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Overview

Hydrography…ellipsoidal reference
• From whence do we reckon?
• NOAA VDatum

Engineering the VDatum validation
• Compare approved method to “new”
• “Tide gauges” with ellipsoidal tie
• Example dataset:  Puget Sound, WA

Closing Remarks



Hydrography…ellipsoidal reference: From whence do we reckon?

In situ water surface
• Local chart datum according to estimated 

relative tides; e.g., MSL - MLLW
• Vertical datum is not “flat” (3D)
• Geoid & topography of the sea surface (TSS)

Vertical datum realized at time(s) of survey
• Zoned & interpolated tides; residuals
• Variations outside measurement bandwidth



Hydrography…ellipsoidal reference: From whence do we reckon?



Hydrography…ellipsoidal reference: NOAA VDatum

Ellipsoidal-height to MLLW-depth is best achieved as a 
combination of stepwise transformations; e.g.:

ITRFXX to NAD 83 (NSRS)
NAD 83 (NSRS) to NAVD 88

NAVD 88 to LMSL
LMSL to MLLW

Each transformation step should utilize the best available 
physics/theory and data



Hydrography…ellipsoidal reference: NOAA VDatum



Hydrography…ellipsoidal reference: NOAA VDatum



Relative water level datum
• Traditional zoning / interpolation package for 

virtual tide gauge
• Treat historic tide datum elevation difference 

as a water level
Ellipsoidal reference – tide “buoys”

• GPS tide “vessel altimetry”; no bathy required
• Add in tide correction for ad hoc SEP
• Pitfalls: in situ water level uncertainty
• GPS tide buoy

Compare to VDatum

Engineering the VDatum validation: compare existing to “new”



Example:  Puget Sound, WA – NOAA Ship Rainier; tide zones



Example:  Puget Sound, WA – zoned tides & TCARI grid



Puget Sound TCARI station info



NOAA SP NOS CO-OPS1: Effect of regression of moon’s nodes



Hydrolevel™ GPS tide buoy data in Shilshole Bay, Puget Sound

Vdatum MLLW SEP = -24.32 m

TCARI-derived = -24.25 m

PPK antenna models:  ~ 8.3 cm

TCARI-derived’ = ~ -24.33 m



Ad hoc MLLW SEP from survey platform GPS Tide + TCARI WLs

Ad hoc MLLW SEP TC[AR]I + GPS Tide

CCW from left:

MLLW SEP w/ TCARI

MLLW SEP w/ TCI

MLLW SEP TCARI Resdual*

* Note: 4 separate days of DAQ



VDatum MLLW SEP – 8 contours, -24.30 to -23.88m (6-cm step)



Relative waterlevel comparisons:  MSL - MLLW

Relative waterlevels:  MSL - MLLW

CCW from left:

Vdatum – Zoned, 6 contours:  -1 to 4 cm (1-cm step)

TCARI – Zoned, 3 contours:  2 to 4 cm (1-cm step)

Vdatum – TCARI, 4 contours:  -3 to 0 cm (1-cm step)



MLLW SEP comparisons:  ELL - MLLW

CCW from left:

Vdatum – Zoned, 10 contours:  -5 to -50 cm (5-cm step)

TCARI – Zoned, 5 contours:  -40 to -60 cm (5-cm step)

Vdatum – TCARI, 8 contours:  10 to 45 cm (5-cm step)

MLLW SEP comparisons:  ELL - MLLW



Closing remarks

Processing Details
• Axys Hydrolevel™ GPS tide buoy data
• CARIS HIPS GPS Tide
• Python Pydro / Pydro-TCARI

Datum realization gap vs. “tide” issues
• Tidal corrections vs. idealized [official] 

datum shape (3D)
Proceeding with an official model

• Relative WL sanity check in office
• How long to require in situ WL tie?
• Grav-D



Closing remarks

Special thanks
• Corey J. Allen
• Barry J. Gallagher
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