
PRECISION 
MARINE 
NAVIGATION
Information Infrastructure for the New Blue Economy

Presenter
Presentation Notes
Dr. Spinrad’s vision of the new Blue Economy represents a healthy marriage between the economic and the sustainable – a shift away from a solely extraction-based approach to one that considers the health of our ocean ecosystems both now and in the future.  



What is precision 
marine 
navigation?

…the ability of a vessel to safely and efficiently 
navigate within the U.S. EEZ and operate in close 
proximity to the seafloor, bridges, narrow 
channels, or other marine hazards. 



The Maritime Economy

Presenter
Presentation Notes
Navigation – especially in and around ports and narrow channels – is becoming increasingly difficult as the maritime economy continues to grow:
The data shows a total marine economy that is growing faster than the U.S. economy as a whole. 
It contributes nearly $373 billion to GDP and supports ~2.3 million jobs. 
Globally, today’s marine economy is valued at approximately $2 trillion annually and is projected to grow to $3 trillion by 2030

The economic growth has resulted in and coincided with the growth in ship size:
Water is the leading transportation mode for international freight transported to and from the United States.
Example: June 2021 – Port of Los Angeles Processes Record 10 Million TEUs for New Western Hemisphere Record 
Larger ships mean less room to operate (closer to the seafloor, bridges, channels, etc.)

Lead-in to next slide:
To continue safe and efficient operations, mariners rely on an increasing amount of information and data tools throughout their voyages.

Extra details:
In June of 2020, NOAA and the Bureau of Economic Analysis released the first comprehensive assessment of the U.S. marine economy… the first time that marine economic data was considered for its specific contribution to the overall economy compared to larger industry sectors (i.e. ‘signal’ was separated from the ‘noise’)
The results are telling--
The data shows a total marine economy that is growing faster than the U.S. economy as a whole. 
It contributes nearly $373 billion to GDP and supports ~2.3 million jobs. 
Globally, today’s marine economy is valued at approximately $2 trillion annually and is projected to grow to $3 trillion by 2030 
Specially, In a 2019 report to Congress, the Bureau of Transportation Statistics at DoT reported that “Water is the leading transportation mode for international freight transported to and from the United States.”
Vessels moved ~42 percent of the value and 71 percent of the weight of U.S. international trade in 2018.
Total tonnage handled by Top 25 maritime ports 1.88 billion Tons (3.76 trillion lbs), (545,718 Saturn V Rockets) (39,166 Akula’s), (23,175 Washington Monuments), (18,431 Nimitz Class Carriers), (32.5 Great Walls of China), up 7.5% since 2015
Economic Recovery:  Even during COVID Pandemic the Port of Long Beach recorded busiest January ever. And again in March!  June 2021: Port of Los Angeles Processes Record 10 Million TEUs for New Western Hemisphere Record The Port of Los Angeles has become the first port in the Western Hemisphere to handle 10 million twe...




NOAA’s Navigation 
Products

Presenter
Presentation Notes
To aid mariners throughout their voyages, NOAA develops and disseminates several types of navigation products and services:
Highlight some of the NOAA products, including the ones shown on the slide:
Range from observations of hydrographic conditions (e.g., water levels) to ENCS to weather forecasts and predictions

Currently, none of these navigation data and products can be leveraged in an integrated fashion within navigation systems.  This is one of the problems that we are trying to solve via the Precision Marine Navigation Program.

Lead-in to next slide: 
However, many of these tools have not dramatically changed over the last few decades, and there are many challenges in accessing and utilizing navigation data



Navigation Data Challenges
Difficult to access and process NOAA’s 
navigation data, due to:

 Multiple devices and systems required 
to access the data

 Datasets spread across various 
websites and data servers

 Datasets are encoded in different 
formats that are not navigation 
standards

Presenter
Presentation Notes
Some of the challenges mariners face when trying to access and utilize navigation data include:
It takes an array of devices and systems to process, display, and access the data, including:
Portable Pilot Units (PPU), Electronic Chart Systems (ECS), Electronic Chart Display and Information Systems (ECDIS), and Cell phones and tablets
The datasets are not located in one, easy-to-find place – instead, they are spread out throughout NOAA’s various websites and data servers
There is not a standard format in which the data is encoded/available

Lead-in to next slide:
Due to these challenges, machine-to-machine capabilities are not being utilized, and navigation system manufacturers can have a difficult time ingesting and processing data for distribution to customers.


Extra Information:
Mariners obtain and display these NOAA datasets often using more than one device or system such as Portable Pilot Units (PPU), Electronic Chart Systems (ECS), Electronic Chart Display and Information Systems (ECDIS), and/or cell phones to make critical decisions. Currently NOAA datasets are encoded in different data formats such as NetCDF, GRIB2, plain text, and GeoTIFF, and are spread across various National Weather Service, National Ocean Service and National Environmental Satellite, Data, and Information Service websites and data servers. This poses a challenge to navigation system manufactures to properly ingest and process the data for distribution to their customers. These challenges will grow in the coming years as the number of data sources and sheer amount of marine navigational information increases



Precision Marine Navigation Program
 Leveraging International 

Standards (S-100)

 Precision Marine Navigation 
Data and Dissemination 
Services

 Machine to Machine capability

 Marinenavigation.noaa.gov 
Website

Presenter
Presentation Notes
NOAA’s PMN Program is developing the next-generation of navigation products and services that address the navigation data challenges. These resources represent the information infrastructure needed to support the modern mariner and the New Blue Economy.
S-100 international data standards – these are the backbone of precision marine navigation, as they ensure consistency and allow for machine-to-machine readability. NOAA is aiding in the development of the standards and working to build out their suite of S-100 datasets.
PMN’s foundational pieces will make it easier to discover, process, ingest, and visualize NOAA’s navigation datasets. These services include: 
The Data Processing and Dissemination System – it ingests, processes, and disseminates data and allows for machine-to-machine readability, meaning navigation systems and software can automatically update whenever new data is available
Data Gateway Viewer (image shown) – an interactive web-mapping tool that allows users to discover, visualize, and download NOAA’s suite of S-100 products
Website will provide a central location and act as a clearinghouse for NOAA’s marine navigation resources – increasing efficiency for mariners in “just in time” environment

Lead-in to next slide:
PMN’s tools will continue to incorporate more and more data as the S-100 standards are developed for many critical hydrographic and meteorological parameters

https://beta.marinenavigation.noaa.gov/gateway/


S-100 Data Framework
S-100 Data Products

 S-101: Electronic Navigational 
Charts 

 S-102: Bathymetric Surface

 S-104: Water Level 
Information for Surface 
Navigation

 S-111: Surface Currents

 S-41X: Weather Overlays

Presenter
Presentation Notes
The S-100 standards provide the framework for maritime data and product specifications:
Supports a wide variety of navigation-related digital data sources, products and customers
Enables the transfer of data between and among ships and shore facilities, 
Integrates and transforms that data into decision and actionable information for maritime operations

These standards are being developed for a variety of hydrographic, bathymetric, and meteorological parameters. 
The primary navigation datasets that NOAA is helping to develop are listed in the slide and can be seen in the graphic. The development of these standards is a multi-year process, and PMN is aiming to have fully operational datasets for most of these parameters by 2025 (leads-in to next slide…)




PMN Rollout

Presenter
Presentation Notes

No major talking points here – just point out what the graphic is showing: 
 – development in orange, testing in blue, demonstration in green, and full service with the blue boxes. Also mention S-100 edition 5 coming in 2022



Ship Transit from 
New Orleans to 

New York/New Jersey
Navigation Considerations:

 Depths/Bathymetry in channels

 Surface current systems

Water levels

Waves and severe weather 
hazards

 Traffic and congestion (AIS)

Presenter
Presentation Notes
To show how these data tools will eventually be used, we can imagine a shipping route from New Orleans to the ports of New York/New Jersey.
There are several factors the mariners must consider to make this transit safely and efficiently, including:
Depths and bathymetry in channels – this is especially important in New Orleans, where the channel characteristics can change frequently due to the output from the Mississippi River
Surface current systems – tidal currents near the ports and major surface currents along the route can affect the speed and efficiency of the ship
Water Levels – near both ports, ships need to ensure that the water is deep enough to allow their draft, as the water levels can change with the tides and weather
Waves and severe weather – throughout the voyage, the ship needs to consider weather systems, potential severe weather, winds, waves, and other meteorological conditions
Traffic and congestion – as the maritime economy continues to grow, ship traffic and port congestion are becoming more problematic, cutting down efficiency and increasing costs

Lead-in to next slide:
PMN’s resources will address all of these factors, providing mariners the support they need to make critical decisions throughout every step of the voyage.



Pre-Voyage: Route Planning

Gulf Stream

Presenter
Presentation Notes
Before the voyage begins, mariners can consult surface current forecasts – S-111 data (as shown on the Gateway Viewer image) – to aid in route optimization.
For example, ships can take advantage of major current systems, like the Gulf Stream, to cut down on their fuel use (click for animation that highlights the Gulf Stream)
Ships ride these currents and operate at less than maximum speed, thereby cutting down their fuel consumption and reducing the emissions they produce
It’s also more cost effective – for large container ships, 1 knot of speed reduction can result in 10-15% fuel savings

Lead-in to next slide:
Mariners can also monitor currents near each port to determine optimal times for departing and arriving




Pre-Voyage: Route Planning
S-111 12-hour Forecast (NOLA) S-111 72-hour Forecast (NYC)

S-111 surface current data enables route optimization;
Fuel reductions = emissions reductions and cost savings 

Presenter
Presentation Notes
S-111 data provides surface current forecast guidance out to 48-120 hours, allowing mariners to monitor current systems at the ports of departure and arrival
Can use this information to determine best windows to leave or arrive without sailing against the currents
This information can improve efficiency, and by minimizing the amount of time sailing against the currents, can reduce fuel use, emissions, and costs

Lead-in to next slide:
Tidal currents can also affect water levels, so this data can help predict when levels will be high enough for the ship’s under keel clearance



Leaving New Orleans: Water Levels

S-104 data will make it clear where it is safe for the ship to maneuver

Presenter
Presentation Notes
Moved this slide up, as it seemed a better transition from surface current slide

S-104 standards for water level data will make it clear where it is safe for a ship to maneuver
Typical water level data is displayed in time series plots (image on left) or in text formats in a table, but S-104 specifications will provide a more intuitive display
It will account for a ship’s characteristics and process real-time water level information to display the areas where a ship can safely operate
Image on right is example of S-104 display: areas in red show where the draft is not deep enough for the ship to operate, while areas in blue show where the draft is deep enough

Lead-in to next slide:
S-104 water level data can aid in safe operations in shallow channels and areas near ports, especially when paired with accurate bathymetry data



South of Baton Rouge, LA: Bathymetric Surface

Numerous accidents occur in the Lower Mississippi, including 
groundings where there is little underkeel clearance

Presenter
Presentation Notes
Having accurate bathymetry data is critical for safe navigation in narrow channels and shallow areas near ports.
This is especially true in the Lower Mississippi, where numerous accidents occur
In areas like this, where there is already little under keel clearance, obstacles like the wreck shown in the image can prove disastrous if they are unknown
Small obstacles and fine details are often not shown in the bathymetry on traditional charts
This wreck was close to the shore of the second largest refinery in the U.S. – an area of a lot of traffic

Lead-in to next slide:
S-102 bathymetry will allow for high-resolution gridded bathymetry to capture the most detailed and up-to-date picture of the seafloor





South of Baton Rouge, LA : Bathymetric Surface

S-102 bathymetric 
information can increase 
safety and enable deeper 

drafts

Presenter
Presentation Notes
Having detailed S-102 bathymetry data can improve safety of operations and allow for deeper drafts to navigate in shallow areas
The grid bathymetry can be described as a Navigation Surface or a Digital Terrain Model of the seafloor in the form of regular rectangular meshes
S-102 will provide much higher resolution than traditional charts, and the display will note where it is safe for a ship to navigate based on its draft
One of the first success stories of PMN was a pilot project in the Port of LA/Long Beach where S-102 data made it possible to increase draft by 4 feet




At Sea: Waves and Weather
S-413: Wave and Weather 

Conditions
S-414: Wave and Weather 

Observations
S-412: Wave and Weather 

Hazards
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Once outside of the channels and nearshore areas, parameters like water levels and bathymetry are no longer the primary concerns for mariners. However they can continue to use PMN resources to monitor wave and weather conditions.
S-41X data will provide information regarding wave and weather hazards, conditions, and real-time observations
S-41X will provide new ways to display this information and make it clear what potential weather concerns could affect a voyage (lead-in to next slide…)



At Sea: Waves and Weather
S-413: Wave and Weather 

Conditions
S-414: Wave and Weather 

Observations
S-412: Wave and Weather 

Hazards

S-41X will provide critical marine weather information to ensure 
safety at sea

Presenter
Presentation Notes
By combining the critical marine weather information into a joint output/display, mariners will be aware what potential hazards they may encounter. 
This information will aid in the decision-making process and can ensure safety while at sea
Provide example of the El Faro, which was transiting from Jacksonville to Puerto Rico, when it encountered Hurricane Joaquin and was sunk. When it first departed, Joaquin was just a tropical storm, and only developed into the hurricane while they were at sea.
The goal is for S-41X data to provide the most up-to-date, accurate information, so that in situations like this, disasters can be avoided




Arriving at New York/New Jersey: 

Using PMN services can improve efficiency and reduce congestion

Presenter
Presentation Notes
As we arrive to our destination, into another crowded port it is important for the mariner to get the latest information available as they enter.  Because we leverage international standards, we utilize robust discovery metadata that allows for the navigation systems to automatically discover and download the latest datasets available for their voyage.  So as they transit into New York they can get the latest available water levels and surface current information to make informed decisions as they navigate one of the busiest ports in the world.



Benefits of Precision Marine Navigation
Making the marine navigation data more accessible can 
enhance the decision-making process, leading to increased 
efficiency…
Optimizing routes for fuel savings and reduced CO2 emissions
Reducing lightering offshore (Safety issue)
Reducing port wait times

…and improved safety
Reduced collisions, allisions, and groundings
Avoiding hazardous weather conditions

Presenter
Presentation Notes
In the example voyage from New Orleans to New York/New Jersey, we showed how the different data sets and resources can be used to improved the navigation process.
This slide provides a sort of summary of the benefits of PMN
Want to reiterate that while we provided the examples of each S-100 dataset that NOAA is developing, it’s important to remember that we are also developing the processing and dissemination system that allows for machine-to-machine readability and the new ways to display the datasets

Lead-in to next slide:
While many of these datasets and resources are currently in development, PMN did begin with a pilot study that showcased the benefits of these improved navigation resources



PMN Success Story
Underkeel Clearance concerns in the 
Long Beach Channel:
 Dredged to 76’ to allow tankers with 

69’ draft
 Long period swells necessitated draft 

limitation of 65’
 Forced offshore lightering

New surveys allowed for S-102 data
 Draft increased to 69’
 Millions of dollars in savings

Presenter
Presentation Notes
Provide summary of the LA/Long Beach pilot study and how the S-102 data allowed for a draft increase of 4 feet, which translates into millions of dollars of cost savings.

Lead-in to next slide:
Over the next few years, the PMN program will continue to develop, test, and make operational the resources that will lead to more success stories like the LA/Long Beach project



PMN Milestones
 Implemented full S-100 Discovery Metadata for machine-to-

machine dissemination
 Released prototype PMN Data Processing and Dissemination 

System 
 Released beta version of PMN Data Gateway viewer running on 

AWS 
 Upcoming launch of marinenavigation.noaa.gov website
 Continued stakeholder outreach and engagement

Presenter
Presentation Notes
Final slide – just need to provide summary of our main milestones
Processing and dissemination system – prototype released in Summer 2020
Data Gateway Viewer – prototype released in January 2021
Marinenavigation.noaa.gov 
Stakeholder outreach and engagement through annual workshop (next one on October 20, 2021), work with industry and federal partners

NOAA’s National Ocean Service has piloted this project with minimal funding and much of the work has been done with a combination of this and base funds in order to provide these products and services for the entirety of the United States, Oceans, Coasts and Great Lakes.  We believe that this program is in the best interest of the Nation and the direction that ports and shippers are moving in.  


The collective value of NOAA datasets is significantly greater than when they are disseminated separately or are not easily discovered, and PMN is building out the information infrastructure that enables the full use of this data for navigation purposes. Mariners can use this data to optimize their routes and make critical decisions while at sea, as well as safely maneuver in congested seaports. For example, by taking advantage of a strong current, a ship can operate well below its maximum speed and reduce its fuel use and greenhouse gas emissions; accurate water level forecasts and high-resolution bathymetry can reduce the need for lightering and cut down on port congestion; and real-time water levels, currents, wave, bridge clearance, and weather observations can ensure that a ship avoids a grounding, an accident, or serious weather hazards while in transit. These tools represent the next generation of the nation’s navigation services, and they will serve as the foundation for the growth of the new Blue Economy while improving the safety, efficiency, and sustainability of the nation’s marine transportation system.  





Questions?
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