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Vilith IHO TC Meeting

Advances in Vertical Datum Transformation Tools and Use
of Interpolation Tidal Models for Hydrographic Surveys at
NOAA

« NOAA'’s Vertical Datum Transformation Tool - VDatum

 Tidal Constituent and Residual Interpolation Tool — TCARI

 Development of an web-based tidal prediction tool - eTides




All elevation data should be referenced

to common vertical datums
Ellipsoid Datums

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

Relationship of vertical datums for Tampa Bay:

WGS 84 (G873) 26.33m
NAD 83 24.79m
MHHW 0.241m
MHW 0.125m
NAVD 88 0.0m
LMSL -0.163 m
NGVD 29 -0.259 m
MLW -0.456 m
MLLW -0.585m




The Datum Transformation Roadmap

WGS 84 (G873)
WGS 84 (G730)
WGS 84 (orig.)
ITRF97

ITRF96 NGVD 29
ITRF94

ITRF93
ITRF92 i =
ITRF91

ITRF90 WGS 84 (G873) -12.0000 feet
ITRF89 NAD 83 (86) -6.9001

NAVD 88 73.1061
ITRF88 LMSL 72.5713
SIO/MIT 92 MLLW 73.6934
NEOS 90

PNEOS 90




VDatum Complements Innovative Technologies

Instantaneous
Sea Level

| Eliminates need for:

RTK-GPS Vertically-Referenced
Il | Hydrographic Surveys:

: Hydrographic datais

pesssstill | transformed from ellipsoid
datum to MLLW datum

-tide gauges during survey
-settlement & squat
corrections for survey vessel
-time-consuming post-survey
processing




VDatum Supports Many Other Efforts

_ ) _ i Bathy/Topo
Geoid Tidal Ellipsoid Digital Elevation Model
Model Model Model

USGS
Topography

EEiVertical Datum Transformation
Mode
GiELE 0.0 or atum

NOAA
Bathymetry VDatum
( Vertical Datum Transform Tool )

A

Resolve NOAA- Consistently GIS users in Charting ) .
USGS shoreline defined Shoreline the Coastal and Other Marine Boundaries
inconsistencies from LIDAR data Community Applications and Legal Issues

MHW
Shoreline
Produced

from LIDAR

MHI
| MHW




Tidal Datums from Hydrodynamic
I\/Iodels

Drive model with astronomica

Save water levels at each grid ceII 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

Saved Time Series Tidal Datum Fields

r Level (m)
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Hydrodynamic Model
Setup and Analysis

Set-up
Forced with amp & phase for the
M.,,S,,N,,K,,K,,0,,and Q, 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 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

2 National ¥Datum Projects - Microsoft Internet Explorer

File Edit  Wiew

Qus- © ¥

Fawvarites  Tools

Help

0 search “' 1. Favoribes @T

Tk. '
b

Jd

J‘i
i

Address | http: vy nauticalcharts. noaa, govfesdlfYdatum_projects. hkm

Index - Select One:

About Us
What's New?

Nautical Charts and
Related Publications

Critical Comections
Wrecks and Obstructions
Navigation Services

Hvidmaranhic Survevs

G15 Products & Services

Historic Maps and Charts

Research
and Development

Sales Information

Office of Coast Survey and National Geodetic Survey
VDatum Transformation Tool

Version 1.06

References

Overview ‘ Projects ‘ Documentation

-5 Washington

aware

L ™
“_ 1 California d
X North Carolina !

N L=
Louisiana . )
Florida

VDhatum transformation software is accessible by clicking on the

geographic names on the image map of the continental U.5.

Projects

“WDatum was initially developed for the Tampa Bay Demonstration
Project, conducted by MOAA and the LS. Geological Survey. Foart
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Index - Select One: b

Abaut Us
What's New?

Nautical Charts and
Related Publications

Critical Comrections
Wrecks and Obstructions
Navigation Services
Hydrographic Surveys
GIS Products & Services
Historic Maps and Charts

Research
and Development

Sales Information
Libra

FAQs

Office of Coast Survey and National Geodetic Survey
VDatum Transformation Tool

Yersion 1.06

Overview rojects Documentation References

VDatum for North Carolina

VDatum transformation software and documentation are
available for download by clicking on the project name on the
image map.




aturn 106, pdf

VDatum for North Carolina

VDatum transformation so
available for download by
image map.

!

i) WinZip - VDatum06_NCpamlis01[1].zip

File Actions Options
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e
(-
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.@. mapN Cpamhsul
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%! YDakurn 106, pdf
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Size
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Packed Path
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51,548  YDatumDG ...
1,555  wDatumOs_...
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5/31/2000 3:58 PM
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41 VDatumOe_, ..

20 VDatumOe_, ..

125  YDatumD&_...
14,533 VDatumD&_...
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MOAA Technical Memorandum MOS OS5, 25 p.




Must have
Java Runtime Environment

= http:/fwww. nauticalcharts. noaa.govicsdlfV datum_data/VDatum106. pdf - Microsoft Internet Explorer
File Edit GoTo Favorites Help

- . = a v
OBack M > lﬂ lELI ..\J 7 | Search ‘E’_\'f:"Favorites 6;“! = (= ’ii ":“

Address http:f fvavow nauticalcharts . noaa.govcsdlfvdatum_datavDatum 106, pdf

|5l save a Copy = ;'_ @ ia'_jSearch \":‘ Ib Select E;: @\v _L @ |2 |- @ O3 |F pee

:  Bookmarks

Installation of the Java Runtime Environment (JRE)

The mstructions shown here for the installation of the Java Runtime Environment (JRE) are adapted from
the installation mstructions found at http://www.javasoft.com/;2se/1.3/jre/install-windows.html . Please
note that the mstructions found at www.javasoft.com are to be considered authoritative, and can correct or
supercede any instructions in the VDatum documentation. It may be possible to run VDatum with other
versions of the JRE. The site, www._javasoft.com, has the latest versions of the JRE as well as the Java
Software Development Kit (SDK).

Installation of the Java Runtime Environment (JRE) mnvolves three steps:
Copy the JRE archive to a temporary directory on the computer
Execute the self-extracting archive to perform the installation
(Optional: delete the JRE archive to recover disk space)

Copy the JRE archive to a temporary directory on the computer:

j2rel 3 0O-win.exe Self-extracting archive, JRE 1.3 for Windows

Execute the self-expanding archive to perform the mstallation. This 1s most easily done by locating the file
12rel 3 0-win.exe on your computer with your file Explorer, and double clicking on that file. After
installation of the JRE, you may delete j2rel 3 0-win.exe 1f you so choose. If there are difficulties with
installation of the JRE. we request you check with the mstructions at www.javasoft.com.

t Aftachments

Comments




VDatum for North Carolina

VDatum transformation so
available for download by
image map.

!
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£ Yertical Datum Transformation

Running the Tool o

# [nkeractive

Interactive Mode

£ VYertical Datum Transformation
File Mode

Latitude

Select horizontal datum

West Longitude

Input topography is +

Output Height output v—DatmrM ( Select vertical datum

MG 29

Oveters | 1— input and output

WAL
LMSL LIL| I|JUI.. LU'JUUI Cl'JI Iy | e

Input Height Input V-Datum

Convert YWertical Datum L o i n p ut bathym et ry IS +

£ Yertical Datum Transformation
File Mode

Input File Horiz. Datum NAD 83, WGS, ITRF v

Input Filensme Input V-Datwm [NAWDSS

BatCh Mode output Filensme output V-Daturm LMSL

(#) ey LatLonH () Key LonLat H (%) Meters () Feet

Eatch File Conversion {E} Height {} Soundings




VDatum Avallablllty, West Coast

T, Puget Sound

VDatum Available
Dec 2007
s Oct 2008

North/Central
California \




VDatum Availability, Gulf Coast

Lake Charles

e g L &
A X iRy

Port Fouchon|

VDatum Available
Oct 2007
e Dec 2008




VDatum Avallablllty, MW%
East Coast

VDatum Available
Oct 2007

Tidal Model Complete
(waiting on geodetic ties)




Dec 2007



VDatum Gaps




Improvements in Next Version

Choose region w/o
rerunning executable

lf_f! Vertical Datum Transformation Tool r.F]|E| ﬁj

Key Field is optional

[] &Tx Files Location:

] i T

Horizontal Catum: Mt Poitit: Cgtput Point:
Latitude: 0.00a 0.000

Wettical Datum: Longitude: 0.000 0000

MAND 55
Height: .00a 0000

Mewe YYertical Daturn:
MAWD 58

Reset ][ Convert ]

File mode

“ertical Datum Unit: (%) Meter ) Feet
Input Fileds):

Height/Sounding: {*) Height () Sounding

Ot Filers):

Zenid: zeoid 2003 W |
Input File Format: (ASCH 3-column or 4-columin)

ibate formaEtion () (Kevy), Lat, Long, Height (%) (Key), Long, Lat, Height
(*) Geographic (I UTH Zone:

2003 geoid
model added Lat, Long or UTM




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
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NezifeeEnstitient And Residual Interpolation
» S (TCARID)

‘\ reaued in 1995 at Coast Survey Development

[Lanerateny By Dr. Kurt Hess.

" Re-Coded in Python for PYDRO by Barry Gallagher
i \ (

@raphic System and Technology Program).

“U5es|formal mathematics to interpolate tidal
copstituents, residual water levels, and vertical
datlimr across survey area.

= TCARI evercomes discrete zoning weaknesses.

= Alse provides the means of modeling Chart Datum-
Ellipsoid separation.
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. xervjew of TCARI

‘-Spatial nterpelation (LLaplace Eguation)
'Wm tide station locations with known

UES ofi components

- . harmonic constituents, residuals,
and datum offsets

= 1o anywhere else in local region at any
time
= sum of weighted components




JICARI equations
5

In@gplation by Laplace’s Equation: A%f=0

Lﬁbje@o boundary conditions: f(x,, y:) = f.°Ps

1= datum, amp, cos(phase) dfion = o of/on




ovenrnview of TCARI

@I ‘Separately Interpolates:
-»

SR astronemicaltide = Sum of Harmonic
”i.e. predicted tides) Constituents

s esjduaiivater level= Observed —
,‘ Predicted

o datUmrerfset — MSL — MLLW
or MSL — ellipsoid,

gtide correction = astronomical tide
: + residual
+ datum offset




TCARI

-
&

NN

S idalfcemponent

Ty E DIOKEN
COWINRLENIS
HEImeRIC
CONSLANTS™.

Semidiurnal Constituents

‘ = 37 Used by NOAA.




Fclzll gelrifel
IEUCEdNY the
IREracHoNn

PERWEER the
earti, sun, and
MOoN.

Non-tidal Is
Induced by
weather and
riverine discharge.




T ulated Mesh Creation
o

> LoadiVeetor Shoreline —
N%ional Geophysical Data
Center (NGDC) website

" s @Clean Shoreline
» | 0ad Tide Stations

» Create Mesh Grid




Of Running the TCARI Software:

a coastline
i

€] NOAA/MESDIS/NGDC/MGG-Coastline Extractor, Extracted Coastline Data - Microsoft Internet Explorer

File Edit View Favorites Tools  Help

@Back i > | |ﬂ @ ;\J T]SBarch \j\]l’Favorltes %R {jjv u-,’. ﬂﬁ _l ﬁ é% ',:‘%

Addr555|ﬂj http:ffrimmer. ngdc. noaz.go birymgg/coastget "'i GD Links ** ﬁsnaglt &

Extracted Coastline Data

use your back button to return to the coastline extractor

-77.333° -77.000° -76.667" -76.333" -76.000°

o

-77.333" -77.000° -76.667° -76.333" -76.000°

Here is the coastline data you extracted: 19464 .dat (330093 bytes),

MNote: If you don't want to list the file to your sereen, you might want to select "load to local disk” (or the equivalent) before selecting. In Metscape, this is accomplished by holding down
the shift key while you click.

NOAA=NESDIS>NGDC=marine geology & geophvysics questions: peter.w.sloss@noaa.goy

horne | comments | contacts | data | disclaimers | education | news | products | site map

http://rirmmer.ngde.noaa.gov/cgi-bin/mogscoast/get_coast.pl
maintzined by carla.j.moore @noss.qou

. Internet




. _—
W@G Datums into File

- -'i—_-.

4 36.38.-77.-75.TCARL.txt - Notepad

Fle Edit Format Wiew Help

{ RIVER
RIVER
G CENTER
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. Pydro v6.3.1beta

= & |meters |

File Config Data Reports TCARI Window Mst Debug Help
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Details | Rematcs | Recommendations | Office Notes | Keywords | shell | fiing |

g] @ Current Item from Status ,ﬁ

Sowce

_Time. | 00000000 00000 000 Contact 0000 Bieam 000 Distance
Fostion | [00.00000000  000_00000000 poirt [1 | Ainuth
(i) | OooopO (Surrouncing Depitty) PO00.00 _ OksDeptn

I~ Keyward - (Height) 00.00 m Ticke-00.00 m

I~ ot = I Reject [ Significant [ = i

|Dispame =] |

Detsis | Remarks | Recammendations | Dffice Motes | Keymords |

EH Correlating item from Status
Source
Time | 00000000 00:00:00.000 Contact 0000 Beam 000

Fosition | [00.00000000 , 000.00000000 paint [1 =
(Depth) | 000000 Surrouricir
I~ Keyword - (Height) 00.00 m Ti

I~ Resolved [~ Report |~ Chat [ D7oil I~ Investigate |
o o [~ Reject [~ Significant: [T Submited [T Tot Exported |

|DispName =] |

000,00

Bath | Cur Feature | Cur Paths | Cur OGL | Con Feature | Cor Paths | Con OGL | SutaceGL

45731813, 12209610394

I~ Resalved |~ Report [ Chart I~ Dron [~ Investigate [ In Bathy
| orted [ "Designated"

B

000.00

g Create an open

ocean boundary

Sl k3R R i =] @ O |[POL

MR R

Discads | amads | Recermandations | O
57| [7]] curram nam rom

Source

e

Deptn) | oOD0.00 ey
I~ Marywerd -

I Reschved [ Regost [ Chart

T I et [~ Signmeant [

Detadr | Hemais | Hecommendsiors | Ome
S Conetatng nem nom
|
Source
T | DOMDODO00 00 0000 D00
postion | 100 00DBODG0 _ 060, B00G00(
Mestt) | DOCO.0O
™ Hmyword | -
I~ Regoved [ Report [ Chant
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Hoth

Cur Frsiuos | Cun Pathe | Cin OGL | Cont Faatum | Com Paths | Con O6L | Sarincnlil

SRERE

| %6 7509651 075 D051 36

tl_mmm_




Irregular mesh from
Delauney
triangulation.

~600 mesh nodes

c.f. —6000 grid cells

resolution of coastline
determines density of
the grid




), Pydro v6.8.1beta
File Config Data Reports TCARI Window Misc Debug  Help

= [ |meters '] % :‘# - _/ | k i@ Q‘TP {EQ RetainScale '_] e = HF’VDL '_] +§ Q.lﬂ ﬂ ;‘]'1 I?gm

Details l Hamarks1 Recommendations | Office Nulesi Keywor 4| *

EJ EJ Current ltem from Stat.

Source

Time | 00y00/000D 00:00:00.000 Contact 0000 Bearr
Postion | [00.00000000 . 000.00000000 Pairt [1
eptry | oooooo (Surtouncing Dept)_0000.00
CKeyword [ | (Heigh) 0000

I~ Resolved [ Report [ Chart ] I Investi
[~ office GC [~ Reject [ Significant [ [ )

iDispNamE_:] '

Details ] F!amarks1 Hecommendationsi Office Notesi Keywords]

I Correlating ltem from Stat

Source

Time | 000000 00:00:00.000 Contact 0000 Bearr

Postion | [00.00000000 , DO0.00000000

(Depth) | 000000
I~ Keyword - (Heighty 00.00

I~ Resolved [ Report [ Chart I~ DTk I Irevesti
[~ office @C [ Reject [ Significant [ L1 )

iDisDName_:] |




&. Pydro v6.8.1beta

File:

Config Data Reports TCARI  Window Misc Debug Help

~u

=

Dietails i Flemarksl Recommendations | Office Nntes; Keywnr[;j__'!
zl El Current ltem from Stat
Source

Time | 00000000 00:00:00.000 Contact 0000 Blearr

Fosition I ;-l]l].l]l]l]l]l]l]l]l] . 00000000000

(Depth) ! 000o.an (Surrounding Depth) }JDUU.DU
I~ Keyward | Ed| (Heighty 00.00

I~ Resolved | Report [ Chart { I Inwvesti
[~ office @c [~ Reject [ Significart [~ = |

! DispName_V_i i

Dietails i Remarks | Recommendations | Office Notesi Kepwaords
El Correlating ltem from State
Source

Time | 00000000 00:00:00.000 Contact 0000 Beair
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HOWMICARI Interpolates

SpatiNterpolatoniUsing Weighting Functions

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

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

eThe same grid can be used for
multiple projects.

3 Sets of Weighting Values = 1) astronomical tide
:  Are Computed 2) residuals
: (Since each piece is 3) datum offsets
: interpolated separately)
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TCARI spatially interpolates the tidal and
non-tidal (residual) components of the
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water level signal, generating a tide
corrector at a specific location.



Expected Benefits

Rceased water level correction resolution.
RIS methed produces more realistic water

EVEl Uncertamties which, in most cases, will be
le Arpresent water level uncertainties...
|

ﬁ\/ Totall Prepagated Error (TPE) of
SUvey: depths.

= Q@Uantitative, automated method to account for
spaual variability of water level corrections in
nydregraphy.

= Eliminates time spent hand drawing co-tidal
lines and polygons in Maplnfo.

= Useful for other applications such as
Restoration Projects and Photogrammetry.




Pnstramts and Future

m Ca.pabilities
I
‘ Ireguires tide gauge information.

Older stations (lefore 1980’s) are not

] reﬁdw available.
Eli &e Capanilities

“‘ » |ncorpoerate ADCERC offshore model




f C(fOPS' electronic tide and tidal current
predlctlon program called eTides

" Expected release date in 2008
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us foﬁhis initial release is to develop a web-basec
hich will allow users, inside and outside of NOAA,

obtain accurate tide predictions in a form which is

convenient for use.
- = Map-based displays and text views for station selection

'.-.
- “(’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
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Daily Graphical Prediction

NOAAMOSICO-OPS
Tide Prediction for Baltimore, MD {8574680)
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Weekly Graphical Prediction
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Tide Prediction for Baltimore, MD (8574680)
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Threshold Graphical Prediction
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NOAAMNOS/CO-OPS
Tide Prediction for Baltimore, MD (8574680)
from 2007/07/22 - 2007/07/28
Threshold: Height = 1.75ft
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Tide Predictions for Baltimore, MD
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