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ABSTRACT 

Chandler, P.C.P., de ~largerie, S., and Covill, J.D. 

modelling of tides in Hudson Strait and Ungava Bay. 

Hydrogr. Ocean Sci. No. 13: vii + 60 p. 

1985. Numerical 

Can. Contract. Rep. 

A two-dimensional numerical model was applied to the Hudson Strait and 

Ungava Bay region to simulate the barotropic tidal circulation. Four funda­

mental frequencies, the M2, S2, N2 and K1, were modelled and calibrated to 

observed tidal data in the study area. The non-linear interaction of these 

four constituents was examined by conducting a tidal analysis on the results 

of a 24 day simulation modelling of all four components simultaneously. 

Current vector plots of the M2 tide at intervals of one hour were produced, 

using high water at Diana Bay (61°N, 70 0 W) as a reference. Cotidal charts 

of the model area for the M2, S2, N2, and K1 constituents were generated and 

compared to tidal information derived from previous analytical and numerical 

studies. 

The general circulation of the study area was well represented by the numer­

i cal rodel. Agreement between observed and modell ed characteri sti cs of the 

~12 tide is generally bett~r than ±4% or ±8 cm for amplitude and 13° (26 

mi nutes) for phase. The absol ute error for the other modell ed consti tuents 

is of a similar order. 
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RESUME 

Chandler, P.C.P., de Margerie, S., and Covill, J.D. 

modelling of tides in Hudson Strait and Ungava Bay. 
Hydrogr. Ocean Sci. No. 13: vii + 60 p. 

1985. Numeri ca 1 

Can . Contract. Rep. 

Un modele numerique bi-dimensionel a ete utilise dans le detroit d'Hudson et 
la region de la baie d'Ungava pour simuler les courants de maree barotro­
piques. Quatre frequences fondamentales ont ete modelisees, soit M2, S2, N2 
et K1. Ces constituantes ont ete calibrees a partir des donnees maregra­

phiques de la region etudiee. Les interactions non-1ineaires de ces quatre 
constituantes ont ete analysees en simulant leur comportement simu1tanement 
pendant une periode de vingt-quatre jours. 

Les courants sont representes a intervalle d'une heure par des cartes de 
vecteurs utilisant l l heure de la maree haute a Diana Bay (61°N, 70 0 W) comme 
poi nt de reference. Les cartes cot; dal es des constituantes M2, S2, N2 et 
K1 obtenues a 11 ai de du model e ont ete comparees aux i nformati ons ti rees 
d'etudes analytiques et numeriques precedentes. 

Le model e numeri que reproduit adequatement 1 a ci rcul ati on general e de 1 a 

zone etudiee. Les caracteristiques simulees et observees de la constituante 
M2 se comparent en de~a d'une erreur de 4% (±8cm) pour l'amp1itude et de 13° 
(26 min) pour la phase. L'erreur abso1ue est du meme ordre de grandeur pour 
1es autres constituantes. 
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1. INTRODUCTION 

There is a growing interest in Canada's arctic waterways related to 

marine traffic navigation, natural resources exploration, and in the 

harnessing of tidal energy in Ungava Bay. To further our knowledge of 

water levels and currents in this region the Canadian Hydrographic 

Service has implemented a multi-dimensional project including field 

work, analytical and numerical studies. One aspect of this project is 

the development of a numerical model to provide information on the 

tidal elevations and currents in the Hudson Strait/Ungava Bay region 

shown in Figure 1. 

Accurate determi nati on of the ti dal ci rcul ati on in the Hudson Strai t/ 

Ungava Bay system is of si gnifi cant importance si nce ti des are respon­

sible for the major part of the currents and sea surface elevation 

changes in thi s regi on. Ti dal currents are of interest to navi gators 

and also strongly affect the mixing and transport of water masses which 

support the northern ecosystem. Knowledge of the tidal range is 

necessary in planning harbour facilities, and in addition the large 

tides at the head of Ungava Bay make this a promising area for tidal 

power generation. 

A two year study to numerically describe the tidal regime was carried 

out by Martec L imi ted under contract to the Canadi an Hydrographi c 

Service (File No. lOSC.FP901-3-R062 and 08SC.FP901-4-R533) (Martec, 

1984a). Using a modified version of the Martec/AOL (Atlantic Oceano­

graphic Laboratory) two-dimensional numerical model the barotropic 

circulation within the study area was simulated and compared with 

existing tidal data. The four main tidal constituents were modelled: 

the M2 (the principal lunar semidiurnal constituent), the S2 (the 

principal solar semidiurnal constituent), the N2 (the lunar elliptic 

semidiurnal constituent), and the Kl (the principal lunisolar diurnal 

constituent). Scale analysis revealed that the non-linear interaction 

between these consti tuents woul d be si gni fi cant at the eastern end of 
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Hudson Strait and in Ungava Bay. A twenty-four day simulation, 
therefore, combi ni ng these four constituents was undertaken and the 
resulting time series examined using standard tidal analysis techniques 
(Foreman,1979). The model results are presented in terms of cophase 
and coamplitude charts describing the water surface elevation for each 
constituent. Current vector plots of the dominant M2 tide at hour 
intervals throughout a tidal cycle (referenced to highwater at Diana 
Bay) are included and can be considered as representative of the 
overall current flow in the Hudson Strait/Ungava Bay study area. 
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2. BACKGROUND TIDAL INFORMATION 

Descriptive information of the tides in Hudson Strait and Ungava Bay 

has been documented since the voyages of navigators such as John Davis 

in 1587. The area has gained a reputation for very strong tidal 

currents (in the order of 5 knots) and large tidal ranges (up to 15 m) 

(Canadian Hydrographic Service, 1983). The utilization of automatic 

data collection instruments has quantified the magnitude and direction 

of the currents and the vari ati ons in water el evati on at several loca­

tions in this region. The Marine Environmental Data Service (MEDS) and 

the Canadi an Hydrographic Servi ce (CHS) has archi ved ti dal el evati on 

data gathered in the study area in the form of ampl itude and phase for 

va ri ous ti da 1 components i ncl udi ng the four constituents of interest; 

the M2, S2, N2 and K1' Figure 2 and Table 1 provide the location and 

the constituent values, respectively, for each of the tidal information 

stations in the Hudson Strait/Ungava Bay region. It should be noted 

that several of the data collection points (see Table 1) are represen­

ted by water elevation records of less than the 28 day period which is 

required to resolve the N2 component. At these locations the N2 

constituent characteri sti cs were determi ned by inference from the M2 

data. The tides in the study area are mainly semi-diurnal with a 

typical amplitude ratio for the M2:S2:N2:K1 of 100:33:20:5. 

A cotidal chart describes the fields of amplitudes and phase lags for 

the water el evati on of a gi ven ti dal constituent. Fi gure 3 shows two 

cotidal charts based on observations of the M2 tide at coastal stations 

in the study area (Dohler, 1966 and Godin, 1980). In each the solid 

contours represent cophase 1 i nes along whi ch the vertical di sp 1 acement 

of the M2 tide is simultaneous. The phases are measured in degrees and 

correspond to the phase 1 ag at Eastern Standard Ti me (the time zone 5 

hours ahead of Greenwhi ch Mean Time, GMT + 5 hours). The ti dal wave 

progresses in the direction of increasing phase and it can be seen that 

the tidal signal enters the Hudson Strait/Ungava Bay system at the 
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TABLE 1. TIDAL INFORMATION AT STATIONS WITHIN THE MODEL BOUNDARY 
DETERMINED FROM OBSERVED TIDAL DATA 

Ampl i tude Phase (degree) 
Tidal Station Constituent (em) GMT +5 hrs 

1. Schooner Harbour M2 207.5 316.0 
62.4°N, n.9°W N2 41.4 289.6 

S2 71.0 9.0 
K1 8.2 147.0 

2. Port de Boucherville M2 144.4 270.0 
63.2°N, 77.6°W N2 27.4 331.6 

S2 53.9 326.0 
K1 6.7 113.0 

3. Port de LaPerriere * M2 94.1 268.0 
62.6°N, 78.1°W N2 18.2 332.6 

S2 37.7 322.0 
K1 4.2 66.0 

4. Digges Harbour M2 100.2 279.0 
62.6°N, 77.9°W N2 19.5 251.6 

S2 39.3 325.0 
K1 5.4 104.0 

5. Sugluk M2 155.1 255.0 
62.2°N, 75. rW N2 30.7 227.6 

S2 58.5 304.0 
K1 10.0 90.0 

6. Deception Bay * M2 171. 7 248.2 
62.2°N, 74.8°W N2 34.3 222.6 

S2 60.3 304.0 
K1 8.3 83.0 

7. Douglas Harbour M2 259.3 231.0 
61.9°N, 72.6°W N2 48.1 214.6 

S2 92.0 298.0 
K1 10.5 60.0 

8. Wakeham Bay M2 336.5 234.0 
61.6°N, 72.3°W N2 69.6 212.0 

S2 162.6 279.1 
K1 13.4 77.2 

9. Doctor Island * M2 257.5 237.0 
61. 7 ° N, 71. 6 Ow N2 51.5 310.6 

S2 87.4 289.0 
K1 14.9 118.0 



7 

TABLE 1. continued 

Amplitude Phase (degree) 
Tidal Station Constituent (cm) GMT + 5 hrs 

10. Stupart Bay * M2 274.9 225.0 
61.6°N, 71.5°W N2 54.8 331.6 

S2 92.9 282.0 
K1 14.3 99.0 

11. Diana Bay M2 293.0 224.2 
60.9°N, 70.1°W N2 58.6 198.0 

S2 99.3 275.5 
K1 15.7 87.9 

12. Koartac M2 266.5 253.9 
61.1°N, 69.6°W N2 51.1 226.2 

S2 91.8 311.3 
K1 6.8 122.1 

13. Basking Island M2 316.6 253.0 
60.0 o N, 70.1°W N2 58.8 235.0 

S2 99.9 313.0 
K1 14.3 112.0 

14. Pikiyulik Island M2 304.8 251.0 
60.0 o N, 69.9°W N2 55.1 224.0 

S2 94.7 302.0 
K1 14.9 105.0 

15. Agvik Island M2 349.3 225.0 
60.0 o N, 69.7°W N2 64.6 199.0 

S2 117.0 275.0 
K1 17.6 110.0 

16. Hopes Advance Bay M2 388.3 225.0 
59.4°N, 69.6°W N2 83.2 188.0 

S2 125.2 280.0 
K1 20.7 97.0 

17. Leaf Basin M2 433.1 251.0 
58.rN, 69.8°W N2 91.7 253.0 

S2 136.5 314.0 
K1 18.5 113.0 

18. Koksoak Ri ver Entrance M2 408.7 229.0 
58.7°N , 68.2°W N2 75.8 196.0 

S2 135.9 282.0 
Kl 15.8 91. 0 
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TABLE 1. continued 

Amplitude Phase (degree) 
Tidal Station Constituent (cm) GfvlT +5 hrs 

19. Port Burwell M2 214.2 209.0 
60.4°N, 64.9°W N2 42.0 177.6 

S2 65.2 258.0 
K1 12.4 90.0 

20. Williams Harbour * M2 98.1 187.5 
60.0 o N, 64.3°W N2 30.1 154.4 

S2 23.7 227.0 
K1 19.2 72.5 

21. Acadia Cove * M2 216.0 211.0 
(Easton, 1972) N2 43.0 
61.6°N, 64.73°W S2 89.0 246.0 

K1 13.0 115.0 

22. Brevoort Harbour ~12 180.7 157.0 
63.3°N, 64.2°W N2 34.7 132.6 

S2 64.0 195.0 
K1 17.0 49.0 

23. Frobisher S Farthest M2 329.5 218.5 
63.5°N, 68.0 o W N2 54.0 188.6 

52 110.4 267.1 
K1 18.0 100.6 

24. Resor Island M2 334.3 197.0 
63.2°N, 68.1°W N2 66.4 168.6 

52 118.8 242.0 
K1 20.1 96.0 

25. Frobisher M2 345.2 193.1 
63.rN, 68.5°W N2 67.7 164.7 

52 117.4 238.8 
K1 18.4 85.5 

26. Lake Harbour M2 349.6 231.7 
62.9°N, 69.9°W N2 67.6 204.4 

52 119.9 280.9 
K1 15.2 102.1 

27. Ashe Inlet M2 335.2 230.0 
62.6°N, 70.6°W N2 67.0 208.6 

52 121.3 287.0 
K1 15.8 103.0 
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TABLE 1. continued 

28. 

29. 

30. 

* 

Amplitude Phase (degree) 
Ii da 1 Stati on Constituent (cm) G~lT +5 hrs 

Schooner Cove * M2 35.2 180.1 
59.1°N, 63.5°W N2 9.1 188.4 

S2 13.7 207.8 
K1 14.2 95.5 

Ungava Bay M2 420.7 232.9 
58.6°N, 68.2°W N2 205.7 

S2 133.3 283.9 
K1 17.7 91.8 

Hekja Well site M2 160.0 171.0 
62.2°N, 62.9°W N2 35.0 151.0 

S2 53.0 207.0 
K1 12.0 83.0 

Recorded tidal data less than 28 days; inference of N2 parameters from 
M2 data undertaken. 
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e astern entrance and propagates westward through the Strai t. The 
dashed lines denote contours of equal amplitude with units of centi­
metres. Extreme amplitudes in the semidiurnal tide in Ungava Bay 
result from the effects of resonance in the system and a near absence 

of cophase 1 i nes i ndi cati ng simul taneous ti des over a 1 arge area. It 

is evident that there are discrepancies, particularly in the amplitude, 
between the two representations of the tidal regime shown in Figure 3. 
The results of the numerically generated cotidal charts will be used to 
resolve the differences between these two interpretations of the 
observed coastal tidal information. 

To complete the description of the tidal movement in the study area the 

cotidal charts, which represent the vertical tide only, must be supple­
mented by i nformati on of the hori zontal ti dal current. In the study 
area two field investigations (Farquharson, 1959 and Drinkwater, 1983) 

have provided current observations of sufficient duration, and taken at 

enough depths, to resolve the tidal variations in flow and their verti­
cal structure. The resul ts of these observati ons are detail ed in 
Section 4 and compared to the current values calculated by the numeri­
cal model. The field studies show that the currents are nearly uniform 
with depth implyi ng that the depth averaged resul ts generated numeri­
cally should be appropriate for the region. Drinkwater1s analysis also 

shows that tides are a dominating source of currents in Hudson Strait 
making the results of tidal circulation modelling of particular 
interest. 
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3. THE BAROTROPIC TIDAL MODEL 

A two-dimensi onal numeri cal model (Martec/AOL model) used to assess 

tidally driven barotropic flow was applied to the Hudson Strait/Ungava 

Bay study area. The model structure is comprised of depth averaged 

equations of continuity and motion discretized in a semi-implicit 

manner on a Richardson lattice (Martec, 1983). Spherical coordinates 

a re used to accommodate areas of 1 arge 1 atitudi nal extent and are 

appropriate for the study area centered at 62°N latitude. 

The new application of the model to the Hudson Strait/Ungava Bay area 

entails the digitization of the bathymetry of the region. To solve for 

the tidal circulation also requires the specifications of tidal eleva­

tions along open ocean boundaries and the adjustment of friction 

factors which simulate natural energy dissipation. The maximum depth 

in the model is 1,000 m, the minimum grid . spacing X (east-west) and Y 

(north-south) are 12.5 and 11.1 km, respectively, yielding a maximum 

time step of 84 seconds, in order to preserve numerical stabil ity of 

the semi-implicit integration scheme. The actual time step used in the 

model runs was 62.1 seconds, one lunar minute for the M2 simulations 

and 60 seconds for the combined M2, N2, S2, K1 runs. 

The model grid is comprised of elements 6 minutes in latitude by 15 

minutes in longitude giving a total of 3,843 grid points for the study 

area. Fi gure 4 illustrates the model domain superimposed on the study 

area coastline. Grid elements on the model periphery are defined as 

either a land or an open ocean point and dictate the flow characteris­

tics at the model boundaries. 

3.1 Digitization of the Model Bathymetry 

'Bathymetric information for the model was derived from soundings 

provided by the Canadian Hydrographic Service (Hudson Strait Chart No. 

5450, Davis Strait Chart No. 7011, and Ungava Bay Chart No. 5300). All 
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depth soundi ngs recorded on the chart and wi thi n the model area were 
digitized and archived in computer files as three numbers representing 
latitude, longitude, and depth. This data file was then manipulated to 
obtain a representative depth for each grid element. If several 
soundings were given within a specific grid element, the arithmetic 
mean of these soundi ngs was used as the representati ve depth. If no 
bathymetric data were available for a specific grid element, a value 
was estimated from the adjacent depth data and the general character of 
the surrounding topography. 

Grid elements with no available measured soundings were recognized as 
potential sources of error in the model results. Therefore, the model 
sensitivity to depth changes in the regions of estimated bathymetry was 
exami ned by modi fyi ng the depth and observi ng the resul ti ng effect on 

the simulated M2 tide. This aspect of the study is discussed in detail 
in Section 4. 

Figure 5 is a model generated bathymetric map of the study area and 
shows isobath contours of 100 m and 350 m. Also indicated are the grid 
elements at which depth data were not available and thus required manu­
al specification. 

3.2 Model Boundary Conditions and Calibration 

To solve the numerical problem for tidally driven flows one must speci­
fy tidal elevations along open ocean boundaries and also select values 
for the free parameters appearing in the equations of motion programmed 
in the model. The intent of the calibration is to adjust these factors 
to optimi ze the agreement between modell i ng resul ts and ti dal observa­
tions. Ideally observed tidal data on the open ocean boundaries would 
be available and specified as input into the model, without the need 
for further adjustments. However, in the case of the Hudson Straitl 
Ungava Bay model, tidal stations are sparse, especially near the 
eastern boundary, and in addition some of the available data is of 
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questionable accuracy. Therefore use has been made of existing cotidal 

charts (Godin, 1980) to complement available data and provide a consis­

tent match between the numerically generated flow field and the tidal 

behavior outside of the modelled region. 

A region of noticeable uncertainty in the observed tidal data is the 

Resolution Island area where the tide tables suggest very rapid changes 

in phase (one hour difference between the two sides of the island, 

roughly 40 km). Several initial model runs with boundaries close to 

thi s area have shown that a change of phase of 30° at Resol uti on can 

cause amplitude changes up to 10% as well as phase changes of 20° at 

the model interior. Consequently, the final boundaries were selected 

further east into the Davis Strait/Labrador Sea in order to freely cal­

cul ate the evi dently dynamic ti dal regime at the eastern entrance to 

Hudson Strait without constraints and potential 'numerical noise ' 

imposed by nearby boundaries . The results of model runs using an 

eastern boundary along the 60 0 W meridian indicated that the accurate 

specification of tidal elevation along the open boundary was greatly 

complicated by the lack of offshore tidal data and the presence of a 

degenerate amphydromi c poi nt along the Labrador coast near 59 oN. The 

final eastern boundary was therefore established along the 63°W meridi­

an where available information at Brevoort Harbour, the Hekja well site 

and Schooner Cove could be utilized to advantage. The boundary condi­

tions adopted for the final model runs are given in Table 2. 

As descri bed in the documentati on of the barotropic model (Martec, 

1984b) there are generally three free parameters, namely Ah, V and K to 

be specifi ed for a model run. Ah, the coeffi ci ent of horizontal eddy 

viscosity, is parameterized in terms of the water depth (following 

Schwiderski, 1980). The specification of eddy viscosity is necessary 

to preserve numerical stability in the model but it can be readily 

shown to have negligeable effect on the tidal circulation on the scale 

of the model resolution. V represents the magnitude of currents not 

attributable to the tidal constituents under analysis and may be 
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TABLE 2. MODEL BOUNDARY CONDITIONS 

Ampl itude Phase (degree) 
Location Constituent (cm) GMT +5 hrs 

1- 63.5°N, 64.1°W M2 181 157 
Breevort Harbour N2 35 133 

S2 64 195 
K1 17 49 

2. 62.2°N, 62.9°W M2 160 171 
Davis Strait N2 35 151 

( He kj a we 11 site) S2 53 207 
K1 12 83 

3. 60.3°N, 62.9°W M2 100 184 
Labrador Sea N2 22 171 

S2 33 208 
K1 13 90 

4. 59.1°N, 63.5°W M2 35 180 
Schooner Cove N2 9 188 

S2 14 208 
K1 14 96 

5. 62.6°N, 77.9°W M2 100 280 
Southern Digges N2 20 252 

I s1 and S2 39 325 
K1 5 104 

6. 63.0°, n.9°W M2 144 270 
Southern Nottingham N2 27 258 

Island S2 54 326 
K1 7 120 

7. 64.4°N, n.9°N M2 208 316 
Schooner Harbour N2 41 290 

S2 71 9 
K1 8 147 
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estimated from observati ons. Thi s parameter becomes si gnifi cant only 

when modelling the minor tidal components individually to account for 

the influence of the dominant M2 tide. The only free parameter 

remaining is the bottom friction factor K which ;s iteratively adjusted 

to optimize the agreement between observed tidal data and the model 

resul ts. It can be noted that any error in the estimated V can be 

compensated for by the choi ce of K, si nce both occur together in the 

equations of motion. The optimal values of the friction parameters 

used for the final model runs are discussed in the following section. 

3.3 Model Implementation for the Hudson Strait/Ungava Bay Study Area 

The Martec/AOL barotropic tidal model was adapted to run on the CRAY 

computer of Dorval, P.Q. for the present study. The final plotting of 

the model results was accomplished using the DISSPLA package on the 

Cyber computer at the Bedford Institute of Oceanography. 

The original structure of the numerical model was refined ;n several 

aspects to more accurately simulate the physical conditions in the 

Hudson Strait/Ungava Bay study area. The first of these was the 

inclusion of a tidal generating force (TGF) into the equations 

governing the water motion. With this addition the tidal forcing of 

the model is provided by two sources: by the tidal signal entering at 

the open ocean boundaries, and also by the TGF within the Hudson 

Strait/Ungava Bay waters. However, inclusion of the TGF into the model 

showed less than a one percent change in the M2 tidal amplitude and 

consequently was considered too small to be included in the simulations 

of the other tidal constituents. A dimensional analysis of the equa­

tions of motion confirmed that the TGF effects should be minimal. 

A second enhancement in the numerical model was the capabil ity of 

dealing with drying model elements. In the event that the model 

predicts that the water level should fall below the depth of a grid 

element, no further flow is allowed to leave the element until the 
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following tide causes a new rise in water level. In this way the model 

remains stable and does not predict physically meaningless negative 

water depth. 

In order to analyze the results of simulations of several constituents 

modelled simultaneously a tidal analysis post processor was developed. 

Harmonic analysis techniques, used in earlier stages of the study to 

determine tidal phases and amplitudes, were not applicable to situa­

tions where the time series to be analyzed contained several distinct 

frequencies. The present model uses a least squares fitting technique 

derived from Foreman (1979) for ti dal analysi s. Nodal modul ati on 

corrections usually included for the analysis of tidal records is not 

included since the model results do not include long term modulations 

of semi-diurnal and diurnal constituents. Initially simulation of the 

M2, N2, $2 and K1 tidal regime were undertaken independently. The 

agreement between predi cted and observed ti des was optimi zed by fi ne 

tuning the values for the quadratic bottom friction factor and the 

background flow velocity used to simulate linear friction effects. For 

the principal tidal constituent the model results were relatively 

sensitive to the friction factor, with phase lags in Ungava Bay 

typically increasing by 15° or half an hour for a .0005 increase in 

drag coefficient. The best fit value for the M2 tide given below 

agrees with that used by Easton (1972) and Griffiths et~. (1981) in 

their numerical studies of the same regions. For the minor semi diurnal 

constituents, the friction factor had to be significantly increased, 

which is expected due to interaction with the strong M2 tide. The fit 

for the $2 and N2 were sl i ghtly better wi th strong bottom fri cti on 

factor and low background velocity; however, the model showed very 

little sensitivity to using quadratic or linear friction, as long as a 

change in one was compensated by a change. in the other. For the K1 

tide the best agreement was found with the same drag coefficient as the 

M2 tide but with a background velocity of 50 cm/sec. The optimal 

values of the friction parameters used for the final model runs are 

given below. 



Consti tuent 

20 

Bottom Friction Factor 

0.0025 
0.0100 
0.0150 
0.0025 

Background Velocity 
for Bottom Friction 

(cm/sec) 

o 
o 
o 

50 

The resul ts of these independent ti dal consti tuent simul ati ons are 
available under separate cover (Martec, 1984a). 

3.4 Simulation of the Combined M2, N2, S2 and K1 Tidal Regime 

The barotropic model has the capacity to simul ate the propagati on of 
the ti de at more than one frequency simul taneously. ~lodell i ng the four 
tidal constituents (M2, S2, N2 and K1) at one time, instead of individ­
ually as done previously, allows for the non-linear interaction between 
the constituents. The simulation period for this combined constituent 
run covered twenty-four days providing a time series of water elevation 
for each grid element in the model. A tidal analysis (following Fore­
man, 1979) was conducted at each point to resolve the individual 
contributions of the M2, S2, N2 and K1 constituents. The results of 
the tidal analysis are presented in the form of charts of cotidal lines 
and tidal ellipses for each of the four constituents in the Hudson 
Strait/Ungava Bay system. Appendix I includes a tabulation of observed 
and modelled values of phase and amplitude. 
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4. MODEL RESULTS 

4.1 Tidal Elevations 

The comparison between the modelled tidal amplitude and phase and 

observati ons was carri ed out for several key 1 ocati ons in the Hudson 

Strai t/Ungava Bay system. The choi ce of whi ch stati ons to use as 

reference points was based on: 

1. The duration and reliability of observations at the station; and 

2. A geographical location free from local features not resolved by 

the model. 

For instance, the tidal record from Basking Island is dismissed because 

its position in an estuary is too small to be resolved by the model. 

Tab 1 es 3 and 4 1 i st the fi nal reference stati ons, the ti dal character­

istics produced by the model, and the differences between the observed 

and modelled values. A comparison between all available observations 

and the model result for the nearest grid points is given in Appendix 

I. The stations in Appendix I were not used in the calibration of the 

model as reference points and therefore constitute an independent check 

on model results. The numerical results of both the independent and 

combined constituent runs were examined for each tidal component. It 

was expected that the results of the combined frequencies would compare 

more favourably to the observed data than woul d the independent runs 

for all of the constituents. However, it was found that an independent 

s imul ati on for the M2 ti de gave better agreement with observed M2 

amplitudes than did the results of a combined M2/N2/S2/K1 simulation. 

The combined forcing was, howev.er, superior in simulating the tidal 

regimes of the other constituents. Final results for the M2 tide are 

therefore derived from independent M2 runs, and results for the N2. S2, 

and K1 simulations are from the combined M2/N2/S2/K1 constituent runs. 

Fi gures 6 to 9 are coti dal charts of water el evati on for each of the 



TABLE 3. COMPARISON OF AMPLITUDES OF OBSERVED AND MODELLED TIDES (cm) 

Observed/Modelled Real Percentage Observed/Modelled Real Percentage 
Locati on Amplitude Difference Difference Amplitude Di fference Difference 

M2 S2 

Ashe Inlet 335.2/327.0 -8.2 -2.4 121.3/99.8 -21.5 -17.7 
Acadia Cove 216.0/219.2 3.2 1.5 89.0/73.7 -15.3 -17.2 
Koksoak River Entrance 408.7/417.7 9.0 2.2 135.9/113.7 -22.2 -16.3 
Hopes Advance Bay 388.3/388.2 -0.1 0.0 125.2/110.8 -14.4 -11.5 
Diana Bay 293.0/293.1 0.1 0.9 99.3/82.1 -17 .2 -17.3 
Stupart Bay 274.9/275.0 0.1 0.0 92.9/82.3 -10.6 -11.4 
Doctor Island 257.5/271.0 13.5 5.2 87.4/80.6 -6.8 -7.8 
Sugluk 155.1/156.8 1.7 1.1 58.5/58.3 -0.2 -0.3 
Port de Boucherville 144.4/143.9 -0.5 -0.3 53.9/54.0 0.1 0.2 N 

Ungava Bay 420.7/423.4 2.7 0.6 133.3/113.3 -20.0 -15.0 N 

N2 K1 

Ashe Inlet 67.0/66.9 -0.1 -0.1 15.8/14.3 -1.5 -9.5 
Acadia Cove 43.0/44.0 1.0 2.3 13.0/15.2 2.2 16.9 
Koksoak River Entrance 75.8/75.9 0.1 0.1 15.8/16.0 0.2 1.3 
Hopes Advance Bay 83.2/75.9 -7.3 -8.8 20.7/15.9 -4.8 -23.2 
Diana Bay 58.6/58.5 -0.1 -0.2 15.7/14.0 -1.7 -10.8 
Stupart Bay 54.8/54.9 0.1 O. 14.3/11.8 -2.5 -17.5 
Doctor Island 51.5/54.3 2.8 5.4 14.9/12.0 -2.9 -19.5 
Sugluk 30.7/30.7 0.0 0.0 10.0/7.0 -3.0 -30.0 
Port de Boucherville 27.4/27.0 -0.4 -1.5 6.7/6.6 -0.1 -1.5 
Ungava Bay -/79.1 17.7/16.1 -1. 6 -9.0 



TABLE 4. COMPARISON OF PHASES OF OBSERVED AND MODELLED TIDES (degrees) 

Observed/Modelled Real Observed/Modelled Real 
Location Phase Difference Phase Difference 

M2 S2 

Ashe Inlet 230.0/229.0 1.0 287.0/284.0 3.0 
Acadia Cove 211.0/198.0 13.0 246.0/244.0 -2.0 
Koksoak River Entrance 229.0/228.0 1.0 282.0/284.0 -2.0 
Hopes Advance Bay 225.0/219.0 6.0 280.0/268.0 12.0 
Diana Bay 224.2/218.0 6.2 275.5/269.0 6.5 
Stupart Bay 225.0/224.0 1.0 282.0/280.0 2.0 
Doctor Island 237.0/226.0 11.0 289.0/284.0 5.0 
Sugluk 255.0/250.0 5.0 304.0/310.0 -6.0 
Port de Boucherville 270.0/270.0 0.0 326.0/326.0 0.0 N 

Ungava Bay 232.9/230.0 0.8 283.9/273.0 3.0 w 

N2 K1 

Ashe Inlet 208.6/210.0 -1.4 103.0/100.0 3.0 
Acadia Cove /174.0 115.0/87.0 28.0 
Koksoak River Entrance 196.0/210.0 -14.0 91.0/92.0 91.0 
Hopes Advance Bay 188.0/204.0 -16.0 97.0/89.0 8.0 
Di ana Bay 198.0/202.0 -4.0 87.9/86.0 1.9 
Stupart Bay 331.6/209.0 122.6 99.0/87.0 12.0 
Doctor Island 310.6/210.0 100.0 118.0/88.0 30.0 
Sugluk 227.6/235.0 -7.4 90.0/94.0 -4.0 
Port de Boucherville 331.6/258.0 73.6 113.0/118.0 -5.0 
Ungava Bay 205.7/208.0 -0.6 91.8/92.0 -0.1 



cv 
"d 
::1 

-oJ .... 
-oJ 
(d 

.....:I 

" ..., 
co 

l: 
"N 
co 

l: 

" -co 

r:l 
"0 
co 

o 

, , 
'-'> 
~, , , 

\ 

QUEBEC 

100 200 

;::. SCALE-- KILOMETRES 

~:s.: ~ . .. ~ ... 

24 

BAFFIN 

78"w 7S"w 72"w 70"w 

Longitude 

LEGEND: 

-------COAMPLITUDE (Cm) 

COPHASE (DEGREES) 

TIME ZONE: GMT. 5HRS 

COTIDAL CHART FOR M2 TIDE 

FIGURE 6 

I S LAN 0 

_-100--

sa"w 

IN MODEL AREA 



25 

COTIDAL CHART FOR I N MODEL AREA 

FIGURE 7 



· ~ co 

Q · C\I 
V co 
-c 
::s 
~ .... 
~ 
ItS 

...:I Q 
• -< 
CD 

Q U E B E C 

26 

BAFFIN 

\ 
\ 

\ 
\ 

"­
"-

ISLAN 0 

.....- -' 

100 200 , 
.:::. SCALE-- KILOMETRES 
.!:j: !. 

#1.:-: . 

70·w 

Longitude 

LEGEND: 

------- COAMPLITUDE (Cm) 

COPHASE (DEGREES) 

TIME ZONE: GMT. 5HRS 

...... 80 __ /" 

sa·.,.. 66·w 

COTIDAL CHART FOR N2 TIDE IN MODEL AREA 

FIGURE 8 

64·.,.. 



Q) 

"d 
:;j 
~ ..... 
~ 
Cd 
~ 

I:: 
"M 
<0 

"N 
<0 

I:: 
" ... 
<0 

I:: 
"0 
<0 

27 

BAFFIN ISLAND 

Q U E B E C 

\ 
\ 
\ 

100 200 
~...,..-"-..",..-

78"'" 76".". ?t" ,., 72""" 70· Y( 

Longitude 

LEGEND: 

-------COAMPLITUDE (Cm) 

COPHASE (DEGREES) 

TIME ZONE: GMT. 5HRS 

68".". so" .". 

COTIDAL CHART FOR K1 TIDE I N M ODEL AREA 

FIGURE 9 

/ 
I 

I 
I 

/ 
I 

64" ,., 



28 

four modelled constituents and show the amplitude contours (in cm) and 

the cophase 1 i nes (i n degrees referred to Greenwi ch Mean Ti me plus 5 

hours) . 

For the M2 tide the agreement with the reference stations is good, the 

largest difference being . a 5.2% overestimate in amplitude at Doctor 

Island and a 13° phase lead at Acadia Cove. It can be noted, however, 

that for these stations the cotidal charts (Godin, 1980 and Dohler, 

1966) support the model results rather than the observations. As 

stated previously the data collected at Acadia Cove may be affected by 

the dynamic tidal activity at the entrance to Hudson Strait. Since at 

present there is no way to ascertain whether these observations are in 

error, we shall assume that they are correct and we shall take the 

difference between them and model results as the worst expected 

errors. For the M2 amplitude the standard deviation for the reference 

stations is 2.1% and should be representative of typical expected 

accuracy. The accuracy of model results, in terms of percentage, for 

the other constituents is somewhat lower than the M2, however, si nce 

they have a smaller absolute magnitude their effect on tidal prediction 

in dimi ni shed. 

When comparing the model results to all available tidal observations 

(see Appendix n, we find that five stations are systematically wrong 

(Stations 8, 12, 13, 14, and 17 shown in Table 1 and Figure 2). With 

the exception of Station 12, these are all located 12 to 15 km upstream 

of river mouths, in estuaries too small to be resolved by the model. 

These observations are therefore not representative of the coastal 

tides and will not be considered further. Smaller models with higher 

resolution will be needed to correctly predict the water levels in 

upstream regions of long inlets and estuaries. Station 12 was dis­

missed as being erronous since it shows inexplicable differences with 

nearby Diana Bay which is the principal tidal station in the study 

area. 
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Considering all remalmng observations, we find that the accuracy for 

the amplitude of the M2 tide is generally better than ±4% or ±8 cm, 

while the phase agreements are better than 13° or 26 minutes. For the 

other constituents the percent amplitude difference tends to be higher; 

however, because the constituents themselves are smaller, the absolute 

error is still in the order of ±6 cm for each constituent. The maximum 

cumulative error in predicted water level, obtained by adding the M2, 

S2, N2 and Kl consti tuents is 31 em or 2.6% of the ti dal range, and 

occurs at Ashe Inlet. At other stations the error averages ±8 cm. 

4.2 Tidal Currents 

The barotropic tidal model generates current information at each grid 

element for each of the modelled constituents. The tidal regime of the 

Hudson Strait/Ungava Bay area is dominated by the M2 semidiurnal 

constituent and as such the overall tidal flow can be represented in 

terms of the M2 ti de. Extendi ng the model simul ati on over several 

tidal cycles allows the non-linear effects of the tidal signal to be 

included in terms of residual flow and higher harmonics. Figures 10 to 

21 show current vectors within the study area for each lunar hour of an 

M2 tidal cycle. For most navigational purposes the lunar hour can be 

considered equivalent to a standard hour (i.e. 60 minutes). The charts 

depict currents within the system that are due entirely to M2 tidal 

forcing and consequently do not include the effects of strong winds and 

other excepti onal meteorol ogi cal phenomena causi ng currents of a non­

periodic nature. A separate allowance must also be made where the 

tidal flow conditions are significantly altered by local influences 

such as river discharge. 

To promote clarity in the charts current vectors are displayed for only 

one out of two model grid elements. This series of current vector 

charts provides both a temporal and spatial description of the relative 

strength of the water flow wi thi n the Hudson Strait/Ungava Bay study 

area. 
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Being the principal tidal reference port in the study area Diana Bay, 

located near the mi dpoi nt of the Hudson Strait, was chosen as the 

reference 1 ocati on for the current vector charts. The timi ng of the 

currents is related to the time at which high water occurs at Diana Bay 

during Eastern Standard Time (available from the Canadian Hydrographic 

Service tide tables). When daylight saving time is in effect an extra 

hour I1l.Ist be added to the Di ana Bay time. Care therefore shoul d be 

taken to apply appropriate time corrections when operating in a time 

zone other than Eastern Standard Time. The currents shown are those to 

be expected for the mean tidal range of 6.4 m at Diana Bay. The 

following correction factors must be applied to the current speeds 

given in the vector diagrams to correspond to the actual tidal range at 

Diana Bay (also given in the tide tables) which varies due to the 

spring-neap cycle of the tide. 

Correction Factors 

Range at Diana Bay 

5.5 m 
6.5 m 
7.5 m 
8.5 m 
9.5 m 

Multiply Current by 

0.9 
1.0 
1.2 
1.3 
1.5 

Continuity arguements can be used to show that tidal currents and tidal 

elevation are directly related. It can be expected, therefore, that 

the accuracy of the modelled currents will reflect the accuracy of the 

previously examined water elevation (i.e. on the order of 2 to 5 

percent). The model 1 ed currents, however, represent a depth averaged 

velocity and as such do not include internal motions which may result 

in one layer of water sliding over another, at a different speed and, 

perhaps, in a different direction. Analysis of observed current 

behavi our provi des the best means to assess the si gnifi cance of these 

effects. 

Quantitative tidal current measurements in the Hudson Strait/Ungava Bay 

area are sparse. The observations of Farquharson (1959) and Drinkwater 
(1983) do allow an examination of the vertical structure and tidal 
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components of flow at several locations within the study area. Table 5 

summari zes the resul ts of these observati ons and compares them to the 

currents numeri cally generated at correspondi ng gri d el ements in the 

model. As can be seen the observed ti dal currents are nearly uniform 

wi th depth implyi ng that sheari ng effects, if any, are weak. The 

representati on of the current flow by the two-dimensi onal barotropi c 

model should, therefore, be applicable. 

The agreement between the observed tidal current and the numerically 

modelled tidal flow can be quantified by examining the root mean square 

(RMS) deviation of the modelled current from the observed current. 

This RMS deviation between observations and model results is iO.06 

knots while the maximum difference is 0.23 knots. For navigational 

purposes it is often more useful to compare observed near surface 

currents with model results. In this case we find a maximum difference 

of .31 knots and an RMS deviation of iO.09 knots. In comparison to 

these differences it can be shown through the examination of 

Farquharson IS (1959) data that observed differences between two ti me 

series of current speed recorded at the same location can be up to 0.35 

knots, with discrepancies of iO.l0 knots common. Keeping the accuracy 

of observations in mind it may be concluded that the model differences 

between modelled and observed currents may be attributed principally to 

observational uncertainties. 

4.3 Tidal Ellipses 

Tidal flow patterns in Ungava Bay and Hudson Strait are presented in 

the form of tidal ellipses for the M2, N2, S2, and K1 constituents in 

Figures 22 to 25. The tidal ellipses shown represent the path followed 

by water particles as they are carried by tidal currents. For clarity 

of presentation the ellipses in the figures are increased in scale by a 

factor of 2, 4, 4, and 8 for the M2, N2, S2, and K1 components, respec­

tively (e.g. the size of the M2 ellipse corresponds to twice the actual 

M2 tidal excursion at that location). An arrow head on each ellipse 



TABLE 5. COMPARISON OF PREDICTED AND OBSERVED TIDAL FLOWS 

Observation by Farquharson (1959) 

M2 Major Axi s S2 Major Axi s K1 Major Axis 
Depth 

(m) Direction Amplitude Phase Direction Amplitude Phase Direction Amplitude Phase 
(0 True) (knots) (oGMT+5) (0 True) (knots) (oGMT+5) (0 True) (knots) (oGMT+5) 

STATION A 

7 334 .96 275 334 .33 333 334 .12 148 
20 332 .84 264 332 .29 322 332 .11 163 
30 344 1.06 258 344 .37 316 344 .09 167 
50 338 .56 267 338 .20 325 338 .06 155 

Depth Average 
Observati ons 337 .72 273 338 .25 320 336 .07 150 
Model Results 312 .85 279 310 .27 297 308 .05 146 

STATION B 

7 305 1.14 273 305 .32 332 305 .08 185 
20 312 1.12 271 313 .91 330 312 .12 165 
30 315 1.11 263 315 .31 322 315 .09 155 
50 303 .69 254 303 .19 315 303 .10 43 
75 307 .56 248 307 .16 309 307 .08 333 

100 309 .52 248 309 .15 309 309 .08 240 
150 307 .55 253 307 .15 314 307 .06 277 
230 311 .33 241 311 .09 302 311 .09 13 

Depth Average 
Observations 309 .60 257 310 .21 318 306 .02 309 
Model Results 321 .83 279 308 .27 297 306 .05 150 . 



TABLE 5. continued 

Observation by Farquharson (1959) 

M2 Major Axi s S2 Major Axi s K1 Major Axis 
Depth 

(m) Direction Ampl i tude Phase Direction Amplitude Phase Direction Amplitude Phase 
(0 True) (knots) (oGMT+5) (0 True) (knots) (oGMT+5) (0 True) (knots) (oGMT+5) 

STATION C 

7 310 1.11 255 310 .40 305 310 .07 122 
30 305 1.07 266 305 .39 316 305 .09 153 
50 296 .85 269 296 .31 319 296 .02 345 

100 302 .81 270 302 .29 320 302 .04 84 
150 299 .94 263 299 .34 313 - - -
200 310 .83 285 310 .30 335 310 .09 138 
300 307 .81 246 307 .30 356 - - -

Depth Average 
Observati ons 305 .84 266 304 .31 316 308 .06 130 
Model Results 308 .84 260 307 .28 297 307 .06 152 

STATION D 

7 280 .85 291 280 .20 328 280 .15 181 
20 289 .91 293 289 .22 330 289 .17 148 
30 276 .88 284 276 .21 321 276 .08 153 
50 297 .92 267 297 .22 306 297 .05 223 

100 300 1.08 266 300 .26 305 300 .11 178 
150 307 1.08 263 307 .26 302 307 .04 123 
200 300 .95 267 300 .23 302 300 .03 270 
300 316 .72 243 316 .17 282 316 .03 202 

Depth Average 
Observa ti ons 303 .88 263 302 .20 302 299 .03 217 
Model Results 307 .92 282 306 .30 296 306 .06 153 



TABLE 5. continued 

Observation by Farquharson (1959) 

M2 Major Axi s 
Depth 

S2 Major Axis K1 Major Axis 

(m) Direction Amplitude Phase Direction Amplitude Phase Direction Amplitude Phase 
(0 True) (knots) (oGMT+5) (0 True) (knots) (oGMT+5) (0 True) (knots) (oGMT +5) 

STATION E 

7 311 1.10 250 311 .30 311 311 .10 101 
20 298 1.13 257 298 .31 318 298 .06 274 
30 290 1.13 267 290 .31 328 290 .07 284 
50 291 .90 267 291 .25 328 291 .07 289 

100 292 1.01 264 292 .28 325 292 .04 97 
100 299 1.08 262 299 .30 323 299 .07 147 
200 308 1.01 258 308 .28 319 308 .10 140 
300 322 .69 237 322 .19 298 322 .05 177 

Depth Average 
Observati ons 304 .89 256 304 .25 317 305 .06 154 
Model Results 307 .99 283 306 .33 295 306 .06 153 

STATION F 

7 265 1.07 271 265 .34 328 265 .06 248 
20 270 1.14 264 270 .36 321 - .00 -
30 269 1.20 263 269 .38 320 269 .08 178 
50 280 .98 261 280 .32 318 - .00 -

100 287 .98 260 287 .32 317 287 .07 113 
150 276 1.12 258 276 .37 315 276 .11 134 
200 286 1.18 261 286 .38 318 286 .09 124 
290 276 1.06 241 276 .34 298 276 .08 127 

Dep th Ave rage 
Observations 280 1.07 257 280 .35 313 278 .08 136 
Model Results 310 1.11 288 310 .37 290 310 .07 144 
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TABLE 5. continued 

Observations by Drinkwater (1983) 

M2 Maj or Axi s M2 Minor Axis 
Depth 

(m) Direction Amplitude Phase Amplitude 
(0 True) (knots) (oGMT+5) (knots) 

STATION HS1 

30 287 .58 224 .11 
50 283 .57 224 .10 

100 293 .58 221 .13 
200 296 .46 215 .02 

Depth Average 
Observations 292 .52 220 .08 
Model Results 302 .54 209 .10 

STATION HS2 

30 299 .40 215 .09 
Depth Average 
Observations 299 .40 215 .09 
Model Results 299 .62 192 .18 

STATION HS3 

30 297 .50 202 .05 
200 292 .54 207 .11 

Depth Average 
Observations 294 .52 206 .09 
Model Results 295 .69 183 .12 

STATION HS4 

30 290 .91 205 .09 
100 296 .81 199 .00 

Depth Average 
Observations 293 .85 202 .05 
Model Results 291 .85 186 .03 

STATION HS5 

30 291 .76 144 .26 
200 272 .57 162 .09 

Depth Average 
Observations 283 .61 158 .14 
Model Resul ts 284 .69 159 .11 
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i ndi cates the di recti on of travel of the water parti cl e duri ng the 

tidal cycle. Although these arrows are only visible on the larger 

ellipses their direction of rotation is clockwise throughout the study 

area. 

From these plots the dominance of the M2 tide can again be identified. 

It can also be seen that tidal flow is rectilinear (i.e. consisting 

mainly of a back and forth motion) over most of the study area. A 

marked rotational character is evident only near open ocean boundaries 

and in the mi ddl e of Ungava Bay where the water flow is 1 ess con­

strained by the presence of land. 

4.4 Sensitivity of Model Bathymetry 

As di scu ssed in Secti on 3.1 the input bathymetri c data fi 1 e for the 

study area was supplemented in several areas for which no depth 

measurements were available. A linear bottom slope was assumed for 

those regions at which estimated bathymetric values were necessary. In 

order to assess the sensitivity of the numerical model to changes in 

the bathymetry input data, and hence determi ne the uncertai nty in the 

model results, the M2 tide was simulated for two runs with modified 

bathymetry. The first sensitivity run doubled the estimated bathyme­

tric values and the second run halved these values. Comparison of the 

model results i ndi cated that the vari ati on in bathymetry, i.e. the 

sensitivity of the model to bathymetric uncertainty, is less than five 

percent for ampl itude and three percent for phase 1 ag o The bi ggest 

changes occur at the head of Ungava Bay. 

4.5 Discussion 

Numerically modelling the tidal regime in the Hudson Strait/Ungava Bay 

system has provided quantitative values that agree well with the avail­

able observed tidal information in the region. Comparison of observed 

and modelled tidal amplitudes show typical differences in the order of 
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2.1 percent and the expected accuracy of modelled tidal currents is at 
1 east as good as that from presently a vail ab 1 e data. It can be 
expected therefore that the model resul ts are of comparable accuracy 
within the model domain allowing insight into the tidal characteristics 
throughout the study area. The charts of current strength and 
direction can be used to show mariners where and when to expect certain 
flow conditions which should be an advantage to the navigation of 
vessels of all sizes. The overall circulation patterns derived by the 
numerical model will contribute to the information required by 
scientists investigating the oceanographic processes that exist in the 
region. A broader understanding of the physical phenomena of water 
flow will be of benefit to engineering applications, such as the 
planning of harbours or determining the feasibility of tidal generation 
plants, and also to ecological concerns such as the distribution of 
larvae or fish populations. 

It is considered that the limiting factor of accuracy in the numeri­
cally modelled results at this point can be attributed to the precision 
of the observed tidal data used to calibrate and validate the model. 
The model has been structured so that future observational information 
(such as bathymetry or tidal data) can be easily incorporated as input 
and consequently refine the present model results. Alternatively, the 
model area can be expanded to include new area to allow a more global 
perspective of tidal currents in Canada's arctic waterways. 
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APPENDIX I 

COMPARISON OF OBSERVED AND MODELLED TIDES 
IN HUDSON STRAIT/UNGAVA BAY 



COMPARISON OF AMPLITUDES OF OBSERVED AND MODELLED TIDES (cm) 

M2 S2 

Observed/Modelled Real Percentage Observed/Modelled Real Percentage 
Location Amplitude Difference Difference Amplitude Difference Difference 

Schooner Harbour 207.5/207.2 -0.3 -0.1 71.0/68.4 -2.6 -3.7 
Port de Boucherville 144.4/143.9 -0.5 -0.3 53.9/54.0 0.1 0.2 
Port de La Perri ere 94.1/99.3 5.2 5.5 37.7/38.7 1.0 2.7 
Di gges Ha rbour 100.2/100.0 -0.2 -0.2 39.3/39.0 -0.3 -0.8 
Sugluk 155.1/156.8 1.7 1.1 58.5/58.3 -0.2 -0.3 
Deception Bay 171. 7/171. 7 0.0 0.0 60.3/61.1 0.8 1.3 
Douglas Harbour 259.3/258.0 1.3 -0.5 92.0/81. 5 -10.5 -11.4 
Wakeham Bay 336.5/276.7 -59.8 -17.8 162.6/83.0 -79.6 -49.0 
Doctor Island 257.5/271.0 13.5 5.2 87.4/80.6 -6.8 -7.8 
Stupart Bay 274.9/275.0 0.1 0.0 92.9/82.3 -10.6 -11.4 
Diana Bay 293.0/293.1 0.1 0.0 99.3/82.1 -17 .2 -17.3 
Koartac 266.5/292.6 26.1 9.8 91.8/82.5 -9.3 -10.1 
Basking Island 316.6/349.7 33.1 10.5 99.9/99.1 -0.8 -0.8 <.T1 

Pikiyulik Island 304.8/349.7 44.9 14.7 94.7/98.4 3.7 3.9 '-' 

Agvik Island 349.3/359.5 10.2 2.9 117.0/102.7 -14.3 -12.2 
Hopes Advance Bay 388.3/388.2 -0.1 0.0 125.2/110.8 -14.4 -11.5 
Leaf Basin 443.1/407.2 -35.9 -8.1 121.3/112.9 -8.4 -6.9 
Koksoak River Entrance 408.7/417.7 9.0 2.2 135.9/113.7 -22.2 -16.3 
Port Bu rwe 11 214.2/213.1 -1.1 -0.5 65.2/63.5 -1.7 -2.6 
Williams Harbour 98.1/86.3 -11.8 -12.0 23.7/23.5 -0.2 -0.8 
Acadia Cove 216.0/219.2 3.2 1.5 89.0/73.7 -15.3 -17.2 
Breevort Harbour 180.7/180.7 0.0 0.0 64.0/64.0 0.0 0.0 
Frobisher S. Farthest 329.5/324.8 -5.0 -1.4 110.4/105.0 -5.4 -4.9 
Resor I sl and 334.3/352.2 18.0 5.4 118.8/115.4 -3.4 -2.9 
Frobisher 345.2/356.5 11.3 3.3 117.4/115.6 -1.8 -1.5 
Lake Harbour 349.6/353.2 3.6 1.0 119.9/116.7 -3.2 -2.7 
Ashe Inlet 335.2/327.0 -8.2 -2.4 121.3/99.8 -21.5 -17.7 
Ungava Bay 420.7/423.4 2.7 0.6 133.3/113.3 -20.0 -15.0 



COMPARISON OF AMPLITUDES OF OBSERVED AND MODELLED TIDES (cm) 

N2 K1 

Observed/Modelled Real Percentage Observed/Modelled Real Percentage 
Location Ampl itude Difference Difference Amplitude Difference Difference 

Schooner Harbour 41.4/39.5 -1.9 -4.6 8.2/7.9 -0.3 -3.7 
Port de Boucherville 27.4/27.0 -0.4 -1.5 6.7/6.6 -0.1 -1.5 
Port de La Perri ere 18.2/20.0 -1.8 -9.9 4.2/5.0 0.8 19.0 
Di gges Harbour 39.3/20.0 -19.3 -49.1 5.4/5.1 -0.3 -5.6 
Sugluk 30.7/30.7 0.0 0.0 10.0/7.0 -3.0 -30.0 
Deception Bay 34.3/35.3 1.0 2.9 8.3/7.6 -0.7 -8.4 
Douglas Harbour 48.1/52.0 3.9 8.1 10.5/11.0 0.5 4.8 
Wakeham Bay 69.6/55.6 -14.0 -20.1 13.4/12.0 -1.4 -10.4 
Doctor Island 51.5/54.3 2.8 5.4 14.9/12.0 -2.9 -19.5 
Stupart Bay 54.8/54.9 0.1 0.2 14.3/11. 8 -2.5 -17.5 
Diana Bay 58.6/58.5 -0.1 -0.2 15.7/14.0 -1.7 -10.8 
Koartac 51.1/58.1 7.0 13.7 6.8/14.2 7.4 108.8 
Basking Island 58.8/68.3 9.5 16.2 14.3/15.2 0.9 6.3 (J'J 

Pikiyulik Island 55.1/70.0 14.9 27.0 14.9/15.2 0.3 2.0 co 

Agvik Island 64.6/68.3 3.7 5.7 17.6/15.6 -2.0 -11.4 
Hopes Advance Bay 83.2/75.9 -7.3 -8.8 20.7/15.9 -4.8 -23.2 
Leaf Basin 91. 7/78.4 -13.3 -14.5 18.5/16.2 -2.3 -12.4 
Koksoak River Entrance 75.8/75.9 0.1 0.1 15.8/16.0 0.2 1.3 
Port Burwell 42.0/42.0 0.0 0.0 12.4/14.7 2.3 -18.5 
Williams Harbour 30.1/21.5 -8.6 -28.6 19.2/15.4 -3.8 -19.8 
Acadia Cove 43.0/44.0 1.0 2.3 13.0/15.2 2.2 16.9 
Breevort Harbour 34.7/34.7 0.0 0.0 17.0/17.0 0.0 0.0 
Frobisher S. Farthest 54.0/67.4 13.4 24.8 18.0/18.7 0.7 3.9 
Resor I sl and 66.4/74.5 8.1 12.2 20.1/19.2 -0.9 -4.5 
Frobisher 67.7/74.7 7.0 10.3 18.4/19.2 0.8 4.3 
Lake Harbour 67.6/72.7 5.1 7.5 15.2/15.6 0.4 2.6 
Ashe Inlet 67.0/66.9 -0.1 -0.1 15.8/14.3 -1.5 -9.5 
Ungava Bay -/79.1 17.7/16.1 -1.6 -9.0 



COMPARISON OF PHASES OF OBSERVED AND MODELLED TIDES (degrees) 

M2 S2 

Observed/Modelled Real Percentage Observed/Modelled Real Percentage 
Location Phase Difference Difference Phase Difference Difference 

Schooner Harbour 316.0/316.0 0.0 0.0 9.0/6.0 3.0 0.8 
Port de Boucherville 270.0/270.0 0.0 0.0 326.0/326.0 0.0 0.0 
Port de La Perri ere 268.0/280.0 -12.0 -3.3 322.0/325.0 -3.0 -0.8 
Di gges Harbour 279.0/280.0 -1.0 -0.3 325.0/325.0 0.0 0.0 
Sugluk 255.0/250.0 5.0 1.4 304.0/310.0 -6.0 -1.7 
Decepti on Bay 248.2/246.0 2.2 0.6 304.0/306.0 -2.0 -0.6 
Douglas Harbour 231.0/230.0 1.0 0.3 298.0/287.0 11.0 3.1 
Wakeham Bay 234.0/226.0 8.0 2.2 279.1/282.0 -2.9 -0.8 
Doctor Island 237.0/226.0 11.0 3.1 289.0/284.0 5.0 1.4 
Stupart Bay 225.0/224.0 1.0 0.3 282.0/280.0 2.0 0.6 
Diana Bay 224.2/218.0 6.2 1.7 275.5/269.0 6.5 1.8 
Koartac 253.9/214.0 39.9 11.1 311.3/266.0 45.3 12.6 
Basking Island 253.0/213.0 40.0 11.1 313.0/262.0 51.0 14.2 01 
Pikiyulik Island 251.0/213.0 38.0 10.6 302.0/263.0 39.0 10.8 \D 

Agvik Island 225.0/214.0 11.0 3.1 275.0/264.0 11.0 3.1 
Hopes Advance Bay 225.0/219.0 6.0 1.7 280.0/268.0 12.0 3.3 
Leaf Basin 251.0/226.0 25.0 6.9 314.0/272.0 42.0 11.7 
Koksoak River Entrance 229.0/228.0 1.0 0.3 282.0/284.0 -2.0 -0.6 
Port Burwell 209.0/226.0 17.0 4.7 258.0/276.0 -18.0 -5.0 
Williams Harbour 187.5/196.0 8.5 2.4 227.0/217.0 10.0 2.8 
Acadia Cove 211.0/198.0 13.0 3.6 246.0/244.0 18.0 5.0 
Breevort Harbour 157.0/157.0 0.0 0.0 195.0/195.0 0.0 0.0 
Frobisher S. Farthest 218.5/182.0 36.5 10.1 267.1/223.0 44.1 12.3 
Resor Island 197.0/183.0 14.0 3.9 242.0/226.0 16.0 4.4 
Frobisher 193.1/184.0 9.1 2.5 238.8/226.0 12.8 3.6 
Lake Harbour 231. 7/224.0 7.7 2.1 280.9/289.0 -8.1 -2.3 
Ashe Inlet 230.0/229.0 1.0 0.3 287.0/284.0 3.0 0.8 
Ungava Bay 232.9/230.0 2.9 0.8 283.9/273.0 10.9 3.0 

(observed phase - modelled phase) 
Percentage Difference = X 100% 

360 



COMPARISON OF PHASES OF OBSERVED AND MODELLED TIDES (degrees) 

N2 K1 

Observed/Modelled Real Percentage Observed/Modelled Real Percentage 
Location Phase Difference Difference Phase Difference Difference 

Schooner Harbour 289.6/288.0 1.6 0.4 147.0/145.0 2.0 0.6 
Port de Bouchervi 11 e 331.6/258.0 73.6 20.4 113.0/118.0 -5.0 -1.4 
Port de La Perri ere 332.6/252.0 806 22.4 102.1/104.0 -1.9 -0.5 
Digges Harbour 251.6/252.0 -0.4 -0.1 104.0/104.0 0.0 0.0 
Sugluk 227.6/235.0 -7.4 -2.1 90.0/ 94.0 -4.0 -1.1 
Deception Bay 222.6/227.0 -4.4 -1.2 83.0/ 88.0 -5.0 -1.4 
Douglas Harbour 214.6/214.0 0.6 0.2 60.0/ 90.0 -30.0 -8.3 
Wakeham Bay 212.0/210.0 2.0 0.6 77.2/ 89.0 -11.8 -3.3 
Doctor Island 310.6/210.0 100.0 27.8 118.0/88.0 30.0 8.3 
Stupart Bay 331.6/209.0 122.6 34.1 99.0/ 87.0 12.0 3.3 
Diana Bay 198.0/202.0 -4.0 -1.1 87.9/ 86.0 1.9 0.5 
Koartac 226.2/199.0 27.2 7.6 122.1/86.0 36.1 10.0 
Basking Island 235.0/198.0 37.0 10.3 112.0/86.0 26.0 7.2 
Pikiyulik Island 224.0/194.0 30.0 8.3 105.0/86.0 19.0 5.3 

0"1 
0 

Agvik Island 199.0/199.0 0.0 0.0 110.0/87.0 23.0 6.4 
Hopes Advance Bay 188.0/204.0 -16.0 -4.4 97.0/ 89.0 8.0 2.2 
Leaf Basin 253.0/209.0 44.0 12.2 113.0/91.0 22.0 6.1 
Koksoak River Entrance 196.0/210.0 -14.0 -3.9 91.0/ 92.0 -1.0 -0.3 
Port Burwell 177.6/204.0 -26.4 -7.3 90.0/ 94.0 -4.0 -1.1 
Williams Harbour 154.4/185.0 -30.6 -8.5 72.5/76.0 -3.5 -1.0 
Acadia Cove /170.0 115.0/87.0 28.0 7.5 
Breevort Harbour 132.6/133.0 -0.4 0.1 49.0/49.0 0.0 0.0 
Frobisher S. Farthest 188.6/164.0 24.6 6.8 100.6/79.0 21.6 6.0 
Resor Island 168.6/166.0 2.6 0.7 96.0/80.0 16.0 4.4 
Frobisher 164.7/166.0 -1.3 -0.4 85.5/80.0 5.5 1.5 
Lake Harbour 204.4/220.0 -15.6 -4.3 102.1/102.0 0.1 0.0 
Ashe Inlet 208.6/210.0 -1.4 -0.4 103.0/100.0 3.0 0.8 
Ungava Bay 205.7/208.0 -2.3 -0.6 91.8/92.0 -0.2 -0.1 

(observed phase - modelled phase) 
Percentage Difference = X 100% 

360 


