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Abstract

Traditionally, hydrodynamic models are tuned totbeproduce observed tidal constituents
within the model domain. Such observations are atlynimited to coastlines at the edges of the
model and are often in small bays cut off by coasbns that are not resolved by the model and
thus may not be representative of the tides jushofe.

Now that Globally—correcte@PS (GcGPS) elevations are available at decimetuad-&ccuracy,
it is possible to test the validity of hydrodynamiodels in open water regions through
comparison of instantaneous sea level variatics fressel transits. Rather than testing at a
point location, transects can be made througlcatithoke point areas where phase and
amplitude are predicted to change very rapidly.seh@bservations can check on the fidelity of
the model in these sensitive regions.

As part of the regional mapping operations witliia Bay of Fundy under the Geoscience for
Ocean Mapping program of NRCan, four different eéstave been collecting GcGPS using
either Fugro Omnistar HP or C-Nav. Post Processedrifatic (PPK) GPS was also obtained
from the Princess of Acadia ferry which crossesBhg of Fundy daily. Results of comparisons
of the long period (minute+) vertical perturbatianighese vessels is presented with respect to
both the regional WebTide Scotian Shelf hydrodymamodel and nested higher resolution
models.

Introduction

When hydrodynamic tidal models are developed, treyusually validated by comparing the
output predicted tides from the model to predidiees at coastal tide stations within the model
domain. The predicted tide at the coastal stai®dgrived from analysis of the observed tides
and is therefore taken as an accurate predictidimeafides. Tidal observations away from the
coast are typically non-existent or very sparse.

The main added value of a hydrodynamic tidal mdalehydrography is that it provides a way
to account for cotidal variations across large bsdif water away from points of discrete
observations. With the increasing interest in thetinental shelf region for studies such as
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habitat or resource development, there is a growaeyl to have an adequate offshore tide
solution.

The issues associated with validating a hydrodyoanaidel with coastal tide gauges are that the
coastal gauges can be affected by shallow watarditects, which are not always included with
the model, and may be separated from open watardogakwater, bay or other constriction.
These factors can modify the tidal regime and @aisie observations may not be representative
of the tides just offshore. Therefore, to apprdphavalidate a hydrodynamic model it must be
compared to tides throughout the model domain,@aslheaway from the coast.

With advancements in GPS positioning precisiongeaid modelling, a vessel’s height above
mean sea level can be determined for any poinhguransit. Being mindful of vessel squat,
ignoring atmospheric or meteorological effects ea kevel and accounting for the lever arm
from the GPS antenna to nominal waterline, theat@ns in the vessel’s height above mean sea
level equates to the amplitude of the tides atrti@ient and location.

The determination of a real-time tide from a veésg8PS can be compared to the predicted tide
at the same location from a hydrodynamic model fChet al., 2007]. The model predictions
can move with the vessel and are thus valid forsita. This comparison can help determine the
accuracy of a hydrodynamic models prediction dltghase and amplitude at any point within
the model domain. The vertical range of the GP®agions between high and low water can
be compared to the predicted tidal amplitude amehfy of high and low water can be used to
access the phase output from a hydrodynamic modmrmpare observed and predicted tidal
ranges.

A comparison has been made between three hydrodymaodels within the Bay of Fundy, in
eastern Canada, and GPS observations from fivelges®our of the vessels used GPS from
Globally Corrected GPS (GcGPS) systems and oneRssidProcessed Kinematic (PPK) GPS
positioning.

Background

Three hydrodynamic models, whose domains existinvitte Bay of Fundy, on the east coast of
Canada, have been examined. Two of the model§dbean Shelf Model and the Upper Fundy
Model, were developed at the Department of Fiskeare Oceans, while the Grand Manan
Model was developed at the University of New BruickwThe extents of the three models are
shown in Figure 1.

The Scotian Shelf model covers the entire Bay oidyuthe Gulf of Maine and extends out from
the south coast of Nova Scotia. It contains thendiband semi-diurnal harmonic tidal
constituents of M2, K1, K2, N2, S2, O1, L2, M4, Nd&d 2N2 [Fisheries and Oceans Canada,
2007].

The Upper Fundy model extends from Saint John, Bamswick, up into the Bay of Fundy.
The Upper Fundy model is a high resolution modat tlses wetting and drying to change the
coastline based on the water level [Dupont eR@D5]. It contains the diurnal and semi-diurnal
harmonic tidal constituents of M2, K1, K2, N2, &2, L2, M4, NU2 and 2N2 to create a tidal
prediction [Fisheries and Oceans Canada, 2007]Ufper Fundy model was created through
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forward modelling using boundary conditions fromHEX/Poseidon and inverse modelling run
through comparison of the model tidal predictionie observed tides at coastal tide stations
[Dupont et al., 2005].

The Grand Manan model was developed to accouhéointricate islands and complex
bathymetry around Grand Manan Island. It was d@ezlaas a high resolution model nested
within the Scotian Shelf model and its purpose pramarily to look at current fields for
sediment transport. Construction of the model vwasetd on archives of CHS single beam data,
new multibeam survey data and a high resolutiostioa. It contains the diurnal and semi-
diurnal harmonic constituents of M2, K1, N2, S2 @&t

GPS data from five vessels has been obtained fopadson to the hydrodynamic models. The
CCGS Matthew, CSL Pipit and CSL Plover are hydrphi@survey vessels which use the Fugro
OmniSTAR positioning system and worked throughbetBay of Fundy in 2007. They are
operated by the Canadian Hydrographic Service bDaamouth, Nova Scotia. The Heron is a
hydrographic survey vessel operated by the OcegipMg Group at the University of New
Brunswick in Fredericton, New Brunswick. The Herges the CNav GcGPS positioning
system and worked around the southern tip of GKadan Island in the Bay of Fundy in 2007.
The Princess of Acadia is a vehicle ferry whichsrbetween Saint John, New Brunswick, and
Dighby, Nova Scotia. GPS data from the Princes&caidia has been post processed using long
baseline PPK GPS techniques [Santos et al., 2008]precision of the GcGPS system can be
expected to be at the decimetre level while the B&t4 is at approximately three centimetres
[Roscoe Hudson and Sharp, 2001].

Grand Manan Model

Scotian Shelf Model Upper Fund Model

Figure 1 — Model Overview
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Data Processing

The GPS data from the vessels using GcGPS obsangatias collected in an ASCII NMEA
format. The GPGGA strings from the NMEA files wendracted and used to determine the
positions of the vessel antenna at one hertz. P ®PS data from the Princess of Acadia was
obtained in ASCII formatted files with positionsdaassociated standard deviations at one hertz.

The positions were extracted from the ASCII filesl anput to Ocean Mapping Group binary
navigation files. The vertical heights above the 883 ellipsoid were low pass filtered using a
cosine squared tapered weighted average of 60 @ecdhis filtering smoothed the data and
removed high frequency outliers, particularly heanation. A median filter was applied to the
low pass filtered data of 30 seconds to decreasddta density. The result was a filtered version
of the original GPS ellipsoidal heights sampledrg\a® seconds.

The ellipsoidal heights for each vessel were mesbwith respect to their associated GPS
antennae. The positions therefore had to be sHiibed the GPS antenna height to the waterline.
This was done using the known height of the GP8ranat above the vessel reference point and
the offset between the waterline and the referpoaat. As the data was smoothed over 30
seconds, the roll and pitch were assumed to avéoazrero for the lever arms. Any biases such
as trim and list would result in a constant bias. the Princess of Acadia, the height of GPS
antenna above the water line was estimated usegnguwérage geoidal height.

The geoid to ellipsoid separation was determingaguhe Canadian HTv2.0 separation model
[Earth Sciences Sector, NRCan, 2007]. The geaioseild separation was removed from the
original ellipsoidal heights for each navigatiole fiThe vertical component of the resulting
navigation files were referenced to the geoid aandped every 30 seconds.
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Figure 2 — Difference Map of EGM96 vs HTv2.0 Separation Models

To examine the importance of the geoidal separatiodel precision, the Princess of Acadia
GPS data was reduced to the geoid using the lomgeslength, lower resolution, global egm96
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geoid ellipsoid separation model and the highesloe®n, shorter wavelength, national HTv2.0
separation model [Earth Sciences Sector, NRCary;2@moine et al., 1998]. When the
vessel's GPS data was processed using the egm98 inacs noted that the data was
exhibiting a bulge when crossing the Bay of Funidye HTv2.0 separation model was then used
to transform the GPS ellipsoid observations toG/D28 geoid and the artefact was removed
[Earth Sciences Sector, NRCan, 2007]. Figure 2ayspthe difference between the EGM96 and
HTv2.0 separation models. The low in the differen@®, which caused the artefact to be
observed, is clearly visible between Saint John, &l Digby, NS.

The positions associated with each navigationwéee input to a modified version of a program
entitled Tidecor [Fisheries and Oceans Canada,]200i program determines the tidal
amplitude and phase for each modelled tidal harowcomstituent at every position in the input
file from a specified hydrodynamic model. The suinalbthe constituent heights, at a specified
time, represents the predicted tide. For this ptdjge hydrodynamic models of Scotian Shelf,
Upper Fundy and Grand Manan were examined. Thevaodtoutputs a new navigation file with
the tidal amplitude associated with the time ansitpm of the input navigation file.

The GPS geoidal heights associated with each niaoigfile were compared to the predicted
tidal amplitudes from hydrodynamic models for thens location and time. The comparisons
were divided into 24 hour (or less) periods forraxaation.

Results

CCGS Matthew

The CCGS Matthew steamed throughout the Bay of ¥duding the 2007 survey season. The
GPS data from the Matthew can therefore be compgart#te Upper Fundy model, the Scotian
Shelf model and the Grand Manan model as it stestthroughout the bay. As the Matthew
operates 24 hours a day, full tidal curves canlds=ved. To simplify the analysis procedure,
the Matthew GPS data was divided into 6 smallerrsgibns, each of which lie within a region
of similar tidal phase and amplitude. The excepisoarea 1, within the Minas Passage, where
extreme gradients in phase are known.
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Figure 3 — CCGS Matthew Areas

Area 0

Area O is located at the upper end of the Bay aidiyuvithin the Minas Basin where the tide
decelerates past the constriction of Area 1. Tleselof the GPS data, the Upper Fundy and
Scotian Shelf models are close when observed fndlections in Figure 4, but amplitudes differ
between the three. The Upper Fundy model over gieethe range of the tide within this region
by approximately 0.7 metres. The Scotian Shelf rhodder predicts the range of the tide within
the Minas Basin by approximately 0.9 metres. Tlwesfthere is a 1.6 metre difference in the
tidal ranges output by the two models and the ofesktidal range from the GPS data sits in
between the two predictions.

Area 0 — Matthew GPS Data vs Hydrodynamic Models
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Figure 4 — Matthew Area 0
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Area l

Area 1 is located in the Minas Passage at the tetdd Bay of Fundy. It includes one of the
areas of highest current velocities within the bagh current magnitudes reaching over 5 m/s.
The change in phase of the tide as it travels titahbis constriction is immense and the ability

of the hydrodynamic models to properly accounttlias extreme phase gradient is critically
controlled by the models representation of the yoa#try. Within Area 1, the Matthew GPS data
matches the Scotian Shelf very well, but discreancan be noted between the GPS data and
the Upper Fundy model. There are no obvious phéfezehces between the GPS data and either
model tidal prediction. The Upper Fundy model opexdicts the tidal range in the Minas
Passage by approximately 1.2 metres. The Scoliati ®odel provides a closer match to the
Matthew GPS data, with an under prediction of tth@l range by approximately 0.4 metres.

Of particular interest are the anomalies on thedltde, noted by the circled areas in Figure 5.
In comparison to the GPS data, the models both shbint of the anomaly but under predict it.
The anomalies occur while the vessel is passirgutir the narrow constriction of the Minas
Passage just off Cape Split and immediately dowastrof a pronounced rock ridge, previously
poorly described by the available bathymetric datee locations of these anomalies are shown
in Figure 6 and occur while the vessel is travgliirom west to east.

Area 1 — Matthew GPS Data vs Hydrodynamic Models
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Figure 5 — Matthew Area 1
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S

Figure 6 — Flood Tide Anomaly in Area 1 of Matthew Data (Arrow indicates direction of vessel transit)

Area 1 — Matthew GPS Data vs Hydrodynamic Model Close Ups
(1 hour segment)
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Figure 7 — Close Up of Matthew Anomalies (Green and Red Arrows Match Locations in Figure 6)
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The anomaly numbered 1, in Figures 5 though 7 ritesscthe vessel dropping 0.6 metres over 3
kilometres as it steamed into the Minas Passagematy number 2, located to the north of
anomaly 1, describes the vessel dropping 0.4 metr@s3.5 kilometres as it steamed into the
passage. The Upper Fundy model does a better jasolving the step like anomaly observed

in Figure 7, presumably because the higher resolgrid better defines the rock ridge, yet the
model does not resolve it to the extent descriyethé GPS data. The bathymetry used in the
development of the hydrodynamic models is showncampared to the actual bathymetry in
Figure 8. The Upper Fundy model bathymetry resotlieschannel passing through the Minas
Passage better than the Scotian Shelf model, lag wot account for the rock ridges shown by
the black arrows in Figure 8.

Upper Fundy Model Scotian Shelf Model
Multibeam Bathymetry Bathymetry Bathymetry

N\

Sa

Figure 8 — Actual Bathymetry of Minas Passage Compared to Upper Fundy and Scotian Shelf Model
Bathymetry

Area 2

Area 2 is located in the Minas Channel near thel lnéahe Bay of Fundy, just south of the
Minas Passage entrance. Area 2 appears to exinifdiiisqualities as Area 1. The Scotian Shelf
model provides a better approximation of the tataplitude than the Upper Fundy model within
this area. The Upper Fundy model over compenshgetdal range by approximately 1.7 metres
and the predicted phase from the Upper Fundy magjsgars to lag behind the GPS data at the
inflection points. The Scotian Shelf model overdiees the tidal range by approximately 0.2
metres and the phase appears to match the GP&tdhagainflection points.

Area 2 — Matthew GPS Data vs Hydrodynamic Models
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Figure 9 — Matthew Area 2
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Area3

Area 3 is located in the centre of the Bay of Fyridy from the constriction of the Minas
Passage, but close to the boundary of the UppetyFmodel. Both models match the GPS data
quite well at this location. The Upper Fundy mostdl over compensates the tidal range by
approximately 0.4 metres and the predicted phageaap to lag behind the GPS data. The
Scotian Shelf model under predicts the tidal ranghis area by less than 0.4 metres, but the
predicted phase matches the GPS data at the ioflgqmbints.

Area 3 — Matthew GPS Data vs Hydrodynamic Models
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Figure 10 — Matthew Area 3

Area4d

Area 4 is located to the east of Grand Manan Islanthis location the GPS data is compared to
the Scotian Shelf model and the Grand Manan maatputs. The Grand Manan model was built
as a nested model within the Scotian Shelf modglessuch the phase and amplitude of the two
models are similar, although the Grand Manan maéldes fewer constituents. There is little
difference between the amplitude of the GPS dafalaa model tidal prediction outputs but

there does appear to be a small difference in phédethe Grand Manan model predicted phase
slightly ahead of the GPS data at the inflectiomizo The Scotian Shelf model under predicts
the tidal range by less than 0.1 metres and thaddvianan model under predicts the tidal range
by 0.2 metres. The GPS data shows that there wessmonally problems with the GPS
observations though out this region.
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Area 4 — Matthew GPS Data vs Hydrodynamic Models
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Figure 11 — Matthew Area 4

Areab

Area 5 is located at the mouth of the Bay of Futdyhe south of Grand Manan Island, on the
southern flanks of the Murr Ledges. The GPS dawScotian Shelf model and the Grand
Manan model all match quite closely in this arelae Bcotian Shelf model under predicts the
tidal range in this area by 0.2 metres and the €GManan model under predicts the tidal range
by 0.1 metres. There are no obvious differencgdhase between the three determinations. The
tidal amplitudes in this region are smaller andtitial regime is less complex than in the upper
regions of the Bay of Fundy.

Area 5 — Matthew GPS Data vs Hydrodynamic Models
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Figure 12 — Matthew Area 5
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CSL Pipit and CSL Plover

The CCGS Matthew has two survey launches whichrmraandem with the Matthew.

OmniSTAR GPS data was collected on both vesselthésurvey season of 2007. Unlike the
Matthew, the launches usually work for approximaté hours per day and therefore a tidal
cycle is only partially observed. One survey ares whosen for each vessel for analysis. In each
case both high and low water were observed.

lle Haute Scots Bay

Figure 13 — CSL Pipit and Plover Survey Areas

lle Haute

lle Haute is an island in the Bay of Fundy thapproximately 2.5 km long and 0.5 km wide. In
this region both the Upper Fundy and Scotian Shelfiels under compensate the tidal
amplitude. As noted in previous comparisons, thai&e Shelf model provides a better fit to the
GPS data then the Upper Fundy model. The Upperyronudiel under predicts the tidal range
by approximately 1.7 metres while the Scotian Shmlflel under predicts the tidal range around
the island by approximately 0.4 metres. This isdhly occurrence of the Upper Fundy model
under predicting the tidal range noted in this gtudis anomaly is likely caused by the Upper
Fundy model interpreting lle Haute as a shoal kenihe Scotian Shelf model which correctly
interprets it as an island.
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Ile Haute — Plover GPS Data vs Hydrodynamic Models
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Figure 14 — Plover lle Haute

Scots Bay

Scots Bay is located within the Minas Channel aldr@Nova Scotia coast next to a large
intertidal area. As the Upper Fundy model includesting and drying functionality, it would be
expected that it would account for this intertidega and provide an improved estimate of the
predicted tides, but this is not the case. In @sttio the lle Haute region, the Upper Fundy
model over compensates the tidal range in this layegpproximately 1.3 metres. The Scotian
Shelf model still under compensates the tidal rangapproximately 0.6 metres.

Scots Bay- Pipit GPS Data vs Hydrodynamic Models
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Figure 15 — Pipit Scots Bay

Heron

The Heron spent the summer of 2007 performing hy@yehic surveys at the southern tip of
Grand Manan Island, within the Bay of Fundy. CNaGPS was logged for the entire survey
season. The Heron operated for approximately 8shper day, therefore a full tidal cycle was
never observed. To simplify analysis, the Heron @R& was divided into four smaller regions.
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Figure 16 — Heron Survey Areas

Area0

Area 0 is located in open water with no surroundiomplex island regions. Within this area the
Grand Manan model and the Scotian Shelf model boder compensate the tidal amplitude
compared to the GPS data. The phases of the mddeptedictions appear to lag slightly
behind the GPS data at the inflection point.

Area 0 — Heron GPS Data vs Hydrodynamic Models
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Figure 17 — Heron Area 0
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Areal

Area 1 is located in relatively open water wittargls and shoals to the west and north of the
region. As with Area 0, the tidal amplitude is undempensated by the Grand Manan and
Scotian Shelf models. In this region, the predigibdse from both models appears to lag slightly
behind the GPS data at the inflection point.

Area 1 — Heron GPS Data vs Hydrodynamic Models
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Grand Manan Model

= Scotian Shelf Model
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Figure 18 — Heron Area 1

Area?2

Area 2 is located between Grand Manan Island anddNsland. The region is long, narrow,
open to the bay and almost closed off at the narthad. In this area the predicted phase from
both models lag significantly behind the GPS dathainflection point. The tidal amplitude
appears to be over compensated by the models vamepaced to the GPS data.

Area 2 — Heron GPS Data vs Hydrodynamic Models
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Grand Manan Model

= Scotian Shelf Model
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Figure 19 — Heron Area 2

Area3

Area 3 is a shallow, coastal region along Grand &nasland. Within this region the output
prediction from the Grand Manan and Scotian Shelfi@fs are very similar, even though the
Grand Manan model resolves the currents and batinymeund the region while the Scotian
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Shelf model does not. The models appear to undapensate the tidal range within this area.
The differences in phase are difficult to interps@hout sufficient data to display an inflection

point between low and high water.

Area 3 — Heron GPS Data vs Hydrodynamic Models

Time (Hours)

Figure 20 — Heron Area 3

Princess of Acadia

In 2004 a project was established to
collect GPS data on the Princess of
Acadia ferry, operated by Bay Ferries,
during its transit between Saint John,
New Brunswick, and Digby, Nova
Scotia, for one year. The data was post
processed using observations from
base stations at Saint John and Dighy
to achieve centimetre level precision
[Santos et al., 2005]. One week of data
was examined for analysis from May
16", 2004 to May 2%, 2004, three

days of which are shown here.

= GPS Data— Above Geoid
Grand Manan Model

= Scotian Shelf Model

Figure 21 — Princess of Acadia Transit

The upper graph in Figures 22 through 24 show thre®ss of Acadia speed (blue) and the
difference between the Scotian Shelf hydrodynanodehand the GPS elevation data (green).
Increases in speed indicate that the Princess adliads crossing the Bay of Fundy. The lower

graph in Figures 22 through 24 show the GPS elvalata from the Princess of Acadia and the

Scotian Shelf model tidal prediction output.
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May 16t 2004 — Princess of Acadia — Speed and Difference Between Model and GPS Data

0.5

9

8
z ! 1 m
£o !
3 5 i 1 08
& 4 3

3

2

1
0 -0.5

Time (Hours)

May 16%, 2004 — Princess of Acadia — GPS Data vs. Hydrodynamic Models
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Figure 22 — Princess of Acadia May 16", 2004

Figure 22 shows that the difference between the &@&#ftion data from the Princess of Acadia
and the Scotian Shelf hydrodynamic model tidal autjiffer by up to +/- 0.5 metres. While the
vessel was stationary at port, the Scotian Shetfehonder predicted the high and low tide by

up to 0.5 metres. There seems to be no visiblegpsiaift between the observed GPS data and the
output prediction from the hydrodynamic model. Whies vessel is crossing the bay, indicated
by the increase in velocity, it rises and then dads gradually through the crossing. This is not
caused by squat as the vessel gets up to speadutes It could either be caused by
inaccuracies in the Scotian Shelf model tidal prigoin through the centre of the Bay or from
errors within the geoid ellipsoid separation modehe vessel appears to sink before leaving port
and rises up again after arriving at the other sidde bay. This is most likely caused by the
loading and unloading of vehicles from the ferry,n@ted by the arrows in Figures 22 through
24.
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May 17, 2004 — Princess of Acadia — Speed and Difference Between Model and GPS Data
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May 17, 2004 — Princess of Acadia — GPS Data vs. Hydrodynamic Models
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Figure 23 — Princess of Acadia May 17", 2004

Figure 23 displays similar traits to Figure 22. Whhe vessel is stationary the difference
between the observed GPS elevation data and thhledythmic model tidal prediction is
approximately +/- 0.25 metres. The model under ipted the amplitude of the tide while the
vessel was stationary but the phase between theoB&tBved elevation and the model
prediction provides a close match. As with Figu2ethe vessel appears to sink before leaving
port and rises again after arriving at the othee sif the bay.
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May 20th, 2004 — Princess of Acadia — Speed and Difference Between Model and GPS Data
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May 20t, 2004 — Princess of Acadia — GPS Data vs. Hydrodynamic Models
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Figure 24 — Princess of Acadia May 20", 2004

Figure 24 displays four crossings between Sainmh JAB, and Digby, NS. While the vessel is
stationary at either port, the Scotian Shelf hygiramic model under predicts the tidal
amplitude when compared to the GPS elevation datplio 0.5 metres but the phase difference
between the GPS data and the model prediction geaviclose match.

Discussion

In general, the Scotian Shelf hydrodynamic modkaltprediction matches the GPS elevation
above mean sea level data better than either tpertfundy or Grand Manan models
throughout the entire Bay of Fundy, despite the taat it is a lower resolution model. It would
be expected that the higher resolution hydrodynanudels of Upper Fundy and Grand Manan
would outperform the Scotian Shelf model due tartimeproved bathymetry and coastline, but
this is not the case. The Scotian Shelf model pies/an improved prediction of tidal amplitude
and phase, which in general matches the vesselel@@&tion data to within less than a metre
throughout the Bay of Fundy.
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At the head of the bay, in the Minas Basin, the &idpundy model over predicts the tidal
amplitude compared to the GPS data, while the &catielf model under predicts the tidal
amplitude. The tidal phase prediction from both Bieanatches the GPS data closely in this
area. This is the only region where the Upper Fungirodynamic model provides a closer
match to tidal range observed from the GPS datattiia Scotian Shelf model, by approximately
0.2 metres.

In the Minas Passage, the Upper Fundy model begisgnificantly over predict the tidal
amplitude when compared to the GPS data. The passag area of complex currents and
bathymetry which provides unusual effects, as shoythe steps observed during the flood tide
in Figure 7, and a strong tidal phase gradient.Stbps are seen when the vessel is moving from
west to east and describe a decrease in the tigaitade in the centre of the Minas Passage by
approximately half a metre. The Upper Fundy modsblves these anomalies better than the
Scotian Shelf model, and is likely a result of ilereased resolution of the Upper Fundy model
partially taking into account the complex bathymetf the Passage, as shown in Figure 8.
Presumably, the imperfectly resolved rock ridggaserating a standing wave on the flood tide.

Outside the Minas Passage, within the Minas Chaanghase lag between the Upper Fundy
model and the GPS data becomes apparent. The Bppdy model still over compensates the
tidal amplitude compared to the GPS data and tkeaelose match between the Scotian Shelf
model and the GPS data. At lle Haute, shown infféidi8, an anomaly exists where the Upper
Fundy model significantly under predicts the tidalplitude compared to the GPS elevation
data. This is the only location where the tidal &mge is not over predicted by the Upper Fundy
model.

In the centre of the Bay of Fundy, the Upper Fumigel over compensates the tidal amplitude
and the Scotian Shelf model under compensatesieamplitude when compared to the GPS
data. A phase lag exists in the Upper Fundy mduglthe middle of the bay is close to the outer
boundary of the Upper Fundy model, which couldadtrce errors.

Around Grand Manan Island, the differences betwbemmodeled tidal predictions and the GPS
elevations change depending on the location. Theptx bathymetry and coastline surrounding
Grand Manan Island suggest that the higher resol@irand Manan model should outperform
the Scotian Shelf model, but as discussed eatttisrjs most often not the case. The complexity
of the Murr ledges and small islands to the so@itGrand Manan Island cause there to be phase
discrepancies between the models and the GPSrdstenie areas and amplitude discrepancies
in others. To the south of Grand Manan Islandhatentrance of the Bay of Fundy, the tidal
amplitude is reduced and the bathymetry is simpteralatively smooth. In this area the Scotian
Shelf and Grand Manan models both provide a clesemto the GPS data.

The accuracy of the GPS height determination ablowgeoid is dependent on the accuracy of
the geoid-ellipsoid separation model. In areas wlieere are rapid changes in geoid slope, this
is an especially important consideration. When waykn a small area, there is very little
geoidal slope change, but when moving across argas of the Bay of Fundy, as with the
Princess of Acadia data, using an accurate geoniddel becomes an important consideration.

GPS position data can be used to validate hydrodynenodel predicted tides but there are
limitations. The hydrodynamic models examined is gtudy do not take into account water
level changes from atmospheric pressure or wintidewhe GPS vessel data will take into

account all factors affecting water levels. Modglthe effects of atmospheric pressure and

Paper 4-2 Page 20 lan Church



Proceedings of the Canadian Hydrographic Conference and National Surveyors Conference 2008

meteorological events for inclusion to the hydroalyic model tidal prediction output would
allow for a fair comparison between GPS data aadibdel prediction. A vessel squat model
would also need to be developed and used to atigistydrodynamic model to coincide with the
GPS data. Taking into account the meteorologicdlsajuat factors, the differences between the
GPS data and the hydrodynamic models could betosadjust the models through inverse
modelling and thus improve their tidal predictions.

Conclusions

Of the hydrodynamic models tested in this studg,3kbotian Shelf model consistently
outperformed the Upper Fundy and Grand Manan made&lsmparisons of the model tidal
prediction to the vessel GPS data. The Upper Famalyel generally over predicted the tidal
amplitude and phase lags were apparent in somagdosavhen compared to the GPS data. As
this model was designed specifically to predictstakflooding, this could be of concern. The
Grand Manan model was very similar to the Scotia@lfSnodel when compared to the Globally
Corrected CNav GPS data from the Heron around Gwéamtan Island. The difference between
the observed tidal range from the reduced GPSattetahe Scotian Shelf hydrodynamic model
prediction was never greater than one metre ancowmep as one moved away from the head of
the Bay of Fundy.

Using Globally Corrected GPS data from vessel fraucan help validate the proper tidal
amplitude and phase output from hydrodynamic modeialyzing how the tidal regime is
modified as the vessel transits through differegians by reducing GPS observations to mean
sea level will aid in understanding the accuracthefhydrodynamic model tidal amplitude and
phase predictions throughout the model domain.Glodally Corrected GPS data observed on
the Matthew, Pipit, Plover and Heron shows thahwitnhoothing it can be superior to a
hydrodynamic model in determining the actual w#teel with respect to mean sea level, but it
does suffer from reliability issues with consisteuntliers. Adjusting the hydrodynamic model
parameters to match the observed tides from theceetlGPS data will improve the ability to use
hydrodynamic models for applying predicted tidesiydrographic survey data.
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