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Bathymetry — Importance of Datum’s

Multiple datum’s in use

— Datum'’s provide a “zero point” or reference for:

S e a I eve I m e aS u re m e ntS ’ Tidal Levels and charted Data Tide gauge — T

20 Planes of reference are not exactly as shown below, for aif

[ ] B at h ym etry d atas etS ; charts. They are usually defined in notes uﬂ ch\a, ‘ L"e-s-
m.__lm!% T Charied height PRI
. Nautical Charts — '

(coast) ling
MHW
Land survey datum

MSL /
Sea surface at any time
- E I evat| ons Height of tide Observed depth
T (Sounding)
Drying height

. MLLW  (CD) \/ Charted LW (ciying) line
«  Tide Tables /_\/
L e

_ e

- Depths

Not all use the same datum
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Bathymetry — Importance of Datum'’s

Example — Pacific Sea Level Monitoring Project

—  Well established Pacific Sea Level Monitoring Project

Tide Calendars

Select a location from the map, or use the table below.

— Very precise
] Palau oFSM eMarshall Islands
— Wldely used «Kiribati
3 .P NG .Nauru
«  Long term - T olomontiands  #Tavak
monitoring R Lata Whart -
Luganville X Fl]i' i
. Real time - B . "M Cookistands
Tonga
. Navigation 3

. Tide Calendars .5 55 RE o 75 L3 i A i
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« Example — Official Nautical Tide Tables

— SOLAS compliant
ADMIRALTY

— Legally required by ]
SOLAS vessels Tide Tables

North Pacific Ocean

— Based on data from
various sources with
Varying accuracy*

— Narrow application D NP206

Volume 6
2017

Navigation



Bathymetry — Importance of Datum’s

Know your Datum!

Be aware of the small print...

© Copyright: Commonwealth of Australia 2015, Bureau of Meteorology

Disclaimer: These tide predictions are supplied in good faith and are

believed to be correct. They are not necessarily related to
a local hydrographic chart datum.

MNo warranty is given in respect to errors, omissions, or
suitability for any purpose.

Tide gauge zero is 5.3546 metres below BM27
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TIDAL PREDICTIONS FOR COOK ISLANDS - RAROTONGA

NOVEMBER 2016 Local Standard Time

SUNDAY MONDAY TUESDAY WEDNESDAY  THURSDAY FRIDAY SATURDAY
1 048 027 2 0s21 027 3 08ss 027 4 0002 0.91 5 0036 0.90
1088 0.87 1130 087 1204 088 0528 0.28 0703 0.30
1855 032 1728 0.31 1800 0.32 1239 085 1315 084
2257 0.92] 2330 052 1833 033 1908 0.3

O 6 12 18 0 6 12 16 O 6 12 18 0 6 12 186 O 6 12 18 0O

o112 088 0158 088 e 08 032 0z 0500 082 %1z 082 0102 037
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i3si 0g2 1337 031 1525 031 1830 082 1736 035 1323 03¢
1328 037| O 2035 03| 2134 0.41 235 038 1341 096
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[
13 2% 014 2 02[15 9% k(1675 u[17 5% 18 % 219

. 0.97 1000 0.9% 1143 1.00 1233 0.98 0712 021
421 0.30 1516 0.26 1609 0.23 1700 0.21 1743 0.22 1839 0.24 1324 0394
2035 1.02 O 2127 1.06) A2217 1.08 2307 1.08 2358 1.06) 1930 0.28
) I [ I I
R i I |
o y .y 2 W \WNw
] l
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0.5m
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© Copyrnght: Commonmeatn of ALtrai 2015, Buresy of Meteomiogy
Dicctaimer:

A Highest tide of the month
w Lowest tide of the month () First quan
QO Fullmeon

Tide gauge zer ks 5.3546 metres below BM27

3 Joca PySFOgRIChic char cstum.

SR for 3y PUOZE.
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Know your Datum!
I

L Apia, Samoa Tide gauge zero is 2.0229 metres below BM201
Port Vila, Vanuatu Tide gauge zero is 3.6037 metres below VAN1
' Luganville, Tide Prediction Datum is 2.681m below Station
Vanuatu Benchmark BM B
N Ot a I I Ti d e EBM Funafuti, Tuvalu  Tide gauge zero is 4.0123 metres below BM22
E- Nuku'alofa, Tonga Tide gauge zero is 2.0686 metres below TON1
Suva, Fiji Tide gauge zero is 3.206 metres below Longitudinal
Pillar
G a u ge S a re ' Lautoka, Fiji Tide gauge zero is 3.1285 metres below BM3243
Lombrum, PNG Prediction Datum is 0.136 metres above TGZ, TGZ Is
refe rence d to 2 5011 metres below PNG2
Port Moresby;, Tide gauge zero is 4.086 metres below PSM16566
PNG
d common Niue Tide gauge zero is Lowest Astronomical Tide
3 Nauru Tide gauge zero is 7.2929 metres below NAU1
ERJ Majuro, RMI Tide gauge zero is 2.6535 metres below MAR2
d a t U m ees E[W Malakal, Palau Tide gauge zero is Lowest Astronomical Tide
EE Betio, Kiribati Tide gauge zero is 3.5334 metres below KIR1
ﬂ Honiara, Solomon  Prediction Datum is 0.294 metres above TGZ, TGZ is
Islands 4 3102 metres below FBM4

EEM Pohnpei, FSM Tide gauge zero is Lowest Astronomical Tide
H Raratonga, Cook Tide gauge zero is 5.3548 metres below BM27
Islands
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27 030 205|28 0oaq 213|129 0718 593130 8739 298

Know your Datum! 1741 225|111 226 @ ado 26| 1900 229

Not all Tide Tables - T
are referenced to a 0 6 12 18 0 6 12 18 0 6 12 18 0 6 12 18

4 Highest tide of the month New moon ©Co

®

CO m m O n d at u m e v Lowest tide of the month O First quarter Dis
O
D

Full moon

Last quarter

UKHO and PSLMP Tide
Tables for Palau for same
period

1m = 3.28ft 1ft = 0.305m
Tide gauge zero is Lowest Astronomical Tidg

6820 Malakal Harbour is a Secondary Harmonic port.

The tide type is Semi-Diurnal. 27111/2016 28/11/2016 29/11/2016

HAT 21m Time Height Time Height , Time Height
MHWS ~ 1.8m _ 6:11 AM 16m| . 6:48 AM 16m| . 7:22 AM 16m
MHWN 1.4m High High High

MSL 1.11m 543 PM 1.7m 6:11 PM 1.7m 6:40 PM 1.8m

MLWN  0.8m

VTR ] 12:10 AM 03m 12:45 AM 02m 1:19 AM 02m
Low Low Low
11:58 AM 0.7m 12:34 PM 0.7m 1:08 PM 0.7m
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Know your Datum!

And then there are Nautical Charts

and Chart Datum!

Tuvalu Datum Reference
September Z001 (in metres)
[}
Normally same as LAT - A .
[
e BUT not always!
6744 Funafuti is a Secondary Harmonic port. RMZMN BM 2 43190
The tide type is Semi-Diurnal. :
BM 22 (FIXED HEIGHT) 40128
HAT  22m :
MHWS 1.8m . . UH 1 e
mgﬁ* MSL in relation to Chart
MLWN O MSL (93-94)
MLWS  02m BA2983 Reference (CD) 1.985
LAT -0.2m
ML inferred TIDE STAFF ZERO (U of H)
0.7933
, _ LAT (93-94) 0.7859
Tidal Levels referred to Datum of Soundings CD (1983) '
0.0000
B Lat Lona Heights in metras above datum
A s 3 MHWS | MHWHN | MLWN | MLWS . |
FUI"IB'f'I..ItI 5#‘3" 175b“|2‘ 13 1.3 07 0_2 MSL In Real World-




Can be Complex
Costly

Error prone
Time consuming
Frustrating!

VRS - Application to Bathymetry

Traditional Tidal Reduction Methods
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* GNSS — used for last 20+ years

— GNSS integral tool in bathymetric data collection

— Great for horizontal positioning — but why not vertical?

« Past Limitations

— Vertical accuracies not sufficient

— Inability to account for vertical difference between normal
orthometric (eg MSL) and the ellipsoid (GNSS height
reference)
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VRS — Application to Bathymetry %

Using GNSS for vertical height instead of
traditional tidal observations

o-

actual water level distance between

tide \/\/wema and transducer
sea statd

depggh | ellipsoidal
height of
CD

ellipsoid ——

sea bottom GRS

———ic
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At last — Accurate o B 5 i e =
vertical GNSS :
height! -

— Real time and post N | |
processed kinematic N — : L
techniques T S —

[ 3875615 [v- 33773 [—Height [Right click for more optians

iz 2015-253 [GNSS Combined] - Height Profile Plot = [

— Improved wide-area iR N
. i N "

GNSS correction
services “

— Applicable worldwide - LT
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« GNSS Vertical Accuracy v/

 But....

— National reference geoids not available for most countries
— Local separation models gen applicable to small areas

— |nability to realise significant benefits over traditional
techniques




What Benefits?

Increased Accuracy
Elimination of co-tidal uncertainty (error)
Elimination of tidal obs uncertainty
Elimination of vessel draught uncertainty

Enable significant efficiencies
Less time est tidal infrastructure
Less time processing of tidal data

Cost savings
Reduced expenditure on tidal equipment

Reduced footprint
Minimal terrestrial footprint (if any)
Reduced access issues
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*
*
*x _/

Pacific

% Community

VRS - Application to Bathymetry 1" N

Communauté
du Pacifique

Total Vertical Uncertainty |swath width

Uncertainty Source Indonndent
Error

Y¥essel Draught Sething 0.0z

Yariation of Yessel Draught Setting 0.1

Yeszel Settlement and Squat 0oz

MBES Instrument Accuracy 005 +

Roll Uncertainty

Heave Uncertainty 0.05

Sound Yelocity Measurement

Sound Velocity Spatial Variation

Sound Yelocity Temporal Yariation

Tide Data Accuracy 0.05

Co-Tidal Uncertainty 0.0

Combined Total 0.14 *

Requirement IHO 544 la 0.50 +
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« \What can we do?

— Use GNSS to assist with traditional Tide Methodology

— Consider Local Separation Models

— Future proof

— Investigate options for regional model
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Pole to Gauge Calibrations GNSS Pole to Gauge Method - Overview
US|ng GNSS : BM —Ellipsoid Height 11.025m (WGS84) ——————

— Direct relationship between
gauge and BM’s

: Pseudo “Pole”

— Eliminate need for Tide Pole

11.025m

— Increased flexibility in gauge
location

— Greater accuracy (longer
periods, 1hz = small SD) B

Zero of GNSS Buoy




VRS - Application to Bathymetry

Pole to Gauge Calibrations —
Current methodology
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m)

Tide Pole Reduced to Chart Datum (
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1.000

0.500

0.000

Scatter Plot - Raw Tide Gauge Against Tide Pole Reduced to Chart Datum

y =0.9827x + 0.6301

e

0.500 1.000 1.500 2.000
Raw Tide Gauge (m)

+ Tide Gauge Against Tide Pole
= | inear (Tide Gauge Against Tide Pole )
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2 500
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0.000

-0.500
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~
Date and Time
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VRS - Application to Bathymetry

Pole to Gauge Calibrations -
using PPK GNSS

TIDE GAUGEI/GNSS BUOY RAW DATA GRAFPH

Tide Gauge/GNSS Buoy Raw Data

—g=Tide Gauga =—¢=GNSS Buoy

13 +
30M000:20 30V1003:20 30010 06:20 30/10 08:20 30M0 12:20 30M0 15:20 30M0 18:20 30M0 21:20 31M000:20 31140 03:20

UTC Time (dd/mm hh:mm}

TIDE GAUGEI/GNSS BUOY CALIBRATION DATA GRAPH

Tide Gauge/GNSS Buoy Calibration Data

¥ = 0.998x + 5.653, R* = 1.000 |

15 20 25 3.0 35
Tide Gauge (m)
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« Consider Local Separation Models

— Based on combined tide and ellipsoid height measurements

. Offshore seabed tide gauges B = zones
l Single Point . Weighted Average . SinglePoint R
\F. rmer . . f(angaﬁrfu+ Fal:r;er‘ 3 Rangatmu -
- GNSS Data Buoys S S

Maitai

NZ 5113

"
H

i singlepoint '\
Farmer \

3
! (G I(otlatla
\ \ m 3 M
e ( singlePoint |

HS46 Doubtless Bay & A {
B \ Da bues © :
RangaunuBay - ‘ = \ o

TR LS %ﬁ%ﬁa@%
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Local Separation
Models

— Based on combined tide
and ellipsoid height
measurements

Figure 13 : Derived LAT to WGS84 Geoid-Ellipsoid Separation Model

Vessel GNSS Waterline - Observed Tides (LAT)
Farmer Point Tidal Station

Hieght of Tide above LAT (m)

Figure 14 : NZGeoid09 Geoid-Ellipsoid Separation Model (LAT to MSL Shift Applied)
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* National / Regional Separation Model

— Additional Benefits (over local models)

. Little or reliance on tidal data

. More consistent / seamless bathymetry

— What is realistic — National, Regional — or ??

. What work and resources are required to achieve (eg gravity)
. Cost benefit?

. Timeframe?
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* National / Regional Separation Model

— Options to achieve?

. Development partner assistance

. Contribution via future requirements for sea level measurements

- GNSS data acquisition for all TG benchmarks

- Consideration of offshore seabed TG and GNSS buoy

o PP9777
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QUESTIONS?



