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Importance of Safe and Efficient Navigation
● Marine transportation and operations are 

key components of the global supply chain
● Vessels operate through the global ocean 

in extremely harsh conditions

NASA Worldview

The Blue Economy

Global Maritime Traffic Density Service (GMTDS) 
on IHO Data Centre for Digital Bathymetry Viewer
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"A picture is worth   
a thousand words 

(of High Seas text)"

Source: Reddit user mujolsubmarino
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Modernization of Maritime Communication

Electronic Chart Display and 
Information System (ECDIS)

Electronic 
Navigational 
Charts (ENC)

NAVTEX

Global Maritime 
Distress and Safety 
System (GMDSS)

S-100 Product 
Overlays

http://www.noaa.gov/marine-aviation
http://www.noaa.gov/research
http://www.noaa.gov/satellites
http://www.noaa.gov/fisheries
http://www.noaa.gov/oceans-coasts
http://www.noaa.gov/weather
https://www.commerce.gov/
http://www.noaa.gov/


Department of Commerce  //  National Oceanic and Atmospheric Administration  //  5

Navigational
WarningsS-124 

Marine 
Harbor

Infrastructure
S-131 

Aids to 
Navigation

Information
S-201 

Marine 
Weather

Warnings
S-412 

Marine 
Weather

Observations

S-414 

Dynamic 
  Ice

Information

S-411 

Marine 
Weather

Gridded Fields
S-413 

S-100 Product Overlays

Electronic 
Navigational 
Chart (ENC) 
[Base Map]

S-101 Bathymetric
SurfaceS-102 

Surface
CurrentsS-111 

Water Level
InformationS-104 

http://www.noaa.gov/marine-aviation
http://www.noaa.gov/research
http://www.noaa.gov/satellites
http://www.noaa.gov/fisheries
http://www.noaa.gov/oceans-coasts
http://www.noaa.gov/weather
https://www.commerce.gov/
http://www.noaa.gov/


Department of Commerce  //  National Oceanic and Atmospheric Administration  //  6

Bathymetric
SurfaceS-102 

Navigational
WarningsS-124 

Marine 
Harbor

Infrastructure
S-131 

Aids to 
Navigation

Information
S-201 

Marine 
Weather

Warnings
S-412 

Marine 
Weather

Observations

S-414 

Water Level
InformationS-104 

Dynamic 
  Ice

Information

S-411 

Surface
CurrentsS-111 

Marine 
Weather

Gridded Fields
S-413 

S-100 Product Overlays

Electronic 
Navigational 
Chart (ENC) 
[Base Map]

S-101 

http://www.noaa.gov/marine-aviation
http://www.noaa.gov/research
http://www.noaa.gov/satellites
http://www.noaa.gov/fisheries
http://www.noaa.gov/oceans-coasts
http://www.noaa.gov/weather
https://www.commerce.gov/
http://www.noaa.gov/


Department of Commerce  //  National Oceanic and Atmospheric Administration  //  7

   S-412: Marine Weather Warnings
● The goal of S-412 is to encode information on meteorological and 

oceanographic warnings that are used by mariners for 
route-planning and hazard mitigation

● Warnings are produced for:

○ Winds

○ Significant Wave Heights

○ Ice Accretion

○ Restricted Visibility

○ Thunderstorms
NOAA Images

Marine 
Weather 

Warnings
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Maritime Safety Requirements in S-412
● Safety of Life At Sea Convention 

(SOLAS) & Resolutions 
● Maritime Safety Information (MSI)
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RED indicates Zones that 
have active warnings

Polygon Portrayals for Warnings

    Gale
    Storm
    Hurricane

Experimental condition-based wind 
warning polygons for Hurricane Ian
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Derivation of S-412 Warning Polygons

Composite Maximum 
Wind Speed values for 

each gridpoint from hourly 
time steps S-412 Wind Warning Polygons   

for ECDIS (GML format)

24-hour 
Composite of 

Maximum 
Wind Speed

1.

2.

3.

 Gale
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Ice Information Warnings Gridded Fields

Observations Synoptic Weather

Seeing the Full Picture with S-41x
S-412 S-413S-411
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S-412 
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&
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Complementary S-41x Overlays
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Complementary S-41x Overlays

S-412 
Significant Wave 
Height Warnings 

&
S-415 

Synoptic Weather 
Features
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S-41x Project Timeline

  

2012 - 2018

  

2029

  

2018-2026

● U.S./NOAA 
designated as 
project lead     
for S-41x

● S-412 beta 
version 
released for 
comment

● S-412 split into    
three product 
specifications: 
412, 413, 414

● Redesign and 
development of 
S-412 

  

2026 - 2029

S-411 and S-412, 
containing MSI, 
become available 
on new ECDIS 
builds on vessels

  

Beyond 2029…

Completed S-41x 
products become 
available on 
upgraded, 
S-100-compatible 
ECDIS on vessels

● S-412 Version 1 
published by 
Spring 2026

● Release revised 
versions of S-412

● S-413 splits into 
S-413 and S-415

● Continue S-41x 
development

Past Progress… Now Looking Ahead…
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Charting the (Near) Future with S-41x

  Gale
  Storm
  Hurricane

S-412 + S-415

OPC/ECCC S-41x Working Group Contributors:
Dr. Stephanie Stevenson, LT. Thomas Cervone-Richards, Dr. Deanna Spindler, 

Dr. Todd Spindler, Synclaire Williamson, Geoffrey Dunsworth

 Safer navigation through harsh seas    
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