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• NOAA’s Vertical Datum Transformation Tool - VDatum

• Tidal Constituent and Residual Interpolation Tool – TCARI

• Development of an web-based tidal prediction tool - eTides



BUT there are many different vertical datums 
in  use around the nation

Ellipsoid Datums

Orthometric Datums

Tidal Datums

All elevation data should be referenced 
to common vertical datums



The Datum Transformation Roadmap
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RTK-GPS Vertically-Referenced 
Hydrographic Surveys:

Hydrographic  data is
transformed from ellipsoid 
datum to MLLW datum

GPS Hydrographic Surveying

VDatum Complements Innovative Technologies

Eliminates need for:
-tide gauges during survey
-settlement & squat 
corrections for survey vessel

-time-consuming post-survey
processing

Depths are measured “on the fly” or near real time 
relative to chart datum (MLLW) using VDatum 



Bathy/Topo
Digital Elevation Model

NOAA 
Bathymetry

USGS 
Topography

Ellipsoid
Model

Tidal
Model

Geoid
Model

VDatum 
( Vertical Datum Transform Tool )

Marine Boundaries      
and  Legal Issues

USGS Topo Sheet
NOAA Shoreline

Consistently
defined Shoreline 
from LIDAR data

Resolve NOAA-
USGS shoreline
inconsistencies

User-friendly 
utilization of  
DEM with new 
hi-res data        
in a GIS 
environment 

GIS users in 
the Coastal 
Community  

MHW 
Shoreline 
Produced 

from LIDAR National 
Bathymetric      

Database

VDatum Supports Many Other Efforts

Charting    
and Other 
Applications  



Tidal Tidal DatumsDatums from Hydrodynamic from Hydrodynamic 
ModelsModels

• Drive model with astronomical tides
• Save water levels at each grid cell each 6 minutes (for 1 year)
• Analyze for higher high, high, low, and lower low waters
• Model’s RMS error in water level is 4 cm

Model                        Saved Time Series            Tidal Datum Fields



Higher High 
Water High 

Water

Lower 
Low Water

Low 
Water

MHHW

Hydrodynamic Modeling of Tidal Datum Fields

•• MHW tidal datum fields (as well as 
MHHW, MLW, MLLW, MSL, MTL, 
DTL) from calibrated 
hydrodynamic models

•• Analysis of model-produced time 
series, then adjusted to provide a 
best fit to datums at NOS gauges.



• Set-up
– Forced with amp & phase for the 

M2,S2,N2,K2,K1,O1,and Q1 tidal 
constituents from the regional 
EC2001 tide model

– 37 day run
– 2 second time step (36 

processors = 5 hours)

• Results
– Record water surface elevation 

every 6 minutes for final 30 days
– Analyze for tidal datums at every 

node in the mesh
– Correct results by spatially 

interpolating errors with TCARI
– Results interpolated onto a 

regular VDatum marine grid

Hydrodynamic Model 
Setup and Analysis



Hydrodynamic Modeling to Simulate the Tides

NOAA/CSDL normally uses the ADCIRC (Advanced Circulation) Model
2-D depth-integrated shallow water equations
Finite element solution on triangular grids
Handles inundation
Parallelized code (MPI), simulations are made on cluster computers.



Nauticalcharts.noaa.gov



Using VDatum





Must have 
Java Runtime Environment





Batch Mode

Interactive Mode

Height:
input topography is +
input bathymetry is –

Soundings:
input topography is –
input bathymetry is +

Select vertical datum 
– input and output

Select horizontal datum

Running the Tool



VDatum Available
Dec 2007
Oct 2008

VDatum Availability, West Coast

Puget Sound

North/Central
California



VDatum exists
2007
2008

VDatum Availability, Gulf Coast

VDatum Available
Oct 2007
Dec 2008

Tampa Bay

Lake Charles

Port Fouchon



VDatum Availability, 
East Coast

VDatum Available
Oct 2007
Tidal Model Complete 
(waiting on geodetic ties)

North Carolina

New York Bight
Delaware Bay



VDatum Availability, Great Lakes

Dec 2007



VDatum Gaps



2003 geoid
model added

Key Field is optional

Improvements in Next Version

Lat, Long or UTM

Choose region w/o 
rerunning executable



Future VDatum Developments
• Incorporation of State Plane Coordinates
• Development of a National VDatum
• Evaluating extending VDatum inland
• Provide uncertainty estimates in 

metadata
• Improvements to downloadable software
• New web-based tools for interacting with 

VDatum results



Implementation of TCARI
for

Hydrographic Surveying

Implementation of TCARIImplementation of TCARI
forfor

Hydrographic SurveyingHydrographic Surveying

Tidal Constituent and Residual Interpolation



TTidal idal CConstituent onstituent AAnd nd RResidual esidual IInterpolationnterpolation
(TCARI)(TCARI)

•• Created in 1995 at Coast Survey Development Created in 1995 at Coast Survey Development 
Laboratory by Dr. Kurt Hess.Laboratory by Dr. Kurt Hess.

•• ReRe--Coded in Python for PYDRO by Barry Gallagher Coded in Python for PYDRO by Barry Gallagher 
(Hydrographic System and Technology Program).(Hydrographic System and Technology Program).

•• Uses formal mathematics to interpolate tidal Uses formal mathematics to interpolate tidal 
constituents, residual water levels, and vertical constituents, residual water levels, and vertical 
datum across survey area.datum across survey area.

•• TCARI overcomes discrete zoning weaknesses.TCARI overcomes discrete zoning weaknesses.
•• Also provides the means of modeling Chart DatumAlso provides the means of modeling Chart Datum--

Ellipsoid separation.Ellipsoid separation.



Spatial Interpolation: Spatial Interpolation: 
Why a New Method Instead of Linear?Why a New Method Instead of Linear?

-- Because of intervening land --

|     6 nmi |

|           +9 deg                   |  -57 deg    |



Spatial interpolation (Laplace Equation)Spatial interpolation (Laplace Equation)
•• from tide station locations with known from tide station locations with known 

values of componentsvalues of components
•• harmonic constituents, residuals, harmonic constituents, residuals, 

and datum offsetsand datum offsets
•• to anywhere else in local region at any to anywhere else in local region at any 

timetime
•• sum of weighted componentssum of weighted components

Overview of TCARIOverview of TCARI



TCARI equationsTCARI equations

Interpolation by LaplaceInterpolation by Laplace’’s Equation:     s Equation:     ∆∆22f f = 0= 0

Subject to boundary conditions:     Subject to boundary conditions:     f(xf(xii, , yyii) = ) = ffii
obsobs

________
f = datum, amp, f = datum, amp, cos(phasecos(phase) ) ∂∂f/f/∂∂n = n = αα ∂∂f/f/∂∂nn



Overview of TCARIOverview of TCARI

•• astronomical tideastronomical tide =  =  Sum of HarmonicSum of Harmonic
(i.e. predicted tides)    (i.e. predicted tides)    ConstituentsConstituents

•• residual water levelresidual water level=  =  Observed Observed ––
PredictedPredicted

•• datum offsetdatum offset =  =  MSL MSL –– MLLW MLLW 
or MSL or MSL –– ellipsoid, ellipsoid, 
etc.etc.

TCARI  Separately Interpolates:TCARI  Separately Interpolates:

tide correction =  astronomical tide tide correction =  astronomical tide 
+ residual+ residual
+ datum offset+ datum offset



TCTCARIARI

•• Tidal component Tidal component 
may be broken may be broken 
down into its down into its 
““harmonic harmonic 
constantsconstants””..

•• 37 Used by NOAA.37 Used by NOAA.



TCATCARRII

•• Tidal portion Tidal portion 
induced by the induced by the 
interaction interaction 
between the between the 
earth, sun, and earth, sun, and 
moon.moon.

•• NonNon--tidal is tidal is 
induced by induced by 
weather and weather and 
riverine discharge.riverine discharge.

ResidualResidual



Triangulated Mesh CreationTriangulated Mesh Creation

•• Load Vector Shoreline Load Vector Shoreline ––
National Geophysical Data National Geophysical Data 
Center (NGDC) websiteCenter (NGDC) website

•• Clean Shoreline Clean Shoreline 
•• Load Tide StationsLoad Tide Stations
•• Create Mesh GridCreate Mesh Grid



Example of Running the TCARI Software:  
First extract a coastline



Input Observed Datums into File



Clean up coastline file

Create an open 
ocean boundary



TCARI: Mesh GenerationTCARI: Mesh Generation

•• Irregular mesh from Irregular mesh from 
DelauneyDelauney
triangulation.triangulation.

•• ~600 mesh nodes~600 mesh nodes
•• c.f. ~6000 grid cellsc.f. ~6000 grid cells
•• resolution of coastline resolution of coastline 

determines density of determines density of 
the grid the grid 



Generate the triangular mesh



Load data and run TCARI interpolation



How TCARI InterpolatesHow TCARI Interpolates
Spatial Interpolation Using Weighting FunctionsSpatial Interpolation Using Weighting Functions

3 Sets of Weighting Values =  1) astronomical tide 3 Sets of Weighting Values =  1) astronomical tide 
Are Computed       Are Computed       2) residuals2) residuals

(Since each piece is (Since each piece is 3) 3) datum offsetdatum offsets
interpolated separately)interpolated separately)

100 %

0%

0%

0%

0%

•• Each grid point has a set of weighting Each grid point has a set of weighting 
values associated with it.values associated with it.

•• Once these values are computed, Once these values are computed, 
they do not change, unless a new waterthey do not change, unless a new water 
level gauge is added, or if level gauge is added, or if datumsdatums/HA /HA 
are updated. are updated. 

••The same grid can be used for The same grid can be used for 
multiple projectsmultiple projects..



TCARI spatially interpolates the tidal and TCARI spatially interpolates the tidal and 
nonnon--tidal (residual) components of the tidal (residual) components of the 
water level signal, generating a tide water level signal, generating a tide 
corrector at a specific locationcorrector at a specific location..

Input

Output6 – Minute Water Level
Data from CO-OPS webpage



Expected BenefitsExpected Benefits
•• Increased water level correction resolution.Increased water level correction resolution.
•• This method produces more realistic water This method produces more realistic water 

level uncertainties which, in most cases, will be level uncertainties which, in most cases, will be 
less than present water level uncertaintiesless than present water level uncertainties……
reducing Total Propagated Error (TPE) of reducing Total Propagated Error (TPE) of 
survey depths.survey depths.

•• Quantitative, automated method to account for Quantitative, automated method to account for 
spatial variability of water level corrections in spatial variability of water level corrections in 
hydrographyhydrography..

•• Eliminates time spent hand drawing coEliminates time spent hand drawing co--tidal tidal 
lines and polygons in MapInfo. lines and polygons in MapInfo. 

•• Useful for other applications such as Useful for other applications such as 
Restoration Projects and Restoration Projects and PhotogrammetryPhotogrammetry..



Constraints and Future Constraints and Future 
CapabilitiesCapabilities

• TCARI requires tide gauge information. TCARI requires tide gauge information. 
Older stations (before 1980Older stations (before 1980’’s) are not s) are not 
readily available.readily available.

Future CapabilitiesFuture Capabilities

•• Incorporate ADCERC offshore modelIncorporate ADCERC offshore model

ConstraintConstraint



Release 1.0 of CO-OPS' electronic tide and tidal current
prediction program called eTides 

Expected release date in 2008



The main focus for this initial release is to develop a web-based 
application which will allow users, inside and outside of NOAA, 
to easily obtain accurate tide predictions in a form which is 
convenient for use.

- Map-based displays and text views for station selection

- “On-the-fly” predictions based on harmonic constituents 
where available 

- Tabular and graphical displays of tide predictions for a 
user-specified time interval and datum

- Output options which will allow users to import the tide 
predictions into other tools 

- Programmatic access to all predictions, constituents and
updates via a web services portal



Station Selection Map Interface with Tiled Window



Daily Graphical Prediction

Weekly Graphical Prediction



Threshold Graphical Prediction



Monthly Graphical Prediction


