A proof-of-concept study
was implemented in and around Chesapeake Bay, Delaware Bay, and the Delmarva peninsula,
and compared with NOAA’s current HHM outputs. Through this example we demonstrate the
potential improvement by including more complex and quantifiable estimates of change with
applications at national scale. We also recommend variable resolution outputs for regional scale
models and how inclusion of existing verified hydrodynamic and sediment transport models can
be used for bathymetric change predictions.
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Abstract
Compiling a bathymetric product to be used in nautical charts has always been
complex and time-consuming. This article will focus on determining possible bottlenecks that hinder this process, and possible solutions that currently exist to reduce
times in obtaining a quality final product. The results are based on the analysis of a
complex compilation case study, as well as through surveys conducted among
different IHO hydrographic agencies. Final chart sounding selection and depth
contours generation still prove to be the most challenging tasks. Although there is
decent research to improve both processes through their automation, it seems there
is still much room for improvement. Additionally, building and managing a bathymetric database to obtain a single reliable bathymetric source for more efficient
bathymetric compilation, emerges as an important issue that concerns most of the
hydrographic community.

Résumé
La compilation d'un produit bathymétrique pour la cartographie marine a toujours
été un processus long et complexe. Cet article vise à déterminer les éventuels
goulets d'étranglement qui entravent ce processus, ainsi que les solutions possibles
qui existent actuellement pour réduire les délais d'obtention d'un produit final de
qualité. Les résultats sont basés sur l'analyse d'une étude de cas de compilation
complexe, ainsi que sur diverses investigations menées auprès de différents
services hydrographiques de l'OHI. La sélection des sondes finale de la carte
marine et la production des isobathes constituent toujours les tâches les plus
difficiles. Bien que des efforts importants aient été fournis pour améliorer ces deux
processus grâce à leur automatisation, il semble qu'il y ait encore une marge d'amélioration importante. Par ailleurs, la manière de construire et de gérer une base de
données bathymétriques dans le but de disposer d'une source bathymétrique
unique et fiable, permettant une compilation bathymétrique plus efficace, s'avère
être un enjeu important qui concerne la majeure partie de la communauté hydrographique.

Resumen
Compilar un producto batimétrico para la cartografía náutica ha sido siempre un
proceso tedioso y complejo. Este artículo se centra en determinar los posibles
conflictos que hoy en día ralentizan el proceso de compilación batimétrica, así como
las posibles soluciones necesarias para reducir tiempos en la obtención de un
producto final de calidad. Los conflictos resultantes están basados en el análisis de
un caso complejo de compilación, así como de encuestas efectuadas a los diversos
servicios hidrográficos de la OHI. La selección de las sondas finales de la carta y la
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generación de veriles son identificadas como las tareas más complejas. Aunque se
he trabajado en mejorar ambos procesos a través de la automatización, todavía
queda mucho margen de mejora en estos procesos. Paralelamente, cómo construir
y gestionar una base de datos batimétrica para obtener una fuente fiable de batimetría que hagan más eficientes las compilaciones batimétricas, surge como un reto
importante que preocupa a la mayoría de la comunidad hidrográfica.
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Introduction

1.1 Bathymetry Generalisation for Nautical Charts Generation. A Required Process
Topographic maps usually represent both natural and manmade features, making them very
useful for professional and recreational use. The quality of these products can be directly verified
by both the maker and the user, so it is highly unlikely that the user (e.g. a plane) crashes into a
feature (e.g. a mountain) because the information was not correctly represented on the map.
However, the situation is very different in the case of nautical charts. Apart from the fact that
cartographers cannot directly verify all the objects portrayed on a chart, mariners are sailing blind
as regards to what is below the water surface. Unless vessels are fitted with a forward-looking
sonar, most of the submerged hazards cannot be directly detected in advance, so the quality of
information provided by charts is critical for safe navigation, otherwise a vessel may run aground.
Undoubtedly, the nautical chart quality will depend strongly on the quality of data sources that
have been used in its creation. As illustrated in Figure 1a, modern high-resolution equipment
acquires hundreds of millions of soundings during a survey, thus providing a very detailed seafloor morphology. Nevertheless, it is necessary to make a generalisation of the bathymetric information to represent the seabed relief without cluttering the chart, in other words, as stated by the
International Hydrographic Organization (IHO) (2018a), removing the least essential information.
The unprocessed high-resolution raw dataset is usually cleaned by eliminating uncertain data and
gridded to a raster digital elevation model (DEM) to reduce the data and improve the visualisation,
making it more suitable for the intended charting product (Figure 1b). Then, a first selection of
soundings is typically performed according to the product scale to reduce the huge amount of
excess data from the gridded surfaces. Finally, the last level of generalisation takes place when
the final chart soundings are carefully selected according to the international cartographic
standards IHO S-4 (2018a) and IHO S-57 (2000) (Figure 1c). So, it is also important to consider
for the final chart quality, how this process of generalising data sources has been performed.
FULL DENSITY

(a) Raw data. 23.937.834 Soundings

SURFACE DENSITY

(b) 0.5 X 0.5m Gr id, 34.647 Cells

PRODUCT DENSITY

(c) Char t Scale Sounding Selection

Figure 1. (a) Full density dataset from a high resolution multibeam echosounder. (b) Raw dataset gridded to
a raster digital elevation model, (c) Final chart soundings selection.

1.2 The Bathymetric Compilation Process
IHO S-44 (2008) describes the standards for hydrographic surveys, as well as some basic guidelines for quality control and data processing. On the other hand, IHO S-4 (2018a) specifies the
chart specifications, as well as general rules to perform the generalisation of the bathymetry information and includes everything essential for safe navigation without over-crowding charts.
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However, what happens after processing datasets and before performing the bathymetry generalisation? In other words, what about the steps that are necessary for a quality bathymetric compilation? The word “compilation” in cartography is defined by IHO (2019) as “the selection,
assembly, and graphic presentation of all relevant information required for the preparation of a
MAP or CHART”. Figure 1 explain the “ generalisation” of a single source. But, what
happens when there are more sources available within the same geographic area? At this point,
outcome the definition of the Bathymetric Compilation Process, as the steps that defines the
appropriate selection of the participating sources, deconfliction of the overlapping and adjacent
areas between sources, stablishing sources priorities, the combination of sources to create one
harmonized model of the seafloor, and finally, the creation of cartographic product through generalisation of the original high density combined sources (e.g. soundings and depth contours)
(Figure 2).

Figure 2: An example of a modern bathymetric compilation workflow. From BDB sources extraction to bathymetric
product generation. Figure generated by the author.

1.3 The Bathymetric Compilation. A complex and inefficient process
The different tasks to carry out a compilation of bathymetry to select the relevant soundings and
other information and ensuring a final quality product according to the IHO S4 (2018) cartographic
standards, has always been a complex and time-consuming process that requires a high level of
human intervention (Orass, 1975; Owens and Brennan, 2012; Wilson et al, 2016; Lovrinčević,
2016; Kastrisios and Calder, 2018; Wilson et al., 2018; Kastrisios et al., 2019). During the last few
years, this process has become even more challenging, due to the increase in data volume
(Wilson et al., 2016). This issue and the ever increasing number of sources that can be integrated
into a bathymetric compilation made it necessary for the Instituto Hidrográfico de la Marina (IHM)
to acquire specific and industry-endorsed software tools as well as proper databases, to store,
manage and distribute the bathymetric information. Even so, the bathymetry compilation process
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continues to be one of the most serious bottlenecks, and the main concern is now how to reduce
times in developing high-quality bathymetric compilation products to be used in the nautical chart.
This inefficiency is caused by the necessity of getting over a series of difficulties that emerge
during this process. This paper will focus on determining all those possible issues encountered
when carrying out a modern bathymetric compilation for charting, and, to determine whether this
situation is an issue common to other Hydrographic Offices (HOs). Additionally, it will gather
possible solutions that currently may exist to make this process more efficient, emphasizing those
areas that may still be subject to improvement.

2. Methodology
2.1 Degree of Complexity in Bathymétic Compilations according to IHO Members
A basic initial survey was sent to those IHO Members States (67) which according to IHO
Yearbook Publication P-5 (2020) are publishing paper charts or ENC, hence probably involved in
bathymetric compilation tasks. The main goal was to determine if other HOs, apart from the
author's experience, were or were not currently considering the process of bathymetry compilation as something complex and challenging. To evaluate the possible answers appropriately,
other supporting questions were used, such as the types of sources used for compilations or the
origin of the datasets (own surveys or from external organizations) to be used in the compilation
process, as depending on these factors the stated degree of complexity in the compilation could
be different. Numerous surveys could not be delivered due to restrictions or email security
issues, and some HOs decided not to participate in the research. However, among the 67
Member States respondents, 43 (64.2%) answered the survey (see Figures 3 and 4).

Figure 3: IHO Member States independently producing paper charts and ENC according to IHO (2020). (Figure
generated with website Mapchart).
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Figure 4: IHO Member States participating in the survey research. (Figure generated with website Mapchart).

2.2 Searching for possible issues during a real Bathymetric Compilation Case Study.
In this paper, the word “issues” will refer to all possible bottlenecks that may hinder the bathymetric compilation process, from managing bathymetric sources to obtaining the final chart products
after their generalisation. To determine as many issues as possible, a true compilation case study
was performed within a geographic area located at the Northwest corner of Spanish territorial
waters, in particular on the Ferrol estuary, within the Galicia Region (Figure 5). This compilation
was selected due to the complexity from the author’s perspective, because of the high number of
available sources into the IHM bathymetric database (BDB) derived from the multiple surveys
performed over the last 40 years. The bathymetric sources extraction was performed using the
Teledyne CARIS Bathy DataBASE Server 4.3 framework and the compilation tasks were carried
out using the software Teledyne CARIS Bathy Editor 4.4
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4123

Figure 5. Geographic boundaries of the IHM chart 4123 (red square) to be compiled. Visualization scale
(1:60K)

The steps carried out in the compilation are not defined in any standards, previous work, or software manual. They are a general guide created by the author during the process to ensure the best possible results in
the final product (Figure 6).

Bathymetric Sources
PRODUCT
GENERATION

1 Sources Extraction
and Valid Sources Determination
2 Sources Quality
Analysis.
3 Conflicts analysis
between sources

4 Sources Prioritisation
and Combination

5 Survey Scale
Sounding Selection
6 Contouring

Figure 6. Summary of the processes
carried out during the compilation case
study. Figure generated by the author.
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A total of 26 sources were extracted from the BDB, where 4 of which corresponded with gridded
surfaces from modern high-resolution multibeam echosounder (MBES) equipment, and 22 point
clouds (PC) datasets from traditional single beam echosounder (SBES) surveys (see Figures 7
and 8). The first issue came with the high number of historical datasets not necessary for
the compilation. Determining which sources would be selected for the compilation implied a manual process, checking every source one by one, and being extremely rigorous to avoid errors. The
criteria for sources selection were mostly the age of the source, but also the level of confidence
and IHO standards compliance. After finishing this step, from the initial 26 sources, only 11 were
selected for the compilation. Some soundings were rescued from legacy sources to complement
lack in data of selected sources.

Figure 7. MBES sources extracted from the BDB within the limits of the product to compile. Sources are
represented by different colours (Source: Author`s compilation case study)

PC “25” (2000)

PC “8” (1992)

PC “10” (2011)

PC “23” (1994)

PC “26” (2010)

PC “5” (2010)

PC “7” (1994)

PC “12 and 13” (1991)

PC “22” (1994)

PC
PC“10”
“11”(2011)
(2011)

PC “17” (1992)

PC “9” (1992)

Figure 8. SBES Point Clouds sources extracted from the BDB within the area to compile. Sources are
represented by different colours. Some sources are not represented as they are older and fully overlapped by
others more recent. (Source: Author`s compilation case study)
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Once valid sources had been determined, an individual analysis for every source was carried out
to detect possible errors that might affect the quality of the final bathymetric product. Example of
these issues are data gaps in gridded surfaces or “holidays”, and spurious soundings or “fliers”,
generated from noise in the water column or incorrect settings in the sonar parameters (NOAA,
2014). Additionally, it is important to mention those datasets close to berthing areas that were not
properly cleaned and could generate wrong final soundings. This problem usually rises when gridded surfaces contain multiple outliers in areas close to vertical and solid structures because of
acquisition equipment noise (Makar, 2019) (Figure 9). The main challenge when detecting
these kinds of issues was the necessity to go back to the cleaning software (e.g. CARIS HIPS)
and correct the problems before continuing with the compilation.

Figure 9. An example of a 1m MBES grid dataset reaching the walls of a pier in the case study. The 3D area
visualized is indicated in a red square. All data within a 2m interval distance would be rejected. (Source: Author´s
compilation case study).

In the next step, the vertical coherence was analyzed between adjacent and overlapping sources
to detect other possible errors or seabed variations over time, as a significant difference in height
could generate important issues in sounding selection values or irregular depth contours. Differences between gridded surfaces were analysed with software automated tools; however, when
the origin of those differences were unknown, it required stopping the compilation and going back
again to the original projects to check the errors. On the other hand, comparing Point Cloud
sources came out as a challenge that required performing a visual check due to an irregular and
different soundings distribution. It is also important to mention the discrepancies detected along
some boundaries between gridded datasets (Figure 10). This issue is usually referred to as
“residues”, a concept defined by the author as a small portion of gridded sources close to the
shoreline not fully covered by more modern surveys. If there is an important depth difference (due
to inappropriate data processing or due to a seabed area being subject to changes) the rest of the
old surface that remains after the combining step may generate wrong depths or irregular depth
contours.
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2012, 1 metre MBES grid

2004, 2 metre MBES grid

Figure 10. An example of a “ residue” close to a berthing area derived from two overlapping gridded surfaces.
The most modern source (2012) has a reduced coverage not reaching the pier walls and it has a difference of
1.3 metres in height with the 2004 source. The part of the old surface that could remain after the combining step may
generate wrong depths alongside berths (Source: Author´s compilation case study).

The next step was establishing priorities among valid sources and the combination into a single
source. Priorities were set manually according to sources date, IHO standards compliance and
sources level of confidence. This process could be done manually; however, when managing a
huge number of sources, automated tools or rules could be necessary. Before running the CARIS
combination tool, it was checked that all the sources were covering the area to be compiled. Surprisingly, there were depth values included in the published chart not included into the available
BDB sources datasets. Those isolated soundings lacked accessible information apart from depths
values and the chart sources diagram reporting about the acquisition year. This situation came up
as a new delay issue, and those depths had to be recovered from the previous compilation file
and treated as new sources. For the final combination process, the CARIS tool “Combine Surfaces” was used (Teledyne CARIS, 2019 and applying the different priorities in sources with overlapping areas.
The following steps will focus on generating the bathymetric products based on the S-57 objects
and attributes structure described in IHO (2000). The first product was creating the survey scale
sounding selection from the combined source, the preliminary sounding selection before the definitive in the chart. It was performed using the shoal-bias algorithm as indicated in IHO S-4
(2018a). This algorithm works choosing the shallowest depths among those of the highest priority,
indicates others with the same priority within a radius of the selected one as ‘to be suppressed,
goes to the second shallowest value doing the same routine, then the third-shallowest and more
of the same (Lovrinčević, 2016). In this case, the radius suppression value used was of millimetres at the map scale, varying with depth ranges.

64

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

Then, it was carried out one of the most complex steps in the process, creating the depth
contours. As contours must be generalised or “smoothed” to remove complexities that may
confuse mariners (IHO, 2018a), the starting point was creating a “generalised surface” from the
final combined surface at the same scale of the compilation and default resolution. CARIS
automated contour generation tool was used as a starting point. Then, those initial contours were
then smoothed in different passes to reduce superfluous bends and sharp angles, as well as
merging those tiny, closed contours near to the main larger depth contour. It was considered a
shoal- biased pattern (including deeper water within shoaler contour) to ensure the safety
constraint and preserving a rational seabed representation according to IHO S-4 (2018a). The
next step for validating contours was creating the S-57 objects “Depth Areas” (DEPARE acronym)
from the previously created contours. This step was necessary to run the customised validation
quality control (QC) Tests (Teledyne CARIS, 2019). Defaults CARIS QC Tests were also used to
validate the S-57 data structure (e.g. removing intersecting contours), mostly based on IHO
Electronic Nautical Chart (ENC) data structure validation checks recommendations according to
IHO S-58 (2018b). However, the final version required a time-consuming and manual process
until obtaining a final smoothed reliable depth contours, according to QC Tests, and other
detected issues (e.g. removing those closed contours containing isolated deeper depths and not
significant, or absorbing closed contours isolating single shoaler depths and close to the main
contour) (Figure 11).
Finally, the last step in the process was to determine the final sounding selection to be placed in
the chart product. This process was not performed by the author as it is usually a step carried out
by cartographers within the IHM Cartography division. The starting point was using the sounding
selection tool available in the software CARIS Hydrographic Production Database (HPD). The
automatic selection algorithm used was also the shoal-biased varying with depths but testing
manually different values until achieving an appropriate sounding distribution according to the
seafloor slope, and preventing an irregular distribution close to depth contours. The final allocation of soundings was performed manually, removing those over contours or other cartographic
features, or adding other supportive soundings, to accomplish the standards established in IHO
S-4 (2018a).

Figure 11. An example of depth contours evolution along the different generalisation stages. The red contour is
derived from the generalised surface, the blue contour is the result after several smoothing passes, and the black contour is the final manually adapted version. (Source: Author´s compilation case study).
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2.3 Second Survey. Contrasting the Results Among IHO Member States
Once gathered all the possible issues determined during the compilation case study, a second
survey was sent to the 43 IHO members that participated in the first survey. The aim was to
contrast with other agencies those issues identified in the author’s case study and finding those
considered to be most challenging and requiring improvement. All issues were identified by other
HOs; however, it is important to note that in this survey the HOs participants were reduced to 18
(42 % of respondents) (probably due to the COVID-19 world pandemic situation which decreased
the HOs activities and the collaboration possibilities).
3. Results and discussion
3.1 Degree of Complexity in Bathymetric Compilations according to IHO Members
The results from the first survey sent to diverse HOs clearly show how challenging compiling a
bathymetric product for charting is regardless of some considerations such as the types of
sources to be used, their origin, or the number of official products to be published. Except for one
institution, all agreed or strongly agreed with this statement (see Figure 12 with the results).

Figure 12. An indicator of the degree of complexity of bathymetric compilations determined by HOs that
participated in the first survey.

3.2. Identifying the most challenging steps
Figure 13 illustrates all the different main steps identified in the author’s compilation case
study and the percentage of time required to perform every step. In addition, Figure 14 shows
those steps that have been identified in the second surveys by other HOs as most challenging,
highlighting that that the three most challenging tasks identified by HOs correspond with those
tasks identified by the author as more time-consuming through the compilation case study. The
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results demonstrate that the most challenging steps seem to be common to most HOs (chart
scale sounding selection, contouring and sources prioritisation and combination).

Figure 13. Different main steps identified in the IHM compilation case study and the percentage of time
required to perform every step.

Figure 14. Percentage of HOs that currently consider the different compilations steps as more challenging
obtained from the second survey sent to HOs.

67

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

3.3. Contrasting the Identified Issues with HOS and discussing possible solutions
An important number of issues or bottlenecks could be also gathered in the compilation case
study, and, all of them, were also identified in the second survey by other agencies to a greater or
lesser degree. In the following points, those issues stated within the different steps performed in
the compilation case study will be discussed.
3.3.1. BDB Sources Extraction and Valid Sources Determination
According to the case study results, this process was among the most time-consuming steps. The
different issues, possible origins, as well as the percentage of similarities with other HOs that participated in the second survey are summarized in table 1. An important issue that most compilers
must address when managing a massive BDB may be the determination of the appropriate
sources for the compilation, mainly when there are a considerable number of historical sources
loaded into the IHM BDB, and when there is no metadata available to determine the confidence
level. In addition, another important issue was the lack of sources stored within the BDB to cover
all the area of the chart to be compiled. In the case study, the remaining coverages had to be recovered from previous compilation charts stored in the IHM Cartography division, and although
this information was finally used for the compilation, most of the times those sources lacked from
metadata. This issue is the most widespread among the HOs (61% of respondents). Other less
significant issue may be when processes working with the BDB Server are too slow, although the
solution could be focus on improving the hardware specs according to the manufacturer's recommendations.
Table 1
Sources Extraction and Valid Sources Determination
POSSIBLE ISSUES

POSSIBLE ORIGIN/CAUSE

Processes working with the BDB Server
too slow

Hardware limitations
Excess of sources into the same BDB
and covering a huge area

Missing metadata for suitable sources classification

Inappropriate procedures

Excess if historic sources into BDB not
separated from those sources valid for
compilations

Sources within BDB are not properly
attributed

Lack of all necessary sources into BDB.
Some must be rescued from previous compilations with unsuitable metadata.

Legacy sources not included in modern BDB

IDENTIFIED
BY OTHER
HOS
33 %

44 %

39 %

61 %

Table 1. Issues and possible causes detected from the compilation case study during sources extraction and
valid sources determination stage. The last column represents the percentage of the 18 HOs participating in the
second survey that identified the same issue.

68

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

3.3.2. Issues during Individual Sources Analysis
This step covered only the 9% of the author’s compilation time and was the least challenging task
identified by other HOs (see Figures 13 and 14). However, the issue of “errors in sources” (see
Table 2), was something identified in the second survey by almost half of participants. The
main difficulties encountered when analysing every source individually were mostly related to inappropriate QC procedures during the processing and acceptance stages (such as holidays, isolated nodes, fliers, or designated soundings). A possible solution may be improving the QC procedures in data acquisition and processing stages. NOAA (2014) and NOAA (2019a) set a very
good base for developing good practices regarding these procedures.
Table 2
Sources Quality Analysis
POSSIBLE ISSUES

ORIGIN/CAUSE

Errors in quality datasets detected when sources are
analysed (spurious soundings “fliers”, isolated grid
nodes, data gaps “holidays”)

Inappropriate processing or
validation process. Errors in
the acquisition or during grid
resolution generation

Difficulties when it is necessary going back to original projects (e.g. HIPS) to correct the issues previously stated.

Full bathymetry project not
accessible

IDENTIFIED
BY OTHER
HOS
44 %

22%

28%

“Designated Soundings” used in excess rather than
to designate those important for the hydrographer.
They cannot be applied in CARIS workflow generalisation.

Bad practices in processing
and validation stages

“Berthing line determination”. Inappropriate data
cleaning or “residues” generate false soundings
along the edges of quays.

Bad practices in processing
and validation stages

28%

Table 2. Issues and possible causes detected from the compilation case study during quality sources
analysis. The last column represents the percentage of the 18 HOs participating in the second survey that identified
the same issue.

3.3.3. Conflicts Resolution between Overlapping Sources
The compilation concerns at this stage did not present relevant issues and were also little
identified by other HOs as significant (only reported as a challenge by 17 % of respondents)
(see Figure 14). In the author’s compilation case study, there were no significant differences
among gridded overlapping surfaces apart from the usual variations in bottom changes that may
happen within a harbour area, such as natural deposition and erosion changes, or human
activities (e.g dredging works) (Zuo et al., 2019).
Similar issues have been reported by 33% of HOs (see first issue in Table 2). However, it is
important to consider that a perfect matching among surfaces may be almost impossible, as there
are factors, such as different equipment, different frequencies, bottom characteristics that may
result in relatively low differences (Olson et al., 2007). So, it must be considered before stopping
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the compilation that those errors or deviations may be within the vertical uncertainties allowed by
IHO S-44 acquisition standards (2008). In addition, it is important to mention the issue of
“residues” when old gridded surfaces reaching the shoreline are not totally covered by more
modern surveys (third issue in Table 3), something explained in detail in point 2.2 and reported by
56 % of HOs, which solution simply implies its detection and consideration during the compilation.
Table 3
Conflicts Resolution Between Overlapping Sources

POSSIBLE ISSUES

ORIGIN/CAUSE

Unknown vertical offsets between sources that
may require going back to original projects.

Inappropriate QC procedures. Errors in depth values in sources non
identified during previous stages
(acquisition, processing, or validation).
Changes overtime in vertical datum
values not notified.

Analysing vertical offsets between traditional
point cloud sources (SBES) may be difficult using automated CARIS tools. Manual and visual
check may be required.

Low cross-track resolution and different sounding distribution between sources.

“Residues” of not valid sources that may generate wrong depths in the sounding selection step
or irregular depth contours.

Inappropriate QC procedures when
storing new datasets into BDB

IDENTIFIED
BY OTHER
HOS
33 %

39 %

56 %

Table 3. Issues and possible causes detected from the compilation case study during the analysis performed
between overlapping and adjacent sources. The last column represents the percentage of the 18 HOs participating in
the second survey that identified the same issue.

3.3.4. Challenges in Prioritising and Combining Bathymetric Sources. Progress
towards a Unique Bathymetry Source of Truth Approach
This step emerged as one of the most laborious in the compilation case study (13 % of the total
time), as well as something stated as one of the most challenging tasks by most of the HOs
answering the second survey (77% of respondents) (see Figure 13 and 14). The most challenging
issue in this step was the nonexistence of an automated tool for setting priorities among overlapping datasets, and able to cover all possible cases. Searching for an appropriate automated prioritisation tool for combining surfaces is a software limitation that primarily concerns many HOs
(72% of respondents) and is generally necessary when combining a huge amount of historic data
with more modern MBES datasets. An example of an automated process might be the project
presented by Wyllie and Rice (2020) for sources combination within the National Oceanic and
Atmospheric Administration (NOAA) project called National Bathymetric Source (NBS), in which
the aspects to consider for the sources prioritisation included a temporary factor called “Decay
Score” as a changeability model of degradation over time. Wyllie and Rice (2020) state that
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combining surveys to create a unique and consolidated bathymetric source of truth ensures the
best accessible data not only for charting purposes, but also for other fields such as
industry or science. However, combining surfaces using this approach might still present several
challenges, such as making sure that all sources metadata are correctly introduced, or being able
to properly capture those areas that are really changeable (e.g. channels to be dredged).
The idea of survey prioritisation according to their degradation over time have already been
presented by different authors and HOs (Gonsalves et al., 2015 and Chenier et al., 2018),
although with the aim of identifying priorities to make the planning of surveys more efficient. Using
these ideas and managing only the necessary sources would make not only the surveys preparation, but also the cartographic product compilations more efficient. So, if a BDB is appropriately
structured and sources properly identified with the necessary metadata or attributes, the
approach of developing and maintaining over time a unique and consolidated bathymetric source
of truth can be considered as a good solution for preventing performing the whole process of
sources determination and setting a prioritisation among sources for every cartographic compilation case (steps 1 to 4 of the compilation process presented by the author in figure 6). Unfortunately, as far as the author is concerned, there is no literature available regarding how to build
and properly manage a bathymetric database and neither there is available commercial software
to do it.

3.3.5. Depth contours generation and generalisation
Depth contours generation was identified as the most challenging task by all HOs participating in
the second survey (78 % of respondents), as well as resulting the most time-consuming process
during the IHM compilation case study (see Figures 13 and 14). The main challenge through this
process was solving the complex issues of generalisation/smoothing depth contours (e.g. removing or merging small rings, fixing contours intersecting or modifications according to soundings
out of depth contours) to achieve a product that met with the safety and morphology constraint
stated by IHO S-4 (2018a). Despite using software automated generalisation tools, most of the
depth contours had to be revised manually and appropriately modified, as it was not possible to
fully accomplish the safety constraint. As Table 4 illustrates, the most common issue among HOs
is that software generalisation tools do not cover an automated full solution (78% of respondents),
despite the multiple software capabilities. Moreover, the HOs second survey observations
revealed different possibilities for contour generation according to HOs viewpoints or philosophy,
so common inputs may generate slightly different results, an issue previously stated by CHS
(2011). From the author's point of view and according to the concern expressed by HOs, although
automated software tools are improving the results, the issue of generalising contours continues
to be a complex task that has received insufficient attention in the literature, as well as apparently
from software developers.

71

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

Table 4
Depth Contours Generation

POSSIBLE ISSUES

ORIGIN/CAUSE

Software generalisation tools do not cover a full automated solution. Too much manual manipulation is required to meet safety and
other constraints.

Software limitations

Too many different approaches with the same software (CARIS)
that may vary the final depth contours.

IDENTIFIED
BY OTHER
HOS
78%

44%

Table 4. Issues and possible causes detected from the compilation case study during the process of depth
contour generation and generalisation. The last column represents the percentage of the 18 HOs participating in the
second survey that identified the same issue.

3.3.6. Chart Scale Sounding Selection
According to NOAA (2019b), there are up to 5 possible types of soundings on a nautical chart:
least depths, critical soundings, deep soundings, and fill and supporting soundings. In the case
study was possible to automatically select least and critical depths. However, the distribution of
the remaining soundings had to be performed manually by rescuing from the sounding scale survey selection dataset. Besides, unnecessary soundings (e.g., atop contours or over other
features) had to be removed, as this issue was not considered by the software algorithm in the
process. Diverse authors have considered this process as a challenging task, focusing their
research on finding solutions for automating the process and reducing human subjectivity (Orass,
1975; MacDonald, 1984; Sui et al., 2005a; Sui et al., 2005b; Owens and Brennan, 2012;
Lovrinčević, 2016; Lovrinčević, 2019). Most of software algorithms (e.g. Teledyne CARIS, 2019c;
Jeppesen a Boeing company, 2012; SevenCs, 2020) are based on the influence circle method in
which radius circles are defined selecting the shallowest sounding inside (Lovrinčević, 2019).
Other software manufacturers (e.g. SCALGO, 2019) have recently presented an alternative to the
traditional shoal-bias algorithm for sounding selection, being able to add automatically “fill”
soundings based on previous depth contours and critical soundings.
According to the results derived from the author’s case study and the second surveys (identified
as a challenge task by 72% of respondents, see Figures 13 and 14), final chart sounding
selection raised another complex and time-consuming process, and, despite using automated
algorithms, the process continues to be largely manual. Although it seems that this process has
been the object of research and development, improvement in automated selection is still wide
open, at least regarding commercial software developers, as according to HOs survey observations, some hydrographic agencies are using bespoke software or running the process largely
manually.
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4. Conclusions
Compiling a quality bathymetric product for charting continues to be a complex and timeconsuming process and, in many steps, subject to human manipulation and subjectivity, something ratified by most of the HOs that are currently publishing paper chart or ENCs.
A semi-automated process for a quality bathymetry compilation from multiple sources was presented in this paper based on a a real compilation case study. Diverse issues or bottlenecks
could be determined in every compilation stage, and most of them were similarly also identified
among other hydrographic agencies. The methodology to obtain the issues was restricted to
CARIS software workflow, although other software tools could also be used. The most complex
tasks continue to be those related to the final bathymetric product generation to be portrayed on
the nautical chart (depth contours and final chart sounding selection). Despite the existence of
ever-increasing software automation tools, both tasks continue to largely be performed manually,
generating a time-consuming process, which is subject to human subjectivity. Therefore, there is
much needed room for software improvements, and, having a full process and algorithms where
the software could create uncluttered soundings and contours that clearly present the safe and
unsafe water with the minimum human intervention would be very welcome.
Apart from the previous matters, determining the most appropriate datasets and its correct prioritisation to create a single combined bathymetric surface (the starting point for the generation of the
bathymetric products) emerged as an important issue that concerns many of the hydrographic
agencies. Maintaining an updated single deconflicted bathymetric source of truth has recently
been presented as a good solution to make the cartographic compilation products more efficient.
However, the problem remains in how to reach that goal easily and preferably by using more suitable automation tools that currently exists and that may cover most of possibilities. From the author’s point of view, building and managing a bathymetric data base properly for charting purposes, as well as using suitable automated tools, might be key to obtaining efficient and quality chart
compilations, and, at the same time, would help in planning the hydrographic surveys for adequate chart updates more efficiently. There were other minor issues detected, that usually hinder
the compilations workflow, such as those errors when analyzing individual sources, or lack of vertical coherence between overlapping surfaces. However, those issues are mostly due to unsuitable QC practices during the previous steps that could be removed by establishing clear procedures.
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Abstract
Volunteered Bathymetric Information (more commonly called Crowd-sourced
Bathymetry, CSB) has the potential to assist authoritative charting but a lack of
formal assessment methods has limited uptake of this idea. This paper proposes a
reputation system for observers (and data) to estimate the observer’s ability to
match authoritative depths; a time-sequence estimate of vertical bias is also
computed. This reputation can form the basis for decisions on how many observations are required from a VBI source before charting actions could be considered.
Using data from the IHO DCDB and NOAA surveys from the Puget Sound area
(U.S. west coast), bias estimate and reputation assessment are demonstrated for
archetypal observers.
Keywords: Observer Reputation, Crowdsourced Bathymetry, Volunteered Geographic Information, Volunteered Bathymetric Information, Mobile Crowd Sensing,

Résumé
Les informations bathymétriques fournies par des bénévoles (plus communément
désignées par l'expression « bathymétrie participative » ou « CSB ») peuvent contribuer à la réalisation de cartes officielles, mais le manque de méthodes d'évaluation
formelles a freiné l'adoption de cette idée. Cet article propose un système de réputation pour les observateurs (et les données) afin d'estimer la capacité de l'observateur à respecter les profondeurs qui font autorité ; une estimation de la séquence
temporelle du biais vertical est également calculée. Cette réputation peut constituer
la base des décisions sur le nombre d'observations requises d'une source VBI avant
que des actions de cartographie puissent être envisagées. Grâce à l'utilisation de
données provenant des levés du DCDB de l'OHI et de la NOAA dans la région de
Puget Sound (côte ouest des Etats-Unis), l'estimation du biais et l'évaluation de la
réputation sont démontrées pour des observateurs archétypaux.
Mots-clés : Réputation de l'observateur, bathymétrie participative, informations géographiques bénévoles, informations bathymétriques bénévoles, capteurs mobiles,
système de classification.
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Resumen
La Información Batimétrica Voluntaria (más comúnmente llamada Batimetría Participativa, CSB : su acrónimo en Inglés) tiene el potencial de ayudar a la cartografía
autorizada, pero la falta de métodos de evaluación oficial ha limitado la adopción de
esta idea. Este artículo propone un sistema de reputación de los Observadores (y
de los datos) para estimar la capacidad del observador de coincidir con las profundidades autorizadas; también se calcula una estimación de la secuencia temporal
del desfase vertical. Esta reputación puede constituir la base de decisiones sobre
la cantidad de observaciones que se requieren de una fuente VBI antes de que se
consideren acciones en materia de cartografía. Al utilizar datos del DCDB de la
OHI y de los levantamientos de la NOAA de la zona de Puget Sound (costa oeste
de EE.UU.), se demuestra la estimación del desfase y la evaluación de la
reputación para observadores arquetípicos.
Palabras clave: Reputación de los Observadores, Batimetría Participativa, Información Geográfica Voluntaria, Información Batimétrica Voluntaria, Detección Móvil
Participativa, Sistema de Clasificación
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1. Introduction
Most hydrographic offices (HOs) now agree that data volunteered by mariners, called variously
Crowdsourced Bathymetry or (particularly in land-based applications) Volunteered Geographic
Information, has potential for authoritative charting. They often disagree, however, on the extent
to which it can be used, and for which purposes. NOAA, for example, has a permissive policy on
“best available” data use for the chart (Office of Coast Survey, 2020), and supports the IHO
Crowd-sourced Bathymetry Working Group1, hosting the IHO Data Center for Digital Bathymetry
(DCDB)2 and making the data available through Amazon Web Services3. The Canadian Hydrographic Service has also used the DCDB data4 to address dangers to navigation in the Inside
Passage from Seattle, WA to Juneau, AK. Other HOs have been more circumspect, often because of the difficulties posed by “uncontrolled” VBI (i.e., from any available observer), which can
have unknown biases, unreliable observers, outliers, and so on. While these issues can be addressed, the cost of doing so is often considered prohibitive, and there is some question of whether a true authoritative “crowd” in the original sense (Howe, 2008) exists for bathymetry in most
places (Hoy and Calder, 2019), making the term “crowd-sourced” unhelpful for discussion in this
context. The term “Volunteered Bathymetric Information” is offered here as a more truthful description of the intended data source and purpose.
The difficulty is primarily that there is little pre-capture quality assurance with VBI, and a general
lack of metadata. While some implementations have attempted to address installation parameters (Thornton, 2011; Van Norden and Hersey, 2012), and corrections for sound speed and other
factors through oceanographic modelling has been attempted (Church, 2018), the majority of publicly available VBI does not have these refinements. Although potentially much simpler to integrate into authoritative use, more sophisticated “trusted” systems (Calder et al., 2020; Rondeau
and Dion, 2020) that survey on the ellipsoid have yet to translate into scalable systems for widespread use (Desrochers et al., 2020).
Tools to assist in the assessment of VBI data are therefore required, and in particular to associate
with each observer an estimate of the potential reliability, credibility, or reputation of the contributed data. Under the assumption that there is a transitive trust relationship (Severinsen et al.,
2019) between the observer and the data, such a reputation metric would allow the weight of
evidence associated with an observation to be assessed, allowing the HO to determine how to
treat the observation for authoritative purposes. Observers with high reputation, for example,
might cause a charting modification with a single observation that disagreed with the authoritative
data, while less credible sources might need five, or ten, consistent observations to overturn the
chart database (e.g., indicating movement of shoals). Note that this model is inclusive: authoritative observers, such as HO survey field parties, could also be assessed on the same scale,
allowing their data to be tagged with “authoritative” reputation at point of creation, and then
archived. This establishes a spectrum of reputation from uncontrolled VBI on one end to fully
authoritative surveys on the other (Figure 1).
Reputation is not a static concept. A transitive trust relationship allows the reputation of the
observer to be assessed from the observations (e.g., compared to authoritative data), but observers may change over time, initially providing poor data and improving, or forgetting to accommodate a modified configuration of the boat, and suddenly (or gradually) generating poorer data.
Similarly, although data might inherit the observer’s reputation at creation time, as it ages the
reputation would slowly (or rapidly, depending on the area) decay unless reinforced by new
——————————————
1
- https://iho.int/en/csbwg
2
- https://www.ngdc.noaa.gov/iho/
3
- https://odp-noaa-nesdis-ncei-csb-docs.s3-us-west-2.amazonaws.com/readme.htm
4
- https://www.nauticalcharts.noaa.gov/updates/noaa-announces-launch-of-crowdsourced-bathymetry-database/
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observations, until it is either contradicted by new observations, or ages out of the database. This
provides a principled method for database age management.
The paper focuses on the first stage of this problem: evaluating dynamic observer reputation from
archive observations, using the IHO DCDB dataset for the area of Puget Sound, WA around
Seattle. Starting from the raw observations in the DCDB dataset, comparison against NOAA
hydrographic datasets provides for evaluation of reputation, and estimation of vertical biases
afflicting the dataset. The paper demonstrates that it is possible to evaluate a dynamic reputation
estimate from observer data as outlined above.

Figure 1: Notional observer reputation spectrum. The diagram shows nominal occurrence of observers
against credibility for a variety of different source data types (solid lines) along with typical observers (arrows) within
each color-coded population.

2. Background
There are a number of “closed garden” Volunteered Bathymetric Information (VBI) implementations: typically organized by a sonar equipment manufacturer, the users of the system contribute
their observations in return for updated bathymetric products comprising the data from all users.
These systems have generally focused on auxiliary bathymetric overlays, for example for fishermen or recreational boaters, which are formally adjuncts to the official charting information in the
area and are often heavily interpolated, making them unsuitable for charting. The data are also
usually not available outside of the system either due to data sharing limitations or the selected
business model.
There are fewer systems that routinely make data available to national or international databases,
and hydrographic offices (HOs) have been reluctant to use them for chart updates despite the potential and the recognition that HOs have always taken mariner reports to update the chart 5,
—————————————5
- For example, NOAA’s reporting service, at https://www.nauticalcharts.noaa.gov/customer-service/assist/.
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which is similar in scope. The distinction, presumably, is that previous reports were mainly from
professional mariners (who knew how to report), rather than from the masses, and therefore were
more limited in extent and (presumably) more likely to be plausible.
The difficulty is unreliable observers: in many cases, especially if the goal is to scale up observation, there is very limited metadata and therefore the potential for unresolved biases, and outright
blunders, that would be detrimental to authoritative use. Resolving these issues is expensive:
either better metadata are required, or the analyst has to attempt to evaluate each observer’s potential for providing a useful observation. The problem, then, is “assessing the credibility” of VBI
(P. Wills, pers. comm.), in an automated fashion.
The subject of credibility, or more generally reputation or trustworthiness, has been the subject of
much research in the general crowdsource context (Chatzopoulos et al., 2016; Whiting et al.,
2017) and in the Volunteer Geographic Information, or Mobile Crowd Sensing, world (Gusmini et
al., 2017; Pouryazdan et al., 2017; Severinsen et al., 2019; Truong et al., 2019), including
bathymetry (Montella et al., 2019). Although the proposed solutions vary widely, they agree on
some general principles. For example, that variable levels of trust or evidence are required for
different applications or requestors (Severinsen et al., 2019). Or, that local observers are more
valuable since they know the location and are more invested in making things better (Goodchild,
2009). And, that feedback from more reliable users is more valuable (Gusmini et al., 2017;
Whiting et al., 2017) since they are more likely to be able to judge reputation of observers more
accurately. The definition of reputation (or equivalent) also varies, with some researchers
considering a composite of different metrics (Gusmini et al., 2017; Severinsen et al., 2019) to
assess an overall “trustworthiness” for observers; Truong et al. (2019) consider, for example, a
triplet model of reputation (pairwise experience between observers and data users), experience
(global assessment of previous sensing), and knowledge (training, background).
There is similar general agreement on the problems to be solved for a successful system,
although approaches vary in detail. Most systems assume a transitive trust model, where the
data users trust the observations because they trust the observers (Severinsen et al., 2019), and
allow that the reputation will vary dynamically with time so that old mistakes (or successes) do not
last (Whiting et al., 2017). Many systems also focus on detection of malicious users
(Chatzopolous et al., 2016; Puryazdan et al., 2017; Truong et al., 2019), which is a considerable
problem in remunerated systems (i.e., where the observers are paid for their efforts), as bad
actors could potentially improve their ratings to start, then feed in malicious data but still receive
payments from the system. A related problem is observers who inadvertently provide bad data
into the system, a more common problem with VBI systems.
The implementation of reputation assessment systems is similarly varied. All systems have some
trustworthiness metric, possibly composited, although the compositing method is often ad hoc. A
system must also assess the metric, either through peer review (Gusmini et al., 2017; Whiting et
al., 2017) which is most commonly seen in online product reviews, or through a blended analysis
with some statistical measures derived from the data (Pouryazdan et al., 2017; Truong et al.,
2019). Finally, there must be a “cold start” solution (i.e., how to assign a ranking to new observers). This might be simply assigning new users a generic ranking and then letting it improve
through observation cycles, or to blend a prior model with observation data (Gusmini et al., 2017).
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Another method is to consider paired comparisons, where there is no distinct metric to be
matched, simply whether one thing is better or worse than the other. Such systems (Bradley and
Terry, 1952) are often used in competitions including chess (Elo, 2008; Glickman, 1995) where
player rank (essentially reputation) is computed by comparing players during a series of matches.
Importantly, a more strongly ranked player essentially “donates” rank to a weaker player who defeats them, providing a mechanism for ranking to change dynamically as more comparisons are
made.
This approach meets many of the requirements for a reputation ranking system, and there is a
clear analogy to VBI observer reputation. Both involve comparisons between entities of different
skill levels and result in a numerical estimate of skill that can be dynamically adjusted as new
observations are made. This paper therefore proposes an adaptation of a pairwise ranking
system originating in chess to the problem of assessing observer reputation for VBI. Observers
are individually assessed using an authoritative observer (representing hydrographic archive
data) as the comparison point, based on their ability to match the reference depths.

3.

Methods and Data Sources

3.1. Reputation Assessment by Paired Comparison
Paired comparison systems (Bradley and Terry, 1952) are used to assess statistical significance
for tests where only relative rankings of treatments are available. A common example is in taste
tests where the testers rank two food preparations by preference rather than numerical scale.
This process also lends itself to comparisons between game players where win/loss statistics are
counted (potentially in addition to numerical scores), for example in the Elo ranking system for
chess players (Elo, 2008) where the relative rank of players is computed based on win/loss
records of their games against other ranked players. An extended version of this algorithm
(Glickman, 1995) which includes a ranking uncertainty that can adjust for time gaps between
ranking events is used here.
Consider the k th depth from the i th VBI observer, di(k) = (zi(k), si(k)) (for mean depth zi(k) with
uncertatinty si(k) expressed as a standard deviation) which can be compared against the authoritative depths in the area. Each observation is equivalent to a single “game” where a “win” is
declared if the depth observation matches the authoritative answer within the declared uncertainties of the observations, and a “loss” is declared otherwise. Following Glickman (1995), each
observer is given a mean reputation  [0, 3000], and an uncertainty  [30, 350]6 which reflects
their ability with respect to their peers; let ri = (iibe the reputation for a single observer.
Reputations are reassessed for the VBI observers after each batch of observations. The depth
agreement between observations from observers (i, j) at comparison k is
(1)

———————————————————6

- The ranges here are as used in chess rankings, and are essentially arbitrary but should be considered relatively
(i.e., a reputation of (2860, 35) is considerably better than one of (1200, 350) for example).
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which is converted to a win (1)/loss (0) score
(2)

for comparison against the theoretical outcome7. For a probability model8 of
(3)
(Bradley and Terry, 1952), Glickman (1995) shows that a Bayesian update scheme is to approximate the posterior distribution as a Normal distribution with a parameter updating scheme of

(4)

for m sources of authoritative data in the batch, each of nj comparisons (note that the dependence
on the target observer, i, is suppressed for simplicity), where

(5)

The standard expected score,
, reflects the idea that a better observer (positive difference in reputation) should be more likely to agree with the reference data, but a poorer
observer will likely disagree. For bathymetric comparisons, however, there is no expectation that
an observer that is not authoritative will disagree with the reference and doing so will penalize
potentially good VBI observers. A modified model (Figure 2) is therefore used to express the idea
that a non-authoritative observer will match the authoritative reference on average half the time,
allowing potentially good new observers to gain reputation over time.

———————————————————7

- Since ij (k) is a normalized z-score, this is equivalent of considering three standard deviations of the depth
agreement to be significant.

8

- The constant 400 here is an estimate of the reputation between players likely to cause a significant change in
scores.
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Figure 2: Expected score model. The standard model overly penalizes observers that are not authoritative
(negative reputation difference) since they are expected to disagree with the authoritative reference; the adjusted
model allows for more ambivalence.

3.2. Assessment Against Authoritative Data
Each observer is initialized with a reputation of r = (1500, 350), reflecting an uninformative prior.
The reputation is then updated as data are contributed, breaking the sequence of observations
into 60-second batches (an observation rate of 1Hz is typical) and applying equations (4)-(5) for
each batch. The second “observer” is authoritative data (processed and matched as described in
Section 3.3.2), which is assumed to have a reputation equivalent to a professional surveyor (i.e.,
the data inherits the reputation of the observer at time of observation). In this context, rd = (2860,
30) is used (equivalent to an exceptional chess International Grandmaster), with the smaller
uncertainty indicating that the reputation is well constrained.
Following Glickman (1995), the uncertainty of the reputation is adjusted for gaps in the observation sequence (e.g., between appearances of the observer in the database) to reflect the idea that
a reputation is only certain if current. The uncertainty therefore grows with time duration between
observation batches,
(6)
where
(7)
and Tf is the target time for the uncertainty to reset from minimum to maximum. In the current
implementation Tf = 180 days (c = 8.752×10-6 s-1/2).
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Few, if any, VBI observers have corrections applied to their data or, if they do, document what
was done. Comparisons against authoritative data are therefore likely to always fail without bias
assessment. Vertical correctors for water level can generally be evaluated from a nearby tide
gauge or harmonic constituents, and in some instances sound speed correctors can be derived
from forecast models (Church, 2018; Beaudoin et al., 2013; Lanerolle et al., 2009), or oceanographic atlases (Beaudoin et al., 2006). In smaller, or less frequented regions, however, sound
speed corrections may be more difficult to obtain, and the vertical correction from the echosounder to the waterline is almost always missing. Consequently, an estimate of bias must be
generated from the data (Section 3.3.3); this also allows the reputation assessment to distinguish
between a bias of the observer and a change in the seafloor depth.
3.3. Data Sources
3.3.1. Volunteered Bathymetric Information
Data were selected from the DCDB, using only data from their “Crowd-sourced” database, which
consists almost exclusively of single-beam echosounder observations from recreational mariners
submitted using Rose Point Coastal Explorer through a NOAA-led pilot project. These data
consist of any and all observations made by the volunteers, and have no outlier rejection, quality
control, or other modifications from the raw observations. Although the metadata associated with
DCDB records would allow the observers to record the instrumentation being used, in practice
such information is rarely available, and entirely absent in the current dataset. It is assumed
where necessary, therefore, that they are using conventional recreational navigational
echosounders with beamwidths on order 20-30 degrees and frequencies in the range 25-200kHz,
with integrated GNSS systems, potentially with differential or other WBAS augmentation.
VBI from Puget Sound in the vicinity of King County, WA (Figure 3) was selected after an examination of the data holdings because of the data density and supporting authoritative data (Section
3.3.3). A target region of (47° 27’, 47° 50’) N × (122° 09’, 122° 41’) W was selected, yielding a
total of 5,599,609 possible observations. After geographic windowing to the region of interest and
matching to the authoritative data (Section 3.2), a total of 1,170,261 observations remained
unevenly distributed among 19 observers (Figure 4). Data were subsequently filtered to a time
range of 2016-01-01 to 2019-08-10, and a depth limit of less than 11 km in order to remove
clearly erroneous data; data from the same observer with duplicated timestamps were also
removed. Water level corrections were then applied using the NOAA tide constituents from
gauge 9447130 (Seattle, WA)9, evaluated using the PyTide10 module and applied to the data
using the data’s declared time stamps as part of the pre-processing.
3.3.2. Authoritative Reference Data
NOAA-generated gridded bathymetric products, produced with multibeam echosounders (MBES)
through the national hydrographic survey program, were extracted from the NOAA National
Centers for Environmental Information in Bathymetric Attributed Grid (BAG) format (Calder et al.,
2005), converted to ESRI ArcGrid format using a standard BAG utility, and then converted into
binary MATLAB format for subsequent processing. This resulted in 22 surveys, consisting of 123
grids. NOAA hydrographic survey data sets generally consist of one or more grids of one or more
resolutions, along with a low-resolution composite grid. When matching with VBI, the highest
resolution grid with a valid depth at the target location was used. NOAA survey H12024 was
observed to have a significant bias with respect to other observations within its lowest resolution
representation (at 8m), which was removed from consideration; the report of survey (Haines,
———————————————————
9
- https://tidesandcurrents.noaa.gov/stationhome.html?id=9447130
10
- https://pypi.org/project/pytides/
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2009) indicated difficulties with sound speed in the deepest part of Puget Sound. Only MBES
data was used for this comparison in order to avoid mixing interpolation effects into the assessment (as would be inevitable with single-beam survey data). Since only a limited amount of
authoritative data is required to assess each observer, a requirement for MBES authoritative data
at some location the observer inhabits is not expected to be too extreme a constraint on other
implementations.

Figure 3: Data selected for experiments (area of interest in red). This represents all data available in DCDB as
of 2019-07-24 for the area around Seattle, WA in southern Puget Sound.
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Figure 4: Anonymized observer population. The source soundings were contributed by 19 observers, but
almost half (49%) were provided by observer 2, and another ~29% by a houseboat (observer 5), arguing against
considering this a “crowd” in the conventional sense.

3.3.3. Trajectory and Bias Assessment
To facilitate analysis, each observer’s time sequence of observations was broken into transits,
defined as a contiguous period of relative motion above a given speed over ground. The algorithm defined in Calder and Schwehr (2009) was used (Figure 5), with parameters Sp = 2.0 kts,
Sn = 1.0 kts, T(C) = 5 min. and Tmax = 10 min. Transits of a single observation, or with position
standard deviation smaller than three ship lengths were discarded as noise, or false positives.

Figure 5: Transit Determination State Machine. The algorithm starts in state “ not in a transit” (¬TRANSIT), and
cycles between being in a transit (TRANSIT) and checking for the end of the transit (CHECKEND) by conside-ring the
current speed over ground (SOG), and whether it exceeds the start speed (Sp), and the stationary speed (Sn). The
algorithm requires the “possible end of transit” to exist for at least T(C) seconds before declaring the transit complete ,
allowing for some drifting/idle during a transit, and limits total transit time above at Tmax to manage ships that disappear from the record for a considerable time.
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To estimate bias in each identified transit the difference between the corrected observed depth
and highest resolution authoritative depth was determined, and outliers were removed by
rejecting any points more than ±(5.0 + 0.05z)m from the authoritative depth z, and also in areas of
significant slope where differences in depth are expected due to differences in beamwidth
between consumer and survey systems. Slopes are approximated as the time differential of
authoritative depth (and computed by first differences), with a fourth-order Butterworth IIR filter
(c = 0.1) for smoothing. Data on slopes with dz/dt > 0.15 m/s are, heuristically, removed from
consideration for bias estimation (but are used otherwise). Transits with fewer than 30 observations, or with full observed depth range less than 10m, are ignored. A first order polynomial
model is fit to remaining transits; models indicating bias increase of more than 10% of depth are
removed.
All remaining data are then aggregated and used to compute a first-order polynomial fit for the
observer. Some observers show evidence of multiple regimes (Figure 6). In this case, a preliminary inspection was used to determine breakpoints between transit groups, and to eliminate
dubious transits from consideration. Separate models were then computed for each transit group.

Figure 6: Multiple Bias Regimes in Observers. For this observer, there are two distinct bias regimes (red
lines), which need to be separately estimated in order to avoid unreliable estimates. Background image:
color-coded logarithm of bivariate histogram on reference depth and bias.

3.3.4. Uncertainty Estimation
Uncertainty for the authoritative data is provided in the BAG files and is used directly. Static
measurement uncertainty for the VBI is computed through the standard deviation of the observations for all inter-transit periods with more than 10 observations (for estimation stability), discarding any observations that disagree with the reference depth by more than 10%.

The effective observer uncertainty is computed from each transit by selecting windows of 120s
(taking into account any time gaps), computing a first difference to remove any long-term trends,
and then computing the standard deviation. Windows with fewer than 30 observations are
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discarded. This procedure provides a series of estimates of uncertainty that combine the basic
measurement uncertainty and any residual motion effects not corrected by the observer (which is
typically all motion effects in VBI), and therefore can be used directly to estimate real-time
uncertainty for the system.
Water level uncertainty is estimated to include a measurement uncertainty of 0.01m, and a spatiotemporal uncertainty of 0.10m.
Overall uncertainty of corrected observations is computed by propagation of uncertainty (ISO,
1995), including effective observer uncertainty, water level uncertainty, and the estimated bias
correction uncertainty based on the linear model of bias (Section 3.3.3).
4. Results
4.1. Bias Estimation
From all of the observers (Figure 4), a subset was selected based on data density (closest to 1Hz
observation rate, indicating consistent data observations), and data volume (normalized by the
cumulative probability density function to avoid outliers). A first run of the bias parameter algorithm was used to identify changepoints (Figure 7), after which a second run computed a final
model for each group of transits. In some cases, the changepoint is not particularly obvious
(Figure 8), which is likely to lead to poor corrections for depths. This is considered an
extension of the estimation problem: if changes in bias are not clear, it is likely that there is significant noise in the observations, and therefore it should be considered of lower reputation.

Figure 7: Example of per transit bias estimation for observer 1 (Figure 4). A clear step in linear model
offset (lower panel, red dashed lines) as a function of transit number (i.e., time) shows two regimes of correction
are required. The intermediate section can be classified in either regime, since the outliers are subsequently
ignored.

89

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

Figure 8: Example of per transit bias estimation for observer 2 (Figure 4). While there is no visually
obvious changepoint in the estimates, the somewhat chaotic estimates before transit 50 (left of red dashed line)
were eventually separated as a separate group; this may be noisy estimates rather than a distinct regime.

All of the observers modelled demonstrate a positive offset value, and negative slope, indicating
that the observed depth is shallower than the reference depth everywhere, and increasingly so
with depth, Figure 9. This reflects the effects of uncorrected sound speed in the data; correcting
in this way gives an approximation, although the ability to extend these corrections elsewhere is
likely to be limited (Section 5).

Figure 9: Pre-correction observation and reference data depth (top; note depth is positive down in this view, so
vertical axis is increasing depth) and uncertainty (bottom) from observer 2. The shoal depth bias in the observation data is due to the offset between waterline and echosounder. Note 0.01 day = 1.44 min.
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4.2. Reputation
Reputation assessments were generated for all transits for each observer (Section 3.2). For
Observer 1, the computation indicated very reliable estimation (and bias correction), Figure 10,
with the reputation rapidly increasing from the initial value to be virtually authoritative by the end
of the first transit, and then continuing consistently. The reputation uncertainty also drops quickly
to the minimal value and continues low due to the frequency of observations. This sort of behavior is indicative of an observer who could be taken seriously if even a single observation indicated a significant difference from the authoritative database, since it is likely that this really indicates
a significant change in the current configuration of the seafloor.

Figure 10: Reputation estimates for the first four transits of observer 1. For four transits over ~28 hours, the
observer reputation increases to almost authoritative, and then stays there; uncertainty reduces to the minimum (30)
over the first few observation batches. Note 0.002 day = 2.88 min.; 0.005 day = 7.2 min.; 0.01 day = 14.4 min .

Observer 2, on the other hand, has more variable performance, Figure 11, consistent with the
noisy bias estimates of Figure 8. The reputation range of ~1500 is indicative of an observer that
can occasionally generate reasonable data, but which has significant outliers on occasion. For
authoritative use, this would indicate that multiple observations from the same observer (or from
different observers with equivalent reputation) would be required to trigger a change in charting.
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Figure 11: Reputation estimates
for the first two transits of observer
2. After a good start, the observation quality starts to fall significantly, and the reputation drops. Note
0.005 day = 7.2 min.

Reputation is not forever, however. Later in the dataset, observer 1 goes through the transition of
bias estimates observed in Figure 7 and in the process starts to disagree significantly with the
reference data. The resulting reputation estimates, Figure 12, show that after agreeing with the
reference data for approximately seven months, the observer starts to disagree (reputation
dropping, transit 11), and then disappears from the record for approximately four months. After
returning, the observer quickly re-establishes a good reputation as it heads into shallower water.
The cause of this disagreement is not known, but it is tempting to interpret this as some modifications being made to the ship for an extended period of cruising, after which the modifications were
removed. Another potential explanation is that the bias model changepoint was not well estimated, so that the difference reflects poor bias corrections. In either case, the reputation would
provide clear evidence to an HO about the use of the observer’s data in the interim.

Figure 12: Later reputation
estimates for observer 1. After
consistently agreeing with the
reference data for a period of
approximately seven months,
the observer starts to differ,
and then disappears from the
record for approximately four
months (presumably on an
extended voyage). On return,
the observer rapidly recovers
after returning to shallow water
(bottom panel). Note 0.002 day
= 2.88 min.; 0.005 day = 7.2
min.
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Discussion

The results here demonstrate that it is potentially possible to extract bias estimates from VBI
observers, and to assess reputation, given a sufficient amount of data in an area with a reference
depth dataset. Both of those caveats can be relaxed in practice: simply waiting long enough will
provide sufficient data, and most observers are going to visit an area with reference depths at
some point, and therefore can be calibrated for bias and reputation each time they do. Since
there is no real-time requirement in VBI data, neither of these pose a limitation to practical implementation. The current corrections for sound speed are adequate since anything not corrected is
reflected in the uncertainty but could be improved with model data if available (Beaudoin et al.,
2006; Beaudoin et al., 2013). Motion effects in VBI, except heave, are expected to have little
effect due to the wide-beam nature of most non-survey echosounders. Most VBI observers are
likely to have no recordable motion estimation hardware on board in any case (except perhaps
their cellphone), although it would be possible to add motion processing if these data became
available. Like sound speed, uncorrected motion effects would appear in the estimated uncertainty.
The examples here assess the reputation continuously, but in practice this would limit the ability
to detect changes in authoritative bathymetry (i.e., the reputation would be reduced every time an
area with changed bathymetry was observed). Consequently, a functional system would need to
recompute reputation at fixed intervals, or as data become available. The selection of 60-second
intervals for computing reputation is arbitrary (although plausible) and could be adjusted based on
experience in the field. Similarly, the choice of a six-month uncertainty reset period is arbitrary
and should be adjusted depending on the number and types of ships that appear in any given dataset, and the scale of processing. For example, ships that are expected to be more stable (e.g.,
professionally crewed merchant mariners) might preserve their uncertainty for longer, as opposed
to recreational boaters; having the processing done routinely over large areas might obviate the
necessity for a detailed analysis, since boats would rarely be out of observation range. If
required, Glickman (1995) provides a formal parameter estimation scheme.
The work here has focused on assessing VBI observers, but the transitive trust relationship
between observers and data (Severinsen, 2019) implies that these methods could also be applied
to authoritative databases. That is, each database point is imbued with the observer’s reputation
at collection time, and then evolves independently as new observations are made in the same
area. Confirmatory observations (from any observer) would maintain the data’s reputation;
contradictory observations (from reliable observers) would reduce the reputation until the data
were considered too unreliable to be useful. This method may allow for principled management
of hydrographic databases, where the choice to replace or retire data is based on evidence,
rather than gut feeling, or some proxy such as bathymetric uncertainty.
Apart from the processing required (which is relatively light), the suggested system makes
demands of the HO, particularly that there is a willingness to set thresholds for reputation and
evidence required to trigger changes to the chart. For example, how many observations from an
observer with reputation (2800, 30) does it take to place a depth on the chart? How many from
an observer (or set of observers) with reputation (1500, 125)? Such estimates would likely
depend on the HO’s attitude towards the risk of “outside source” data, and potentially the
bathymetric context of the area. Calibration from field data would likely be required.
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A final potential benefit of the proposed scheme is in motivating the observers. Many Mobile
Crowd Sensing (MCS) implementations rely on a perceived benefit to the observers that rewards
them for their participation; often, this is a monetary payment. Such motivation is not expected for
VBI, but some scheme to inform the users of their progress, particularly if it can also assist in
guiding them to a better solution, is likely to be useful. The proposed scheme provides a simple
estimate of “observing power” that could be readily reported to observers, and might assist with
crowd retention.

6. Conclusions
This work has demonstrated that it is possible to estimate biases for Volunteered Bathymetric
Information (VBI) observers, and to dynamically estimate reputation for them. Reputation is
estimated on an arbitrary numeric scale and represents a measure of observer reliability since the
basis is comparison against authoritative data, where available. Providing a reputation score is
the first stage to a model for their use in authoritative products and methods, although such use
would require further development and field calibrations by the sponsoring hydrographic office.
The methods outlined apply equally to the data made by observers, and to all observers rather
than just volunteers. Doing so may allow the same methods to be used for assessment of survey
adequacy and resurvey priority (through data residual reputation over time), in addition to allowing
for principled ageing out of data from the database.
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THE MOST SIGNIFICANT IMPROVEMENT
OF NAVIGATION SERVICES SINCE SOLAS
By RDML Shepard Smith, NOAA
Director, Office of Coast Survey
Outgoing Chair, IHO Council
The IHO has positioned itself and the world’s hydrographic offices for important
expanded roles in the coming decades, not only in modernizing navigation services,
but also in the global effort to understand, mitigate, and adapt to the changing
climate.
When the IHO Member states approved the “Protocol of Amendments to the
Convention on the International Hydrographic Organization” in November 2016, it
marked a new era for the IHO. Member States had recognized that the needs of the
global hydrographic community had outgrown the governance structures of the IHO
that had been in place for nearly a century. The new structure of the IHO is modeled
more closely on intergovernmental organizations under the UN umbrella, which includes a periodic Assembly and a standing Council. The role of the Council is to
oversee the ongoing operations of the IHO and its subsidiary bodies to advance the
strategic goals of the organization as directed by the Assembly. It is made up of 30
IHO Member States with a broad geographical diversity.
This inaugural Council was formed after the first IHO Assembly in 2017, and met
annually in person. We focused on three main goals. First, to develop an identity
and culture for the Council and institute processes to promote our effectiveness in
coordination with the other IHO bodies. Second, to position ourselves within the
existing structures of the IHO, the Secretariat, the Inter-Regional Coordination Committee (IRCC) and the Hydrographic Standards and Services Committee (HSSC).
Third, to develop proposals for the strategic direction of the IHO. To maintain the
ability to work effectively, the Council deliberately kept the size of the Council meetings small, limited to two participants from each Council Member State and one participant from Observer States. There were very few prepared statements, and
discussions are fluid, with a high degree of participation. In short, the Council spent
time thinking together. The result was a major step forward for the IHO-represented
by a new strategic plan in line with global priorities and technological trends.
The IHO has envisioned a new generation of digital-native navigation services,
coordinated globally, which will ultimately supersede the current system of digitized
traditional products. This has been in the works for a while, as IHO working groups
have been developing the S-100 family of standards that will underlie these services. As these standards have been published in the past few years, we have
seen a number of nations around the world begin to provide initial services providing
high resolution depth, continuous predicted tides, and voyage-scale surface currents. In their first phases, these services will make large ship transits of our ports
safer and more efficient. In later phases, they will support optimized ship routing
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which could significantly reduce the fuel costs and carbon footprint of global shipping. These
algorithmically-addressable services, integrated into a machine-to-machine distribution system,
also support the emerging generation of uncrewed ships and systems at sea.
The seabed and operational oceanographic data collected by hydrographic offices to support safe
navigation is also foundational to the sustainable development of our oceans and coasts, and to
modeling of the earth system. The new strategic plan envisions a new era where hydrographic
data is collected, packaged, and made available for science, resource management, and
business, and where data collected for other purposes can be used to improve navigation
services. This is absolutely critical for our coastal communities to prepare for inundation from
tsunamis, sea level rise, subsidence, and storm surge. We cannot manage fisheries, protect
critical habitat, or build offshore wind farms without seabed maps and coastal circulation models.
Lastly, the grand challenge of our generation is to stabilize the earth’s climate to avoid
catastrophic consequences for humanity and the global environment. We cannot model the
earth’s climate system without global circulation models, which in turn require accurate boundary
conditions of ocean depth and seabed roughness. This is our contribution.
We are not in this alone. The new strategic plan calls for much deeper engagement of the IHO
and hydrographic offices with allied initiatives, such as the UN Decade of Ocean Science for
Sustainable Development, the GEBCO/NF Seabed 2030 project, and the Open Geospatial
Consortium for data interoperability. These partnerships are critical to achieving IHO’s strategic
goals, and this engagement is included prominently in the IHO strategic plan.
The Council recognized that the global hydrographic community is not well-positioned to meet
these goals without significant capacity building. Even as our core expertise of hydrography and
cartography continue to become more complex, the broader expectations on our field, outlined in
the IHO strategic plan also require new expertise in data management, geographic information
systems, and S-100 standards. In addition, we need to create a bigger tent by making international hydrography more inclusive. This is still a male-dominated field in general, and leadership
within IHO is largely drawn from Europe and North America. Council recognized these trends
and endorsed a redoubled effort for capacity building, as well as an innovative program to support
the development of women leaders in hydrography.
The IHO is a lean organization, with only around 20 staff, with most of the work of the organization done with in-kind donations of expertise and labor by member states and expert contributors.
Member state dues to IHO are a tiny fraction of the dues paid to other intergovernmental organizations. Nonetheless, the cost of core IHO activities has continued to rise, to the point where the
effectiveness of the organization has begun to suffer. Although COVID-related restrictions have
temporarily masked this trend, this systemic imbalance is a risk to the long-term effectiveness of
the IHO. Working with the Secretary General, the Council recommended to the Assembly that
member state dues could be annually raised by 1% per year as needed. This is still a small
amount, but it is necessary to ensure the goals of the organization are met.
In 1912, the sinking of the Titanic inspired the first global convention of the Safety of Life at Sea
(SOLAS). Among the sweeping changes to the maritime industry this required was standardization of hydrographic and meteorological services. At the time, the dawn of radiotelegraphy inspired standardized navigation warning, meteorological and ice services, which have saved
countless lives in the intervening century. We are now embarking on another global transfor-
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mation of navigation services not seen since the passage of SOLAS, While the full impact will not
be known for decades, it holds the potential to have a similarly dramatic impact not only on life at
sea, but on life on earth.
I am thrilled that my dear colleague, Dr. Geneviève Béchard, the Director General of the Canadian Hydrographic Service, has been elected to succeed me as the chair of the IHO Council. Her
visionary leadership and collaborative style will ensure that the second triennium of the Council
will continue the momentum we started in the first.
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EDUCATION IN HYDROGRAPHIC SURVEYING
AND NAUTICAL CARTOGRAPHY
The International Board on Standards of Competence
for Hydrographic Surveyors and Nautical Cartographers
By R. Furness, Chair

1. Introduction
The FIG/IHO/ICA International Board on Standards of Competence for Hydrographic Surveyors and Nautical Cartographers (IBSC) maintains standards in these
disciplines and awards recognition to programs of education and certification
schemes found to be compliant. Within recent years, the Standards have been fully
revised and updated, both in terms of expectations of stakeholders and in nomenclature used in education. A previous paper published in this journal (November
2017)1 explains in detail the rationale of the current Standards and offers information useful to institutions in development of programmes with the intention of
gaining recognition.
This Note aims to refresh and update the reader on the work of the IBSC as it
continues to operate under the impacts from the global pandemic of Covid-19.
The Standards for Hydrographic Surveyors (S-5A/B) and Nautical Cartographers
(S-8A/B) are published on the IHO website2 together with the important companion
documents:
1. Guidelines for the Implementation of the Standards of Competence for
Hydrographic Surveyors and Nautical Cartographers (Guidelines) (Edition
2.1.1, March 2020).
2. Frequently Asked Questions (FAQ) (Edition 1.0.0, March 2020).

The IBSC is further charged with maintaining the Standards and other relevant IHO
documents and operates in accordance with its Terms of Reference, Code of Ethics,
and established Rules of Procedure which, along with the Standards and other
supporting documents, are published on the IHO website3.
2.

The impact of Covid-19 on the IBSC’s operations

The advent and impact of Covid-19 has been profound on the operations of the
IBSC and for the continuation of training programmes throughout the world. There
has been an increased and urgent transfer by some institutions to teaching using
online methods with, anecdotally, varying levels of success. The high practical
————————————1
2
3

https://docs.iho.int/mtg_docs/com_wg/AB/AB_Misc/IHR-Nov-2017-Article-Standards.pdf
https://iho.int/en/standards-and-specifications
https://iho.int/uploads/user/Inter-Regional%20Coordination/IBSC/MISC/IBSC-ToR-RoP.pdf
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content of the Standards has presented challenges for all programmes. The impact of the pandemic on the operations of the IBSC saw it conduct its 44th Meeting online in April 2021. This was
an extremely challenging meeting given the work-load and mode of operating adopted by the
IBSC during more normal, non-Covid-19 impacted times. In summary, the IBSC considered
twelve (12) courses and two (2) certification schemes.
A “normal” year for the IBSC sees continuous communication with educational institutions
(typically Navy, government, academia, or industry) who provide or who intend to provide an
educational programme in hydrographic surveying and/or nautical cartography and who wish to
establish or continue IBSC recognition of that programme. The year commences on 1 January by
which time all submissions for review at the subsequent Board meeting are received. There is
increased interest in applications from proposed certification schemes. Preliminary reviews are
made of each submission and the IBSC, meeting in plenary, finalises its decisions. It is usual that
a period of iterative communication ensues with each institution as the IBSC communicates its
considered views and the institution considers them for modification of their submission. The
recognition process is concluded towards the end of the calendar year.
During its annual plenary meeting, the IBSC invites representatives from submitting organizations
to attend, present their submissions to the IBSC directly and respond to queries from the IBSC
Members. Covid-19 made this process impossible this year at IBSC44. Reviews are currently in
process and it is possible that queries or clarifications by the IBSC will be conducted by
correspondence and/or online discussions by arrangement. The time zone difference for IBSC
Members is around fourteen (14) hours making it difficult for the IBSC to meet in plenary by online
means. However, the Members are committed to the process and communications will be
forthcoming as and when needed.
3.

Guidance for submitting institutions

The IBSC has identified some common shortfalls in some submissions that frequently delay their
recognition, and these might be summarised as being a lack of appreciation that the current
Standards separate the Category A and B Standards, together with a lack of familiarity with the
concept and principles of constructive alignment. It is not a simple task for established
programmes to expect to readily map straight from their earlier recognised programme to fit into
the current Standards. Some modification to established programmes should be expected. Also,
there seems to be a tendency to confuse or conflate content with the expected learning
outcomes.
The Standards should be taken as reflecting “minimum Standards”. Some submissions go further
in their objectives and are so encouraged. However, some institutions choose to follow the
Standards precisely. While this is acceptable, it is not acceptable for the review simply to present
to the IBSC in the content column of the Module descriptions the content of the Standards verbatim. The cross-reference table is designed to relate the content of the Standards to the Modules
adopted by the submitted programme. A moment’s thought will realise that only listing the content
from the Standards becomes a circular process which provides no critical information to the
reviewers. The IBSC expects to see some degree of elaboration of each activity, be it lecture,
tutorial, practical or assignment. The Guidelines document at paragraph 7.3.2 provides an exam-
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ple of the expected level of detail and should be considered by all submitting institutions. Another
point is that each Module should cover around 6 – 8 Intended Learning Outcomes. It again
provides no further information to the IBSC simply to list all the Learning Outcomes from the
relevant Standard for a Module without appropriate reference. The testing of students should be
directed at assessing their competencies to perform the Intended Learning Outcomes.
The IBSC believes that closer adherence to its Guidance will elevate the general education levels
of those students who undertake courses recognized by the Board as the quality of education and
training improves over time. It further believes that closer adherence by submitting institutions will
simplify the task of preparing submissions and shorten the review period.
The IBSC has therefore developed the detailed Guidelines document together with the FAQ document, both referred to above, in its best efforts to explain and advise its expectations for each
submission. Close reading of these companion documents is strongly advised before commencing the preparation of any submission. Rather than ‘reinvent the wheel’, it is worth repeating
here, to emphasize, a section from the Preface of the Guidelines document which explains the
underpinning philosophy of the Standards.
Separation of Category "A" and Category "B": It became evident to the IBSC that there
were influencing factors that brought to the fore a number of imperatives for change in the
way hydrographic surveyors and nautical cartographers are educated. To adapt to these new
challenges, methodologies, equipment and software, the Board agreed on the separation of
Category "A" and Category "B" requirements and a future separate path of development for
each category. The motivation behind the separation of the Category "A" and Category "B"
requirements and the intended outcome of Category "A" and Category "B" education/training
is as follows:
A Category "A" programme will introduce subjects from the beginning at the underlying
principles level. A Category "B" programme will introduce subjects from a practical level.
According to the above framework the Category "B" Standard is aimed at the basic educational and training requirements for hydrographic technicians and hydrographic surveyors
(S-5), and nautical cartographers (S-8). The Category "A" Standard is aimed at the theoretical educational and foundational background necessary for hydrographic surveyors/nautical
cartographers in-charge and hydrographic/cartographic managers who will develop specifications for surveys and charts, establish quality control and quality assurance systems and
respond to the specific requirements of a full range of hydrographic and/or cartographic
projects.
For both Category "A" and Category "B" Standards, the ability to conduct or operate
hydrographic surveys in the field or utilize hydrographic and/or cartographic databases to
compile and produce charts are essential competencies, and thus a key part of education
and training through the necessity of field and applied work (practical exercises and final
project).
The educational process itself is in turn influenced by changing technological and methodological imperatives. Connectivity and the introduction of so-called e-learning methods and
blended learning techniques have naturally attracted the attention of the professional community. Another relevant issue is the educational approach in the development of the standards
relating to the principles of the style in which the requirements are presented. The IBSC
adopted the concept and principles of constructive alignment4 that are used in most academ-
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ic institutions and are documented in educational texts, for example Biggs and Tang, Teaching for Quality Learning at University, Open University Press (3rd Edition, 2007). The Standards describe Intended Learning Outcomes (ILO’s) using verbs that are detailed under
Bloom's taxonomy. In principle, an institution will evaluate students to ensure that they have
achieved each learning outcome.
The separation of Category "A" and Category "B" Standards in addition to the adoption of
constructive alignment approach was approved in 2012.
Options have been removed from the Standards. The philosophy of the Standards is to
develop a hydrographer or nautical cartographer who can work with competence across the
full spectrum of the profession. Therefore, the core content within the previous options is considered necessary for all hydrographers and nautical cartographers and can no longer be
considered optional. In defining competencies in terms of ILO’s, the opportunity exists for institutions to focus attention on specific issues while adhering to competencies and associated
content as described in the Standards. Thus, while core competencies are retained, institutions can offer unique programmes within this framework, directed towards specific needs.
In fairness, it needs to be pointed out that the quality of submissions has been generally improving over time as institutions come better to understand the requirements for recognition and
update their own teaching and educational processes.
4. Structure and membership of the IBSC

The IBSC membership comprises ten Members: four each from FIG and IHO, and two from ICA.
The Secretary is provided by IHO. The list of the present Members of the IBSC is available on the
IHO website5.
It is appropriate to acknowledge the dedication of all IBSC Members and their willingness to
support the IBSC. This is despite the ongoing difficulties that started early last year and saw some
Members remain ‘at their posts’ during March 2020 at IBSC43 as hourly changes to international
travel occurred and national borders shut down with them all potentially stranded a long way from
home in Cartagena de Indias, Colombia.
The impact from the loss to the IBSC of the Secretarial expertise, due to the recent retirement of
long-time Secretary Alberto Costa Neves, whose experience, friendly disposition and competence
has steered the IBSC through some intensely changing times with his familiarity with the profession and the IHO, was softened with the appointment by IHO of Assistant Director Leonel
Manteigas who brings similar skills to the task of Secretary and, as a past Member, familiarity with
the workings of the IBSC, as he capably fills the vacancy so created by Alberto’s retirement.
Captain Leonel Manteigas is an Assistant Director of the IHO. He is an officer of the Portuguese
Navy with a recognized Category A course in Hydrography. During most of his career he worked
at the Portuguese Hydrographic Institute (IHPT) being Professor of Hydrography in the Portuguese Naval Academy and Professor of several modules in the IHPT School of Hydrography and
Oceanography. He was the Head of the IHPT Hydrography Division for six years and the Director
of the School of Hydrography and Oceanography. He was also the Commanding Officer of a
————————————4

Constructive Alignment means that content material is delivered constructively in a way that the learner thinks and to
align the assessment accordingly through a set of learning outcomes. The concept of alignment hinges on assessment
against the desired outcomes of a course with appropriate verbs used to indicate the expected level of learning.
5

https://iho.int/uploads/user/Inter-Regional%20Coordination/IBSC/MISC/IBSC_Membership_20200815.pdf
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Hydrographic Ship and has a Master of Engineering in Geomatics Engineering taken at the
University of New Brunswick, in Canada. Before became the Secretary, he was an IBSC member
for nearly two years.
The resignation of Dr. Keith Miller (FIG) and the appointment to Assistant Director IHO of Captain
Leonel Manteigas (IHO) created two vacancies on the IBSC. The contribution of Dr. Miller to the
revised Standards and his affable and professional support generally to the work of the IBSC is
acknowledged. It was a pleasure recently to welcome two new Members to the IBSC.
Professor Harald Sternberg, a FIG representative, is a Surveying Engineer, Professor for Hydrography and Geodesy as well as additionally Vice President for Teaching and Digitalization at the
HafenCity University Hamburg. He studied and worked at the Bundeswehr University in Munich
and received there the Dr.-Ing. Mobile mapping systems on different carriers (cars, ships, and
indoor trolleys) as well as the use of low-cost sensors for positioning, navigation and environmental data acquisition are part of his research area. He is also involved in the analysis of mass data
using artificial intelligence. In the field of hydrography, he is working on autonomous underwater
vehicles, automated analysis of underwater images and interpretation of backscatter data. From
his Vice president’s perspective, another focus is on the advancement of interdisciplinary
teaching and new teaching formats.
Dr. Arata Sengoku, an IHO representative, is a consultant of hydrography and cartography of
Aero Asahi Corporation, working for the hydrographic community in developing countries. He has
a PhD in Satellite Geodesy. He was Chief Hydrographer of Japan and vice chairman of the East
Asia Hydrographic Commission from 2016 to 2018. He worked in the Japan Hydrographic and
Oceanographic Department for 34 years. His work background includes twenty (20) years in
management of hydrography, oceanography, and cartography, and twelve (12) years in geodetic
observation and analysis. He studied satellite geodesy and celestial mechanics in University of
Texas at Austin and University of Tokyo.
It would be remiss of me not to acknowledge specifically by mention here the contributions of the
remaining and long-serving eminent Members of the IBSC, all of whom bring to the work of the
IBSC their wide-ranging expertise and many years of professional experience. When I add their
total years of service it comes to over a hundred years! Representing the IHO are Captain
Andrew Armstrong NOAA (USA), Captain Nickolás de A. Roscher (Brazil) and Commodore Rod
Nairn (Australia). Representing the FIG are Gordon Johnston (UK), Adam Greenland (NZ) and
Sobri Syawie (Indonesia). Representing ICA are Emeritus Professor Lysandros Tsoulos (Greece)
and myself.
5. Summary
Despite the exigencies arising from Covid-19 and its seemingly ever-increasing workload, the
IBSC continues to receive submissions, both of programmes and certification schemes. At the
time of writing, the review process leading to an online IBSC44 in April 2021 has commenced.
Close attention to the published Guidelines in preparing submissions will assist the IBSC review
process and improve over time the quality of education for hydrographic surveyors and nautical
cartographers. Membership of the IBSC has been refreshed recently with a new Secretary and
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two new members. The continuing service of existing IBSC Members is acknowledged.
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EMPOWERING WOMEN IN HYDROGRAPHY
By A. Biron1, Division Manager, Data acquisition and management, CHS
E. Flier , International Coordinator NMAHS & Chair IHO Capacity Building Sub-Committee
2

1

- Canadian Hydrographic Service

2 -

Norwegian Mapping Authority - Hydrographic Service

In October 2020, the main author had the great pleasure to present at the International Hydrographic Organization Inter-Regional Coordination Committee (IRCC-12)
virtual meeting, on behalf of Canada and IHO, an inspiring project proposal entitled
"Empowering Women in Hydrography". This project proposal was then approved by
the virtual IHO Assembly in November 2020 (Decision C4/16) and will be integrated
under the Capacity Building Sub-Committee (CBSC) work plan.

Figure 1: First slide of the Power Point File presented at the IRCC-12 meeting in October 2020,
and recommended for adoption at the IHO Assembly 2 in November 2020.

The goal of this project is to initiate, organize and track a series of engagement activities which will enable more women to participate for diversity, equity and inclusiveness in the field of hydrography and to assume more leadership, senior and executives roles and positions within the hydrographic community.
Currently, there is a large gender imbalance in the participation of women, compared to men, in Science, Technology, Engineering, Mathematics (STEM) and maritime-related domains such as hydrography, at all levels but particularly at the more
advanced career echelons and in related to senior and executive management as
well as in policy-making processes. Gender diversity, equity and inclusiveness are
key elements in unlocking a lot of potential, not only for the women themselves, but
for their organizations. Many maritime-related organizations have started this
change in narrative and symposiums, programs and activities have been held in the
last years in relation with this theme.
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Figure 2: You can see from this picture of the Inter-Regional Coordination Committee (IRCC) -11 meeting held in
June 2019 the gender imbalance.

As an example, at the Canadian Hydrographic Conference in February 2020 (CHC2020), dedicated networking activities as well as a special session entitled «Leadership feminine style!» were
part of the official program. This session, chaired by Shelly Leighton (Advanced Access
Engineering, Memorial University of Newfoundland), aimed at promoting female role models from
hydrographic organisations, and inspiring women to take action on their career and seek opportunities. Vanessa Rochester, president of Women’s International Shipping & Trading Association
Canada (WISTA Canada), opened the session with a presentation on «unconscious bias»,
highlighting how bias, conscious or not, is a disabler of diversity and leads to sameness of
thinking. This was followed by a panel of three female leaders from the hydrographic industry,
Marie-Eve Biron (Ocean Group), Karen Cove (Teledyne Caris) and Breanna Careen (Fugro) who
shared their achievements, challenges, experiences and answered questions from the public.

Figure 3: Participants and organizers
of the «Leadership Feminine
style!» session at the 2020 Canadian
Hydrographic Conference in February,
Québec City, Canada. From left to
right: Shelly Leighton (AAE,MUN, session organizer), Breanna Careen
(Fugro), Vanessa Rochester (WISTA
Canada, Norton Rose Fullbright), Karen
Cove (Teledyne-Caris), Annie Biron
(CHS, session organizer), Marie-Eve
Biron (Ocean Group). Session organizers missing from the picture: Elizabeth
Bonner (CHS) and Kathleen Mildon
(TerraSond
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As part of the United Nations Decade of Ocean Sciences for Sustainable Development (2021–
2030), Canada has a special grant and contribution fund to which the IHO has applied for 3 years.
This fund will allow funding some activities to "promote gender equality in ocean science to aim at
building a cohort of female leaders in the marine and oceanographic community". This is a
unique opportunity for the IHO and the international hydrographic community to show leadership
and take concrete actions and results to forge links between two of the UN sustainable development goals: #14-life underwater, and #5-gender equality. This is a first step with initial seed money to launch a project to which IHO is hopeful that other member states will actively participate
and want to contribute in-cash or in-kind above and beyond this funding. As an example, the National Oceanic and Atmospheric Administration (NOAA) Office of Coast Survey (OCS) has tentatively offered to host up to three female candidates each year of the project.
As we recognize that women are equally capable as men, we need to build awareness, expose
and address systemic issues within the field of hydrography, which often limit women’s opportunities to develop and demonstrate their competencies and capabilities to the same extent as their
male colleagues. We need to encourage organizations to take concrete actions in removing barriers for women, increase awareness on the benefit of having gender-diverse teams at all levels,
and increase representation of women at higher echelons, as subject matter experts, managers,
senior managers, executives and in the policy-making process.
The activities supported by this new project may evolve based on experience, opportunities, risks
and clarification of desired outcomes. They could include, amongst others :
- A first virtual workshop (Spring 2021) to present and discuss the proposals and business
plan, develop and adopt a vision, mission and objectives as well as subsequent workshops
which would allow participants to present and report on the identified project’s progress.
These
subsequent workshops could be virtual or held in conjunction with other IHO working group,
committee or subcommittee meetings;
- Internships at the IHO Secretariat or at hydrographic offices to work on targeted tasks, or
increase operational knowledge and experience;
- Support for greater participation of women in IHO workshops, working groups, committees
or subcommittees or at specialised events;
- Virtual professional workshops on specialized topics to promote female role models;
- Partnering up with other events related to gender equality in ocean science or the maritime
community (e.g., IMO, …).
During this decade of ocean science, together, let us set the example and see how we can collectively change the face of hydrography and empower women to take on greater decision-making
roles and responsibilities in the field of hydrography!
Capacity Building (CB) is one of the strategic pillars of the International Hydrographic Organization. Through our network of regional capacity building coordinators, we aim to assess the status
of cartography and hydrography in the many IHO member states and see how we best can
contribute to improve the situation. CB activities are funded through part of the IHO budget
(coming from IHO member state contributions) and through the generous, annual contributions
from the Republic of Korea and the Nippon Foundation in Japan. During the last decade, we have
seen an annual increase in CB activities with a temporary setback in 2020 (and part of 2021) due
to COVID-19 imposed restrictions. But there is always a need to do more than our budget allows
us to. This is why all proposed activities are screened through a strict, transparent and fair
evaluation and prioritization process so that we can select prioritized activities within the available
budget.
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Conclusion:
It is with great pleasure and gratitude that we, in the IHO community and especially within the
CBSC, welcome the Canadian-led initiative to start a CB project on Empowering Women in
Hydrography. One only has to look at the many group photos taken during any of the recent IHO
working group or sub committee meetings to recognize the challenge this project aims to address.
Well into the 21st century, hydrography and the hydrographic community are facing great new
challenges. We have no doubt that addressing those challenges in groups and teams with a
better gender balance will secure better and more long-term solutions. We would also like to
thank the United States of America (USA) who has signalled early on that they are committed to
contribute to the project and we hope many others will follow.
References:
- IRCC report to IHO Assembly 2 (October 2020) - see slide 6: https://iho.int/uploads/user/
About%20IHO/Assembly/Assembly2/DOCUMENTS/
A2_2020_G_05B_EN_IRCC_update_V1.pdf
- IHO Assembly 2 (November 2020)- Decision 35: https://iho.int/uploads/user/About%
20IHO/Assembly/Assembly2/A-2_DECISIONS_EN.pdf
- 2021 GEBCO: Map the Gaps virtual Symposium (January 2021) – Panel Discussion on
Diversity, Equity and Inclusiveness in Ocean Mapping – 1 hour 30 minutes: http://
bit.ly/3oORXpS ; and enter the password: A#d0e*6#
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PORTUGUESE HYDROGRAPHIC INSTITUTE:
60 YEARS OF OCEAN KNOWLEDGE PROJECTED
INTO THE FUTURE
By Rear Admiral C. Ventura Soares,
Director-General of the Portuguese Hydrographic Institute
Email : ventura.soares@hidrografico.pt
The Portuguese Hydrographic Institute (IH) celebrated its 60th anniversary on September 22, 2020. The heritage it carries from the Portuguese hydrographic tradition,
which dates back to the 15th century, the Age of the Discoveries, gives it special
responsibility in the national panorama, in alignment with international dynamics currently underway with regard to ocean sciences. The United Nations’ 2030 Agenda
for Sustainable Development (2030 Agenda) and in particular its Sustainable
Development Goal 14, “Conserve and sustainably use the oceans, seas and marine
resources for sustainable development” (SDG 14), the United Nations Decade of
Ocean Science for Sustainable Development 2021-2030 (Decade), and the Integrated Maritime Policy of the European Union, will shape the Portuguese governance
structures of the Ocean for the next decade. Portugal is at a turning point, where it
can be seen as an effective player in an international context, especially in the
Atlantic. It is in this scenario that IH is found, a body of the Portuguese Navy and
simultaneously a Marine Research Laboratory with a staff of 300, equally divided
between military and civilians, whose present and future will be addressed here.
The present (2021)
IH is challenged to reconcile its military genesis with the functions of a research
institution, supporting the government in pursuing public policies in ocean sciences.
Its vision is “to be a reference research center in ocean sciences”. The “IH” product
is strategically associated with Quality, Innovation and Internationalization, contributing to maritime security and national defense in areas of Portuguese sovereignty,
jurisdiction and responsibility, while also enhancing scientific knowledge, marine environment monitoring and Blue Economy development.
The national and international responsibilities of a hydrographic office, the insertion
in the Navy to support military activities with geospatial, meteorological and oceanographic information (GEOMETOC) and its Research Laboratory activity in ocean
sciences, with R&D responsibilities, are the three major pillars that underpin IH's
technical-scientific activity, which is divided in the disciplines of Hydrography and
Nautical Cartography, Navigation, Physical Oceanography, Marine Chemistry and
Marine Geology. This activity is organized into three main themes: Ocean Mapping,
Observation and Forecasting. These themes have as their domain of application the
entire Atlantic Ocean framed by the Portuguese scientific strategic interests.
The Ocean Mapping theme, designed to map the seabed in morphological terms,
and to geologically characterize the seabed and sub-seabed, has currently two
programs underway: the SEAMAP 2030 Program, “Mapping the Portuguese Sea”
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with the objective of carrying out total coverage of high resolution bathymetry of the seabed up to
the limit of the Portuguese EEZ, or up to the outer limit of the extended continental shelf when
and under the terms in which the Portuguese claim is recognized by the United Nations; and the
SEDMAR Program, mapping the superficial marine sediments of the geological continental shelf
and continental slope, is focused on the coast of the European continental part of Portugal and
the archipelagos of the Azores and Madeira, up to 500 meters deep.
The Ocean Observation theme, which includes the observation of ocean dynamics, the physical
and chemical characteristics of the water column, pollution by hydrocarbons and plastics / microplastics, acidification of the oceans, suspended particulate matter or underwater noise, has three
major programs in execution: the main one is MONIZEE, an integrated observation system based
on an operational monitoring network of the marine environment, with permanent and fixed sensors in coastal zones or in the areas where coastal processes predominate; the MONIATLANTICO Program, focused on large-scale, spatial and temporal observation of the Ocean, covering the
Atlantic area of Portuguese interest; and lastly the MONIAQUA Program, focused on transitional
waters.
The Ocean Forecasting theme, based on the operational capacity and knowledge of IH in the
domain of ocean dynamics, is divided into two programs: the PREVOCEANO Program, which
develops an oceanographic forecasting system, with a focus on supporting marine and coastal
environment managers, scientific community, Blue Economy companies, mariners and civil
society in general, with models for forecasting tides, sea waves, currents and coastal dynamics;
the METOCMIL Program, which develops the operational meteorological and oceanographic forecasting system to support naval and maritime operations, under the direct responsibility of the IH
operational center named CGEOMETOC. This operational center is boosting the setup of the
NATO Maritime GEOMETOC Center of Excellence, MGEOMETOC, to be co-located in IH, which
is expected to be fully operational in the first semester of 2021.
In addition to the three main technical-scientific themes presented, the transversal theme Ocean
Data and the complementary theme Ocean Observation Technologies are also developed at IH.
The transversal theme Ocean Data aims to manage IH’s technical and scientific data, serving
Portugal and the international community, and is based on the IDAMAR Program, supported by a
spatial data infrastructure of the marine environment with a dedicated portal, HIDROGRÁFICO+.
The complementary theme Ocean Observation Technologies is promoted through the IH
SENSORTECH Program, with which IH aims the establishment of an anchor infrastructure for the
development of marine observation technologies, through the creation of the Center for the Development of Ocean Observation Technologies.
All of the strategic themes mentioned above are aligned with the 2030 Agenda / SDG 14 /
Decade initiatives. Issues such as climate change, the conservation of biodiversity in marine
ecosystems, the mitigation of natural risks and the development of the Blue Economy will largely
benefit from the data collected in the ocean through appropriate observation technologies.
Reference should also be made to other relevant projects (special projects), currently under development at IH: the adoption of the S-100 Universal Hydrographic Data Model in the production of
the future S-101 Electronic Navigational Charts; the capacity building of the African Countries,
that are part of the Community of the Portuguese Speaking Countries (CPLP), in hydrographic
surveys, production of nautical charts and research in ocean sciences; the renewal of the hydrooceanographic fleet of the Portuguese Navy, in order to provide the country with renewed capacity to occupy its maritime spaces through scientific knowledge.
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The near future (2021-2030)
Some challenges and opportunities are carried forward into the future by these programs and projects in which IH is committed. In the field of Mapping, it is already clear that the traditional hydrographic survey obtains, in its execution, much more than the simple morphology of the sea bottom. A consequence of acquiring data in great variety and enormous quantity, whether originated
from Mapping, Observation or even Forecasting, is the huge impact on the dimensioning of data
infrastructures.
The technological challenge associated with the development of the S-100 Standard, with an impact not only in the production of the future S-101 Electronic Navigational Charts but also in the
development of the concept of e-navigation, brings to IH a unique opportunity to consolidate itself
as a modern hydrographic service, with technical and human resources able to implement new
technologies that will ultimately serve the mariner of the future. In addition to electronic cartography, it is important to invest in the total digitalization of nautical publications into database management system’s environment (georeferenced information), creating added value products for
mariners, allowing, in an easily usable and configurable way, fast and improved access to the information currently contained in several nautical publications (Pilots, List of Lights or List of Radio
Signals).
The extensive area of the Atlantic Ocean under Portuguese jurisdiction (almost two million square
kilometers) presents an effective challenge in sustaining observation systems compatible with the
resources available in Portugal and specifically at IH. The integration of the Institute's current observation systems in European and global observation networks, as well as in networks for specific purposes (for example tsunami early warning system in the North-eastern Atlantic –
NEAMTWS or monitoring network to measure global sea levels - GLOSS) is an important step in
recognizing the relevance of these systems in the Atlantic context. The new holistic approaches
of the Atlantic basin, from the perspective of Observation, offers IH and Portugal a unique opportunity to strategically extend their intervention to the South Atlantic, namely in its eastern sector
along the African coast. The fact that the set of CPLP Atlantic African countries is geographically
within this sector, enhances this collaborative intervention, thus favoring capacity building.
The development of ocean observation technologies in IH can also induce the promotion of this
segment in the Portuguese and international context. It would indeed be very stimulating to conceive that, after a generation, Portugal could become a country of excellence in the development
of these technologies.
It is essential to operationalize the knowledge strategies of the ocean, which gains special prominence in countries like Portugal, whose future is certainly inseparable from the marine environment in its scientific, environmental, economic and political aspects. The Atlantic vocation of IH,
therefore, involves operationalizing national strategies and strengthening international relations,
seeking partnerships, especially within the Atlantic and CPLP countries, taking into account the
existing common objectives. The year 2021 is the first year of the United Nations Decade of
Ocean Science for Sustainable Development, the year of celebration of the 100th anniversary of
the International Hydrographic Organization and it is ten-years distance to complete the Portuguese SEAMAP 2030 program aligned with the Nippon Foundation-GEBCO SEABED 2030 project. The Portuguese Hydrographic Institute, with 60 years recently completed, assumes to be a
leveraging factor for ocean sciences in Portugal, in conjunction with the universities, industry and
the citizens in general. This is clearly the will of the hydrographic community that serves at IH, so
Portugal can surely benefit from this commitment. This decade will be crucial for the knowledge of
the seas and oceans and determinant not only for the future of human societies but also for the
planet. We must not waste it!
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Abstract
In the Article “What’s Hydrospatial?” (Hains, 2020a), it was suggested to adopt a
new term to distinguish the past analog hydrographic production chain for the
present digital hydrographic data centricity, and differentiate from broader terrestrial
datasets. Following the publication of this Article as a Note in the International
Hydrographic Review, some people including some of the authors of this article
reached out to the author of the first Article to express their divergent views with the
term Hydrospatial (Hains 2020 ; Jonas 2021 ; Jonas 2020; Ponce 2020 ; Pang &
Oei 2020 ; Ponce 2019) and even considered it possibly misleading.
The intent of this second article, “So… What is Hydrospatial? is to engage a broader
community to join the conversation on Hydrospatial and reach out to clarify its definition.
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Figure 1. Authors Group photo from ZOOM Screen Shot

Introduction
The rapid infusion of technology into our lives which influence the environment that we live in,
new terms or acronyms are constantly being spawned e.g. the abbreviations used in SMS on our
smartphones. There are now many new words, terminologies and concepts being used in the
Geospatial Era and these are not always clearly defined, nor ideally appropriate. The use of a
new term, if not well articulated, understood and used, might confuse more than help the larger
global dialog.
In an attempt to further expose and embrace the technological advances, and data-centric framework, the lead author suggested the adoption of hydrospatial as a new term. As the world moves
towards information sharing, exchange and integration, the authors are conscious that there is a
need for a word or terminology that better captures the widening interests and presence in the
water domain. Under these changing and challenging circumstances that we are confronted with,
the current scientific fields of specialization may not be able to address the multi-dimensional
dilemma of the present world. Defining the term hydrospatial using the existing International
Hydrographic Organization (IHO) hydrography definition as a foundation was possibly not the
best approach, but a good first step to initiate a broader conversation. But let it be absolutely
clear that it is not the objective of this article to replace the definition of hydrography with
hydrospatial at this time but to commit to improve it. This has to be reframed in a context, where
hydrospatial is not in opposition to hydrography, but rather an expansion of it (Ponce, 2019 ; Pang
& Oei, 2020 ; Ponce, 2020). It is not there to replace the term hydrography; it is an articulation of
a more specific scope.
Words, terms and their semantics form the basis of description and expression, and in particular,
the way that we convey our ideas and concepts to others. Together with the maritime domain, the
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authors are going through a “marine and aquatic spatial” revolution in which the concept of what
we do, who we serve, and the benefits of the data and information are changing - and this is so
significant that it might require us to adopt a new term to describe it. We need a term that
conveys the image of the modern and futuristic, hi-tech, multi-role, dynamic digital data environment in which we now and will operate. The term geospatial has been adopted and is being used
widely. Knowing that “Geo” etymologically includes the whole elements “Air, Land and Sea” of
our planet, why would we suggest adopting “hydrospatial”?
The Need for Hydrospatial…
Generalists may argue that adopting hydrospatial is irrelevant as there are many terminologies
like ‘geomatics’, ‘geospatial’, ‘spatial data’, which exists. Similarly, there will also be many that will
correctly indicate that “Geo” in its root word means ‘earth’ and is all encompassing and includes
both land and water domains.

Figure 2. . Hains PowerPoint Slide about - GEO/HYDRO & SPATIAL/GRAPHY

All these arguments are very legitimate. Geospatial has been adopted and used by the community globally. It better represents the meaning of data and information positioned in X, Y, Z; or latitude, longitude and elevation. Unfortunately, although “Geo” should include both the WET and
DRY SIDES; it has in practice been used more to represent first and foremost the DRY SIDE or
landmass rather than the WET SIDE or water bodies, when it comes to spatial applications &
analysis. This is reasonable as most of the human activities are taking place on the landmass,
while the water is often unknown, challenging and taken for granted. That of course does not

117

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

mean that water bodies are any less important. Planet Earth is habitable because of the very
existence and the effects of water. Life flourished in the water. Therefore, the authors agree on
the benefit of a water-specific term in order to emphasize the importance of water bodies, which
cover 70% of our planet, and undertake a principal role both in containing climate change and
oxygenating our atmosphere.
The question for the “Pro-Geo” promoting the inclusiveness of both land and water, challenging
that the landmasses extend underwater which make it Geospatial; would be: why have we not
simply used “geography/geoscience” in the first place, instead of defining and adopting the term
“hydrography”? The authors suggest that the water or WET SIDE is complex to measure, to
understand and to represent on a map or on a chart. And this is probably why, while all the
landmasses are pretty well mapped at higher and higher resolution; up until the inception of The
Nippon Foundation-GEBCO, Seabed 2030 Project, less than 15% of the seabed was mapped,
and we are now approaching to 20%… The value of using hydrospatial refers to the water mass
specifically, and is considered as important and complimentary to geospatial.
Finally, for those who prefer to use “marine geospatial”, there is nothing wrong with it either.
However, hydrospatial could be used as a more inclusive terminology for the water domain. The
adjective “marine” is often associated with “salt” water and not as much with “fresh” water. Of
course, some could use the term “marine and aquatic geospatial” to cover it all. For this reason as
well, hydrospatial can better represents and describes both salt and fresh water as well as the
multi-dimensionality of data, such as: data associated with the sub-bottom, the bottom, within the
water column or at the water-atmosphere interface whether these are physical, biological, chemical nature. All this for the purpose of better understanding and managing our planet’s marine and
aquatic spatial environment for planning, mapping, charting, navigation efficiency and safety for a
rich and sustainable blue economy.
Where to use hydrospatial?
The concerns mentioned above are not exhaustive and complete, but the authors wanted to
provide some examples. It is our opinion that when the term “spatial” is used to define data in
time, space and quality, like in Marine Spatial Data Infrastructure (MSDI), that is the marine
component of SDI, the adjective ‘marine’ implicitly limits the scope to the saltwater environment.
If the infrastructure and concept is to be expanded to include inland waters, HydroSpatial Data
Infrastructure (HSDI) could better represent the scope and magnitude.

While using “marine geospatial” would have the same connotation as with MSDI, the term
"hydrospatial" would be more inclusive, i.e. include the ocean and inland waters environments.
We understand that some will continue to debate that the term geospatial is encompassing them
all. However, the authors suggest using the term hydrospatial will give more weight and emphasis to the "WET SIDES” area covering over 70% of our planet, so vital to our ways of living and
yet so underexplored. This crucial yet complex oceanic and aquatic environment still keeps the
secrets of our past and future. Collaboration of all the marine sciences will enable us to exploit
that vast potential. Since using geospatial alone is not specific enough to reflect the importance
of water and its rationale, we can compensate for the loss by using hydrospatial instead.
On January 26, 2021, Mathias Jonas discussed the use of the term "hydrospatial" in an article
published on the Hydro International website. In it, he made interesting comments and suggested
a possible approach to the use of hydrospatial. In his article, He also wondered if our inspiration
of suggesting the use of hydrospatial came from an artist of the mid-twentieth century; it definitely
did not come from this artist, but indeed came, at least in part, from the term "Geospatial" that has
been used for a while. He explained at length the aspects included in the term hydrospatial and
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that it should be used in combination with a noun such as information, data and/or infrastructure.
His explanation is very close to the meaning the authors want to give to
hydrospatial. In general, Mathias Jonas also suggests that the term hydrographic does not entirely reflect all the associated disciplines.
This discussion seems to indicate agreement with the spirit of the authors initiative and will
contribute to shape the term hydrospatial as it becomes more frequently used, in order to better
represent the spatio-temporal and multi-dimensional components of ocean and aquatic sciences
and activities.
The existing suggested draft definition
In the previous article published as a Note in IHR May 2020, No.23, it was suggested that the
definition of “what” hydrospatial could incorporate some of the key terms used in the existing IHO
definition of hydrography with adjustments as follow:
2020/02/25 - Hydrographyspatial “ is the branch of applied sciences which deals with the
analysis, understanding and access to static and dynamic marine geospatial digital and analog
data and information, digital signals, measurement and description of the physical, biological and
chemical features of oceans, seas, coastal areas, lakes, estuaries and rivers from all possible
available data sources in near-real time, real-time, including history and, as well as with the prediction of their change over time. For the primary purpose of providing timely access to a standard, quality and the most up-to-date marine spatial data infrastructure, including the safety and
efficiency of navigation; in support of all other aquatic and marine activities, including for a sustainable Blue environment, economic development, security & defence, scientific research, and
environmental protection.”
In addition to supporting safe and efficient navigation of ships, hydrography underpins almost
every other activity associated with the sea, including:
Resource exploration
Environmental protection and management
National marine spatial data infrastructures
Recreational boating
Maritime defence and security
Tsunami flood and inundation modeling
Coastal zone management
Toutism
Marine science
The main author has been continuing to promote the adoption of the term since, based on this
original drafted definition as a starting point. However, all the authors of the current article are
suggesting reframing, modifying and simplifying this definition to a more succinct one and representative of the intention; something that currently is being discussed. This will also take into
consideration on perspectives of other experts including member of the IHO Hydrographic
Dictionary Working Group.
Promotion of hydrospatial

Since the presentation at the 2020 Canadian Hydrographic Conference in Quebec City, Canada,
additional exposure of hydrospatial took place. In addition to the publication of the Note in the
IHR May 2020 Edition; some of the authors published further and made virtual presentations on
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hydrospatial in 2020. Virtual presentations took place at 6 online events and other articles were
published citing hydrospatial in the IHR May 2020 and in other professional magazines.
In addition, a virtual and informal “Hydrospatial Movement Community (HMC)” was created. This
initiative of creating a Community has already started with the engagement of some key individuals willing to join the Hydrospatial “Club” to contribute as volunteer advocates to promote the
growth of a global Hydrospatial Movement Community. The core group or “Club” is currently
composed of at least one individual per continent that represents: Africa, Americas; Asia; Australasia; and Europe. The Hydrospatial Movement Community core group or “Club” expects to be
completed by mid 2021, in order to shift gears, engage and open it to the global community.
Conclusion, next steps and call for interests…
Hydrography as we understand it, in the past, in the moment now and for the future, is essential
and will continue to be more relevant than ever; it is not the authors’ intent to replace the term
hydrography with the term hydrospatial. If it happens, it would be a natural evolution of terms in
any language according to the needs of the time, but it is not planned for nor expected. The
authors think the term expands the science of hydrography from its traditional meaning into a
multi-dimensional, multi-use and multiple data content that are becoming more relevant and
critical in a digital world of Big Data, the Internet of Things and Artificial Intelligence.
It is felt that moving towards greater use of the term hydrospatial does not only highlight the
ongoing benefits and the leadership role of hydrography but will at the same time emphasize the
new roles for hydrographic data and expertise. This is a prerequisite for high quality and
confident data fusion and dissemination in an inspirational way.
The conversation has started, and the authors suggest expanding the circle of interested individuals and organizations to continue this discussion in a constructive manner.
All individuals or organizations interested in furthering the thoughts and the definition of hydrospatial, are invited to reach out to one of the authors to express their interest. The Hydrospatial
Movement Community (HMC) is considering the possibility to hold a virtual meeting series
conducted over the next year and reports will be provided when conclusions are reached.
Feedback, comments and suggestions are welcome. If you want to join the “Hydrospatial
Movement Community” do not hesitate to contact: dhains@h2i.ca

References:
-

Haarsma, D. reporting on Jonas, M. (May-June 2017) Hydro International Magazine, Hydrography Will Be Big Contributor Filling the Digital Aquarium

-

Hains D. (May 2020a), International Hydrographic Review (IHR), No.23, Pp 84-93, What is
Hydrospatial? - https://iho.int/uploads/user/pubs/ihreview_P1/IHR_May2020.pdf

-

Hains D. (October 2020b), Hydro International magazine, What’s Hydrospatial? Summary
article of the IHR May 2020 published Note - https://www.hydro-international.com/content/
article/what-is-hydrospatial

-

Hains D. (October 2020c), Ontario Professional Surveyor Magazine, Volume 23, No. 4 Fall
2020, What’s Hydrospatial? Summary article of the IHR May 2020 published Note -

120

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

https://www.aols.org/site_files/content/pages/about/media/ops-magazine/fall-2020.pdf
-

Hains D. (October 2020d), Revue GÉOMATIQUE Volume 47 Numéro 2, Automne 2020,
Qu’est-ce que l’hysdrospatiale? French version of the summary article of the IHR May
2020 published Note https://console.virtualpaper.com/vol-47/geomatique_vol47_no2_automne_2020pdf/#1/

-

Jonas M. (2021), Hydro International Web Site Article posted on 2021/01/26, How to use
the Term Hydrospatial? https://www.hydro-international.com/content/article/how-to-usethe-term-hydrospatial

-

Jonas M (2020), Hydro International magazine, The 2020s : Three Ambitious Global Projects
–
https://www.hydro-international.com/content/article/the-2020s-three-ambitiousglobal-projects

-

Pang P. & Oei P. (November 2020), International Hydrographic Review (IHR), No.24, Pp 21
-36, Singapore's National Marine Spatial Data Infrastructure 'GeoSpace-Sea': Enabling Hydrospatial Context and Applications in a Changing Ocean and Seascape https://iho.int/uploads/user/pubs/ihreview_P1/IHR_November2020.pdf

-

Ponce R. (November 2020), Hydro International magazine, Hydrospatial and the Marine
Environment - https://www.hydro-international.com/content/article/hydrospatial-and-themarine-environment

-

Ponce, R. (November 2019), International Hydrographic Review (IHR), No.22, Pp 55-70,
Multidimensional Marine Data: The next frontier for Hydrographic Offices - https://
iho.int/uploads/user/pubs/ihreview_P1/IHR_Nov2019.pdf

Bibliography from a web site:
-

IHO, MSDI Video (2018), 4 minutes, https://youtube.be/5m15KBhd9v0

-

GeoIgnite online event 2020 - July 22, 2020 - Hydrospatial – Understanding Coastal Flooding, Detection & Response for Tsunami: https://gogeomatics.ca/geoignite-2020-videohydrospatial-understanding-coastal-flooding-detection-response-for-tsunami/

-

SeaTech Week 2020 Virtual Event, Brest France - virtual presentation on What’s Hydrospatial? October 13, 2020:
https://www.seatechweek.eu/Detailed-programme-794-0-00.html#SHOMHIST

-

Teledyne-Caris 2020 S-100 User Groups Meeting (UGM)- Asia/Pacific on November 26,
2020 + Europe/Americas on December 10, 2020 - virtual presentations on What’s
hydrospatial? : https://www.teledynecaris.com/en/events/s-100-ugm/

Bibliography from technical material or research literature:
-

Hains, D. (2017) US HYDRO Proceedings 2017, CHS: Hydrospatial Commitments!

-

Hains, D. (2020e) Canadian Hydrographic Conference 2020 Power Point Presentation What’s hydrospatial?
https://hydrography.ca/wp-content/uploads/2020/04/10_Hains_Whats-HYDROS-CHC_Feb2020.pdf

-

Jonas, M. (2017) US HYDRO Conference 2017, Data Centric Hydrography – Bringing
Knowledge to Action.

121

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

-

Osborne, M., Pepper, J. (May-June 2019), Hydro International Magazine, Will Hydrographic
Geospatial Data Pass the fitness Test?

-

Ponce, R. (December 2019), 20th meeting of the Meso American & Caribbean Sea Hydrographic Commission (MACHC), A Hydrospatial System, The Next Frontier for Hydrographic
Offices, Esri Global Maritime Executive Consultant.

122

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

HYDROGRAPHIC SERVICE OF COLOMBIA
IN FRONT OF DISASTER CARE
By Dagoberto U. DAVID VITERI,
Hydrographer and Cartographer Cat B IHO FIG ACI
Advisor hydrographic international DIMAR-CIOH
The area of the Colombian Caribbean Sea has historically been a privileged place
for natural events, since there have been few storms, hurricanes or other meteorological phenomena from the Atlantic Ocean that have entered this sector with force.
The protection provided by the chain of western Caribbean islands, the Guajira
peninsula and the Sierra Nevada de Santa Marta, contribute to the weakening of
these systems, which on many occasions favored these phenomena to change their
trajectory by initiating a displacement. towards the northwest of the Caribbean
without generating direct impacts on Colombia national territory.
During the month of November 2020, the storms “ETA” and “IOTA” erupted with the
threat of affecting the islands of the Archipelago of San Andrés, Providencia and
Santa Catalina. Faced with imminent arrival and destructive passage, the General
Maritime Directorate (DIMAR) ordered the Oceanographic and Hydrographic
Research Center of Caribbean (CIOH), Maritime Signaling Office, Harbor Master
Offices and oceanographic vessels to begin preparations to face these disasters.

Figure 1. Image GOES-16 Channel 13,
Infrared Channel November 16, 2020, 1015 UTC
Source: https://www.tropicaltidbits.com/sat/satlooper.php?
The CIOH, from the Operational Oceanography Area, carried out minute by minute
meteorological monitoring and, with the Institute of Hydrology, Meteorology and
Environmental Studies (IDEAM), advised the National Unit for Disaster Risk
Management (UNGRD) of the high government on required actions. Thus, before
the passage of ETA (Nov 5, 2020) and IOTA (Nov 15, 2020) the population was

123

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

alerted to take protective measures and reduce possible human losses. These early actions prevented a dire loss of human life. Of the more than 5,000 people who inhabit Providencia
Island, the most affected, only two people died.
Once the devastating passage IOTA ended, the Port Authority of Providencia Island reported loss
of Aids to Navigation, destruction of constructions on the coastline and almost total destruction of
houses and buildings on the Island.
Almost simultaneously, the Hydrographic Service issued the required messages through
NAVAREA and METAREA to inform sailors in the Caribbean Sea of the current status.

Figure 2. Image of the Buoy Control Platform of the Signaling Office Maritime of Cartagena.
Source: SEMAC – DIMAR

Figure 3. Visit of Mr. President to the destroyed island of Providencia.
Source: https://www.elcomercio.com/actualidad/colombia-devastacion-isla-providencia-huracan.html

Once the storm was forecast to move towards the Island of Providencia, the human resources of
the Hydrographic Service, Maritime Signaling and the “ARC Roncador” Hydrographic vessel
prepared for the recovery of all the likely damages that its passage would generate, preparing the
replacement buoys for the archipelago's access channels, the hydrographic survey plan and the
transport of the main humanitarian aid for the disaster site.
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Figure 4. Enlistment of the “ ARC Roncador” with navigation aids and humanitarian
aid in Cartagena. Source: SHN

Once the hydrographic vessel “ARC Roncador” arrived in the area, surveys of the entrance to the
channel of the island of Providencia were carried out. Based on this data and in accordance with
the hydrographic project design, the buoy safe water and buoys N°1 and N° 2 were installed.
Subsequently, with a single beam system, a survey was raised near the island to identify the safe
route for units of the National Navy could enter the coast to disembark all the aid brought from the
mainland.

Figure 5: Hydrographic survey (Left) and landing of humanitarian aid on Providencia Island
(Right). Source: SHN.

At this point, a hydrographic survey of the Providencia canal sector started. With this information,
the vessel ARC Roncador proceeded to install the recovered buoy safe water and the 6 lateral
buoys.
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Figure 6: Image of the single beam survey on Providencia Island. Source: SHN

In the following days, more hydrographic surveys were carried out according to the requirements
of the coordinating authorities (National Navy and UNGRD). With this information, a route was
traced for the dewatering of a grounded motor vessel and an area for new government piers was
evaluated.
The Island of Providencia has a freshwater dam in its mountains, and in response to a request to
measure its depth and condition, it was necessary for the hydrographic survey team, using their
professionalism and experience, to raise the boat to about 200 meters above sea level to carry
out the hydrographic survey.

Figure 7. Boat transport and surveying in the dam at 200 MSL. Source: SHN

126

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

Figure 8. Image of the Single beam survey in the Providencia Island dam. Source: SHN

Simultaneously, according to Resolution 1/2005 of the International Hydrographic Organization
IHO, “Response to disasters, the national hydrographic service,” the chairs of the MACHC and
SEPRHC hydrographic commissions were contacted, through videoconferences, reporting
Colombia remained self-sufficient in the hydrographic tasks to face the disaster. The good intention of the United States in offering its hydrographic support if required was appreciated.
During 10 days, the hydrographic team carried out: six single-beam hydrographic surveys, one
multibeam survey, and the repositioning of seven buoys to guarantee the restoration of the
access seaway to the island of Providencia.

Figure 9. ARC Roncador installing the buoy safe water. Source: SHN

In conclusion, the General Maritime Directorate, through the National Hydrographic Service of
Colombia, ARC Roncador, Maritime Signaling and Harbor Master Offices is pleased with the
contribution to the country of bathymetric information, advice and actions in situ, in less than 15
days. These proved to be useful tools for correct response in times of post-natural disasters.
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Some of the actions taken by the central government based on the information collected included:
immediate dredging of the Providencia canal in view of the fact that its depth decreased after the
passage of the storm; ensuring the continuity of the use of the freshwater dam for the island
community; and the invitation to the whole world to visit these paradisiacal islands with the full
assurance that Colombia will be be constantly vigilant and responsive to events such as these
storms.
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MULTI-SENSOR SDB AT A NEW SCALE
Addressing the urgent need for coastal bathymetry in the Caribbean
with rapid, scalable SDB powered by deep learning
and cloud technologies
By K. Goodrich, President, TCarta Marine,
Email: kg@tcarta.com
With National Science Foundation funding, TCarta Marine launched Project Trident
to re-imagine satellite-derived bathymetry (SDB) methods for greater speed, scale
and extensibility. By incorporating AI and cloud technology in its workflows, the company created platforms designed to process large volumes of data far more rapidly
than ever before. Newly scalable SDB techniques have enormous potential to help
address urgent needs for shallow-water bathymetry in the Meso AmericanCaribbean Sea region and beyond.
After Hurricane Dorian tore through the Bahamas in 2019, the delivery of supplies to
devastated areas was vital. But working with 150-year-old coastal mapping charts to
plan the approach and landing on one of the hardest-hit islands, Great Abaco,
slowed the process and posed risk for relief vessels. After the event, TCarta
produced satellite derived bathymetry (SDB) for the area using methods available at
the time, but the urgency of the need had passed.
In 2020, a record-breaking number of named storms—those with top winds of 39
miles per hour or greater—hit the Atlantic Basin. These included Hurricane Isaias,
which barreled down to strike the Bahamas region early in the season. In the year
that passed between the storms in the Bahamas, TCarta advanced its SDB
solutions and workflows significantly in terms of scale and technique; these developments proved critical in producing SDB as Hurricane Isaias was gathering strength.
TCarta rapidly processed more than 400 Sentinel-2 images of the area, using a
scalable SDB method to produce 140,000 square kilometers of 10-meter resolution
data within a short timeframe. The team extracted millions of Ice Cloud and Land
Elevation satellite (ICESat-2) points to inform and validate multiple optically-derived
SDB algorithms, quickly producing the bathymetry model to provide operational
support.
In partnership with Esri, TCarta shared the updated coastal modeling via the
Caribbean GeoPortal, providing vital geospatial information on-the-ready for disaster
preparedness, response, and relief efforts. Fortunately, Isaias’s threat didn’t fully
materialize, and the storm passed with relatively little impact on the region. However, the dataset remains a valuable planning resource for organizations involved in
disaster preparedness in the region.
With extreme environmental events likely to occur with greater frequency, the need
to gather and compile up-to-date coastal bathymetry data in the Meso AmericanCaribbean Sea region before storms strike is pressing. Challenges and limitations in
deploying traditional and airborne surveying techniques previously prevented data
gathering at the scale required. However, with recent advancements in SDB, it’s
now possible to measure and model vast shallow-water areas far more quickly than
ever before.
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1. Project Trident: innovating and expanding SDB
In 2018, with National Science Foundation (NSF) Small Business Innovation Research (SBIR)
Phase I funding, TCarta Marine launched its multi-pronged remote sensing, hydrographic, and
data science initiative, Project Trident, to re-imagine SDB methods for greater speed and scale.
The initial phase focused on combining a suite of shallow-water bathymetry techniques with deep
learning, machine learning, and computer vision technology to improve SDB accuracy, fuse methodologies, automate production, and extend use across variable water conditions.
During Phase I, TCarta also extended stereo photogrammetry—an approach traditionally applied
in terrestrial settings—to marine environments, creating stereo photogrammetric bathymetry
(SPB). The technique processes high-resolution WorldView satellite data, combining multiple
overlapping images of a subsurface feature—such as a rock or reef—to calculate precise geospatial location and, ultimately, water depth for calibrating SDB algorithms. By incorporating computer
vision into the stereo-photogrammetric workflow, TCarta automated and accelerated the method
to rapidly produce hundreds of precise calibration points for SDB.
Participating in NASA’s Applied User program for ICESat-2, TCarta conducted a global hydrographic data validation process to determine the accuracy of the coastal water depths derived
from the ATL03 data points, which are collected across surfaces in tightly-spaced parallel lines.
The extraction of these points was far more scalable and globally extensible than SPB, making it
a superior technique for Project Trident’s goals.
2. Phase II: SDB at scale

In 2019, TCarta received a Phase II continuation of Project Trident for an additional two years to
implement and commercialize its innovations in SDB. The team continued its efforts, which
included developing an innovative multi-sensor SDB technique integrating space-based laser
(SBL) bathymetry to inform SDB algorithms as well as to validate the resulting bathymetric surfaces. Launched by NASA in 2018, ICESat-2 is equipped with an onboard laser system to reflect
beams off the Earth’s surface, allowing researchers to calculate elevation. Though intended to
measure polar ice and tree canopies, the technology’s potential application for coastal bathymetry
was evident.

Figure 1. Seamless, multi-image 10m SDB of Cay Sal Bank with Space-Based Laser bathymetric
points and ground tracks overlaid (offset to show detail) and displayed in red.
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In 2020, the TCarta team developed an application to streamline processing of ICESat-2 data and
apply a proprietary deep-learning algorithm. This powerful solution can derive millions of highly
accurate seafloor measurements for SDB validation and calibration in a fraction of the time
previously required to manually extract a few thousand points.
3.

Largescale SDB in the Caribbean.

Containing one of the world’s largest continuous shallow-water expanses, the Lucayan Archipelago offered an ideal environment for deploying, validating, and continuing to refine Trident workflows. A widely explored SDB testbed, the archipelago is located in the western North Atlantic
Ocean and encompasses broad expanses of bright sandy seafloor, coral reef and pinnacles, and
patchy seagrass and microalgae.
TCarta analysts initially collected 3.8 million ICESat-2 points across the Lucayan Archipelago with
its SBL semi-automated extraction software, dividing points into algorithm-calibration and validation data. The extraction effort gathered just a small percentage of available ICESat-2 tracks, but
spanned a broad geographic area; informed track selection provided ample depth-sampling
distribution for both calibration and validation purposes.
Working with Sentinel-2 imagery, the team used a newly developed approach for mitigating
standard data gaps that occur when cloud cover, turbidity or other conditions detract from SDB
quality and accuracy. The multitemporal composite method applies an algorithm to combine a
series of images captured in a single location over time, creating a single SDB surface that is
virtually gap free. Improving accuracy and product performance, the process integrates the
number of contributing individual measurements into an uncertainty metric for each pixel.
After calibrating the Sentinel images with the ICESat-2 data points, TCarta produced multi-image
SDB composites. In order to create harmonized regional SDB models, the team developed a
robust blending method that combines adjacent and overlapping multi-resolution SDB surfaces,
resulting in a seamless amalgamated regional model.

Figure 2. Broad regional areas of SDB, illustrated here in the Lucayan Archipelago, can be
produced from multi-temporal image composites generated from hundreds of images and amalgamated
into a seamless elevation model

In total, TCarta produced nearly 150,000 square kilometers of 10-meter resolution SDB and over
1,000 square kilometers of WorldView 2-meter resolution SDB. Including up to 25 repeated
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measurements per 10-meter by 10-meter pixel, the project used imagery from 2020 to generate a
gap-free SDB surface, creating the single largest piece of shallow-water bathymetry the company
has produced to date.
4. SDB processing in the cloud
In late 2020, TCarta deployed Trident technology to the vast Red Sea coastal area. Integrating
deep learning technology and cloud computing resources, the TCarta team further enhanced the
scalability of the multitemporal composite technique. With automated assessment, the application
analyzed every applicable image in the Sentinel-2 archive from 2017 forward—a total of more
than 17,000 images—to create a massive multi-image, multitemporal composite of coastal waters
in the region.
Additionally, TCarta’s deep learning model extracted an immense amount of ICESat-2 data, collecting more than 500,000 data points per single Sentinel-2 image tile. The data calibrated and
validated the multi-image composites, producing roughly 45,000 square kilometers of 10-meter
resolution SDB. With graphical processing unit (GPU) power, the deep learning model processes
roughly 300 ICESat-2 ground tracks in a Sentinel tile far more quickly than a manual track-bytrack review for just a handful of ground tracks.
Overall, the immense effort would have taken longer than a year employing previous methods
and used only 1 percent of the imagery available in the Sentinel archive. Applying Trident tools
and cloud computing resources for rapid data processing, TCarta completed the undertaking in a
matter of weeks.
5. Urgent needs in the Meso American-Caribbean Sea region
Bolstered by AI and cloud technology, SDB has enormous potential for addressing the relative
dearth of shallow-water bathymetry data worldwide and informing year-to-year hydrospatial analysis. Demonstrating the reach of the newly enhanced approach, TCarta’s recent deployments are
easily repeatable across other broad geographic areas.
In the Meso American-Caribbean Sea region, the challenge is substantial - bathymetry data has
only been amassed for roughly 20 percent of the Caribbean Sea—but the need is undeniable. As
responses to Hurricanes Dorian and Isaias revealed, dynamic coastal areas urgently require
accurate, up-to-date data for disaster preparedness and relief efforts.
Beyond its disaster response applications, SDB can play a critical role in hydrographic survey
planning, hydrodynamical modeling and coastal zone management. And as sea levels continue to
rise, continually updated shoreline bathymetry is vital in the region for tracking purposes.
In addition to gathering this actionable data, effectively disseminating it is crucial. Fortunately,
advances in SDB technology are coalescing with largescale data-sharing initiatives in the region.
The Caribbean GeoPortal—part of the larger Esri GeoPortal program—offers a community-built
resource for gathering and disseminating timely geospatial data, and the MACHC-IOCARIBE
Seabed 2030 Strategy focuses on amassing and sharing bathymetric data through partnerships
with public and private organizations.
6. Evolving toward a global bathymetry model
Throughout Project Trident, SDB techniques and workflows have advanced rapidly. In 2018, state
-of-the-art methodology involved incorporating one or two satellite images for SDB production,
along with a few hundred points derived from stereo photogrammetry for validation. In 2019,
validation capabilities expanded ten-fold with the development of ICESat-2 data extraction
techniques. And in 2020, cloud technology and a deep-learning model increased SDB scalability
by another order of magnitude.

132

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

In what appears to be a golden era for space-based hydrographic surveying, methods will continue to evolve and progress quickly. As the supply of Earth-observation satellites equipped with increasingly sophisticated sensors grows, SDB and data processing capabilities will expand exponentially. And debate and discussion about standardizing these technologies will continue.
The ability to iterate improvements and deploy SDB solutions at scale is at hand, within regions
and around the world. As the era continues to unfold, TCarta looks forward to evolving Trident
methods and platforms to meet its challenges—first and foremost, producing a global bathymetry
model to have much-needed data in place before disasters strike.
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SDB Day 2021
The 3rd International Conference on Satellite-Derived Bathymetry
“We thought it would not be easy to engage people for a virtual SDB Day
event. We were wrong! The SDB Day 2021 was very well attended from all over
the world and resulted in great discussions and precise follow-up actions!”
said Philip Klinger on behalf of the SDB Day organisation team.
For the third time, experts and stakeholders of the Satellite-Derived Bathymetry
(SDB) have met and exchanged their thoughts, solutions and applications. The conference was initiated in 2018 as the exchange forum for international SDB stakeholders which required a forum to discuss and present on SDB. The inaugural SDB
Day 2018 took place in the Lake District of Bavaria, Germany, and offered a unique
opportunity to discuss capabilities, data integration, requirements and quality standards. The 2nd SDB Day 2019 took place at the Sunshine Coast’s Mooloolaba Beach
in Australia with great participation from the Oceania region. Due to the pandemic
this year’s event, the 3rd SDB Day 2021 was held virtually. It was separated into two
events, one for the Americas, Caribbean and Europe time zones (on 27th Jan 2021)
and one for the Asia and Oceania time zones (on 10th Feb 2021). This virtual format
allowed for many of the SDB stakeholders to join the meeting. In total, 250 participants from more than 30 countries joined the two virtual events!

Impressive keynote talks were given by Commander Waterson of the Royal Australian Navy and Captain Yanuar Handwiono of Pushidrosal. Both keynotes provided
excellent showcases of how Satellite-Derived Bathymetry data and SDB software
are being used for applications ranging from reconnaissance survey to charting to
environmental mapping.

“The growing demand of the bathymetric data for manifold maritime applications
have increased dramatically in the past decade and Satellite-Derived Bathymetry
became a choice which give a lower cost method compared to the conventional
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methods.” said the keynote Captain Yanuar Handwiono of Pushidrosal. He concluded that “The
usage of SDB data is giving wider coverage and opportunity to analyse and identify shoal area,
navigational hazard, obstruction, especially in making comparison between data of the previous
survey”.
“Our initial experience of playing with SDB was a very steep learning curve. It wasn’t just as simple as acquiring an image and pressing start. Image quality, cloud, turbi-dity, satellite geometry all
played a part and frustrated some of our early efforts. It became the case that we could spend
days searching for a good image, and only for a few hours of process. […] Now, I’m pretty sure
some of us thought in those days, that commercial acquisition of SDB data was much easier than
doing the work for ourselves but that was also a trigger for us. We liked what we thought could be
done with the Watcor-X software package and decided that we wanted to have his package for
ourselves so that we could do our own SDB. […] We became the first organisation in the world to
acquire a Watcor-X license. Being the first customer for anything could go one or two ways and
I’m pleased to say that our experience is positive. We worked very closely with EOMAP to ensure
the software package we were using worked the way we wanted […] The more we played with
the data and technology, the more we learned about the potential of SDB.” said Commander
Waterson of the Royal Australian Navy.
The conference included three sessions: session 1 included presentations about SDB technology
and applications, session 2 provided insight into the SDB software such as Watcor-X and eolytics
SDB as well as a range of helpful SDB software tools and session 3 addressed the topics of
standards and best practice.

The speakers were Stuart Caise (LINZ), Richard Stumpf PhD (NOAA), Friedhelm MoggertKägeler (SevenCs), Sophie Loyer (SHOM), Chris Roelfsema PhD (University Queensland), Philip
Warner (Smith & Warner Ltd), Stephen Rump (Fugro Germany), Dr. Thomas Heege, Dr. Knut
Hartmann, Christian Bödinger (EOMAP), Edward Albada (EOMAP Americas), Magnus Wettle
PhD and Emily Twiggs PhD (EOMAP Australia). The Americas, Caribbean and European event
was moderated by Kathryn Ries (chair of the Mesoamerican Hydrographic Commission, NOAA)
and the Asian event by Prof. Dr. Poerbandono and Gabriella Lodia (Institut Teknologi Bandung,
Indonesia)
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“As I go back as an early adopter there was a reaction ten years ago of why do you need satellite
bathymetry? Now, there’s a huge recognition of the need for this because of remote areas because of rapid response, and it is working. People are putting it to use, but I think the middle point
is captured by making people confident in the products they are getting and that I think will really
push it over”. Richard Stumpf (NOAA) after being asked on where SDB technology stands now.
Satellite-Derived Bathymetry (SDB) has experienced accelerating uptake in recent years, with
users from industry, government and academia using this cost-effective and reliable method for
multi-disciplinary hydrographic seabed mapping projects, hydrodynamic modelling, reconnaissance surveys and environmental campaigns across the globe.
“In the end we have a lot of benefits from our side. So SDB is low cost in comparison to applying
a diver, its global coverage is available, it’s also accessible to remote locations, it’s easy to
process and also reduces HSE risks” commented Stephen Rump (Fugro Germany) on the use
SDB for the application of surveying cable landing sites.
The SDB software which both of the entities of the keynote speakers make use of – EOMAP’s
Watcor-X – was introduced in an online workshop by Christian Bödinger. Unique features of this
tool are the traceability of the data analytics which is enabled by the physics based SDB concept.
This approach does not rely on empirical fits and allows the calculation of depth without on-site
data, together with the ability to perform multi-image analytics in order to reduce vertical uncertainties.
“We are convinced that SDB offers an interesting potential for feature detection and for the retrieval of mean depth but now our main question is to what extent can we improve the assessment of uncertainties” described Sophie Loyer, of how SHOM would like to see future SDB developments. An online poll which was held during the conference, strengthened this fact, with about
2/3 of all participants seeing this as important future development. Furthermore, about 60% of the
participants identified a need to work on best practice and standards for SDB, towards which
about half of them were interested to contribute. Following this high interest, it was decided to initiate a ‘Satellite-Derived Bathymetry best practice group”. All interested participants could register
to participate in this group. To date, approximately two dozen researchers, developers and users
of SDB have signed up, following the two virtual SDB Day events. The working group Kick-Off,
which aims to define the objectives and roadmap, was scheduled for end of April 2021.
The SDB Day conferences are organised and co-sponsored by EOMAP. EOMAP provides innovations in aquatic Earth Observation services since 2006. Satellite-Derived Bathymetry is one of
its key developments which is offered as data service and as online and desktop SDB software
packages (Watcor-X, Litecor-X and eoLytics SDB) and tools to support image identification
(eoLytics SWIFT). Among many other activities, EOMAP leads the European innovation project
4S, which was briefly described in one of the talks. It is the joint European innovation project
formed by EOMAP (DE), CNR-ISMAR (IT), Fugro (DE), Smith & Warner (JM), HCMR (GR), QPS
(NL) and Instituto Hidrográfico (PT), with the aim of further improving the Earth Observation solutions for seafloor mapping. For information on the project and for information on SDB software or
technology, please contact Dr. Knut Hartmann (hartmann@eomap.de).
During the SDB Day Asia and Oceania, Fajar Adi announced the foundation of EOMAP Indonesia
of which CEO he is representing by now. “by becoming a 100% local entity […] I believe EOMAP
Indonesia can cater the requirements of SDB data and deliver solutions in a better way.”
The recordings of the two virtual SDB Day events are accessible free of charge at SDBDAY.org.
Contact to the SDB Day team: organisation@sdbday.org

“Listening to the information shared and exchanged towards this day […] got me more and more
optimistic about the ground-breaking stage which we are about to initiate. “ said Fajar Adi.
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AUTONOMOUS SURVEY IN NORTHERN ENVIRONMENTS

By: R. MacKenzie 1, Party Chief; D. Mallace2, Chief Strategy Officer;
D Bazowsky3, Engineering Project Supervisor, and M. Day1, Hydrographic Surveyor
1
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1.

Abstract

This note depicts the use of a next generation Uncrewed Surface Vessel for the
collection of bathymetric data in inland Canadian waters, via a partnership between
IIC Technologies and XOCEAN performing services for the Department of Fisheries
and Oceans’ Canadian Hydrographic Service (CHS). It will discuss how the
operation was successful, lessons learned and how operations in a quasi-subarctic
environment from October to the end of November 2020 are a suitable test of the
equipment and operations for near Arctic conditions. In addition, it will discuss
recommendations on how autonomous technology could greatly improve the efficiency and effectiveness of hydrographic operations in Arctic waters, where there is
a need for modern hydrographic data.
2.

Introduction

The need for high quality hydrospatial multidimensional data (Hains, 2020 ; Pang &
Oei, 2020 ; Ponce, 2020 ; Ponce, 2019) in the world, and particularly in Arctic
waters, has increased greatly in recent years. The retreating sea ice has caused a
growing interest in maritime activities throughout the region (Maratos, 2011). As
marine traffic increases through shipping, resource extraction and tourism, reliable
and accurate aids to navigation are needed both for the safety of people and
protection of the marine environment (Maratos 2011). With an Arctic Coastline of
over 162,000km and a low population density, concern for Canada’s Arctic
Sovereignty and identity has increased as more countries show interest in the
region. Exercising sovereignty rights, defining boundaries with other Arctic states,
and ensuring control of resources within Canada’s Economic Exclusion zone has
become a priority of the Canadian Government (Government of Canada, 2017).
Through Canada’s Oceans Protection Plan (OPP) there has been an increased
investment in mapping of Canada’s Northern waters (Government of Canada,
2017). To expedite the mapping of Canada’s Northern waters, the CHS wanted to
test the suitability of the latest autonomous survey technology in remote locations
with challenging weather conditions. The contract they proposed required the acquisition of high-resolution bathymetric data in water depths of up to 300m over an
800km2 area off Thunder Bay, Ontario using Uncrewed Surface Vessel (USV)
technology. Northern Lake Superior during late Autumn was deemed appropriate for
testing the limits of this technology due to its harsh environment yet proximity to
civilization should anything go wrong. IIC Technologies Inc and XOCEAN Ltd were
the successful bidders to undertake the project. IIC is a hydrographic service
provider with a 25-year history of providing hydrographic surveying, data
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processing, charting, consulting, and training services to hydrographic offices around the world.
IIC provided in-country hydrographers, data processing and ground operations. XOCEAN is a
technology company which uses USVs to provide turnkey data collection services to surveyors,
companies, and agencies. XOCEAN was responsible for providing two XO-450 USVs, survey
equipment as well as operators who monitored remotely from offices in Canada, the UK and Ireland.
3. Equipment
The two USVs used in this survey were XO-450 Uncrewed Surface Vessels which were built and
operated by XOCEAN. The two units weigh 750kg each and have dimensions of 4.5m x 2.2m.
They are roughly the size of a small car and are built with composite wave-piercing catamaran
style hulls. The USVs are powered by a single cylinder diesel generator and a solar panel deck
which provide power to an electric motor. The unit’s dual stern thrusters provide an operational
speed of 3-4 knots. The USVs are very stable and boast the ability to survey up to sea state 5 on
the Beaufort scale and survive sea states of 6. The units are equipped with 360-degree visual
light cameras, AIS and a rotating thermal imaging camera. In addition, the USVs have active
RADAR reflectors, navigation lights and a sound signaling device which allows them to be easily
seen by other vessels in the area (XOCEAN, n.d.) (Figure 1). For this survey both units were
equipped with a Kongsberg EM2040P Multi-Beam Echosounder System (MBES), Applanix Wavemaster II Inertial Motion Unit (IMU) and Trimble GA830 Global Navigation Satellite System
(GNSS) Antenna. Sound Velocity Profiles were collected using a Valeport Swift Sound Velocity
Profiler (SVP) connected to an Auto-deploying winch. For surface water sound velocity comparisons an AML mini-SV was attached to the MBES system and provided live measurements to the
operators. A stern view layout of equipment can be seen in Figure 2 and a top view can be seen
in Figure 3.

Figure 1: XO-450-Uncrewed Surface Vessel

140

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

Figure 2: Horizontal Equipment Diagram

Figure 3: Bird's Eye View Equipment Diagram
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Uncrewed Piloting

XOCEANs USVs offer fully uncrewed ‘Over-The-Horizon’ operation using satellite communications. While following pre-programmed lines, the USV sends real time images and situational
awareness data to XOCEAN’s Control Room where a team of qualified USV Pilots keep watch
24/7 and who, if required (i.e., for collision avoidance), can control the system manually. Otherwise, the system will operate autonomously following the preselected (or autoswath) survey lines.
The USV will automatically adjust speeds and heading to run the given pattern. Survey lines were
computed automatically using the QPS QINSy AutoSwath function where the survey line follows
the outer edge of the previous line, with a user specified overlap percentage. For quality assurance, surveyors worked in shifts to monitor the MBES data feed remotely. Surveyors for this
contract controlled the MBES using the Kongsberg K-Controller software and monitored the data
through QINSy. This system was operated autonomously with USV pilot supervision for a period
of approximately one week on each trip to the survey site before coming to shore for data download. This also provided opportunity for re-fueling and regular maintenance such as generator oil
and impeller changes.
5. Conditions of Lake Superior
Those unfamiliar with the Great Lakes may question how the environment could simulate the operational conditions of the Arctic Ocean. For reference, Lake Superior is one of the largest bodies
of freshwater on the planet and contains 10% of all freshwater on Earth (Minnesota Department
of Natural Resources, 2014).The Great Lakes are known for their intense storms and November
Gales which have taken the lives of sailors delivering materials between the various communities
along the coast (Minnesota Historical Society, n.d.). Temperature tends to drop quickly in late autumn with Thunder Bay’s average monthly temperatures going from 6 to -11 degrees Celsius from
October to December (Merkel, n.d.) Average water temperatures are also low changing from 10
to 4 degrees Celsius over the same period (Merkel, n.d.). Generally, ice begins to form in the lake
around the end of November with the potential for rapid freezing in December. Lake Superior covers an area of over 82,879km2 with large swaths of open water and is the coldest of all the Great
Lakes (Klock, 2002). During the fall and winter, winds are typically 10-15 knots greater than they
are over land (Klock, 2002). The average observed sea state was 3 (As recorded in the Daily
Progress Reports (DPRs)), while the maximum observed sea state was 6. The average observed
wind speed was 25 knots (DPRs). It should be noted that this data only covers days when an
USV was on the water to observe conditions. Thunder Bay is the largest community near the survey area and was roughly 23km from the edge of the survey block. With a population of 121,000,
Thunder Bay is significantly larger than any community in Canada’s Arctic. It provided access to
big box stores, mechanics and marine specialty stores which generally become harder to find further North. Having access to the amenities of a city helped ensure a smooth operation when
working out technical issues (Figure 4).
6. Mobilization
Operations began in October with the offsite mobilization of the first USV in Lunenburg, Nova
Scotia. Local IIC resources who were not impacted by the COVID19-imposed provincial travel
restrictions met with XOCEAN personnel from their Canadian Office. Both teams practiced proper
social distancing requirements while XOCEAN and IIC performed a dry run of actual operations.
IIC personnel practiced safe launch, recovery, and local piloting of the USV (via joystick). In addition, IIC reviewed XOCEANS SOPs and discussed maintenance procedures such how to safely
refuel the vessels, complete oil changes and ensure the unit is watertight (Figure 5).
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Figure 4: Map of Survey Area

Figure 5: XO-450 USV being launched for testing in Lunenburg, NS

143

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

The USV was transported to Thunder Bay in a standard shipping container complete with all
necessary tools, spare parts, manuals, and maintenance materials. Once in Thunder Bay, IIC
contracted a local company (McKellar Marine) to assist with the unloading and launch. Due to the
compact nature of the USVs, most of the mobilization was done offsite by technicians who have
access to a full range of tools and a garage with space to work. This allowed for a quick
turnaround time with the IIC Party Chief only needing to complete initial systems checks after
unloading. These tests included pressurizing the hull to check for leaks, testing the launch and
recovery of the auto winch and communications tests with XOCEAN personnel in Ireland. IIC had
the USV in the water and running patch tests the day after the container arrived. The mobilization
of a similar sized survey vessel by this means would prove more difficult in northern communities.
Generally, mobilization is done from scratch when the vessel is alongside a wharf or on a trailer.
Access to facilities such as garages would have to be planned well in advance and the simple
failure to pack certain tools or spare parts could prove detrimental when sourcing replacements.
Many surveyors can attest to their despair when dropping a small piece of their system or a tool
off the dock with replacements days away (Figure 6).

Figure 6: XO-450 USV packed in a shipping container

7. USV Survey Workflow
Regular survey operations began on October 13th, 2020. IIC utilized the crew of Thunder Bay Tug
Services, who provided a chase boat and experienced crew to help guide the USV safely out of
the harbour. IIC manually piloted the USV from the chase boat until it had cleared the break
water. From there on XOCEAN pilots would assume control and navigate to the survey block
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(Figure 7). At that point, the USV would be set to automatically follow survey lines, with the
pilots simply monitoring operations. A 50% overlap between adjacent lines was specified by CHS
and this value was entered into the QINSy AutoSwath settings. The survey lines are no longer
straight but follow the outer edge of the previous swath with a user defined smoothing factor.
Using AutoSwath, data density, quality and efficiency are all easily controlled. The acquisition
software automatically started logging when the USV reached the edge of the survey area. The
USV then followed the AutoSwath created line until it reached the end of the survey area where it
automatically stopped logging. A new line is then created by AutoSwath and automatically loaded
into the autopilot driver which then steers the USV along it. When the edge of the survey area is
reached, logging is started automatically, and the process continues. The data collection process
is essentially autonomous with the surveyor just monitoring the quality of the data. The elimination
of infill survey lines is one of the best reasons for using AutoSwath (Figure 8). Sound velocity
profiles were taken at regular intervals by the USV, down to 200m. This was controlled by the
USV Pilot. During regular operations, the USV would work for roughly a week before coming in for
a data download, while also being refueled and serviced. The chase boat would meet the USV at
the breakwater and IIC personnel would assume control. The vessel would then be loaded onto a
cradle and pulled out of the water. IIC would perform regular maintenance such as refueling, oil
changes and impeller changes. Data would be downloaded, backed up and the USV would be
re-launched. While the USV was surveying, the IIC Party Chief would process data and report
any issues or data gaps to XOCEAN operators. From there, data was sent to IIC data processors
for finalization and quality control. Barring technical issues and poor weather conditions this
workflow proved to be productive. The 24 hour a day operation allowed crews to take full
advantage of good weather windows and a majority of data processing could be completed by
field personnel.

Figure 7: IIC field crew piloting the USV to open water

Figure 8: AIS plot of XO-450 USV surveying
with AutoSwath
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8. Operational Issues and Lessons Learned
One of the main goals of the project was to successfully survey the required area, which was
accomplished on time and on budget. Another goal was to test this technology in Arctic-like conditions to uncover any operational issues and record lessons learned for future use in true Arctic
conditions. This project presented excellent learning opportunities on what to expect and how to
deal with operations in a northern environment.
 USV Transportation

The XO-450’s light weight design and relatively compact size allows it to easily be pushed around
a garage floor and parking lot while loaded onto its cradle. When getting the USV ready for
launch, two people were easily able to push it towards and line the unit up with the boat launch.
From there straps were attached from the cradle to the back of a truck. Field personnel would
push the USV down the ramp until gravity took over and the truck would guide the USV gently
into the water. The large and robust tires of the cradle meant the unit had no issue getting over
the many cracks and potholes common in asphalt that has been exposed to years of freezing and
thawing cycles. Unfortunately, the second USV was not equipped in a similar way. The second
cradle had thinner and solid plastic wheels designed for solid ground conditions that consistently
got stuck in the many cracks. To help with this Thunder Bay Tug Services welded a custom trailer
hitch that would allow the truck to push the USV over the potholes and down the ramp. However,
the divots in the ramp made short work of these tires and moving the USV became near impossible. Replacement tires were quickly sourced from a local supplier and welded on. In addition to
using the rugged model of cradle, for future projects a Transport Canada certified road trailer
should be used to ensure a swift and safe transport and launch/recovery system if operating out
of a coastal community. While it will not always be the case, operators should assume poor road
conditions when operating in rural areas. That said, this finding would obviously be less applicable if operating from a mothership (Figure 9).

Figure 9: XO-450 USV loaded on the cradle
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 Ice and Freezing Spray

High winds and low temperatures resulted in freezing spray early in the operation. Vessels in the
region are often required to remove ice formations on a regular basis during winter months.
These conditions become especially dangerous during long transits where it is common for ice to
build up on just one side of the vessel. This build-up results in an uneven weight distribution and
increased risk of capsizing. Operators were concerned that during long rounds of operation ice
buildup would compromise the stability of the vessel. Fortunately, the low in the water design
meant most of the vessel’s hull would be ice free as the water temperature of the lake helped to
prevent freezing and the flat black deck helped to melt any ice that did form during daylight hours.
Most ice formed on the gantry which is highly exposed to spray. However, the low surface area
prevented large ice formations and did not dramatically change the weight distribution or impact
the maneuverability of the vessel (Figure 10). There are several potential solutions to ice up
issues when considering Arctic Operations where the USVs do not have quick access to a harbour and warm garage. For example, the crew from a mothership could perform regular de-icing
operations using a hydrophobic spray similar to what is used on aircraft and wind turbines
(Badische Anilin und Soda Fabrick, 2018). To limit the use of potentially harmful chemicals entering the marine environment, a small amount of spray could be used for cameras and navigational
equipment while a hydrophobic paint/resin could be used for the general structure. New developments in hydrophobic technology are currently being implemented in the aviation industry but
could prove beneficial in the marine sector as well (Badische Anilin und Soda Fabrick, 2018).

Figure 10: Ice formation on the gantry of XO-450 USV

 Cold Considerations

Cold temperatures will prove a consistent issue when working in northern environments. It is often
forgotten by people who do not live in these environments, that simple acts such as plugging your
car in overnight and making sure things are completely drained of water are basic habits. Having
a covered and heated area to perform maintenance tasks is essential to ensuring the longevity of
equipment and for the safety of onsite personnel. When removing the USVs from the water it is
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impossible to ensure that they are completely dry. When performing regular maintenance or
completing repairs outside or on the deck of a large vessel, it is likely that various hoses and
water in the bilge will freeze and expand. This can result in internal leaks and blockages leading
to equipment damage. In addition, it is essential to keep batteries charging and warm when not in
operation to ensure a smooth generator start. IIC field staff ensured that the USVs were connected to shore power whenever they were out of the water for more than a few hours. In addition,
space heaters were placed in all storage spaces and the crew would regularly sweep out the puddles of water that formed due to thawing. Failure to remove ice from the equipment and workspace creates a hazardous work environment.
 Frozen Air Intake

In November, a second USV arrived in Thunder Bay as per the project plan. This was launched
and began survey operations shortly after arrival. After roughly a week a practical implication of a
difference in design of the second USV’s air intake system was noted. Unlike the first USV, the
second USV’s only source of air for the generator was up high in the gantry. This resulted in ice
blocking the intake when the gantry froze over. The first USV had a secondary air intake lower
down on the unit and closer to the water. Sections of the USVs that are closer to the water line
proved less prone to freezing allowing a constant flow of fresh air. To replicate this in the second
USV IIC installed two 1-inch skin fittings at the stern of the unit a few inches above the water line.
Flex hose was run from there down into the bilge with a “goose neck” put in the middle of the
hose. The “goose neck” helped to limit the entry of water that may be taken on by a chasing wave
and gave a clear path to the bilge for any that did get in. Marine sealant was then used around
the holes and deck plugs were used to perform a leak test. After the second USV successfully
passed all systems check following the modifications it was relaunched and operated without
issue until the end of the survey. The air intake, and other considerations for ice, freezing spray
and cold should be closely examined for potential weak points, and these factors have resulted in
an improved design of the XOCEAN USV air intake systems for future operations.
 Chase Boat Limitation

The CHS, IIC and XOCEAN all agreed to end the survey at the end of November once the mandatory survey area was done. The USV would have been able to operate past this date in the
rapidly deteriorating conditions, navigating to more sheltered areas when required to avoid
storms. However, conditions had become too dangerous for the Chase Boat to operate if it was
required. If either USV experienced mechanical failure or began to take on water, no one would
be able to render aid in a timely manner. All appropriately licensed and equipped vessels
including the Canadian Coast Guard had ended operations for the season. Furthermore, boat
launches had begun to freeze over meaning that launch and recovery would soon become impossible (Figure 11). The limiting factor of a Chase Boat (if required) needs to be considered when
working in the Arctic. This factor could be reduced by using a mothership for launch and recovery
rather than working out of a port. A larger vessel equipped with a Launch And Recovery System
(LARS) for the USVs would be better suited to handle the conditions and allow for a faster and
more safe recovery. As seen in Peyton 1992, the use of a recovery system specifically designed
for launch and recovery of USVs was crucial for safe operations in the harsh environments of
Northern Newfoundland. (Peyton 1992)
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Figure 11: Thunder Bay Tug's boat launch after a sledgehammer
was used to break up the ice

Operational Successes
Regardless of the obstacles overcome by the team, the uncovering of which was a major reason
for the project in the first place, there were many operational benefits of USV technology that
should be celebrated.
Safety
While most of the world was locked down and operations were halted, the remote nature of this
technology allowed for a team of skilled personnel to safely operate and complete a contract with
minimal contact between each other and the local community. Furthermore, the USV allowed for
continuous 24/7 operations in conditions that would be considered too dangerous for a manned
vessel. By utilizing remotely operated technology companies can dramatically limit the number of
people being brought into the area, and greatly reduce the need for resources on the water.
Support of Local Communities

This operation would not have been successful if not for the support of local experts and businesses. The crew of Thunder Bay Tug Services provided a chase boat, crew, tools, repairs,
space and local advice on conditions, weather patterns and businesses through which replace-
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ment parts and materials could be obtained. Mckellar Marine provided world class marine skills at
the site, including providing an experienced diesel mechanic. Utilizing local crews and resources
when possible benefits the economies of remote communities and provides operators with valuable local knowledge.
Environmental Considerations
The XOCEAN USVs also provide the benefits of a low Carbon Footprint, which is especially
important in an area as sensitive as the Arctic. The XO-450 has 0.1% of CO2 emissions of a
conventional vessel (XOCEAN, n.d.).The USV also provides an acoustically quiet platform, which
generally reduces noise for marine life during survey operations, and makes it well suited for
other applications such as fish stock surveys.
Multi-Sensor Capability
The Arctic Environment needs more than pure bathymetric data. The need for broader marinebased science data has also increased in the area as it undergoes a fundamental change and
becomes more accessible. Those in charge of managing these coastal areas will need data to
tackle the challenges of the future. The latest autonomous vessels can operate a multitude of
sensors collecting weather data, water quality and even seabed seismometers for early earthquake warning systems (Open Ocean Robotics, n.d.). Taking advantage of uncrewed and autonomous technology coastal managers can combine bathymetric and environmental data. This
would assist in the creation of an up-to-date marine geospatial infrastructure which will aid in
managing the region (Hains, 2020).
USV Performance Improvements
One key goal of the project was to enable the team to trial real world Arctic-like conditions, and
then identify areas for future improvement. XOCEAN has already incorporated improvements
into future systems based on the experience which are now undergoing sea trials. This includes
the use of redundant generators to decrease their reliance on local chase boats, a double aluminum hull to increase endurance in icy environments, and improvements to the air intake system.
Furthermore, a LARS for operations from a mothership is available to allow the XO-450 USVs to
be safely lifted and housed on a vessel.
9.

Conclusion

This highly collaborative and flexible partnership proved invaluable for the successful completion
of this project. The ability for foreign crews to monitor remotely in conjunction with a small local
ground crew made for an efficient acquisition program and allowed the team to overcome any
problem that came their way safely and in compliance with COVID 19 restrictions. Based on this
experience, IIC considers the use of USV technology a powerful force multiplier for future Arctic
Surveys. A survey vessel housing crew and materials, leveraging multiple USVs, would dramatically increase efficiency, which is especially important for a region with a short operating season.
Outside of Arctic operations the benefits of this technology in a world locked down by a pandemic,
or in other situations where a traditional survey is not suitable, cannot be overstated. The use of
remotely operated technology coupled with IIC’s global presence and belief in utilizing local
resources will allow for rapid mobilization and operations with minimal onsite resource requirements. Many lessons were learned on the challenges of operating in northern environments and
adaptations for the technology are already in the works. IIC and XOCEAN look forward to continuing their partnership and growing on what was learned for future operations in the Arctic region.
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1. Abstract
The hydrographic industry is undergoing radical changes in mission and technology
to bring rise to a new global hydrospatial movement supporting the blue economy.
Teledyne CARIS and Ocean Floor Geophysics, with academic and research partners, are joining forces to develop new solutions for remote survey operations, processing, and mapping with the strategic hydrospatial contribution of H2i. As part of
this collaboration, CARIS desktop applications are being integrated into CARIS
Cloud Technology to support access to software through web services allowing
companies to transition processing personnel out of field situations as well as for
improving opportunities for remote learning. This redistribution of personnel will provide efficiencies, cost savings, and reduce the human risk in such work, while increasing operational capacity.
2. Introduction
In recent years, and increasingly with the ongoing global pandemic, many Hydrographic Offices (HOs), academic institutions, and private industry have been demanding an accelerated solution for remote production and training. Migration to a
remote work scenario is challenging with new security concerns, evolving technology needs and changing workflows. Desktop software does not lend itself well to
working remotely, so with this trend of data moving to cloud environments, software
must adapt in this dynamic environment with organizational priorities.
Widespread quality internet onshore, the advent of maritime broadband radio, as
well as improvements in satellite-based Internet have made it possible for users to
have better and more reliable connectivity. The offshore survey industry has begun
embracing this new level of connectivity and worked to fully automate onboard processing by removing people from the vessel and supplementing support through

151

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

Remote Operations Centers(ROCs) (Fugro, 2021).
Through funding provided by Canada’s Ocean Supercluster (OSC) (Canada's Ocean Super Cluster, 2020), Teledyne CARIS, Ocean Floor Geophysics (OFG), the Marine Institute of Memorial
University of Newfoundland (MI-MUN), University of New Brunswick (UNB) Ocean Mapping
Group (OMG), the “Centre interdisciplinaire de développement en cartographie des océans” (CIDCO), and H2i have formed a collaborative partnership to advance availability and adoption of cloud-based software to support this transition to remote work and operations for the mapping sector. MI-MUN, UNB-OMG and CIDCO are three of the eight members of the Canadian
Ocean Mapping Research & Education Network (COMREN) (Church, et al., 2020).

Figure 1: Project partner logos

This project will see CARIS migrating its hydrographic processing and production software to the
cloud in support of these changing operations. This new cloud-based platform, CARIS Cloud
Technologies (CCT), will make advanced computing capabilities accessible to users with the
hardware of a typical home computer. OFG shares their experiences through use cases in the
following sections demonstrating how remote cloud-based processing has already supplied efficiencies, cost savings, and reduced human risk. A final scenario illustrates how students and professionals can enhance their skills and knowledge with remote virtual training enabled by the CCT
platform.

3. Technology Overview
This project focuses on a pivot of CARIS software to the cloud environment, this development will
involve two primary facets: the modification of current desktop software to operate within a cloud
environment and developing the framework for future technologies leveraging native cloud infrastructure. The existing line of desktop software products are being adapted to work seamlessly in
a virtual desktop environment delivered via Software-as-a-Service (SaaS). The second facet will
develop new cloud services to underpin the production processes with optimized scalability,
capacity, and security for the entire ping to chart workflow. The goal of CCT is to provide users
with professional grade tools in an end-to-end cloud workflow requiring only a basic workstation,
stable Internet connection, and modern web-browser to use these tools.
Security is a paramount consideration for CCT, and all system and data access will be tightly controlled using the latest cloud service security standards and protocols. User access controls will
be intuitive and simple to minimize the chance for operator error. Using the latest encryption and
data validation tools, CARIS will provide a simple yet secure way to transmit and manage the
data assets such as processed point clouds, Digital Terrain Models (DTMs), and vector features
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that are critical to the marine industry. Given the size of the datasets, data transfer protocols are
essential to provide efficient and fault-tolerant uploads, while also accounting for lower/
intermittent internet bandwidth scenarios.
Use of remote technologies in production demands high availability of services and related infrastructure to support 24/7 cloud operations. The increased demand for support will also be met
with advancements in automated monitoring, problem detection, and agile diagnosis without user
input. These automations will be key to a successful user experience, but also require updates to
customer support practices and operating hours.
For these solutions to be practical in a remote learning context, a well-developed digital classroom blueprint will also be necessary. By leveraging the expertise of our academic partners, we
will develop a robust digital classroom blueprint to ensure the success of users in a variety of
learning environments.
Another ongoing initiative that provides a glimpse of what can be achieved using CCT to fluidify
traditional workflows is the S-100 Service the Canadian Hydrographic Service (CHS), PRIMAR,
Teledyne CARIS and other operational collaborators and users which aims to shorten the turnaround time from survey to bridge (Lauritzen, Cove, & Maltais, 2020).
4. Use Cases
The following use cases highlight hands-on applications of CARIS Cloud Technologies for Ocean
Supercluster project partners and the global hydrospatial infrastructure (Hains, 2020; Pang & Oei,
2020; Ponce, 2020; Jonas, 2021).
4.1 Use Case #1 – Remote Offshore Processing
Clients are looking to capitalize on the advances in global communication technology, enabling
participation of skilled survey personnel from anywhere on the globe. Cloud-based CARIS software will provide OFG flexibility to scale the team as needed and equip them with near real time
data access and the right tools to carry out their tasks.

Figure 2: System diagram of a remote offshore processing team.
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Moving the processing team from the vessel to shore offers significant advantages for OFG offshore surveys:


Lowers Health, Safety & Environment (HSE) risk offshore – This can be a key metric for
large companies when awarding offshore survey contracts.



Processing team not constrained by crew changes or visa restrictions – The make-up of
the processing team can change at any time without consideration for work visas or travel time, making it easier to accommodate specialized tasks and unexpected challenges.



Smaller offshore crew eases constraints on vessel size – Vessel selection can often be
driven by cabin spaces; reducing the requirements for bunk spaces enables more flexibility with vessel selection. The ability to survey with smaller vessels has several interesting
advantages; they can be more environmentally friendly, are typically cheaper to operate,
and can access more areas due to decreased draft and increased maneuverability.



Risk mitigation due to changing conditions during the pandemic – Having processors
work from home eliminates the need for quarantine and international travel. Rapidly
changing travel restrictions currently represents a huge risk to offshore survey projects
which need to be planned well in advance of the survey date.



Risk mitigation due to more relaxed hardware constraints – The access to powerful workstations being limited on vessels, moving processing operations to shore increases the
reliability of the process and mitigates risks associated with hardware or infrastructure
failure. Furthermore, this enables teams to have access to bigger processing resources
by several orders of magnitude more than what could efficiently be made available on
most hydrographic ships.

The benefits of being able to process offshore survey data using an onshore processing team are
easy to imagine but so are the challenges - processing data with an onshore team requires a fast
and stable network connection to the vessel, and offshore Internet is notorious for being neither
fast nor stable.
Increasing the level of autonomy in the processing workflows is one way of managing the challenges presented by the limitations of offshore satellite Internet. CARIS Onboard, CARIS Mira AI,
and CARIS Process Designer allow automated execution of processing workflows and give
remote onshore processing teams the ability to monitor the automated processes using the built
in CARIS Onboard web-interface. There are two main advantages to this configuration: the data
stays on the vessel and does not need to be transmitted back to shore over the slow data link and
the automated onboard processes can continue working even during network outages.
This approach has some challenges to ensure that the automated processes stay running and
produce a data product with sufficient level of quality and may require a shift in the skillset of the
project team onboard the vessel. To ensure a high level of data quality, there should be a senior
data manager onboard who can dig deep into data in real-time for troubleshooting and an IT
manager to keep all the systems and communication up and running. Complex autonomy will typically be required to manage large data sets with many nested real-time deliverables and time
must be allocated to develop and rigorously test the process models prior to the start of any offshore project.
In this new regime of connectedness, data security needs to be considered. Allowing data processors to access the data from shore also makes it vulnerable to hackers and malicious code.
Having properly designed IT infrastructure with encryption, firewalls and access restrictions is
imperative to keeping the data products safe.
There are often millions of dollars at stake in offshore surveys. High quality tools that are built for
purpose are key in the success for offshore operations and remote processing is no exception.
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Processing tools that are fit for purpose and have been designed for operation over the Internet
lend themselves to secure and robust remote processing systems.
4.2 Use Case #2 – Global Onshore Processing Teams
Video conferencing, working from home, and online collaboration tools are standard in today’s
workplace. Decentralized data processing teams are a natural extension of modern working practices. In fact, people have been forced into the mode of operation due to the pandemic. For the
most part, hastily constructed infrastructure has allowed people to work from home, but it is not
optimized. In some cases, it may have even opened projects to vulnerabilities from the Internet.
When given enough time to properly design infrastructure to support a global processing team,
the first question is how to share the giant data sets between personnel in the work group. The
days of shipping hard drives of data around the world using FedEx are over. Cloud-based data
storage and virtual processing desktops are one way to implement the infrastructure needed to
support a globally distributed data processing team. This can be a very attractive choice to small
companies as it avoids investment in easily outdated high-end hardware and is rapidly scalable to
suit a fluctuating workload.

Figure 3: System diagram of a global onshore processing team.

In addition to scalability, this type of infrastructure naturally lends itself to enabling a globally distributed workforce and shared workspaces. One interesting advantage to a well-organized global
workforce is enabling the use of software resources 24 hours a day by people in distant time
zones crewing opposite shifts in their natural working hours. It also provides additional tools to let
a company choose the best team for a job, not just the team that is closest.

Working with widely distributed teams requires diligent communication and project management
but using well designed cloud-based tools makes it much easier.
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4.3 Use Case #3 – Remote Training
Traditional hands-on training courses can often be logistically challenging and difficult to organize.
Typically for a hands-on training course, an organization needs to identify an open week in scheduling with low competing work obligations, and no holiday leave plans. An organization may even
need to fly in team members from various locations. Add to the difficulty, the need to identify a
suitable training space large enough for all students, computer equipment, a trainer, and projector
setup to work comfortably. This setup can significantly increase training costs if rental space is
needed and has added challenges in the current pandemic where grouping everyone together
can prove impossible.
Remote training reduces some of these requirements but adds their own complexities. Each user
still requires a computer capable of running the software and instead of having the instructor provide and assist in installing the software and datasets, the user is required to prepare the computer for training themselves. Depending on the nature of the training taking place, this can be a time
consuming and technically complicated task.
Using virtual workspaces, the same software and dataset can be easily deployed to all course
participants. This setup eliminates the technology overhead associated with data transfer, software installation, license activation, and hardware upgrades to ensure users are equipped for the
training. Additionally, the ideal course trainer can be deployed from anywhere in the world without
needing to consider travel time or expense to arrive at the course location.
5. Remote Learning
The Ocean Mapping Group at UNB has provided world-class undergraduate and graduate training and innovative research and development within the Department of Geodesy and Geomatics
Engineering since 1991. Over the past 30 years, the training environment has evolved along with
the theory and technology, but a substantial shift is currently underway in programmatic and pedagogical views of hydrospatial education. The move to autonomous survey methods and the acceleration and proliferation of cloud infrastructure means that with the right tools, a traditionally
heavily hands-on training discipline can now look to broaden its reach with blended and remote
instruction. The OSC project and resulting CCT platform will advance meaningful, remote, synchronous, and asynchronous educational programs to accelerate workforce development with
state-of-the-art engineering education. Through this OSC project, the Ocean Mapping Group will
examine optimizing online training course development using the CCT platform and, partnering
with the UNB Canadian Institute for Cybersecurity, look to overcome some of the data handling
challenges.
MI-MUN will allow its ocean mapping students, both undergraduate and postgraduate, to experiment with cloud-based software created by Teledyne CARIS. Software integration into both
course labs and student-led projects will provide developers with useful feedback to enable iterative product improvement. The practical experiences of students and faculty at MI-MUN will also
inform the design of an engaging online education portal by Teledyne CARIS. This e-learning environment should be accommodating of both individuals and organizations in terms of course selection and pricing. It must also offer modular micro-certifications to individual students, allowing
them to make progress in several distinct career-building skill paths. Curriculum development will
consider the recognized professional skills defined by the International Board on Standards of
Competence for Hydrographic Surveyors and Nautical Cartographers (IBSC).
In line with CIDCO’s e-learning platform experience, the availability of cloud-based hydrographic
data processing technologies enables new ways to support the delivery of education services. As
an IHO-certified training center, one of CIDCO’s primary use-case is delivering training to multiple
locations across the globe in a single cohort, including several developing countries. This poses
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several challenges in terms of software licensing, access to hardware and data transfers. These
constraints are alleviated by centralized license-management features, access to identical shared
hardware backends, and centralized data hosting. Since these features are inherent to modern
cloud architectures, cloud service delivery can become a significant driving force in enabling modern capacity-building techniques in the developing world.
6. Conclusion
During the dawn of the United Nations Decade of Oceans Science for Sustainable Development
(2021-2030) building on The Nippon Foundation-GEBCO, Seabed 2030 project (Mayer, et al.,
2018), ocean mapping and hydrography are in revolution. CARIS Cloud Technology is an example of the innovative tools hydrographic offices, academic institutions and private industry need to
meet the challenges of a dynamic and ambitious global blue economy. Support of Canada’s
Ocean Supercluster slingshots Canadian companies like Teledyne CARIS and Ocean Floor Geophysics ahead as global leaders in this hydrospatial operational race.
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PROGRAM SEAMAP 2030
100 % of the Portuguese maritime spaces mapped by 2030
By Lieutenant Commander T. Geraldes Dias,
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Abstract
At present, we only know in detail about 19% of the world seafloor. Concerning the
Portuguese maritime spaces this knowledge is approximately 55%. In line with
previous efforts, Instituto Hidrográfico has launched the SEAMAP 2030 program,
aligned with the Seabed 2030 project, to complete this mapping by 2030. This
article presents the strategic plan of SEAMAP 2030, describing its vision, its mission
and some of the actions that are being conducted. Beyond the broad and plain
execution of hydrographic surveys, this program is also innovating in how bathymetric data is being acquired, stored and used to generate new products.
1. Introduction

Currently, about 81 % of the Earth’s ocean floor remains to be mapped at high resolution, based on observed data. In 2017, when the Seabed 20301 project, a joint initiative of the Nippon Foundation and the General Bathymetric Chart of the Oceans
(GEBCO), started, this percentage was 94 % (Seabed 2030, 2020). This global
mapping refers to a full bathymetric coverage of the seafloor, with high resolution,
normally achieved through hydrographic surveys with multibeam echo sounders
(MBES). At the end, Seabed 2030 aims to achieve 100 meters data resolution up to
1500 meters depth, 200 meters resolution up to 3000 meters depth, 400 meters
resolution up to 5750 meters depth and 800 meters resolution beyond 5750 meters
depth. This lack of seafloor knowledge has a special meaning when compared with
the level of knowledge, for example, of the surface of Mars: we know the surface of
that planet better than the surface of the Earth, under the oceans (Seabed 2030,
2017).
SEAMAP 20302 program, led by Instituto Hidrográfico3 (IH), aims to contribute to
this worldwide knowledge of the seabed morphology by completing the highresolution mapping of the Portuguese maritime spaces by 2030. IH is a Portuguese
Navy body and a Marine Research Laboratory committed to the knowledge of the
oceans, having recently celebrated its 60th anniversary in 2020. Its mission and
activities are strategically framed by three main themes: mapping, observing and
forecasting of the ocean. Therefore, SEAMAP 2030 is one of the two programs
associated with the mapping of the ocean theme (another major program is
SEDMAR, which aims to map the marine surface sediments of the geological continental shelf and slope) (Soares, 2020).
———————————
1
- https://seabed2030.gebco.net.
2
- https://www.hidrografico.pt/iprojeto/16.
3
- Portuguese Hydrographic Institute: https://www.hidrografico.pt.
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SEAMAP 2030 is part of a global context that recognizes and understands the
importance of the oceans and their increasing value in the future. It adds to the
Seabed 2030 project that seeks to complete the high resolution mapping of the Earth’s ocean
floor by 2030. In addition, the United Nations (UN) has declared the period 2021-2030 as the
Decade of Ocean Science for Sustainable Development4. This announcement is included in the
2030 Agenda for Sustainable Development5, regarding the sustainable development goals6
(SDG), namely its 14th goal: conserve and sustainably use the oceans, seas and marine
resources7.
The conservation and sustainable use of the oceans implies their comprehension and respect.
This can only be achieved through scientific research carried out at sea and that is based and
usually driven by the detailed knowledge of the seafloor morphology. Thus, strategically, the aim
of the Seabed 2030 project is upstream of the 14th SDG. Similarly, the objective of the SEAMAP
2030 program is upstream of the objective of the Seabed 2030 project, comprising, in addition to
a national enterprise, an important contribution to world prosperity.
This article has the objective of presenting the strategic plan of the SEAMAP 2030 program,
describing the following basis:
- The vision: 100 % of the national maritime spaces mapped by 2030;
- The mission: contribute to the conservation and sustainable use of the sea, supporting
research and promoting development;
- The objectives: concrete actions that can enhance the success of the mission,
concerning: data acquisition, data management and data products.
2. The Vision – Where are we mapping
2.1 The maritime spaces
The Portuguese maritime
spaces are characterized
by four prominent regions:
the exclusive economic
zones (EEZ) of the mainland, Madeira and Azores;
and the continental shelf
extension claim, submitted
to the UN Commission on
the Limits of the Continental
Shelf (CLCS), that is still
waiting for deliberation. The
maritime spaces are illustrated in Figure 1. The total
area of these maritime
spaces is approximately
4 075 166 km2, which is
over 44 times the terrestrial Figure 1: The Portuguese maritime spaces and the corresponding percentage in terms of the total area (for the purpose of this article and at this scale, the
area of the mainland.
territorial sea was considered indistinguishable from the EEZ).

———————————
4

- https://www.oceandecade.org.
- https://sdgs.un.org/2030agenda.
6
- https://sdgs.un.org/goals.
7
- https://sdgs.un.org/goals/goal14.
5
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2.2 The actual coverage
Today’s bathymetric coverage of the Portuguese maritime spaces is around 55%, which exceeds
the Earth’s estimated global coverage (around 19 % as stated in the introduction). This coverage
is shown in Figure 2.

Figure 2: Bathymetric coverage of the Portuguese maritime spaces and the corresponding
percentage.

The area with the best bathymetric coverage is the mainland EEZ (78%) and the one with the
poorest coverage is the Azores EEZ (39%). In the last two years, the efforts have been directed
to this archipelago, in order to level up its coverage.
High resolution seafloor mapping campaigns in the Portuguese waters started in 2005, in an effort
to acquire the necessary data to support the continental shelf extension claim. Between 2005 and
2009, which was the deadline to present the claim at the CLCS, over 900 survey days were executed, averaging more than 150 survey days per year. In the following years, the hydrographic
surveys were continued with less frequency and in 2017, aligned with the Seabed 2030 project,
the SEAMAP 2030 program was launched.
2.3 Hydrographic survey effort
The surveys are being conducted with MBES8 installed on the gondola of Portuguese Navy
hydrographic vessels NRP “D. Carlos I” and NRP “Almirante Gago Coutinho”. The MBES allows
for full bathymetric coverage and has a standard angular aperture of 120°. This means that the
swath width is approximately 3,5 times the nadir depth and it implies that the time needed to
complete the bathymetric coverage (survey effort) depends on the depth of the area.
———————————————8

- Kongsberg EM 710, EM 712 and EM 120 models.
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Figure 3 shows the depth intervals of the bathymetric coverage already achieved. The survey effort estimation made for the remaining areas shows that: the Madeira EEZ only needs 84
days of hydrographic surveying to be complete; mainland EEZ needs an additional 396 days;
Azores EEZ needs 520 days; and lastly, the continental shelf extension claim area needs approximately 800 days.

Figure 3: Depth intervals of the bathymetric coverage already achieved and survey days to complete
each maritime space.

The SEMAP 2030 project is scheduled to end in 2030. This leaves 10 years to complete 1 000 to
1 800 survey days:
-

100 survey days per year, considering the complete bathymetric coverage (from 30 m depth
outwards) of the territorial sea and the EEZ;

-

180 survey days per year, considering the complete bathymetric coverage (from 30 m depth
outwards) of the territorial sea, the EEZ and the continental shelf extension claim area.

3. The Mission – Why are we mapping
For several years, the use of bathymetric information has primarily been directed to the production of nautical charts. The actual quest for geographic information and its usefulness, value and
sharing is spreading worldwide, makes seafloor mapping not only important for the safety of navigation but also for many other domains.
Thus, the detailed knowledge of the seabed morphology enhances:
-

Scientific research, backing up and guiding all the multidisciplinary research carried
out in the oceans, and the consequent developments in technology, economics and culture.
Seafloor mapping is the first step in exploring the oceans (National Oceanic and Atmospheric Administration, 2015). Before we begin a more comprehensive exploration, we need
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to understand the terrain, to be able to focus on a specific investigation aspect and on a
certain method. Seafloor maps illuminate the study area and increase the scope, efficiency
and pace of ocean exploration, saving both time and money while growing our chances for
significant discoveries (National Oceanic and Atmospheric Administration, 2015). Seafloor
mapping supports coastal, lacustrine and marine geologic research (United States Geological Survey, 2020) and bathymetric data can be applied in several ways, from water transportation or biological oceanography to the study of climate change (Schmidt Ocean Institute, 2021);
-

Sustainable management, expanding the information about marine resources and
improving the efficiency of their exploration and preservation. Once a seafloor region is
mapped, scientists or resource managers can make better decisions on where and how to
conduct targeted and more detailed exploration using more precise tools such as remotely
operated vehicles (ROV). An example of this advantage was the discovery of the hydrothermal vent Luso in 2018 by the hydrographic vessel NRP “Almirante Gago Coutinho”. This
finding was made possible by planning a ROV route based on the inspection of a highresolution bathymetric model of Gigante seamount in Azores, as shown in Figure 4.

Figure 4: On the left, bathymetric model of Gigante seamount in Azores, with the position of the
hydrothermal vent Luso (black circle). On the right, video capture of the hydrothermal vent, obtained with the
ROV.

Another example of the importance of seafloor mapping is the identification of submarine
structures (hydrothermal vents, seamounts, etc.) with scientific, environmental and conservation interest and the establishment of marine protected areas (MPA). MPA are areas of
the ocean set aside for long-term conservation aims. They are the only area-based measure to increase the quality and the extent of ocean protection, for example, offering a nature-based solution to support global efforts towards climate change adaptation and mitigation. Thus, their establishment is critical to maintain climate change resilience and rebuild ecological and social flexibility. Currently, 6,35 % of the Earth’s ocean is protected
(International Union for Conservation of Nature, 2021). The European Union (EU) has acted on this responsibility of maintaining the health of its seas, agreeing on a target of 10 %
of coastal and marine areas protected by 2020 (Aichi Target 11 under the Convention on
Biological Diversity) (European Environment Agency, 2018). Nowadays, Portugal has 4,4
% of its marine areas (inside the EEZ) protected (76 765 km2 in 167 zones) (Marine Conservation Institute, 2021) and the aim is to increase this protection (Garcia, 2014). So,
seafloor mapping is crucial to know where and what to protect;
-

Decision support, ensuring a level of awareness that can enable effective actions in
economy, safety, security and civil protection. Knowledge is the source of successful decisions and bathymetric data is essential to ensure that we have the necessary and adequate
information, products and services to prepare for and prosper in an ever-changing environment (National Oceanic and Atmospheric Administration, 2015). For example, the Global
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Risks Report has included the extreme weather events, climate action failure and natural
disasters in the top 5 global risks in terms of likelihood in the last three years (World Economic Forum, 2020). Seafloor mapping can be an important tool to mitigate these risks, as it
helps to: identify geologic faults and submarine landslides, providing baseline information
for assessing and diminish natural hazards impacts such as earthquakes and tsunamis; establish baselines for long-term monitoring of environmental deviations due to climate
change, weather events, and human influences; develop models to determine coastal flooding risks from sea-level rise and storms; and heighten public awareness of ocean and
coastal issues (National Oceanic and Atmospheric Administration, 2015).
4. The Actions – How are we mapping
4.1 Data acquisition
SEAMAP 2030 project data is being acquired with MBES installed on the two Portuguese Navy
hydrographic ships but, due to existing ship commitments, several alternatives are being considered.
The first one is getting access to other data sources other than those vessels. Every year, numerous scientific cruises carry out research campaigns in the Portuguese waters. Although the purpose of these cruises is not always to collect bathymetric data, they almost always end up doing it
to support their studies. This means that the true bathymetric coverage of the Portuguese maritime spaces is bigger than the one reflected in IH’s current data.
In recent years, the IH has been contacting other cartography and bathymetry agencies that are
responsible for the archive and management of the data from these cruises. A few examples are
the National Oceanic and Atmospheric Administration (NOAA), the Federal Maritime and Hydrographic Agency of Germany (BSH) and the Royal Netherlands Institute for Sea Research (NIOZ).
Access has been provided to the raw data and metadata. Then, the IH has been processing the
data, comparing it with its own data, where possible, for quality control purposes. This procedure
has revealed three main advantages: it raises the bathymetric coverage where there was no data;
it increases sounding density, which can enable better bathymetric products, where there was
already some data; and it preserves IH’s data quality standards in the processing stage. So, this
is not just volunteered geographic information (VGI) or crowdsourced bathymetry since it has
gone through a quality management procedure and it can be used for nautical charting purposes.
As this is part of a global effort (Seabed 2030), this procedure would be a lot faster if every data
administrator (the agencies that produce the data or the ones that manage it) would voluntarily
share its data and information.

Another alternative to increase data acquisition efficiency is the use of unmanned systems. The
use of these systems is being adopted worldwide, namely unmanned surface vehicles (USV) and
unmanned underwater vehicles (UUV). The use of these vehicles can bring two main advantages
to the SEAMAP 2030 project: the first one is that these systems can act as force multipliers, increasing survey’s efficiency and reducing survey effort time; the second one is that the mobility of
UUV in the water column allows them to improve resolution, the closer they are to the bottom,
making high-resolution even higher where needed.
4.2 Data management
One of the many challenges in dealing with geographic data is how to make the most out of it. We
know that a certain amount of data generates a smaller quantity of information and an even less
volume of knowledge. Thus, knowledge transfer represents a small part of the potential of the
original data. This can be reversed by diversifying products and services, that is, making the data
more cost-effective, using it for different applications (International Hydrographic Organization,
2017). For example, bathymetric data can generate knowledge in areas as diverse as engineering, geology, chemistry, biology, or in concrete actions such as sustainable development and decision support. Figure 5 illustrates these concepts.
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Figure 5: Data as information and knowledge basis (International Hydrographic Organization, 2017).

In order to accomplish this, the IH has developed a new spatial database to store the oceanic and
coastal bathymetric data. In the past, the survey’s dataset that was being stored was the final
bathymetric surface, corresponding to a gridded raster. Now, in a parallel database called MarPT,
it is also being stored as point clouds with all the validated soundings from the surveys. This allows combination of soundings from multiple surveys, enhancing sounding density and creating
new and specific products, dedicated to support, for instance, scientific research.
The mapping of seamounts has been an example of the utility of this database. Lately, the scientific interest in seamounts has been increasing. They represent important ecosystems and their
morphology is particularly relevant, since it influences their ecology and biodiversity, their hydrodynamics and, consequently, the deposition of sediments and organic matter. Figure 6 shows an
example of two bathymetric models of the same seamount with different resolutions. The worse
resolution is enough for the nautical charts production, as long as it captures the minimum sounding relevant to the safety of navigation. However, a better resolution is needed, for example, to
conduct a scientific study in the seamount.

Figure 6: Two bathymetric models with different resolutions of Gigante seamount in Azores. Depending on the objective, any of the models can be suitable.

4.3 Data products
High-resolution mapping of the seafloor means that the soundings acquired in the hydrographic
surveys will have enough density and the equipment used will have enough angular resolution to
be capable of generating high-resolution bathymetric models. This kind of modeling has a horizontal resolution between 2,5% to 5% of the depth. For example, in a depth of 800 m, the horizontal resolution should be between 20 m and 40 m.
IH is producing two different bathymetric models: bathymetric model for object detection, with a
horizontal resolution of approximately 2,5% of the depth; and bathymetric model of full coverage,
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with a horizontal resolution of approximately 5% of the depth. This was made possible with the
recent availability and implementation of variable resolution surfaces (Teledyne CARIS, 2018),
where the resolution of the bathymetric model changes with depth: lower depths have higher
resolutions and higher depths have lower resolutions.
Table I describes the resolutions used in the IH’s bathymetric models. We can see that
they are considerably better than the ones proposed to the Seabed 2030 project: grid resolution
of 100 m to 1 500 m depth; grid resolution of 200 m to 3 000 m depth; grid resolution of 400 m to
5 750 m depth; and grid resolution of 800 m to 11 000 m depth (Mayer, et al., 2018).

Table 1

Depth

Bathymetric model
of object detection

Bathymetric model
of full coverage

Resolution (2,5 %)

Resolution (5 %)

...

...

...

< 200 m

5m

10 m

...

...

...

< 600 m

15 m

30 m

< 640 m

16 m

32 m

< 720 m

18 m

36 m

< 800 m

20 m

40 m

...

...

...

< 1 040 m

26 m

52 m

< 1 120 m

28 m

56 m

< 1 200 m

30 m

60 m

< 1 280 m

32 m

64 m

< 1 440 m

36 m

72 m

< 1 600 m

40 m

80 m

...

...

...

< 2 080 m

52 m

104 m

...

...

< 3 200 m

80 m

160 m

...

...

...

< 4 160 m

104 m

208 m

...

...

...

< 5 120 m

128 m

256 m

Table I: Sample resolutions of the two bathymetric models
produced at the IH.
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5. Conclusion
SEAMAP 2030 is one of the two IH’s major mapping programs. Its vision is to achieve high resolution 100% mapping of the national maritime spaces by 2030. At the present, the national seafloor mapping coverage is about 55 %, considering the three EEZ and the continental shelf extension claim area. To succeed, it will be needed, on average, to carry out 100 (for the three EEZ) to
180 (for the three EEZ and the continental shelf extension claim area) survey days per year, using the available hydrographic ships, equipped with MBES. This survey effort could be optimized
if the use of unmanned systems becomes more reliable and less expensive, and if information
held by other hydrographic agencies or research institutions allows filling some coverage gaps.
The goals of SEAMAP 2030 are aligned and upstream the ones advocated by the world project
Seabed 2030 and they are both part of a bigger picture framed by the UN’s Decade of Ocean Science for Sustainable Development. Specifically these initiatives are essential for improving scientific research, sustainable management and decision support. Globally they are crucial for the
conservation and sustainable use of the sea.
The SEAMAP 2030 program has revealed to be more than just hydrographic surveys to complete
seafloor mapping. This challenge is bringing innovation and shortening the implementation of new
concepts, in the way data is:
-

Acquired: actively searching for data sources, processing the data and controlling its quality;
and planning the use of alternative survey platforms, like unmanned vehicles;

-

Stored: creating new databases, adaptable to the future improvements of bathymetric
modelling;

-

And used: generating new and specific products with other purposes beyond the production
of nautical charts and the safety of navigation.

SEAMAP 2030 and Seabed 2030 will require a big human and economic effort. So, in addition to
focusing all its efforts on surveying the unknown, hydrographic agencies and research institutions
should also share, as much as possible, their data holdings. The return over this widespread collaboration, in the near future, will surely pay off.
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THE KIRKE CHANNEL AND ITS NAUTICAL CARTOGRAPHY
FROM THE 1982 EDITION TO THE NEW EDITION 2019
By Lieutenant Matías Sifón, SHOA, Chile
1. Introduction
The Kirke Canal is located in the Magellan and Chilean Antarctic Region, specifically in the
province of Ultima Esperanza. Its importance is that it constitutes one of the only two maritime accesses to the capital of that province, the city of Puerto Natales which, according to
the 2017 census, has a total of 21,477 inhabitants. In addition, this city is a great tourist attraction, since it is a must stop on the way to Torres del Paine National Park, which has, according to the statistics included in its website (www.parquetorresdelpaine.cl), an average of
about 500,000 visitors a year from all over the world.
2. The Kirke Channel characteristic
One of the characteristics of this area is its morphology, marked by the existence of several
islands, channels, fjords and gulfs, which make it a particularly special area for navigation.
Shoals, currents, tides, narrows, bad weather and other characteristics limits the types of
vessels that can navigate the sector. In particular, the Kirke channel spans about 5 nautical
miles, with a WSW-ENE orientation and an average width of 0.3 cables. At its ENE end
stands out the Kirke Narrow, which allows access to the Valdés channel to continue sailing
to Puerto Natales (Figure 1).

Figure 1: Geographical location of Puerto Natales and the Kirke channel (Extract from
SHOA Chart No.10640 "Channel Union to Puerto Natales", 1st edition, 1997, scale 1:100,000).
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The Kirke narrow has in its narrowest part about 130 meters between coast and coast; but, in reality its
navigable width is approximately 40 meters (Figure 2). The land extends from its south coast to the center
of the canal, where a shallow feature of about 5 meters stands out. All of the above, according to the 8th
edition of the SHOA Nautical Chart No. 10641 "Canal y Angostura Kirke", which was published in 1982 and
in force until October 2019, is referred to a Local Dátum that does not support the use of GPS systems;
contains bathymetric data obtained from traditional single beam technology and has no equivalent edition of
Electronic Navigational Charter (ENC).

Figure 2: View of the Kirke Narrow, sailing from West to East (Photo taken during Hydrographic
Commission 2017).

Figure 3: SHOA Chart No. 10641 " Canal y Angostura Kirke" , 8th ed., 1982
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In addition to being narrow, the Kirke channel is a hydrographically complex area, where its bathymetric
constrictions, coupled with continuous bad weather fronts, cause the tides and currents flowing through this
passage to vary considerably in amplitude, intensity and direction in just over 200 linear meters, in the wellknown Kirke narrow, where there is difficulty in the predictions of these phenomena.
In view of the complexity of this area, there was a need to conduct studies and analyses to ensure greater
safety to navigation. This motivated various hydrographic campaigns to obtain bathymetry, geodesy, meteorology, tides and current data and seabed sediment samples, together with sailing experiences, etc These
activities were executed in different years and by various professional groups of SHOA . In addition to this
field work, studies were carried out based on information delivered by remote sensors, analysis of information and historical experiences.

Figure 4: SHOA Chart No. 10641 " Canal y Angostura Kirke" , 9th edition, 2019.

3. Comparison between the new edition and its previous version
From all the sources collected over several years, a new edition of the SHOA Nautical Chart No. 10641
"Canal and Angostura Kirke" was published in 2019 (Figure 4), which has substantial improvements over
the previous version, released 37 years ago. Some of the improvements presented in this new edition are
detailed below:
Boundaries: Geographic boundaries are different from the previous edition. This new chart scheme
covers a larger area, which allowed inclusion of anchorages at each end of the chart (Fondeadero Storaker
and Puerto Condell). These anchorages are of great help for navigation and serve as waiting points to
cross the canal under the right conditions. Both were described in the Sailing Directions of the Chilean
Coast, Volume III.
Scale: This Nautical Chart has a fairly special design, since it consists of two adjacent plans, but
one corresponds to an extension of one sector contained in the other; which is usually represented by an
inserted plan. However, given the geographical characteristics of the areas represented, it was considered
that it would be best to maintain the previous design of adjacent plans, but implement an improvement in
the scale of representation of both plans. The upper plan corresponds to the Kirke channel in its entirety,
represented in the 1980s edition at a scale of 1:20.000, while the lower plan corresponds to the Kirke nar-
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row, at a scale of 1:5.000. In this new edition, while the design was maintained, the limits were modified, as
mentioned in the previous point, further improving the scale of representation of both plans, with the upper
one at 1:15.000 and the lower at 1:4.000 scales, respectively.
Reference System: The previous edition was referred to a Local Datum, which meant that it was not
possible to use GPS, because its reference system was created especially for that chart, so it prevented
the coordinates from being precisely brought to another system. The new edition has its horizontal reference in the SIRGAS WGS-84 Geodetic Datum, which has a geocentric origin, which makes it compatible
with geodesic systems, allowing the use of GPS.
Base images used: The two editions have the same base and both processes used the same aerial
photographs taken in 1970 by the Chilean Navy Hydrographic Institute (IHA), now SHOA, scales 1: 25.000
and 1: 15.000 (Figures 5 and 6). For a sector like this, temporal variation is not an issue, as it is an area of
fjords, non-populated, where there are no considerable variations in the terrain on this time scale. There
was no evidence of modifications by an event, whether of natural or anthropic origin from imagery and
ground observations, nor according to historical record. Thus, the great difference between the two editions
of the Charter has its origins in the geodetic support made for each process. For the 8th edition, the support
was analogous, using a traverse, "Puerto Natales – Fairway Island" in local Datum; while for the 9th edition,
the geodetic control made in 2017 was digital which allowed the photographs to be returned directly to the
WGS-84 Datum. With regard to accuracy, the previous edition estimated an average error close to 5.5 m
and an uncertainty of 1.8 m; while, in the case of the last edition, the average error is 0.7 m and an uncertainty of 0.9 m; that is, it has sub metric precision. Since the base images are the same for both editions,
the difference occurs because in the field work 1, the new geodesic measurements allowed to make an
adjustment that, given the precisions of the measurements and computational tools, achieve those standards of accuracy.

Figure 5: Aerial photography mosaic taken in IHA flight, 1970, scale 1:25.000.
______________________________
1

- Geodesic measurements were made during the 2017 field work, which used dual-frequency differential GPS
equipment, measuring 7 support points for the images used. In addition, for the aero triangulation process, carried out
in 2018, an Erdas photogrammetric station was used, with the Erdas Imagine Photogrammetry and Orima software.
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Figure 6: Aerial photography mosaic taken in IHA flight, 1970, scale 1:15.000.

Bathymetric Density: The 1982 edition was based on bathymetry obtained with single beam techno logy. This is discrete information, with uncertainty of the depths and values between one depth and
another. The 2019 edition used bathymetric information from two hydrographic surveys conducted in 2014
and 2017, both conducted by the hydrographic survey vessel PSH Cabrales. The bathymetric data on the
current edition comes from the Kongsberg EM710 and EM3002D multibeam echosounders (MBES), in
addition to Reson's Seabat 7125 MBES. This bathymetric survey effort resulted in 98% coverage of the
seabed (Figure 7). These data identify all features that might constitute a danger, whether of natural or
anthropic origin, allowing the navigator to choose the best route to navigate in this area. The installed
sonars delivered values throughout the channel, achieving information from the Kirke narrow, practically
coast to coast, and identifying with absolute precision both the location and the minimum depth of the
bottom as well as all the other features of the seabed contained within the limits of the new edition of the
Nautical Chart.

Figure 7: Coverage of bathymetric information obtained from the Hydrographic Survey of the Kirke channel in
2017.
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Accuracy of bathymetric information: As mentioned in the previous points, the depth data from the
1982 edition comes from single beam echosounders, with a non-geodetic reference system. This sparse
information is not compatible with current technology and contains uncertainties that cannot be quantified
with current methods and standards. The new edition, given its origin, has real-time geodetic positions with
corrections from geostationary satellites and the data has known uncertainty values. These values were
calculated after processing the survey data within the CARIS HIPS & SIPS software. Thus, the fact that we
now know the uncertainty is already considered an improvement.
After the processing was completed, based on IHO standard S-57 and with regard to Category Zone of
Confidence (CATZOC), this survey complies with Order A2, which ensures vertical uncertainty of 1.0 m +
2% of depth. In practice this means, for example, that, at a depth of 10 m, vertical uncertainty will correspond to a maximum of ± 1.2 m, while at 50 m it will be ± 2.0 m. Again this results in substantial improvement of the product delivered to the user.
Seabed information: The 1982 edition did not have seabed classification information, so for the new
edition it was considered, which was obtained by a dredger in all places indicated as recommended anchorages (Figure 8 and 9). From the samples obtained, an analysis was performed using a sieve, which allowed
separation of the different sediment fractions present, which were classified according to the Wentworth
particle size scale (1922).

Figure 8: Background quality sampling in Zorro cove, Kirke channel, during the Hydrographic Survey in 2017.

Figure 9: Verification of the sample obtained in Zorro cove, Kirke channel, during the Hydrographic Survey in
2017
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Electronic Nautical Chart: Due to the year of publication, the 8th edition does not have an electronic
version; while, from the data used in the 9th edition, the first edition of the Electronic Navigational Chart
(ENC) (Figure 10 and 11) was drawn up. The ENC, having the same source data and being prepared from
the same database, offers absolute consistency with the Nautical Paper Chart, both products being equivalent, despite not being equal for mainly representational purposes.

Figure 10: Electronic Navigational Chart corresponding to the Kirke CL5MA260 channel.

Figure 11: Electronic Navigational Chart CL6MA260 corresponding to the Kirke narrow.

Sailing Experiences: SHOA Publication 3003 " Sailing Directions of the Costa de Chile, Volume III" ,
until before the surveys conducted since 2014, described the navigation of the Kirke channel based on the
information available in the 8th edition of the Nautical Chart, in addition to some gathered experiences. This
description was rather qualitative, noting, for example, that for the crossing of the Kirke narrow "it was
necessary to observe whether there were birds perched in the water" (Figure 12), since this indicated that
the intensity of the current would not be significant. This showed to be not entirely true as observed during
the surveys. Acquired information allowed corrections and new recommendations; most of them quantitatively, based on the measurements made, providing greater objectivity to the information provided.
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Figure 12: Bird perched on the Angostura Kirke, with evident presence of significant current, as
observed during the Hydrographic Survey in 2017.

Tides and currents: The general description of these phenomena began in the early twentieth century, allowing inclusion of the first current data in cartography and the first descriptions in
the Nautical Publications. Subsequently, in order to predict currents in the channel, the methodology called secondary port correction was used. In the case of Kirke, this methodology only
achieved a good adjustment in the prediction of the still water before starting to raise the level to
the high tide, using the hours of occurrence of the high tide in Puerto Montt, plus a delay due to
the lunar phase. Thus, with this method, vessels had for more than 20 years only one opportunity
to cross the narrow, when the still water occurred during daylight. This information was provided
in the 1982 edition of the Nautical Chart and in the yearly produced "Tide Tables of the Coast of
Chile" (SHOA Publication No. 3009).
Different studies have been carried out to improve the information available, highlighted in the
year 2001, when through the use of acoustic current meters (ACM) and tide gauges, the tides and
currents in the channel were measured again, this time at the entrance and exit of the narrows.
This allowed delivery of a prediction of the time of the still water, more in line with what was experienced in it. Subsequently in 2014, by installing 5 tide gauges, 1 current meter and a weather station, the tides and currents in the channel and narrow were measured for 54 days, resulting in a
definition of 22 zones for the determination of the sounding reduction level, as a result of variations in range and phase of the tide. In terms of current, predictions of the still water hours and
time and intensity of the maximum current at an observation point were made. In 2017, a new
survey was conducted in the sector, installing a current meter in the narrow, which prior to the finalization of its deployment the anchoring system was cut off (like so many other times in the
past), without obtaining useful measurements. 12 tide gauges were installed along the channel,
which allowed the reduction of the soundings as well as improving tidal forecasts for the sector.
In addition, in 2019, a horizontal acoustic doppler current meter (HADCP) was installed, which
stores the current registers internally and also emits in real time the direction and intensity of the
current to the vessels, precisely in the area where the greatest currents are observed in the narrow. This information allows for a longer record, making harmonic analysis more reliable to pre-
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dict currents and thus be able to program a safe passage through the narrow.
Thus, beginning with anecdotal information from the early twentieth century in Cartography and
Publications, tide and current information was improved with data obtained by more than 15 sensors installed in the last 5 years, as well as real-time information for users, thanks to a weather
station and a current meter permanently installed at the southern tip of Merino Island. this station
transmits temperature, true wind and current direction and intensity information, through VHF
channel 10, with a range of up to 10 nautical miles.
Finally, in order to ensure that all new information compiled in these new products, both paper
charts and ENC, tidal and current forecasts and the description included in the Sailing Directions
were reliable, a navigation test was carried out aboard the OPV 83 "Marinero Fuentealba". Evaluation by various authorities, together with the ship´s crew, confirmed the quality of these new
tools that facilitate the navigation of this channel and its narrows.
3. Conclusions
This new edition of SHOA Chart No. 10641 "Canal y Angostura Kirke" is the product of a considerable evolution in terms of the technology used for its creation, from planning, field data collection, processing, cataloguing and validation in the database, to the final publication of the new
cartographic edition; with the consequent updates and improvements of the Sailing Directions and
other publications.
This process shows the progress that has been made over the years, effort that has not been in
vain, improving processes, transferring knowledge to the next generation of professionals, who
work hard in different areas and with very diverse skills; all in a productive line, whose main objective is to provide Safety to Navigation. Today, boats sailing in either direction in the Kirke Canal do so more safely, with more information and better quality; as well as with various tools that
allow them to make better decisions, greatly increasing the likelihood of success and reducing the
risk of accidents in one of the most difficult channels to navigate in Chilean waters.
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OBITUARY
FOR SEAN B. HINDS
MAY 10, 1955 – FEBRUARY 4, 2021
Former Canadian Hydrographic Service (CHS) employee

With heavy hearts, the Hinds Family sadly announces the passing of a loving
father, brother, brother-in-law, uncle, and friend. Sean Bernard Hinds, loving brother
and devoted father passed away at his home on February 4, 2021, at the age of 65.
Sean fought a courageous battle with cancer, diagnosed during COVID-19, which
made his fight that much harder on both him and his children.
Sean was born May 10, 1955, in Barrie, Ontario, Canada. He spent his childhood in
Barrie, London, and then Thornhill. He started his own family in Georgetown, then
moved to Manotick, and later retired in Nepean, Ontario, Canada. Sean had an
extraordinary career. He received his Honours Diploma in Hydrographic Survey
Technology from Humber College in 1981. He was commissioned as a Canada
Land Surveyor and was a Field Hydrographic Surveyor for the Canadian Hydrographic Service (CHS). He helped create the nautical charts and the digital
infrastructure to allow for the safe and efficient navigation at sea and in the Great
Lakes. Early in his career Sean was posted to expeditions to chart the Arctic Ocean
where his team lived in tents in extreme weather conditions. In the Arctic, Sean
even survived a helicopter crash and lived to tell the story of the rescue amidst a
fierce storm. Eventually Sean became a Senior Advisor in the Department of
Fisheries and Oceans Canada (DFO) for CHS travelling to many countries to share
his knowledge and work within the International Hydrographic Organization (IHO)
community, where he was very active and much appreciated by all international
colleagues who had the privilege to work with him. In 2012, Sean was honoured for
his hard work and service to the Government of Canada with a special Governor
General’s Award, the Queen Elizabeth’s II Diamond Jubilee Medal. This recognition
was a source of pride for both his family and his father who travelled to Ottawa for
the ceremony. At the end of 2015, Sean retired from DFO after 35 years of dedicated service. He came back to contribute as a part-time employee with the CHS in
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2016. He was the key player to architect and develop one of the most important
Hydrographic Program investments ever seen in Canada since the
creation of CHS, through the implementation of Canada’s Ocean Protection Plan.
While Sean had a uniquely fascinating career and received national recognition
for his work, he would say that his best lifetime achievements were Matt, Chris
and Kait. Sean’s undying passion was family. He instilled strong family values in
his children and taught them to love the outdoors as much as he did. One special
place where Sean and Lynn created many family memories was Temagami,
where Lynn’s family had their cottage.
Sean encouraged his children to pursue their personal interests as he did. Sean
had a passion for sailing, travelling, cooking and reading. He was an accomplished sailor joining his sister and brother-in-law on many sailing trips in the
British Virgin Islands. Sean spent four months when he retired exploring New
Zealand, Australia and sailing the South Pacific. He volunteered his time
maintaining Canada’s historical boats and attending many historical
re-enactments. He was also a gourmet and took great pride in preparing special
family dinners complete with fine wines and the odd fine Scotch! He was an avid
reader, which he inherited from his father. His children have fond memories of
Sean reading bedtime stories night after night, and introducing them to The
Hobbit.

Sean was also generous of heart and well known in his parish for his volunteer
work, making food and Christmas baskets for those in need. He was an articulate
orator and his three sisters will cherish memories of Sean’s heartfelt toasts to the
brides at each of their weddings. He loved to remember special occasions, such
as birthdays by sending cards always accompanied with a beautifully crafted
personal note and ending with a happy face or a little flower. Sean was a deeply
sensitive man who leaves a broken heart with everyone who loved him.

Sean will be laid to rest with his parents in Barrie, Ontario, Canada at a later
date.
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OBITUARY
IN MEMORIAM

Etienne CAILLIAU
(1939-2020)
Gilles BESSERO
Former IHO Director
Former French Hydrographer
Member of the French Maritime Academy

It was with profound sadness that the French hydrographic community learned of
the passing of Ingénieur general Etienne CAILLIAU, former Deputy Director of
Shom and former Director of his Brest establishment, just a few days after the 300 th
anniversary of the creation of the Dépôt des Cartes de la Marine, the
forerunner of Shom. These few lines are a tribute to his memory, curiosity and
unwavering commitment to serving French and international hydrography.

C’est avec une grande tristesse que la communauté hydrographique française a
appris la disparition de l’ingénieur général Etienne CAILLIAU, ancien directeur
adjoint du Shom et ancien directeur de son établissement de Brest, quelques jours
à peine après le 300ème anniversaire de la création du Dépôt des cartes de la
Marine, ancêtre du Shom. Ces quelques lignes sont un hommage à sa mémoire,
sa curiosité et son engagement inébranlable au service de l’hydrographie française
et internationale.
Con gran tristeza la comunidad hidrográfica francesa se enteró de la muerte del
ingeniero general Etienne CAILLIAU, ex vicedirector de Shom y ex director de su
centro de Brest, pocos días después del 300º aniversario de la creación del
Depósito de Cartas de la Marina Francesa, antecesor de Shom. Estas algunas
íneas son un tributo a su memoria, curiosidad e inquebrantable dedicación al
servicio de la hidrografía francesa e internacional.
______________________
Although Etienne CAILLIAU was senior to me by 12 years at the French Hydrographic Office, I was fortunate to benefit from a friendly and trusting relationship
with him, from my post-graduate curriculum when I followed his hydrography
course in 1975-76 in Paris to his retirement time during which we continued meeting regularly as members of the Navigation and Oceanology Section of the French
Maritime Academy. Our relationship was all the stronger as I was his deputy during
my first field survey assignment in New Caledonia from 1978 to 1980.

Etienne CAILLIAU had a wide-ranging and distinguished career and showed a
constant attention to national and international cooperation.
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Figure 1. Ingénieur général Etienne CAILLIAU
aboard the survey ship La Pérouse in 1995

After his graduate training at the prestigious “Ecole Polytechnique” and postgraduate theoretical and practical hydrographic training he was assigned in 1964
to the Oceanographic Research Bureau of the French Hydrographic Office (BEO
- Bureau d’études océanographiques) based in Toulon on the Mediterranean
coast. The BEO had been created in 1960 as the first HO component dedicated
exclusively to oceanographic research in support of the French Navy. Etienne
CAILLIAU participated in several oceanographic cruises and was involved in the
assessment and deployment of the first electronic CTD equipment.
His next assignment in 1967-68 was a step back to more traditional hands-on
techniques. As Head of the New Caledonia Survey Mission in the South West
Pacific, he strove to get the most out of limited and worn out means to lead and
progress the surveys of a vast and challenging overseas area.
After a short stint at the Survey Directorate in Paris, he went back to sea from
1970 to 1974 as deputy to the Director of the Atlantic Survey Mission and then to
the Director of the Atlantic Oceanographic Mission, both based in Brest. During
that period, he was responsible for the scientific equipment of the new survey
ships D’Entrecasteaux, L’Espérance and L’Estafette. He led the trials and
assessment of the first prototype side-scan sonar operated by Shom. He was
also actively involved in organizing and conducting the high-resolution bathymetric survey of the mid-Atlantic ridge as the first phase of the French American Mid
-Ocean Undersea Study (FAMOUS) which was the first-ever marine scientific
exploration by manned submersibles of a diverging tectonic plate boundary on a
mid-ocean ridge. The survey was conducted on board FNS D’Entrecasteaux,
one of the very few survey vessels equipped with a stabilized narrow-beam deep
-sea echosounder.
As Head of Shom Cartographic Department from 1974 to 1978, Etienne
CAILLIAU expanded again his professional scope and was keen to push for the
introduction of new tools and processes through supporting and promoting the
development of the concept of “assisted cartography”. He joined the Marine
Cartography Committee of the International Cartographic Association in 1977
and remained a member until 1986.
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His second assignment to New Caledonia as Director of the Pacific Oceanographic Mission from 1978 to 1980 was another opportunity to promote the
modernizing of methods and equipment. He promoted the wider use of terrestrial
and satellite electronic positioning systems, introduced the use of programmable
electronic desktop calculators and developed a pragmatic doctrine for side-scan
sonar surveys in coral environments. In parallel he was highly active in strengthening a constructive dialogue with defence and civil users of surveys and nautical charts in order to address more efficiently their requirements, while considering the logistical constraints resulting from the significant distance between his
two main areas of responsibility, French Polynesia and New Caledonia homeport of his survey flotilla, more than 4 500 km apart. Fully aware of the
importance of the human element, he was very attentive to on-site continuous
education of the staff.
Returning to Shom main establishment in Brest (EPSHOM), Etienne CAILLIAU
was Head of the Nautical Information and Publication Department from 1980 to
1983. His term of office was marked with the full operational capability of the
NAVAREA II coordinating centre operated by his department. He placed greater
emphasis on studies related to the development of digital publications and initiated needs assessment surveys related to French merchant ships plying international trade routes and recreational boating. He remained attentive to these
issues during his subsequent three-year tenure as Deputy Head of Shom
General Studies Directorate in Paris. He embraced with enthusiasm the broad
remit of the Directorate both at national and international level. As a member of
the newly formed IHO TALOS Working Group, he actively contributed to the first
edition of the Manual on Technical Aspects of the United Nations Convention on
the Law of the Sea. He was also an ardent proponent of the development of the
electronic chart. Building on his overseas experience, he promoted a regional
approach to “Hydrography in the North-South dialogue”,notably through extending the Regional Hydrographic Commission network.
In 1987, Etienne CAILLIAU left Shom and was appointed Director of Oceanic
Research at the French Research Institute for Exploitation of the Sea (Ifremer).
With a broad range of activities under his supervision, including physical and
chemical oceanography, marine geosciences, deep ocean environment and
associated biotechnologies, he continued to encourage out-of-the-box thinking
and the use of cutting-edge technologies and to promote international cooperation and open access to the results of scientific and technical research. He
represented Ifremer in several international fora, including the World Ocean
Circulation Experiment, the Ocean Drilling Programme and the Processing and
Archiving Facility of the European Remote Sensing satellite system and chaired
the French National Committee for the Intergovernmental Oceanographic
Commission.
Etienne CAILLIAU returned to Shom in 1992, first as Deputy Director and from
1994 as EPSHOM Director. These were challenging times when Shom had to
face ever-growing needs, notably in relation with defence requirements, coastal
zone management and the advent of the digital era, while facing persistent budgetary difficulties. “Doing more with less” led to streamlining Shom organization,
implementing an ISO-based quality approach, reducing the nautical chart and
publication portfolio and focusing on strategic initiatives. A major collective
success was the launch of the Mercator project in cooperation with all national
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stakeholders with the objective to develop a high-resolution modelling and
prediction programme of the world Ocean. This project was the foundation of
to-day Mercator Ocean, the operator of the European Union (EU) Copernicus
Marine Environment Monitoring Service. Under the leadership of Etienne
CAILLIAU, this period saw the deployment of Shom intranet and internet
network, the start of the digital Notice to Mariners service and the start of the
production of Electronic Navigational Charts. All along, Etienne CAILLIAU
remained committed to openness to the outside and strengthening Shom
contribution to local, regional, national and international cooperation. He
represented Shom in Ifremer Scientific Committee from 1996 to 2001 and was
the first chairperson of the Board of Directors of the European Institute for Marine
Studies (IUEM) created in Brest in 1997.
Etienne CAILLIAU left active service in 2001 after a final assignment as Deputy
Director of the Ministry of Defence Centre for Higher Armament Studies.
Unsuccessful candidate to the IHB Directing Committee election in 2002, he was
elected member of the French Maritime Academy in 2003 and appointed that
same year as one of the IHO representatives of the GEBCO Guiding Committee.
He was a reliable and active member of the Committee until his resignation in
2013.

Figure 2. Poster of the GEBCO meetings held in Brest, France in 2009 at the
initiative of Etienne CAILLAU, member of the GEBCO Guiding Committee .

Progressively impaired by a merciless Parkinson disease that finally struck him
down, Etienne CAILLIAU stopped all interactive activities in 2015.
Let us salute his positive attitude and empathy and let us keep in mind and
cherish his outstanding legacy.
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OBITUARY
IN MEMORIAM

RDML Richard T. Brennan

It is with great sadness that we inform you of the passing of Rear Admiral Richard
“Rick” Brennan, Director of NOAA’s Office of Coast Survey. Rick passed away the
evening of Thursday, May 13, 2021. A loyal and deeply empathetic leader, Rick
served the NOAA Commissioned Officer Corps and nautical charting community for
nearly three decades. Rick will be remembered for his passion for NOAA’s mission,
as a role model for countless employees, a talented and knowledgeable hydrographer, and a man dedicated to family and friendship.
Rick graduated from The Citadel, in Charleston, South Carolina, with a bachelor of
science degree in civil engineering. After a brief stint as a bridge engineer, he was
commissioned in the NOAA Corps in January 1992.
Rick’s first assignment as a NOAA Corps officer was to the NOAA Ship Rude, a 90
foot hydrographic vessel that was conducting side scan sonar surveys in the
Narragansett Bay area. From the beginning, it was apparent that Rick loved
hydrography. He worked long hours and showed himself to be technically competent in all phases of the ship's operation. Just as important, the officers and crew
aboard the ship liked and respected him. In August 1992, Rick played an integral
role in Rude’s survey after the grounding of the Queen Elizabeth 2 (QE2) in
Vineyard Sound. As a NOAA diver, Rick helped to identify the precise rocks where
the QE2 grounded—even recovering metal shards from the ship’s hull.
Over his 29 years with NOAA, Rick served on nearly every hydrographic ship in the
NOAA fleet as well as three years on a mobile field party. His sea assignments
include operations officer, NOAA Ship Rude; operations officer, NOAA Ship Whiting; commanding officer, NOAA Ship Rude; executive officer, NOAA Ship Fairweather; and most recently commanding officer, NOAA Ship Rainier. His mobile
field party time included a year on a navigation response team and two years as
the officer in charge of NOAA Vessel Bay Hydrographer. In addition to his NOAA
time at sea, he also was privileged to serve on the U.S. Coast Guard icebreaker

185

INTERNATIONAL HYDROGRAPHIC REVIEW

MAY 2021

Healy as a member of the science team conducting bathymetric surveys in
support of the United States Law of the Sea claim. These assignments carried
him through the Gulf of Mexico and Caribbean to the Gulf of Maine and from the
Oregon Coast all the way up to Chukchi Gap in the Arctic Ocean.
While ashore, RDML Brennan completed a Master of Science degree in Ocean
Engineering at the University of New Hampshire’s Center for Coastal and Ocean
Mapping. He specialized in ocean mapping, acoustics and tidal error models.
After graduate school, he was assigned to lead Coast Survey’s Hydrographic
Systems and Technology Program. This branch’s main responsibility is technical
support for the NOAA hydrographic community and transitioning new technology
into operations within the fleet. He was awarded the Department of Commerce
Bronze Medal in this position for his work implementing the Tidal Constituent and
Residual Interpolation (TCARI) program in the hydrographic fleet. Subsequently,
Rick served as the chief of the Atlantic Hydrographic Branch (AHB) in Norfolk,
Virginia. He provided both leadership and technical direction to a staff of 21
physical scientists who conducted quality assurance and cartographic compilation for all East Coast hydrographic surveys conducted by NOAA, both in-house
and contractor acquired.
While assigned to AHB, he also served as NOAA’s mid-Atlantic Navigation
Manager, gathering maritime stakeholders’ charting requirements and bringing
NOAA assets to bear on their concerns. He earned the NOAA Corps Commendation Medal in this role, and more notably the Department of Commerce Silver
Medal for his service during Hurricane Irene in coordinating NOAA resources to
open the port of Norfolk. Other recent assignments include serving as the Chief
of the Coast Survey Development Laboratory, and senior policy advisor to the
Assistant Secretary for Environmental Observation and Prediction at NOAA
headquarters. While assigned to the Assistant Secretary’s staff, Rick was heavily involved with development of the NOAA Fleet Plan. This effort combined
Rick’s deep love of ships and the sea with his vision for a modern fleet, and has
placed NOAA on a path to sustain and expand its at-sea data collection
missions.
Rick’s most recent assignment prior to promotion to Director of the Office of
Coast Survey was as Chief of the OCS Hydrographic Surveys Division (HSD).
At HSD, Rick led the Precision Navigation initiative at NOAA, operationalizing
bathymetric and surface water currents products from NOAA’s coastal models to
make them accessible in marine navigation systems. The U.S. was the first
nation to demonstrate this breakthrough implementation of an international
standard that has long stymied the global hydrographic community. He was also
the driving force behind the National Bathymetric Source project, transforming
compilation and delivery of bathymetric data for nautical charting, precision marine navigation, and a wide range of coastal management applications. One of
his most notable achievements as Chief was producing the “Mapping U.S.
Marine and Great Lakes Waters: Office of Coast Survey Contributions to a
National Ocean Mapping Strategy.” The plan highlights Coast Survey’s contributions to implementing the 2020 National Strategy for Ocean Mapping, Exploring,
and Characterizing the United States Exclusive Economic Zone (NOMEC).
Rick was involved in NOMEC from its inception, first helping to draft the strategy,
with particular focus on mapping U.S. waters and the standards, tools and
techniques to do so. But his real interest was in implementing the plan; in his all-
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too-brief time as NOMEC Council Co-Chair, Rick dove into his advocacy role for
regional campaign mapping, the national security aspects of the effort, and the
potential offered by uncrewed systems and other technology improvements to
expand mapping efficiently. He was a huge proponent of integrated ocean and
coastal mapping, putting action to words with commitments of ship time and
resources to campaigns such as EXPRESS (Expanding Pacific Research and
Exploration of Submerged Systems). He also understood the importance of
sustaining relationships with the private sector, academia and other mapping
stakeholders in order to explore the art of the possible, a skill that came naturally
to him.

In 2020, Rick was elected President of The Hydrographic Society of America
(THSOA). He was promoted to Rear Admiral (lower half) and Director of the
Office of Coast Survey on April 20, 2021. Although only serving as Director for a
few weeks before his passing, his vision was clear.
He committed to continue OCS' path towards a more equitable, diverse, and
inclusive organization. He led by example by treating everyone with respect and
dignity, supporting both professional development and personal well being.
One of Rick’s priorities as Director was to reimagine the partnership between
NOAA, the U.S. Army Corps of Engineers, and the U.S. Coast Guard. Rick
inaugurated the new “Trident” on April 23, 2021, an initiative that is sure to live
on as a strengthening of these key relationships.

Rick’s leadership was also felt internationally in his role as the new U.S. National
Hydrographer. He gave presentations to the Indian Navy before sunrise;
discussed product partnerships with friends in the UK in the morning; built
relationships with our neighbors in Canada during the day; and met with our
colleagues in Asia in the late evening.
Rick firmly believed that another one of his most important leadership roles was
to communicate and cultivate passion and excitement about the “why” of hydrography and its importance to the nation and the world, in order to provide clarity
and focus about how the work is done.
Admiral Brennan's professionalism and passion shall be his enduring legacy. He
will live on in the hydrographic and NOAA Commissioned Corps communities as
his vision is carried forward with the same dedicated hard work and collaboration
to bring the benefits of service and hydrography to those we serve and to all the
world.
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