
Progress on the S-104 
Product Specification

S-104 Project Team

Greg Seroka
Coast Survey Development Laboratory

Office of Coast Survey, NOAA, USA

5th Tides, Water Level and Currents Working Group (TWCWG5)

Remote VTC

16-18 March 2021

In memory of Kurt Hess



• Apr 2019: Ed 0.0.7 discussed at TWCWG4
• Tasks: gather use cases, build HDF5 format

• Sep 2019: attended 7th S-100 Test Strategy Meeting (TSM7) (Monaco)
• Proposed changes to S-100 for S-104

• Ed 0.0.8 worked on, based on TWCWG4, TSM7, use cases
• Thank you to TWCWG Chair Gwenaële Jan for big help in pushing forward

• Mar 2021: attended 8th S-100 Test Strategy Meeting (TSM8) (VTC)
• Discussed tide and water level adjustment, real-time data, additional vertical 

datums, interoperability

• Ed 0.0.8 ready for TWCWG5

PROGRESS IN S-104 PS: RECENT TIMELINE



• Updates to S-104 PS

• Issues to discuss

• Next Steps
• Get to Ed 1.0.0

PROGRESS IN S-104 PS: OVERVIEW



• S-104 HDF5 format built out by S-104 PT based on use cases

• HDF5 can contain water level data of 4 types: 
• time series at stations
• data such as forecasts on a regular grid
• data on an ungeorectified (‘irregular’) grid
• data in TINs

• Major focus on time series data since gridded data can be structured
similarly to S-111

UPDATES TO S-104 PS

Pick Report

Graphic time series plot



• Removed real-time data, including areas of influence/AIS
• Awaiting S-100 real-time data

• Can add in for S-104 Ed 2.0.0

• UML diagrams updated w kind help of S100WG (Raphael Malyankar)
• Some still in progress

UPDATES TO S-104 PS (CONT’D)

S-104 Coverages



• Built out Section 10 Data Product Format (Encoding)- based on S-111

• Added full carrier (file) metadata (Tables 12.1-12.4)

UPDATES TO S-104 PS (CONT’D)



• Added dataCodingFormat = 8: ‘Stationwise time series’
• Same as for S-111

• Only applies to S-100 Ed 5.0.0

• Includes non-uniform time interval data and metadata support (Germany’s 
request)

UPDATES TO S-104 PS (CONT’D)

S-104 non-uniform time intervals example



• Added suggestion for native integer type for enumerations, as for 
S-111 

• e.g. dataCodingFormat = 2: Regularly-gridded arrays  ‘2’ is an 
H5T_NATIVE_UINT8

• Revised Annex A DCEG
• Included waterLevelTrendThreshold root metadata: critical value to determine 

steady trend (provided by HO)

UPDATES TO S-104 PS (CONT’D)



• Registered Features & Attributes in IHO Registry
• Coordination with NIPWG for trend definition: “The tendency of water level 

to change in a particular direction.”

• Added Annex D Feature Catalogue (FC)
• With help from Korea’s FC Builder

UPDATES TO S-104 PS (CONT’D)



• Added complete Annex E Sample HDF5 encoding

UPDATES TO S-104 PS (CONT’D)



• Datum separation (difference) product (‘hydroid’)
• Not included in development of HDF5 formats, metadata, FC, DCEG, 

Registry, Annex E Sample Encoding

• What is the use case?

• For S-104 Ed 1.0.0, should this be removed for simplicity and to 
expedite?

• Would be large effort to support now, could always add it back in Ed 2.0.0

ISSUES TO DISCUSS



Uncertainty

• Right now just Uncertainty dataset at Instance level in HDF5 
(e.g. 1 number for entire forecast field over all forecast times)

• Should uncertainty be a new optional Feature Attribute? e.g. 
waterLevelUncertainty?

• Pro: Would allow for spatially and temporally varying uncertainty, 
critical for e.g under keel clearance management (UKCM)

• Con: large workload to include in little time to Ed 1.0.0
• e.g. add to DCEG, register attribute, re-build FC, update UML, Group_F, 

Sample HDF5 Encoding, add uncertainty method to HDF5 attributes? 
DQWG review?

• Expedite for Ed 1.0.0, or wait until Ed 2.0.0 to do correctly?

ISSUES TO DISCUSS (CONT’D)

Uncertainty dataset



• Additional vertical datums (S-100 change proposal at TSM8)
• Table 12.1 General Metadata (metadata in actual HDF5 file) applies to S-100 

Ed 5.0.0. If datum isn’t in S100_VerticalAndSoundingDatum, can use EPSG:

ISSUES TO DISCUSS (CONT’D)



• Additional vertical datums (S-100 change proposal at TSM8)
• Problem arises in S-100 discovery metadata (metadata outside of HDF5 

file, in exchange dataset)

• In discovery metadata, must use S100_VerticalAndSoundingDatum (EPSG 
code is not allowed)

ISSUES TO DISCUSS (CONT’D)



• Additional vertical datums (S-100 change proposal at TSM8)
• S-104 (and/or S-111) will use datums not in S100_VerticalAndSoundingDatum

• Datums to be added must be chart datum, so that tide and water level 
adjustments can occur in coordination with S-101 and S-102 (to be described 
in S-98 Interoperability Annex C)

ISSUES TO DISCUSS (CONT’D)

From TSM8 



• Additional vertical datums (S-100 change proposal at TSM8)
• S-104 (and/or S-111) will use datums not in S100_VerticalAndSoundingDatum

• Datums to be added must be chart datum, so that tide and water level 
adjustments can occur in coordination with S-101 and S-102 (to be described 
in S-98 Interoperability Annex C)

ISSUES TO DISCUSS (CONT’D)

From TSM8 



ISSUES TO DISCUSS (CONT’D)

S100_VerticalAndSounding

Datum 

in IHO Registry



• Additional vertical datums (S-100 change proposal at TSM8)
• What chart datums do we need added in addition to the below?

• Which of these datums will not be used?

• Can we remove the 2 generic datums if at all possible?

ISSUES TO DISCUSS (CONT’D)

Name Description Code Remarks
ITRF2014 International Terrestrial 

Reference Frame 2014
?

ITRF2020 International Terrestrial 
Reference Frame 2020

? [determination underway]

ellipsoidalHeightGen
eric

Ellipsoidal height 
(generic)

? Ellipsoidal height for an ellipsoid not specifically named in the list 
of datums.

balticSeaChartDatum
2000

Baltic Sea Chart Datum 
2000

44

geoidGeneric Geoid (generic) ? Geoid not specifically named in the list of datums

internationalGreatLa
kesDatum2020

International Great Lakes 
Datum 2020

? [determination underway]

seaSurface Sea surface ? A two-dimensional (in the horizontal plane) field representing the 
air-sea interface, with high-frequency fluctuations such as wind 
waves and swell, but not astronomical tides, filtered out

seaBottom Sea bottom ? Local sea bottom reference



• Additional vertical datums (S-100 change proposal at TSM8)
• Also, likely want to state EPSG codes for vertical datums in discovery 

metadata, as allowed in S-100 Edition 5.0.0 carrier metadata reference 
more than just a name but also full coordinate transforms, etc.

ISSUES TO DISCUSS (CONT’D)

Current S-100 4.0.0
+ additional datums

Proposed alternative 1
Modify datatype to
Open enumeration codelist

Proposed alternative 2
Modify datatype to
Dictionary codelist

Datatype of verticalDatum in S-100 discovery metadata (Fig. 4a-D-4)

Alternative 3: S100_DatasetDiscoveryMetadata.otherVerticalDatum: CharacterString [0..1].
Not being machine-processable, this is not the recommended solution.



• Additional vertical datums (S-100 change proposal at TSM8)

ISSUES TO DISCUSS (CONT’D)

Current (S-100 4.0.0):
If enumerated:

<S100XC:verticalDatum>meanLowWaterSprings </S100XC:verticalDatum>
If unenumerated, omit verticalDatum or encode as empty element with nilReason attribute:

<S100XC:verticalDatum xsi:nil="true" gco:nilReason="other: not enumerated"/>
or
<S100XC:verticalDatum xsi:nil="true" gco:nilReason="other: ITRF2014"/>

With open enumeration codelist:
If enumerated:

<S100XC:verticalDatum>meanLowWaterSprings</S100XC:verticalDatum>
If unenumerated:

<S100XC:verticalDatum>other: EPSG 1234</S100XC:verticalDatum>

With dictionary codelist:
<S100XC:verticalDatum codeList=“urn:mrn:iho:spec:s100:5:0:vdatum”

codeListValue=“EPSG1234”             />

Not 
machine-

processable!

Searchable key 
in the datums 
dictionary file

Encoding of verticalDatum in discovery metadata XML



• At S-100 TSM8, real-time data handling way forward was proposed:

The Challenge:
• Implementing changes to S-100 to specifically address the requirements of realtime data exchange

Steps include:
• Key use cases in existing product specifications and maritime services

• Proposal to edit:
• Part 10b (GML Profile)
• Part 14 Data streaming
• Guidance for Product Specification developers

• Demonstrate with use cases

• Include bandwidth limited use cases

• Can we provide S-104 AIS use case? Is one already written?

ISSUES TO DISCUSS (CONT’D)



• Portrayal (including portrayal catalogue—will there be one?) not 
needed until Ed 2.0.0

• S-100 interoperability being worked on now

• Should we remove portrayal information from Ed 1.0.0, or leave 
in as useful guidance, e.g. for use cases?

ISSUES TO DISCUSS (CONT’D)

Pick Report

Graphic time series plot



• Should we release S-104 Ed 1.0.0 compliant with S-100 Ed 
4.0.0, or S-100 Ed 5.0.0 (2022)?

• Suggest S-100 Ed 5.0.0 as it will have new HDF5 features like 
verticalCS, dataCodingFormat = 8, non-uniform time interval data support

• But not sure about timing coordination?

• HSSC want compatibility with Ed 5.0.0, but by 2023

ISSUES TO DISCUSS (CONT’D)



• File naming convention (same as for S-111)
• S-104 uses 104CC (2-character producer code)

• Then no limit on unrestricted characters

• S-97 Guidance for PS Developers suggests 4-character producer code, 
and S-100WG wants 4 characters for all data products

• S-100 needs to discuss formally moving to 4-characters (S-100 Chair)

• Should S-104 use 4-character producer code? Suggest yes.

ISSUES TO DISCUSS (CONT’D)

S-97 Ed 1.1.0



• Added requirement in Group_F for:
• fillValue to be ‘-9999.’ for water level height and ‘0:unknown’ for water level 

trend (denotes missing data)

• code to be ‘waterLevelHeight’, ‘waterLevelTrend’, and ‘waterLevelTime’

• uom.name to be ‘meters’ and ‘DateTime’ (no uom.name for trend) (units of 
measurement)

ISSUES TO DISCUSS (CONT’D)

Values provided here for code (waterLevelHeight, waterLevelTrend, and waterLevelTime), 

uom.name (meters and DateTime), and fillValue (-9999. and 0:unknown) are required.

• Test bed feedback (U.S. NIWC) suggests requiring same code, uom.name, and fillValue for 

all S-104 datasets. Thoughts?



• Get to Ed 1.0.0

• Remove all remaining 
real-time/AIS items

• Finish updating UML 
(S-100WG, Raphael)

NEXT STEPS

S-100 Readiness Levels



• Add Annex B: Additional Terms and Definitions?

• Ensure S100WG Review comments from 2017 are addressed 
(S-104 PT lead included them)

• Update S-100 discovery metadata based on upcoming S-100 
updates (S-100WG, Raphael could help)

NEXT STEPS (CONT’D)

S-111 Annex B



• Incorporate results from discussions on issues:
• Datum separation

• Uncertainty

• Additional vertical datums

• S-104 AIS use case

• Portrayal

• S-104 compliant with S-100 Ed 4.0.0 or Ed 5.0.0?

• Dataset file naming

• Group_F fillValue, uom.name, code requirement

NEXT STEPS (CONT’D)


