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This year marks the beginning of the United Nations Decade of Ocean Science for Sustainable Development
(2021-2030)
More than 60 existing programs, such as the Nippon Foundation-GEBCO Seabed 2030 Project, the Global
Estuaries Monitoring Programme, and the Ocean Practices for the Decade, were recently endorsed as
UN Ocean Decade Actions. A common element to all these programs? They involve marine data.
To be effective, these global efforts and the data they gather must be interoperable, which requires
standardization of practices. For many years, the ocean mapping community has set forward standards,
protocols, and guidelines on how marine data should be collected, processed, stored, and shared. However,
these individual efforts have resulted in an overwhelming number of options to choose from, often having the
opposite effect and preventing standardization. For example, the Ocean Best Practices System repository
currently holds over 1,300 “best” practices.
The efforts associated with the West Florida Shelf Standardized Mapping Framework Center of Excellence and
the Florida Marine Data Hub seek to make sense of the many solutions offered as they pertain to the mapping of
the West Florida Shelf. Our early research shows that there is no need to reinvent the wheel; standards,
protocols and guidelines exist at the state, regional, national, and international levels. It will be up to our
community of practitioners to make decisions about how to align and eventually coordinate with these existing
efforts. Our team will be hosting a collaborative workshop in October 2021 to seek community input about a
standardized mapping framework for the West Florida Shelf. If you want to participate or to suggest agenda
items, please let us know!
In the meantime, enjoy this issue of the newsletter and check out the recent additions to the website!
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Ocean Exploration Variables
The National Oceanic and Atmospheric Administration Office of Ocean Exploration and Research, or
NOAA Ocean Exploration, recently released a list of 16 high-priority exploration variables.
A NOAA cross-division working group
performed a meta-analysis of deep-sea ocean
exploration literature in order to list commonly used
or recommended variables to consider when
collecting baseline data about newly explored
areas. The team used 13 peer-reviewed
publications, white papers, and reports on deepocean exploration, observation, and science needs,
including content from the Global Ocean Observing
System and UNOLS (the Deep Submergence
Science Committee of the University-National
Oceanographic Laboratory System).
A total of 91 different variables were identified,
33 of which were considered relevant to the
broader community based on their relative
prevalence in multiple publications. After grouping
similar variables, for example, various biological
variables, and dismissing the variables that
addressed objectives that were too specific, the
working group selected 16 high-priority variables
(listed on page 3 of the newsletter).
As mentioned in their report, it is important to
note that this list must be adapted to the objectives

of the exploration efforts, to the type of environment
that is surveyed, and to the characteristics and
specificity of the study area. This list of high-priority
exploration variables is simply a starting point to
standardize baseline data collection about the marine
environment. While the analysis focused on deep-sea
environments, the framework is easily transferable to
the mapping and exploration of shallower habitats.
The working group went further than only making
recommendations about exploration variables. They
also turned a critical eye on NOAA Ocean
Exploration’s capabilities to collect data on the
recommended variables. NOAA Ocean Exploration is
the only federal program dedicated to ocean
exploration and is supported by the NOAA Ship
Okeanos Explorer. The working group identified the
tools available to the Okeanos Explorer that would
allow exploration missions to successfully collect data
on the 16 high-priority exploration variables, and the
data gaps that are not currently directly addressed by
their operations. This allowed them to propose
approaches to incorporate new processes,
technologies, and instruments that would enable
NOAA Ocean Exploration to address these gaps.

Examples of peer-reviewed publications included in NOAA Ocean Exploration’s meta-analysis
Danovaro et al. (2020). Ecological variables for developing a global deep-ocean monitoring and conservation strategy.
Nature Ecology & Evolution 4:181-192. https://doi.org/10.1038/s41559-019-1091-z
Sayre et al. (2017). A three-dimensional mapping of the ocean based on environmental data.
Oceanography 30(1):90-103. https://doi.org/10.5670/oceanog.2017.116
Woodall et al. (2018). A multidisciplinary approach for generating globally consistent data on mesophotic, deep-pelagic, and
bathyal biological communities. Oceanography 31. https://doi.org/10.5670/oceanog.2018.301

Levin et al. (2019). Global observing needs in the deep ocean.
Frontiers in Marine Science 6. https://doi.org/10.3389/fmars.2019.00241
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Ocean Exploration Variables
The 16 High-Priority Exploration Variables Identified by NOAA Ocean Exploration, grouped into the
six categories of variables from the Florida Marine Data Hub

BATHYMETRY & BACKSCATTER

GEOLOGY & GEOMORPHOLOGY

-Global seafloor mapping and seafloor
composition (substrate)

-Global seafloor mapping and seafloor
composition (substrate)

OCEAN CHEMISTRY

MARINE BIOLOGY & ECOLOGY

-Carbonate chemistry, including dissolved
inorganic carbon, pH, alkalinity, and redox

-Distribution and cover of habitats, including
mud volcanoes, cold seeps, vent
communities, cold water coral communities,
general living habitats, unique and sensitive
communities

-Dissolved oxygen
-Inorganic macronutrients, nitrate/nitrite,
silicate, and phosphate
-Particulate organic matter, dissolved
organic carbon, and heterotrophic and
chemoautotrophic carbon

-Sea surface and subsurface salinity

PHYSICS & OCEANOGRAPHY
-Biophony, anthrophony, and general ocean
sound
-Bottom pressure
-Sea surface and subsurface currents
-Sea surface and subsurface temperature
-Turbidity, suspended particulates
concentration, and flux
www.FloridaMarineData.com

-Observations of organisms in their
environment, organism behavior
-Species-specific and general biomass,
density, distribution, diversity, and
abundance for microbes, plankton,
invertebrates, fish, megafauna, marine
mammals, meiofauna, and macrofauna
-Specimen collection for genetic and
morphological identification, species
connectivity analysis, and food web/trophic
structure analysis

OTHER DATA TYPES
-Anthropogenic impacts, including
microplastic abundance, size, distribution,
and diversity, and other impacts that may
have altered biological communities
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Ocean Exploration Variables
For more details and to read the full report:
Exploration Variables Identified by NOAA Ocean Exploration
Egan KE, Le JT, Murphy JWA, Netburn AN, Bohan M, Copeland A, Cromwell M, Edrington C, Hammond S, Malik M,
McKinnie D, Sowers D, Valette-Silver N, and Wagner D (2021). Exploration Variables Identified by NOAA Ocean
Exploration. NOAA Ocean Exploration. Silver Spring, MD. NOAA Technical Memorandum OAR OER; 004. 136 pp.
DOI: https://doi.org/10.25923/m37w-8b55

The NOAA Office of Ocean Exploration and Research is 20 years old in 2021. Every year, it seeks
proposals for ocean exploration projects in themes such as marine archaeology, seafloor mapping,
technologies, coral communities, and canyon and seamount habitats. Many teams from Florida have
benefited from these funding opportunities in the past. This map displays some of the funded projects of
the last decade on the West Florida Shelf, in the Gulf of Mexico, in the Florida Keys, and off the Atlantic
coast of the State. Interact with the map here!
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Restrictions on Marine Geospatial Data
It is not uncommon to encounter situations where the marine environment has been mapped to appropriate
standards, but data are not openly available for free use or are only available at a limited spatial, temporal, or
thematic resolution. This is sometimes motivated by commercial interests, for instance, when a company pays
to have a specific area of the seabed mapped before installing infrastructure like oil & gas platforms, pipelines,
and fish farms. Certain countries have regulations as part of permitting processes to ensure that these data
are shared and made available for public use. When this is not the case, it may be challenging to access such
data, although some companies may sell them for profit. Efforts associated with the Seabed 2030 Project
(cf. Volume 1) include discussing with companies to invite them to share their data.
In other cases, most often within a country’s Exclusive Economic Zone (EEZ; 200 nautical miles) and
territorial waters (12 nautical miles), there may be restrictions due to national security concerns. Naval military
forces have long exploited the ocean environment, for example to estimate underwater sound wave
propagation to detect noise from propellers of vessels or submarines; underwater sound is influenced by
weather, physical oceanographic conditions, bathymetry, and sediments and sub-bottom stratification.
Detailed knowledge of the environment is therefore vital to a nation’s ability to operate efficiently, and
releasing this information to the public may involve giving up an important operational advantage.

This figure shows models of how underwater sound travels differently in different temperature and salinity conditions.
Reflections off the seabed, at the bottom, are influenced by sediment type and composition.

The precise location of shipwrecks can also be withheld from the public for safety reasons. The wrecks may
have dangerous cargo that can pollute the environment if tampered with, or the structure may be deemed too
dangerous for divers. If the crew went down with a ship or airplane, the coordinates of the wreck might remain
undisclosed to protect it as a gravesite not to be approached or disturbed.
In the 1990s, the North Atlantic Treaty Organization (NATO) developed the concept of Additional Military
Layers (AMLs), a range of digital geospatial products designed to enhance situational awareness in the marine
environment. AMLs provide maritime military forces with the best environmental data available. By expanding
the functionality of the onboard electronic chart display systems, AMLs can be added to background nautical
charts, increasing the knowledge available to decision-makers. You can find more information on AMLs by
visiting the Naval Oceanography Portal of the United States Naval Oceanographic Office, or the Admiralty
Maritime Data Solutions webpage of the United Kingdom Hydrographic Office.
In sum, different nations have different protocols when it comes to marine data restrictions, depending on
location, naval force structures, and operational requirements. In many European countries, high-resolution
seabed data of territorial waters are restricted, but lower-resolution versions of the data are publicly available.
In the U.S., coastal data are most often freely available at their native resolution, except in some areas like near
military installations. With the increasing awareness of the importance of marine geospatial data for nonmilitary applications, there is hope that restrictions on such data may ease in the future. After all, many
scientific instruments widely in use today, such as echosounders, were initially developed for military purposes.

www.FloridaMarineData.com
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Technical section

What are Metadata?
Metadata, or data about data, are a fundamental component of geospatial data and ensure correct
use, storage, portrayal and stewardship, and interoperability.
Metadata are commonly defined as “data about data”, meaning that they should describe all features about
a dataset necessary for the dataset to be discovered, distributed, and used. In the case of geospatial data,
metadata will typically include details on how, where, and when the data were collected, what type of
reference frame and structure the data are stored in, and any restrictions for use that may apply.
The International Organization for Standardization (ISO) establishes and maintains standards for most
aspects of technology, including geospatial data. The ISO standard for geographic metadata (the ISO 191**
series) includes a number of standards that relate to geospatial metadata, including data quality and spatial
referencing. The ISO 191** series of standards is adopted by most nations and organizations around the
world. These standards provide an overarching framework that can be enhanced by the users to tailor the
standards to their specific needs and datasets.
As part of the ISO 191** series, the ISO 19139 standard defines the schema for geographical metadata.
Metadata are typically attached to datasets as independent files as machine-readable XML files. The ISO
19139 standard includes an implementation guide with XML encoding rules. The adoption of this standard
enables data providers to know which information is necessary and relevant to provide to potential end-users,
in accordance with data submission criteria.
Right: Examples of metadata that should be registered for any
geospatial dataset, depending on data type and intended use.

Geospatial Dataset
NOAA’s National Centers for
Environmental Information (NCEI)
host and maintain a vast collection of
environmental data. Consequently,
NCEI have built a framework for
metadata registration in line with the
ISO 191** series.
The NCEI Metadata Geoportal
allows users to search among datasets
based on the recorded metadata field.
On the other hand, the
Collection Metadata Editing Tool
(CoMET) lets users create their own
ISO-compliant metadata records.

More information on ISO standards for geographical information
can be found here and on the site of the
Federal Geographic Data Committee.

www.FloridaMarineData.com

Metadata
Data Collection
• Date of collection
• Location/Boundaries
• Equipment used

Data Processing
• Resolution (spatial, temporal)
• Reference system
• Format, version
Data Management
• Version
• Expiration date
• Release date
• Update schedule
Data Distribution
• Usage restrictions
• Copyrights
• Liability
Other Relevant Metadata
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Outsider Perspective

The MAREANO Programme
MAREANO (Marine AREA database for NOrwegian waters) is a Norwegian multi-departmental
project for surveying, processing, cataloguing and distributing marine data in Northern waters.
MAREANO is an extensive Norwegian program for
mapping the physics, biology, and pollution in the
maritime environment off the coast of Norway, including
the Svalbard archipelago and the Jan Mayen Island,
Hopen Island, and Bear Island. The program is funded
by the Norwegian government, with an annual budget
of approximately 12 million USD. The program was
initiated in 2005 and has been steadily increasing its
scope and activities to include more aspects of the
physical and biological marine environment.
Organizations involved in the management of
MAREANO include the Norwegian Institute of Marine
Research, the Geological Survey of Norway, the
Norwegian Mapping Authority, and the Norwegian
Environmental Agency.
Figure below: Bathymetry data collected West of
Tromsø, Norway. This area shows several ridges and
depressions approximately 100 m tall/deep dominating
the seafloor. They were formed by ice digging masses
from the depressions and depositing it as ridges. An
environment quite different from the West Florida Shelf!

MAREANO collects data on bathymetry, sediment
composition, biodiversity, seabed habitats and
biotopes, and pollution in Norwegian coastal and
offshore regions.

The MAREANO web portal allows users to display
data and create custom maps using common webGIS
tools, or to request data from different providers. The
portal also includes pre-generated maps, such as
overviews of deep-sea coral reefs, sediment grain
sizes, vulnerable habitats, and many more.
MAREANO is integrated in a larger national
framework called Geonorge, which is the national
website for geospatial data in Norway. This website is
maintained by the Norwegian Mapping Authority.
Users of MAREANO who wish to download
bathymetry data are rerouted to complete the
download process through Geonorge.

www.FloridaMarineData.com
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Outsider Perspective

The MAREANO Programme
MAREANO products span numerous topics: bathymetry, habitats, chemical analyses, human impact and
commercial interest, to name a few. Here are some examples of products that can be viewed on the portal:

This figure shows the bathymetry in 10 x 10 km area of
Barents Sea, off the northern coast of Norway. When
icebergs from the Arctic Ocean enter shallower areas, they
scour the soft sediments on the bottom and create the
intricate patterns shown. The depth is around 300 m.

Map of sediment grain sizes in
the Barents Sea. The
dominating sediment types are
mud and sand, with coarser
sediments deposited by glacial
activity around land formations.

For more information:
Bøe et al. (2020) Revealing the secrets of Norway’s seafloor – geological mapping within the MAREANO programme
and in coastal areas. Geological Society, London, Special Publications, 505. doi: 10.1144/SP505-2019-82
Buhl-Mortensen et al. (2015) The MAREANO programme – A full coverage mapping of the Norwegian off-shore
benthic environment and fauna. Marine Biology Research, 11, 4-17. doi: 10.1080/17451000.2014.952312
Buhl-Mortensen et al. (2015) Habitat mapping as a tool for conservation and sustainable use of marine resources:
Some perspectives from the MAREANO Programme, Norway. Journal of Sea Research, 100, 46-61.
doi: 10.1016/j.seares.2014.10.014
Dolan et al. (2009) Developing seabed nature-type maps offshore Norway: initial results from the MAREANO
programme. Norwegian Journal of Geology, 89, 17-28.
Elvenes (2014) Landscape mapping in MAREANO. Geological Survey of Norway Special Report, 2013.035, 39 p.
Holte et al. (2012) The Norwegian MAREANO Seafloor Mapping Programme. Hydro International web page.
Thorsnes (2009) MAREANO – an introduction. Norwegian Journal of Geology, 89, 3.
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Tool of the trade

Pydro
Pydro is a collection of tens of open-source hydrographic tools provided by NOAA’s Office of Coast Survey
and partners and designed to aid hydrography and nautical charting.
While most tools in Pydro are developed to serve NOAA’s operations, they are made freely available to the
public and can be customized by users. The tools from Pydro are accessible by downloading the Pydro
Explorer application, which subdivides the tools into categories such as backscatter, sound speed, surfaces,
deliverables, learning, raw data access and conversion, and tides and datums. The documentation for each
tool is available directly in Pydro Explorer or online. Whether a user is a beginner or experienced, the tools from
Pydro are usually easy to use and implement within broader workflows. The individual tools can also be
extracted from Pydro Explorer and added to a computer’s Start Menu or Desktop, for those frequently-used
tools that require faster access.
Students taking the Marine Geomatics course offered by the School of Forest, Fisheries, and Geomatics Sciences
of the University of Florida were asked to explore the tools offered in Pydro and to identify one that could be useful
in their respective career or that they found interesting. Some of the most common selections are listed below.
-BAG Explorer was a student favorite as it allows visualizing and querying information about bathymetric data and
associated uncertainty values.
-CA (Chart Adequacy) Tools assist with the evaluation and assessment of nautical charts.
-CastTime is a monitoring and evaluation tool to determine how often to take sound speed profiles when collecting
acoustic data.
-Charlene is an automated data processor that performs verification of raw data, builds a directory structure for
deliverables, organizes the data, processes multibeam and sidescan data, generates deliverables, and does
quality control. Charlene requires a license of the bathymetric data processing software Caris.
-Compare Grids, another student favorite, facilitates the direct comparison of different digital bathymetric models,
even if the spatial resolutions of the input grids are different. The tool outputs statistics and the fraction of the
allowable error as informed by the standards of the International Hydrographic Organization.
-EPOM (e-learning Python for Ocean Mapping) is a learning tool designed to teach Python programming skills for
ocean mapping applications.

-Extract Survey Outlines produces survey outlines from input survey lines, based on the instruments used (e.g.,
multibeam echosounder, sidescan sonar) and coverage needed.
-Fetchtides facilitates the retrieval of tide data and their management, and the creation of tide files for bathymetric
data processing.
-QC Tools is a suite of tools for quality control, review of survey data, and creation of nautical charts.
-StormFix allows the identification and reduction of artifacts in a backscatter mosaic.
-VR Surface to SR Bag converts variable resolution surfaces into a 5-meter single resolution bathymetric
attributed grid from which chart soundings and contours can be extracted.

www.FloridaMarineData.com
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Provider Profile

The CLIVAR & Carbon Hydrographic Data Office (CCHDO)
The CCHDO provides openly accessible global oceanographic and hydrographic data.
The CCHDO supports oceanographic research by providing openly accessible and standardized
oceanographic and hydrographic such as temperature, salinity, dissolved oxygen, and current profiles.
The available datasets facilitate broad-scale ocean studies and are used mainly to support physical
oceanography and climate research and work on the carbon cycle and marine biogeochemistry and
ecosystems. One of the key features of CCHDO is the availability of time series data covering decades of
observations from robust oceanographic research programs.
Available data cover the entire world and can be searched by ocean or by drawing a geographic search
area on a map. Data can be downloaded in standardized, commonly-used formats such as netCDF, WOCE,
and WHP-Exchange. These formats improve the usability, readability, and adherence to community
standards. The portal compiles the data from a variety of programs such as GO-SHIP, the World Ocean
Circulation Experiment (WOCE), and USHYDRO; data searches can be performed based on which program
contributed them. CCHDO is not only a source for data. The documentation available on the portal includes
protocols for instrument calibration, sampling, analysis, and quality control for various data types. In
addition, new data and metadata can be easily shared with CCHDO through a simple upload portal.
A quick map search
for Florida returned
datasets from as far
back as 1981 and as
recent as 2020.
CCHDO is made
possible by support
from:
-the National Science
Foundation (NSF)
-the National
Oceanic and
Atmospheric
Administration
(NOAA)
-the Scripps
Institution of
Oceanography
-the CLIVAR project
-the GO-SHIP
program

www.FloridaMarineData.com
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Miscellaneous News from the Field
President Biden designated June 2021 as National Ocean Month. The written proclamation
stresses the importance of a healthy and sustainable ocean, marine conservation, and the
country’s Blue Economy. This ties in with other government programs and goals, such as the
“America the Beautiful” initiative to conserve land and water areas. Also, it reinforces the U.S.
participation in the UN Ocean Decade, and the recently published Implementation Plan for
NOMEC, discussed in our Spring 2021 newsletter.
The Global Ocean Biogeochemistry (GO-BGC) Array aims to
release 500 robotic floats in the ocean over the next few
years as part of the ARGO program. In addition to standard
ocean physics data, the floats will measure biogeochemical
properties of the water to assess the health of the ocean and
monitor the impacts of climate change and ocean
acidification. The new floats will drift freely with the currents
and dive down to 2,000 meters at regular intervals, collecting
data along the water column. Recorded data will be
transmitted to data centers through satellite communication
every time a float comes back at the surface.
A recent study describes a new method for merging ship-borne
sonar data with satellite-derived LiDAR data using cloud
computing resources. A collaborative effort between NASA
scientists and several international organizations has produced
digital terrain models of shallow seas at a resolution of 10
meters, including for Biscayne Bay, Florida. More details on
NASA’s website, or in Thomas et al. (2021).

Image credit: the Argo Program

A new compilation of sediment data, which include geophysical surveys, sediment cores, and
grab samples, was recently made available on the Gulf of Mexico Alliance website.
The International Ocean Data Conference will be held from February 14th-16th, 2022, in
Sopot, Poland, under the theme The Data We Need for the Ocean We Want. Topics will
include global strategies and policy, and implementing the digital commons.
www.FloridaMarineData.com
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Miscellaneous News from the Field
A new report from Ocean Conservancy and the Center for Open Data Enterprise (CODE)
highlights the challenges and opportunities associated with ocean data. The report calls for
an increase in funding and data transparency and for the formal adoption of a common
framework to improve data accessibility and comparability. The report also mentions the role
of existing efforts, such as the Gulf of Mexico Alliance, in sharing and applying ocean data to
address management and conservation needs. Read the press release and full report for
more information.
Oceanography, the magazine of The Oceanography Society, recently published a special
issue dedicated to ten years of the Gulf of Mexico Research Initiative (GOMRI);
“Ten Years of Oil Spill and Ecosystem Science” features 16 articles (below).
The EMODnet framework, which was the topic of The
Outsider Perspective portion of our Spring newsletter,
was also featured in the Eco magazine, in a special
issue on the UN Ocean Decade. The article, titled
Marine Data and Knowledge For All – EMODnet:
Europe’s free and open access marine knowledge
broker, can be accessed here!
EMODnet also held a conference at the beginning of
June, with the theme Connecting open data,
delivering marine knowledge: a vision for 2030. Many
of the presentations are available on their website.

In 2021, the International Hydrographic
Organization celebrates its centennial.
Watch this short video!
A new version of the Surface Ocean CO2 Atlas (SOCAT) was recently released. This version
has 30.6 million observations ranging from 1957 to 2020 that allows quantifying ocean carbon
sinks and ocean acidification, and developing biogeochemical models.
www.FloridaMarineData.com
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Want to contribute content to this newsletter or to the website?
Interested in sharing a story or dataset?
Have questions or feedback?
Get in touch!
FLMarineDataHub@ifas.ufl.edu

TO CONTACT US:
Marine Geomatics Lab

School of Forest, Fisheries, and Geomatics Sciences
University of Florida
7922 NW 71st Street, Gainesville, FL 32653
FLMarineDataHub@ifas.ufl.edu
www.FloridaMarineData.com
@FLMarineDataHub
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This newsletter and associated research
are made possible by support from the
Florida Institute of Oceanography.
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