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PREFACE 

This report is one of eleven pertaining to an investigation of the 
physical oceanography of the Canadian Arctic Archipelago Three reports 
have been published as volumes of the Canadian Data Report of Hydrography 
and Ocean Sciences Nb. 39, and document and present  Un)  measurements 
acquired during the three years of the project. A further three reports 
appear as volumes of Report Nb. 51 in the same series, and document and 
present current and tide measurements. Two contractor reports document 
and discuss wide-ranging CTD surveys within the Archipelago and adjacent 
waters in the winters of 1982 and 1983 (Canadian Technical Report of 
Hydrography and Ocean Sciences Nos. 15 and 16). The present report deals 
with nonHtidal residual flows and volume transports, and is one of three 
attempting to synthesize present and past measurements within this vast and 
complex system of channels into an up-to-date description of its physical 
oceanography. The two companion reports discuss tides and tida,1  currents, 
and water masses and baroclinic structure (Canadian Technical Report of 
Hydrography and Ocean Sciences  Nos.  97 and 79). 

Copyright Minister of Supply and Services Canada - 1988 

Cat. Nb. Fs97-18/98 	ISSN 0711-6764 

Fissel, D.B., J.R. Birdh, H. mellipg and R.A.  Lake, 1988 Non-Ti  ciAl  Flows 
in the Nbrthwest Passage. Can.  Tech.  Rep. Hydrogr. Ccean  Soi. Nb. 98: 143 
pp. 
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The Canadian Arctic Archipelago, showing the main passages between the Arctic Ocean and 
Baffin Bay. Bathymetric contours are in metres, based on GEBCO chart 5-17 (1979). 
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- root-mean-square (RMS) amplitude of nuottre.taa. 

(cols) 
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ABSTRACT 

Fissel,  D. B., J. R.  Birdh, H. Melling and R. A. Lake. 1988. Non-Tidal 
Flows in the Northwest Passage. Can.  Tech.  Rep. Hydrogr. Ocean  Soi.  No. 
98: 143 pp. 

The residual flow field in the Northwest Passage and adjoining 
waterways is discussed on the basis of data from 63 current-meter 
deployments beneath sea ice between 1962 and 1985. Most of these 
deployments yielded 1-3 months of data, but eight operated for a full 
year. This basis has been supplemented, where relevant, by other 
available current records from the Canadian Arctic Archipelago. Data 
analyses are presented in a convenient "handbodk" format, with derived 
parameters superimposed graphically on maps of appropriate sub-regions of 
the area. Generally, data are presented separately for eadh season of the 
year. Parameters mapped include mean vectors, speed and direction 
probability densities, band-filtered root-mean-square amplitudes along 
major and minor principal axes, and cross-spectral coherence and phase. 
Total volume fluxes in selected channels have been estimated by combining 
the residual-flow analysis of this study with estimates of baroclinic 
transport computed from density sections. A regional map of an  measured 
mean currents illustrates the present knowledge of overall circulation in 
the Canadian Arctic Archipelago. Mean flows var from 0.2 to 19 cm/s over 
the area, and the maximum non-ti r ai  current observed was 37 cm/s; the 
strongest flows were concentrated near the shore. The larger values are 
found in the shallower central waterways: Byam Martin. Channel, Barrow 
Strait, Penny Strait and Wellington Channel. The smallest currents are 
found in the broad, deep, ice-bound western channels: western Parry 
Channel, M'Clintodk Channel and the waterways of the Queen Elizabeth 
Islands; narrow, stronger, coastal currents up to 10 km inwidth do, 
however, exist in these areas. Flow fluctuations of significant amplitude 
occur over periods up to several tens of days in duration, with the 
largest variance at periods between 10 and 25 days. As with mean values, 
the fluctuations are generally larger in the central waterways, and larger 
variances occur in fall and early winter. In the summer, current 
fluctuations increase noticeably in the near-surface zone (but not at 
depth), presumably due to more effective wind forcing in the open-water 
season. 

Key Words = Northwest Passage, Canadian Arctic Archipelago, currents, 
volume fluxes, circulation. 



Fissel, D. B., J. R. Birch, H. Melling and R. A. Iake. 1988. Non-Tidal
Flows in the Northwest Passage. Can. Tech. Rep. Hydrogr. Ocean Soi. No.
98: 143 pp.

Il est question ici du champ de courants résiduels dans le passage du
Nord-Ouest et les voies navigables adjacentes, plus précisément des
données recueillies grâce au mouillage de 63 courantomètres sous la
glace-de mer entre 1982 et 1985. Huit batteries ont été mouilées durant
un an, mais la majorité ont permid d'obtenir des données sur un à trois
mois. La base de données obtenue a été complétée, le cas échéant, par
d'autres données sur les courants dans l'archipel Arctique canadien.
L'analyse des données est présentée sous forme d'un "manuel" pratique; les
paramètres obtenus sont superposés graphiquement aux données sur les
castes des sous-régions correspondantes. En règle générale, les données
sont présentéees par saison. Parmi les paramètres ca,rtographiés, notons
les suivants: vecteurs moyens, fonctions de densité de la vitesse et de
la direction, amplitudes efficaces filtrées le long des axes principaux
primaires et secondaires et cohérence et phase interspeotrale. On a
estimé les flux de volume dans certains détroits en combimaut l'analyse
des données sur les courants résiduels de la présente étude et des
estimations du transport }aexooline calculé dans des coupes de densité.
Une carte régionale de tous les courants moyens mesurés permet de
visua.Liser la circulation globale dans l' axcMpel Arctique canadien, telle
qu'on la connaît aujourd'hiu. La vitesse moyenne des courants vaxie de
0, 2 à 19 cm/s dans la région et la vitesse maximale observée d'un courant
non dû à la marée était de 37 cm/s. Les plus grandes valeurs se
retrouvent dans les voies navigables centrales moins profondes: détroit
de Byam Martin, détroit de Barrow, détroit de Penny et détroit de
Wellington. Les courants les plus lents sont ceux des détroits
occidentaux, larges, profouix3s et recouverts de glace: portion ouest du
détroit de Parry, détroit de M'C1.intock et détroits des îles
Reine-Elisabeth; des courants côtiers, puissants et étroits atteignant 10
km de largeur existent cependant à ces endroits. Des fluctuations de
courants d'amplitude significative se produisent sur des périodes
atteignant plusieurs dizaines de jours; la variance la plus importante se
produisant à, des périodes d'entre 10 et 25 jours. Comme pour les valeurs
moyennes, les fluctuations sont généal.eanent plus importantes dans les
voies navigables centrales et les variances les plus importantes
s'observent en automne et au début de l'hiver. Durant l'été, les
variations de courants augmentent de manière sensible dans la zone
superficielle (mais pas en profondeur), probablement pasce que l'effet du
vent est plus efficace durant la saison des eaux libres.

mots--clés : passage du Nord-0uest , archipel Arctique canadien,
courants, flux de volume, circulation.
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1. nuncruaricti 

1.].  gtudy Backgr ourel and Objectives 

In recent years, proposals have been advanced for the year-round 
transport of natural resources through the Northwest Passage and adjoining 

waterways. Implementation of sudh proposals requires a thorough 
understanding of the regional oceanography and other environmental 
conditions, both to assess and to minimize the effect of developments on 
the natural environment, and to optimize the safety and efficiency of the 
proposed operations. 

In order to improve knowledge of the area's oceanography the Ocean 
Physics Division, Institute of Ocean Sciences (I06), conducted an extensive 
observational program in the years 1982 to 1985. The major achievements of 
the measurement programme consisted of: 

1) current-meter and water-level data from moored instruments at 

almost 100 locations; 

2)-  water-property dieributions obtained using a CTD system operated 
from aircraft. 

This report deals with residual currents of the Northwest Passage. The 
results obtained from the CTD surveys and the analysis of tidal 

 fluctuations are the subject of other reports (de Lange Boom et al., 1987; 

Stronadh et al., 1987). 

The objective of this report is to present a coherent and informative 

description of the residual currents of the Northwest Passage and adjoining 

waterways. The findings of the study are derived primarily from an 

interpretation of the Institute of Ocean Sciences current-meter data of 

1982 to 1985, inclusive. Data collected by other investigators have also 

been examined and presented where appropriate. 
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1.2 Definition of Residual airrents 

The term residual current is generally applied to the non-tidai 

portion of the current record. The tidal component may be removed by 
subtracting analyzed tidal harmonics from the Observed data. For this 
study, however, the data were low-pass filtered so that only sub-diurnal 
frequencies remained. 

In the Northwest Passage, the net residual flow is believed to be 
towards the southeast, forced by water levels in the Arctic Ocean higher 
than those in Baffin and Hudson  bays. Tidal flows are often significant, 
and in many cases cause flow reversals at tidal frequencies. By removing 
the tidal currents and other higher-frequency oscillations, the net overall 
drift or residual circulation is more apparent. (This is illustrated in 

Figure 2.2-2.) 

1.3 Previous Studies of Residual Cbrrents within the Archipelago 

Early Studies to the 1960's 

The earliest information on residual currents within the Arctic 
Ardhipelago was Obtained in the 19th century, from the drift of several 
ice-beset Ships depicted in Figure 1.3-1. These drift tradks indicated a 
flow from the Archipelago into northwestern Baffin Bay, through Lancaster 
and Smith sounds. A strong southeasterly-flowing current, since named the 
Baffin Current, occupied the western periphery of Baffin Bay. 

From 1860 to 1940, a series of scientific cruises to Baffin Bay was 
undertaken by Anerican, Swedish arrl Danish investigators. By the end of 

this period, the 1A:rge-scale cyclonic (anti-clockwise) pattern of currents 
had been described. The West Greenland Current carries warm water, of 

Atlantic Ocean origin, northward into Melville Bay. Here, it is joined by 

outflows of cad water originating in the Arctic Ocean and flowing into 

Baffin Bay from Smith, Jones and Lancaster sounds. The Baffin Current 

carries waters southeastward along the western shore of Baffin Bay, with a 

markedly greater current and volume transport than is the case for the West 

Greenland Current. 
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Fo1.1.ow3zg Wor1.d. War II, oceanographic studies resumed, with increased

effort directed at co1.l.ectimg data in the channels of the Canadian Arctic

Arcahipel.ago. Until the 1970's, most measurements were coL7.ected in the

short summes season, August to September. During this period, the seasona.l

deterioration of ioe-cover was suffioient, in most years, to permit

ice-breakimg vessels to collect data in the eastern passages of the

Archipel ago . Only in rare summers could ships penetrate to the western and

north,ern portions of the Archipelago.

Using these early pre-1970 data, volume transports through the

channels of the Archipelago were computed, using the dynamic or

geostrophio method. This method assumes a simple balance exists between

the Coriolis force and the internaal pressure gradients dete,rmined from

differences between nearby profiles of water density. The so-cal.l.ed

3axoé1in3.c currents, computed from the data of two hydrograpbi.c stations

involved, are those relative to an assumed "depth of no motion" normally

taken to be just above the bottom. By integrating the camputed currents

over the fu11. charnel width, baroclinic volume transports were computed.

Collin (1963) sinmma.rized laxocl.inic volume transport computations for

Lasicaster, , Jones and Smith sonnds, obtained from swmmer transects in the

years 1928, 1954 and 1957. Considerable variation occurred in the results;

combined transport from all three channels ranged from 0.7 to 1.7 x 106

m3/s. In all years, Lancaster Sound had, the largest computed volume

transport, ranging from 0.3 to 1.5 x 106 m3/s. An extensive review of

available baroclinic volume transport calculations was presented by Muench

(1971a), as summarized in Table 1-1. Muench found that the total volume

transport computed through northern Baffin Bay appeared to be 2.1 x 106

m3/s, varying from 1.5 to 2.7 x 106 m3/s. Coachman and Aagaa.rd.

(1974) agreed that a value of 2.1 Sv (1 Sv = 106m3/s) was probably the

best estimate of net transport. To satisfy volume continuity, Muench

concluded that an average comb3sied transport of approximately 2 x 106

m3/s is required from Smith, Jones and Lancaster Sourrls. However, the

sum of the computed transports for these Sounds was smaller, ranging from

0.2 to 1.6 x 106 m3/s, about a mean probable value of 1.0 x 106.
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Muendh attributed the discrepancy to inherent uncertainties in the 
dynamic method. Sources of uncertainty include: (1) the use of assumed 
1evel0 oe no notion (particularly problematic in the relatively Shallow 
waters of Jones and Smith sounds); (2) neglected terms in the dynamical 
eqnation, including local accelerations, curvature effects (centrifugal 
force) and inertial effects; (3) the absence of complete coverage on the 
sides of the dhannel transects, where strong currents have since been 
dirayny measured; (4) interpretation of time-dependent dhange in the 
water-mass dietributions as spatial difference, due to the considerable 
time (several hours) required for a single Ship to occupy the ehannel 
transect; (5) the ladk of information for the 10 months of the year when 
sea-ice kept Ships from entering the Archipelago. 

Table  1-1: 

Summary of baroelinic volume transport computations for Lancaster, Jones 
and Smith Sounds and for northern Baffin Bay (from Muench, 1971a). 
Positive signs represent transport into Baffin Bay or southward teaneort 
within Baffin Bay. AU  volume transport rates are in units of 10%°  mw/s. 

Year rata Reference Lancaster 	Jones 	Smith N. Baffin Bay 
Santee Level 	Sound 	Sound 	Saund Baffin W.Green- 

Current land 
Current 

	

1928 (1) 	1000 	0.65 	0.3 	0.4 

	

1954 (2) 	500 	1.5 	-0.4 	-0.4 

	

1957 (5) 	500 	1.0 	0.25 

	

1961 (5) 	Var. 	- 

	

1962 (5) 	Var. 	- 

	

1963 (5) 	Var. 	- 

	

1966 (4) 	700 	0.3 	0.4 	o 

	

1966 (4) 	700 	0.6 	0.2 

	

1966 (5) 	Var. 	- 

(1) Kiilerich, 1939; (2) Bailey, 1957; (3) Collin, 1963; (4) Palfrey and Day, 
1968; (5) Muendh, 1971a. 
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The preferred way to estimate transport is to make an assumption 

regarding the level of no motion and to adjust the baroclinic flows 

computed b7 the geostrophic method, using actual current measurements. 

Direct current measurements, using rotor- and vane-type sensors, were 

firAt Obtained in the Archipelago in the summer of 1963. Ten Richardson 

current meters were suspended from three surface-flotationmoorings in 

Smith Sound. Due to instrumentation problems, only three of the meters 

provided acceptable speed and direction readings, limited to a maximum 2.75 

days only (Palfrey and Day, 1968). ln Septeffiber 1968, two moorings, with 

two current meters eadh, provided 11 days of data in northern Baffin Bay 

approximately 200 km southeast of Smith Sound (Avis and CoaChman, 1971). 

'Recent Studies: 1970's and 1980's 

Beginning in the late 1960's and early 1970's, two developments 

occurred which led to direct measurements of currents over extended periods 

in the Ardhipelngo. The first was the availability of dependable, 

internally-recording current meters, which could be moored from the sea 

bottom or from sea ice for periods of months or longer. The Aanderaa 

current meter, first manufactured in 1966, bas been used extensively in the 

Arctic with only minor modifications. The second development involved the 

refinement of techniques  to acquire oceanographic data from sea ice, using 

specialized instrumentation (Lewis, 1980). With tradked vehicles, and in 

recent years aircraft, major oceanographic studies became feasible using 

the sea ice as a stable platform, particularly in the late winter and the 

spring. 

The first current measurements made in the Archipelago using 

internally-recording instruments deployed from sea ice were obtained in May 

1969 in Kane Basin (Mmanch, 1971b). A Braincon curent  meter, suspended at 

50 m depth, provided 16 days of usefUl data, and indicated a weak net 

southerly flow. 

From 1969 to 1982 nearly 400 current-meter records have been obtained 

in the Archipelago (Figure 1.3-2). These records are documented in the 

Arctic Data Compilation and Approlsal  Reports, published in the Canadian 
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Data Report of Hydrography and Ocean Sciences (No. 5) series (Birdh et al., 
1983,1987 and Fissel et al., 1983). More than 100 of these records are of 
less than 30 days duration. An even larger percentage is from spring, 
during whidh daylight and a stable  iœ  platform make collection conditions 

most favourable. About 60 of the remaining records were collected by 
Panarctic Oil using Aanderaa current meters. A large percentage of these 
current data were below the stall speed of the instrument, and often the 
recorded directions were in error by 180°. As a result, none of these 
records will be considered here. Thus of the 400-odd records, 
approximately one-third are most useful for the determination of the 
residual circulation of the Ardhipelago. These records are summarized in 
Appendices 1 and 2. in many cases, these data provide important 
measurements of water circulation; however, often the data coverage is not 
adequate for estimates of volume transport. 

Table 1-2 highlights the results of transport computations, based on 
the direct current measurement programs of the 1970's and 1980's. These 
current data provide a measure of the total current, not just the 
baroclinic component. For example, the geostrophic method may indicate a 
surface current of 20 cm/s relative to the assumed level of no motion 
(generally near bottom). However, the current near-bottom may be 10 cm/s 
and therefore the total surface current is actually 30 cm/s. Using the 
geostrophic method, the cuitent  through Smith Sound had previously been 
estimated at 0.4 x 106 re/s (Kiileridh, 1939) and -0.4 x 106 e/s 
(Tetley, 1957). Sadler (1976a,b) , using direct current measurements, 
determined a southerly transport of 0.67 x 106 m3/s. 

The results of Prinsenberg and Bennett (1987) indicate that transport 
may vary by ± 50% an a time scale of 4 to 6 days, similar to the variation 
associated with that of atmospheric disturbances. Also, a strong seasonal 
variation was evident in the Barrow Strait data. Walker (1977) noted that 
monthly and longer-term variability in water levels should be instrumental 
in altering the flow of water throggh the Archipelago Sudh observations 
highlight the importance of obtaining long-term direct current measurements 
in the Archipelago 



Table 1-2: Summary'of volume tansports based on direct current measurements made in the Arctic Arghipelago,

1970's to 1982. Positive transports are southerly or towards Baffin Bay. Units are 10 m/s.

Year Reference

1972 Sadler

(1976a,b)

1976 Sadler,

Serson and

Chow (1979)

1976- Greisman and

1977 Lake (1978)

Area

Smith Sound

Fury and

Hecla Strait

Byam and Austin

channels,

Pullen and

Crozier straits

Transport/Comments

0.67 ± 16% for May (0.67 ± 28% annual)

0.04 ± 25% for May. Campbell (1958) computed a flux of 0.05 to

0.10 for late summer, using the dynamic method. Barber (1965)

estimated a flux of 0.05 to 0.10, based on 13 hours of Ekman

meter readings.

0.16 Byam and Austin; 0.04 Crozier and Pullen straits. These

transports are for the spring period; there were indications of

stronger flows in the winter.

1981- Prinsenberg Barrow Strait 0.5 with variations about the mean of ± 0.25 (April). Seasonal

1982 and Bennett transport peaks in Sept. at 1.2 and falls to a minimum of 0.1 in

(1987) November.

-7
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Measurements of Surface Drift 

Ice-lesét vessels provided the earliest measurements of surface drift 
(Figure 1.3-1). in recent years, radar mapping of le motion and satellite 
tradking of both ice and drifters have provided most of the data. These 
Lagrangian data provide information on surface currents over a large area, 
and are often the first indicators of major currents. A summary of the 
results using these methods is included in Table 1-3. 

The results of Marko (1978) and Fisse]. and Marko (1978) are presented 
in Figure 1.3-3. They are included here since the data represent the first 
evidence of certain important features of the flow in the Archipelago, in 
particular the preference for easterly flow along the southern side of 
eastern Parry Channel, and the coastal currents flowing in opposing 
directions on either side of WellingtonClormel, Prince Regent Inlet, 
Admiralty Inlet, McDougal Sound and Peel Sound. 

The overall circulation suggested by these data is a,net drift south 
and east towards Baffin Bay. Currents are usually strongest along the 
sides of the Channels, often being weàk and  directionally  variable in 
mid-Channel. The currents on opposite sides of the Channels are often 
opposite  in  direction, a coffibinationwhidh is possible in terms of 
geostrophic dynamics if the width of the Channel is large compared to the 
local internal RosÉby radius of deformation (renlond, 1980). 



Table 1-3: 	Lagrangian drift results, using radar and satellite tracking methods. 

Year 	Reference Area 	 Comments 

1970 	Verrall, 

Gunton and 

Milne (1974) 

Viscount Melville Ice buoys were tracked by aircraft. 	During spring  and  summer, the 

Sound and M'Clure ice in central M'Clure Strait drifted rapidly to the west, whereas 

Strait 	 in Viscount Melville Sound the drift was only weak westerly. The 

wind appeared to be the primary forcing mechanism. 

Barrow Strait 

Eastern Parry 

Channel 

Eastern Parry 

Channel 

1973— Marko (1978) 	Eastern Parry 

1977 	 Channel 

1976 	MacNeil, 

de Lange Boom 

and Ramsden 

(1978) 

1977 	Fissel and 

Marko (1978) 

1979 	Fissel, Lemon 

and Birch 

(1982)  

Radar was used to track ice motion during late summer and early 

fall. The ice was forced by both westerly and easterly winds 

greater than 8 knots. Average ice motion near Griffiths Island 

was to the east, with an anti—cyclonic flow close to the shore 

of Griffiths Island. 

Satellite images were used to map Ice motion. The strongest 

easterly flows were observed in the southern portion of Parry 

Channel. An intrusive flow in Lancaster Sound was found, as was 

a northerly flow in the eastern half of Wellington Channel. 

Similar northward—eastern and southward—western flows were 

observed in McDougall Sound, Prince Regent and Admiralty inlets. 

Mid—channel ice motions were irregular. 

Nine drogued drifters were tracked by satellite. Results were 

similar to those of Marko (1978) above: 	northerly flow in eastern 

Wellington Channel and cyclonic intrusions of Prince Regent Inlet 

and Peel Sound. 

Fourteen satellite—tracked drogued drifters indicated a net 

easterly drift with apparent cyclonic intrusion of Prince 

Prince Regent and Admiralty inlets. 
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2. 119TA oaummou AND PROCESSING METIDDS, 1982-1985 DATA 

This report presents an analysis of the near-surface residual flow in 

the Northwest Passage, based on the current-meter data collected as part of 

a three-year study by the institute of Ocean Sciences. Data reports are 

available (Buckingham, Lake and Melling, 1987 c, d, e) which detail the 

methods used in data collection and processing. Or ly a brief overview is 

presented here. 

2.1 Eata. Collection 

The large geographic size of the study area (Figure 2.1-1) prdhibited 

detailed synoptic coverage. Therefore a three-year measurement program was 

planned. The western portion was sampled in 1982, the central portion in 

1963 and the eastern portion in 1984 (Figure 2.1-1). Only near-surface 

currents were measured systematically, generally at 18 to 20 metres depth. 

Moorings were preferentially located near the coastlines  in  anticipation of 

a concentration of measurable flow near the Shorelines The current-meter 

locations, measurement period, and summary statistics are detailed in Table 

2-1. Full details concerning the measurement techniques and initial data 

processing are provided in the three+volume data report  (Buckingham, Lake 

and Melling, 1987 ce, d, e) noted above. 

Aanderaa (rotor and vane) current meters were used in all cases. Eadh 

instrument was equipped to measure speed, direction, temperature, and 

conductivity. The Aanderaa current speed measurement is based on the 

cumulative number of revolutions of the Savonius rotor over the sampling 

interval. The current direction is determined by the orientation, at the 

moment of recording, of a vane which is designed to align itself parallel 

to the flow. 

The method  used to moor the current meters depended on the ice 

conditions. Spring deployments from stable ice used a "vane-follower" 

configuration, in which a small vane monitors the flow direction relative 

to the pressure case, which was oriented via a torsionally rigid connection 

to the iœ  surface (Figure 2.1-2a). For the deployments where the iœ  was 



Latitude 	Longitude Depth 	Period  
Deg. Min. Deg. Min. 	(m) 	Start 	Stop 

Vector-Averaged 
Res. Vel. 	Res. Speed  

Speed Toward 	Mean 	Max. 
(cm/s) (°True) 	(cm/s) (cm/s) 

Stability 

(%) 

CM 	Site 

Serial 

# 

Area 

Table 2-1: Details of current-meter records: location, period, depth, and summary statistics. Note that the statistics apply to 
the residual component of the current only and were computed over the entire record. The stability is the ratio of 
the vector-averaged speed to the mean speed. 

1982 CM 

3395 	01 
5475 	02 
3228 	03 
0972 	04 
5474 	05 
2470 	06 
1929 	07 
2468 	08 
3388 	09 
1935 	10 
2693 	PW1 
5390 	17 

5473 	16 
2466 	15 
5472 	14 
5471 	13 
5456 	12 
1936 	11 
1939 	19 
5391 	18 
5389 	26 
5361 	25 
1932 	24 
1930 	22 
3387 	21 
1931 	20 

Pr. Wales Strait 
Pr. Wales Strait 
Pr. Wales Strait 
Pr. Wales Strait 
Pr. Wales Strait 
Pr. Wales Strait 
Pr. Wales Strait 
Pr. Wales Strait 
Pr. Wales Strait 
Pr. Wales Strait 
Pr. Wales Strait 
M'Clure Strait 
M'Clure Strait 
M'Clure Strait 
M'Clure Strait 
M'Clure Strait 
M'Clure Strait 
M'Clure Strait 
Peel Point 

Peel Point 

Viscount Melville Sd 
Viscount Melville Sd 
Viscount Melville Sd 
Viscount Melville Sd 
Viscount Melville Sd 
Viscount Melville Sd 

73 	15.7 116 16.6 
73 	14.6 116 16.6 
73 	13.5 116 15.8 
73 	12.4 116 13.8 
73 	11.6 116 15.0 
73 	10.6 116 12.7 
73 	09.2 116 09.7 
73 	08.7 116 08.0 
73 	05.0 116 34.7 
73 	12.1 115 58.1 
72 	47.1 117 49.7 
74 	26.9 113 51.0 
74 	24.9 114 00.0 
74 	17.7 114 30.0 
74 	10.0 115 02.0 
73 	59.9 115 27.7 
73 	56.2 115 51.6 
73 	55.7 116 08.9 
73 	29.7 113 19.3 
73 	19.8 113 58.0 
74 	51.2 107 14.0 
74 	48.0 107 11.0 
74 	41.1 107 06.3 
74 	00.8 106 35.8 
73 	53.6 106 30.0 
73 	48.7 106 25.9 

20.5 	Mar. 25 	June 24 	08.3 	260 	8.5 	22.9 	97 
20.5 	Mar. 25 	June 24 	04.4 	269 	4.8 	14.7 	91 
20.5 	Mar. 24 	Apr. 19 	00.2 	191 	1.1 	3.3 	22 
20.5 	Mar. 25 	Apr. 7* 	01.7 	242 	2.1 	4.5 	79 
20.5 	Mar. 24 	June 24 	01.4 	212 	1.8 	6.5 	75 
20.5 	Mar. 24 	June 24 	00.8 	191 	1.5 	5.8 	50 
20.5 	Mar. 25 	May 23 	01.8 	273 	1.9 	5.7 	92 
20.5 	Mar. 25 	May 	3 	00.6 	358 	1.1 	3.7 	55 
20.5 	Mar. 25 	June 13 	01.1 	208 	1.5 	5.3 	76 
20.5 	Mar. 25 	June 24 	00.5 	311 	1.6 	5.2 	30 
10.0 	Mar. 30 	Apr. 29 	02.9 	205 	3.4 	7.3 	85 
18.5 	Apr. 7 	June 21 	00.9 	119 	3.5 	9.5 	27 
18.5 	Apr. 6 	June 21 	01.5 	318 	2.7 	10.4 	54 
18.5 	Apr. 7 	June 21 	00.6 	72 	1.7 	4.2 	36 
18.5 	Apr. 7 	June 21 	00.7 	296 	1.9 	5.8 	- 37 
18.5 	Apr. 6 	June 21 	00.7 	71 	1.6 	3.8 	46 
18.5 	Apr. 6 	June 21 	00.9 	81 	2.1 	4.2 	45 
18.5 	Mar. 30 	May 	5 	00.6 	115 	1.7 	4.8 	36 
18.5 	Apr. 9 	June 23 	02.8 	266 	3.5 	7.6 	79 
18.5 	Apr. 9 	June 23 	00.8 	128 	1.9 	4.6 	42 
18.5 	Apr. 18 	June 20 	00.8 	150 	2.3 	7.1 	33 
18.5 	Apr. 18 	June 20 	00.4 	14 	2.7 	6.1 	14 
18.5 , Apr. 18 	June 19 	01.4 	270 	2.4 	6.4 	59 
18.5 	Apr. 18 	June 19 	00.6 	259 	1.7 	5.4 	33 
18.5 	Apr. 18 	May 30 	01.6 	167 	2.8 	6.3 	59 
18.5 	Apr. 18 	June 20 	01.1 	357 	1.8 	4.3 	62 

1-3 



Table 2-1 (Cont'd): 

Area CM 	Site 
Serial 

I  

Latitude 	Longitude  Depth 	Period  

Deg. Min. Deg. Min. 	(m) 	Start 	Stop 
Vector-Averaged 

Res. Vel. 	Res. Speed  

Speed Toward 	Mean 	Max. 
(cm/s) (°True) (cm/s) (cm/s) 

Stability 

(s) 

1983 CM 

3223 	62 
3278 	63 
3387 	65 
3388 	66 
3395 	71 
2466 	71 
2470 	71 
1939 	57 
1936 	58 
2467 	72 
1932 	74 
5361 	81 
1931 	79 
1930 	82 
5456 	83 
5474 	86 
8972 	87 

Byam Martin Channel 
Byam Martin Channel 
Byam Martin Channel 
Byam Martin Channel 
Austin Channel 
Austin Channel 
Austin Channel 
Byam Martin Island 
Byam Martin Island 
Bathurst Island 
Bathurst Island 
Pr. of Wales Island 
Pr. of Wales Island 
M'Clintock Channel 
M'Clintock Channel 
M'Clintock Channel 
M'Clintock Channel 

75 	55.6 105 22.6 	18.5 
75 	58.1 105 10.6 	18.5 
76 	02.9 104 38.8 	18.5 
76 	04.6 104 27.9 	18.5 
75 	23.2 102 29.3 	18.5 
75 	23.3 102 38.6 	73.0 
75 	23.3 102 38.6 123.0 
74 	51.6 104 12.8 	18.5 
74 	59.1 104 13.4 	18.5 
74 	57.1 100 26.9 	18.5 
74 	51.0 100 49.7 	18.5 
73 	52.9 100 59.7 	18.5 
74 	00.2 101 39.8 	18.5 
72 	56.3 104 52.0 	18.5 
72 	54.8 104 29.0 	18.5 
72 	51.9 103 08.6 	18.5 
72 	50.5 102 54.1 	18.5 

Apr. 2 May 23 
Apr. 2 	May 18 
Apr. 2 	Apr. 19* 
Apr. 2 May 23 
Apr. 1 	May 23 
Apr.1'83 Mar.31'84

3 

Apr.1'83 Mar.31'84
3 

Apr. 3 May 4* 
Apr. 3 	May 	6* 
Apr. 6 	May 22

1 

Apr. 6 May 22 
Apr. 6 	June 11 
Apr. 6 	May 2* 
Apr. 7 	June 10 
Apr. 7 	June 10 
Apr. 7 	June 10 
Apr. 7 May 8* 

	

06.5 	158 	6.5 	10.9 	99 

	

05.2 	175 	5.4 	10.1 	96 

	

05.9 	149 	6.1 	9.1 	97 

	

05.1 	124 	5.5 	11.1 	93 

	

03.0 	87 	4.0 	8.3 	76 

	

02.6 	48 	3.9 	11.5 	68 

	

03.0 	42 	3.5 	11.4 	85 

	

01.7 	113 	1.9 	3.2 	86 

	

02.0 	230 	2.7 	7.4 	75 

	

03.9 	284 	4.3 	8.6 	91 

	

82.4 	175 	2.7 	6.7 	90 

	

03.1 	62 	3.2 	6.1 	97 

	

00.4 	203 	1.8 	4.0 	25 

	

01.2 	165 	2.3 	5.9 	53 

	

01.2 	351 	1.7 	7.0 	70 

	

01.8 	181 	2.1 	5.0 	87 

	

01.2 	26 	1.5 	2.9 	83 

I-, 
 LO 



CM 

Serial 

Site 	 Area 

Table 2-1 (Cont'd): 

Latitude 	Longitude  Depth 	Period  

Deg. Min. Deg. Min. 	(m) 	Start 	Stop 

Vector-Averaged 

Res. Vel. 	Res. Speed  

Speed Toward 	Mean 	Max. 

(cm/s) (°True) (cm/s) (cm/s) 

Stability 

(%) 

1984 CM 

1936 	46 	Barrow Strait 

1386 	42 	Barrow Strait 

3388 	42 	Barrow Strait 

1935 	42 	Barrow Strait 

0217 	WC13 Wellington Ch. (S) 

0218 	WC12 Wellington Ch. (S) 

1939 	WC11 Wellington Ch. (S) 

1932 	WC10 Wellington Ch. (S) 

3223 	WC 8 Wellington Ch. (S) 

3228 	WC 7 Wellington Ch. (N) 

2686 	WC 6 Wellington Ch. (N) 

2687 	WC 5 Wellington Ch. (N) 

1931 	WC 4 Wellington Ch. (N) 

1930 	WC 3 Wellington Ch. (N) 

0972 	WC 2 Wellington Ch. (N) 

0801 	WC 1 Wellington Ch. (N) 

5391 	PSW 	Penny Strait (W) 

5471 	PSW 	Penny Strait (W) 

5361 	PSE 	Penny Strait (E) 

5456 	PSE 	Penny Strait (E) 

74 	12.5 	93 46.8 	18.5 
74 	34.2 	94 01.2 	18.5 
74 	34.2 	94 01.2 	51.0 
74 	34.2 	94 01.2 100.0 
74 	47.7 	93 17.8 	18.5 
74 	47.7 	92 48.1 	18.5 
74 	47.8 	92 27.8 	18.5 
74 	47.5 	92 21.6 	18.5 
74 	47.7 	92 09.2 	18.5 
75 	15.2 	93 22.8 	18.5 
75 	14.4 	92 59.6 	18.5 
75 	14.4 	92 44.4 	18.5 
75 	14.1 	92 40.0 	18.5 
75 	14.1 	92 35.4 	18.5 
75 	14.1 	92 33.8 	18.5 
75 	13.3 	92 31.7 	18.5 
76 	36.2 	97 25.2 	49.0 
76 	36.2 	97 25.2 138.0 
76 	38.7 	96 54.6 	43.0 
76 	38.7 	96 54.6 131.0 

Apr. 25 	June 8 
Apr. 27 	June 8 
Apr.27'84 Apr. 12'85 
Apr.2784 Mar. 24'85 
May 	1 	June 9 
May 	1 	June 9 
Apr. 19 	June 1 
Apr. 19 	May 19 
Apr. 19 	June 9 
Apr. 19 	June 9 
Apr. 20 	June 9 
Apr. 8 	June 7 
Apr. 8 	June 7 
Apr. 8 	June 7 
Apr. 7 	Apr. 23* 
Apr. 7 	June 7 
Apr.23'84 Apr.12'85 
Apr.23'84 Apr.18'85 
Apr.16'84 Apr.16T 
Apr. 23 Sep. 10 

	

18.9 	73 	19.0 26.7 	99 

	

04.7 	54 	4.8 	9.0 	97 

	

02.6 	146 	5.6 20.5 	46 

	

02.9 	115 	4.5 20.5 	64 

	

02.4 	207 	3.1 	7.9 	78 

	

03.7 	324 	4.3 	8.7 	86 

	

00.8 	331 	2.4 	7.3 	35 

	

01.1 	223 	2.1 	5.6 	52 

	

01.8 	193 	2.6 	5.8 	68 

	

07.8 	159 	8.1 16.2 	97 

	

02.7 	145 	3.3 	6.9 	82 

	

05.2 	148 	5.6 11.5 	93 

	

02.7 	334 	3.7 	9.0 	75 

	

12.3 	338 	12.4 23.2 	99 

	

12.5 	338 	12.5 21.6 	99 

	

05.2 	318 	5.8 15.0 	89 

	

11.2 	184 	12.2 26.7 	92 

	

03.0 	274 	5.4 23.0 	55 

	

13.8 	220 	14.7 36.6 	94 

	

8.1 	219 	8.7 16.8 	93 

CA 

*Relatively short record 
1
Bad data, April 13-16 

2
Record ends Sep. 10, 1984 

3
Records actually end Apr. 30, 1984. The Apr. 1984 portion was not analyzed for this project. 
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not expected to remain stable, two methods were employed. The first, used 
in regions of relatively strong geomagnetic field, relied on a traditional 
bottom-enchored taut-line mooring, and directional reference was based on 
the instrument's internal magnetic compass (Figure 2.1-2b). In the second 
method, used in the central and eastern regions where the geomagnetic field 
d.8 too weak for the current-meter compass to be reliable, the instruments 
were anchored to bottom using a torsionally-rigid pipe (Figure 2.1-20). 
The orientation of the instrument was determined after deployment using a 
gyrocompass attached to the mooring until this time and brought immediately 
to the surface for reading. 

An error was discovered in the processing of seven current-meter data 
sets: at sites 57, 58, 65 and 83 for 1983 data and at sites WC12, WC13 and 
PSW (138 m depth) in 1984.  AU  current directions were in error by 
constant amounts throughout the full record; corrections were applied to 
all results herein. 

2.2 Data Filtering 

Ciirrents in the Archipelago vary over wide ranges of amplitude and 
period. Higher frequency motion, greater than 2 cycles per day (qpd), 
largely reflects turbulence and forcing by local  winds. At frequencies 
near 1 and 2 cpd, the motion is nainly due to tidal forcing and inertial 
oscillations. For this study, the residual current was assumed to be the 
component of the flow at frequencies less than 1 opd, or equivalently at 
periods greater than 1 day. 

In order to remove the varia.bility at frequencies greater than 1 cpd, 
a low-pass digital filter was applied to the hourly data. The filter is 
symmetric and has 72 coefficients; therefore 36  data points (or 1.5 days) 
are lost at each end of the record after filtering. The filter response 
curve is illustrated in Figure 2.2-1, and the typical effect on hourly data 
is presented in Figure 2.2-2. At Station. 42 in Barrow Strait, the hourly 
observed currents reversed direction daily, due to the tidal flow. 
However, after filtering, one can see that the residual flow is toward the 
north and east, with only one reversal in direction, on. May 20. 
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2.3 Ilieertainties in the Speed and Directional Data 

The estimated accuracy and precision of the current meter data are 

presented in Table 2-2. The values for speed are based on the 

manufacturer's specifications, whereas those for direction are largely 

goVerned by the mooring configuration and the accuracy of the system for 

directional referencing of the instrument. Refer to Buckingham, Lake and 

leering (1987 c, d, e) for further information. 

Table 2-2  

Estimatedaccuracy and precision of the 

Aanderaa 1CM-4 Current Meter Data 

(from Buckingham, Lake and Melling [1987 c, d, e ] ) 

InStrument 	Parameter 	Accuracy Precision 	Resolution 

1 CM4 	 Speed (cm/s) 	+2% 	+716 	 .05 cm/s 

RC2 4 (hose) 	Direction (°T) 	+11° 	+7° 	 0.4° 

RCM4 (pipe) 	Direction (°T) 	+30° 	+16° 	0.4° 

1CM4 (freely 	Direction (°T) 	+11° 	+7° 	 0.4° 
suspended) 

RCM 4 	 Temperature (°C) 	±.005 	+.005 	+.005 

1 CM4 	 Conductivity Ratio +.0025 	+.0008 	0.00016 

Measurements of residual currents are subject to some uncertainties in 

addition to these basic measurement errors in the speed and direction data. 

2.3.1 Weak Residual Flow in the Presence of a strong Tidal Flow 

At measurement sites where camparatively large tidal currents occur in 

coffibination with weak residual flows, uncertainties in the compass 

calibrations of a meter can cause significant errors in the computed 

residual flows. Ubder these circumstances, the error in the measured 
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direction of the tidal currents can result in an erroneous contribution to

the computed mean fl.aw.

To estimate the magnitude of this effect, a mathematioal model was

applied. In this model, the currents at a partioular point in space

con59.st of a mean flaw üm and a ticial flow UT at single frequency a,

having a major axis amplitude A and minor axis B. The tidal ellipse is

oriented at an angle 6T with respect to the direction of the mean flow,

i.e.

UT = eiE)T [A cos(2ncrt) + iBsin(2TrQt) ] .

The measvred currents are sub ject to a direetion error modelled as :

A = C- oos(A - Go) + D

where Oc is the direction at which the error is a maximum (i.e. A= C +

D). The currents as measured, U', then.are:

U' = eJ-A(Um + UT)

The error in the mean flow is then computed as the differenoe between the

mean meam3reci flow U' averaged over two tidal cycles, and the true mean

flow.

The model d.esoribed above was applied at the bt2 tidal frequency (a =

0.080511 h-1), for a mean speed in aLigranent with the maXj.miun tida7. flow

(eT ° 0). The model was run for four cases ranging from maximum (Case

TT) to typical (Case III) directional errors (Figgure 2.3-1). The

uncertainty in the compu.ted mean flows can be substantial for weak mean

flows comnbined with strong tidal flows. For example, a 1.0 om/s mean flow

in the presence of a 10 om/s tidal flow would be subject to uncertainties

of 7 to 47%, for the typical and maximum direction errors.
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2.3.2 Subthreàhold Currents 

The Aanderaa current meter senses current speed using a rotor; the 

current speed is proportional to the rate of rotor revolution. Direction 

is determined by the orientation of a large  vane. Subthreshold currents 

occur when the current speed is less than that required to make the rotor 

complete the necessary number of revolutions (usually 4) to produce a speed 

count. This occurs at speeds less than about 2.2 cm/s ("stall" speeds). 

In the translation of the data tapes, records with no speed counts were 

arbitrarily assigned a speed value of 2.2 cm/s, although the actual speed 

may have been anyehere between 0.0 and 2.2 cm/s. This procedure may result 

in erroneously high speeds. As an example, consider a unidirectional 

steady flow of 0.5 cm/s. No rotor counts would occur, and the translation 

of the Aanderaa current meter tape would assign a speed of 2.2 cm/s to 

these data, indicating speeds four times too high. 

In.  areas of weak currents in the Arctic, the flow is generally not 

unidirectional. Moreover, the Aamderaa vane  lias  a, mudh lower threShold 
than the 2.2 cm/s threShold of the rotor. Consequently the direction of 
the flow is recorded even at speeds less than 2.2 cm/s. Thus, the 

overesti.mated speeds generally occur over varying directions, with the 
result that the overall effect on the vector average velocity is mudh 
reduced. 

The 1982-1985 data were examined for frequent occurrences of stall 

speeds. Inmost regions the rotor was stalled less than 10 36 of the time 

(Figure 2.3-2). The highest percentage of ste01  speeds occurred in 1982 in 

M'Clure Strait and Viscount Melville Sound. The raw, 15-minute data from 

two of these records were examined to determine what effect there may have 
been on the computed mean velocities. 

In the M'Clure Strait and Viscount Melville Sound region, the mean 
vector,averaged currents were very small, generally less than 1.0 cm/s. 

The currents are dominated by the tidal flow which is mainly semi,diurnal, 

flooding towards the west and ehhing to the east. Figure 2.3-3a shows a 

portion of the 15-minute speed and direction data from CM16 in M'Clure 

Strait. This period occurred during a time of strongest tide  flows 
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(spring tides). The semi-diurnal tide resulted in four periods of peak 
flow per day, two floods and two ebbs. The record Shows that during both 
the sladk highHwater and sladk low-water'periods the rotor was stalled for 
1 to 2 hours, but the direction  varie  continued to respond to the 
oscillatory flow. As a result of the rotor being stalled, the current 
during sladkwater periods was assigned a prdhably higher-than-actual speed 
of 2.2 cm/s. However, any error thus introduced would tend to be minimized 
by the averaging process resulting from the correctly-recorded direction 
reversals. 

In  other instances, again inM'Clure Strait the rotor responded to 
only the flood or the ebb flow, but not both (Figure 2.3-3b,c). in sudh 
cases the assigned stall  speed of 2.2 cm/s results in an overestimate of 
either the flood or ébb flow. Hbwever, the errors would again tend to be 
balanced out since one can find cases where both the flood and ehb cycles 
are similarly affected. 

Although it is difficult to quantify, in general the effect of 
subthreshold currents on the mean flows appears to have been  minimal. 
Occurrences of rotor stalls were most common in the 1982 Wdlure 
Strait-Viscount Melville Sound data; here the vector avenaged flows were 
generally less than 1 cm/s. The dominant flow there was tidal  and during 
pericds of neap tides the rotors often stalled, indicating a, very weak 
residual flow. The adverse effect of the assignment of a speed of 2.2 cm/s 
to stalled counts is believed to be minimal due to the oscillatory nature 
of the flow, resulting in a general averaging out of the error. Since the 
residual flows are so small the net error is not believed to be 
significant. 
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3. RESULT'S 

3.1 Speed anl Direction DiErtrilution, and Mean Residual Flow Vectors 

The vector-averaged velocity, and the distributions by speed and by 
direction of the residual currents, are presented graphically in this 
section. The results are largely from near-surface measurements, typically 
20 m depth, from moored current meters. The data are grouped into 
springtime (Section 3.1.1) and seasonal (Section 3.1.2). Only the 
1962-1986 data, collected. by 106 are presented here. Unless speoified 
otherwise, discussion always refers to the residual portion of the current. 

3.1.1 Springtime, 1962-1965 

The low-pass-filtered residual currents were analyzed to determine the 
distribution of speed and of direction, and the vector-average mean. The 
results are summarized in Figures 3.1-1 through 3.1-9. Results are also 
included for the springtime (April 1-Jb1y 1) portion of the year-long 
records. There are three figures per year, with eadh figure covering a 
specific area. Map scales vary from 1:0.6 million to 1:2.0 million. 
Current-meter sites are identified by station number/depth. luoludalwith 
eadh figure are the appropriate portions of Table 2-1, summarizing the 
current statistics from the instruments in that area. 

The right-hand side (r.h.s.) of eadh figure depicts the directional 
ditribution of the residual currents at eadh site. The lengths of the 
radial  sticks  represent the percentage of directions within eadh 30 0  class; 
the mean speed for ea.ch directional cl as  is represented by the distance 
from the centre to the intersection of the perimeter line and the radial 
stick. The left-hand side (1.h.s.) of eadh figure illustrates the 
distribution of residual speeds, as well as the vector-averaged mean flow 
vectors. Mean flow vectors of magnitude less than 2 cm/s are represented 
by an arroWhead without a tail. The actual values of the vector mean, the 
mean speed and the maximum speed for the residual flows may be Obtained 
from Table 2-1. 
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Prince of Wales Strait 

During the speing of 1982, the net residual  flow  through Prince of 
Wales  Strait was toward the southwest (Figure 3.1-1). The flow  was 
concentrated on the northwest side, where the speed readhed a maximum value 

Of 23 cm/s, and averaged 8.5 cm/s (Site 01). At Site 01 the flow was very 
steady and the vector-averaelmagnitude was 8.3 cm/s. The main flow 
appeared to be centred near Site 01 and spanned a 4-6 km width. 

Towards the centre of the Strait, the residual flow was weaker and 
more directionally varielle than near the northwest Shore. Mean speeds 
were typically 2 cm/s, and peak speeds 5 cm/s. The net circulation 
remained southwesterly. On the sautheastern Shore, a weak counter-current 
was evident at Site 08, with a mean speed of only 1 cm/s. The direction 
distribution confirms the tendency for southwesterly flow through this 
section. A weak southwesterly residual flow also oocummeidoseistream at 
Site PW1. 

Wablve Strait 

During the spring of 1982, the residual circulation in M'Clure Strait 
and near Peel Point wastmaak and variable in direction. Vector-averaged 
velocities were generally less than 1 cm/s (Figure 3.1-2) and maximum 
residual speeds were less than 10 cm/s. The records from the meters 
nearest Shore (Sites 11, 12, 16, 17, 18 and 19) indicated at least some 
bathretric control, since the flow directions generally parallel the depth 
contours. Mean current speeds were greatest at Sites 16 and 17, on the 
northern side of M'Clure Strait, and at Site 19 near Peel Point. The 
vector-averaged velocities at Sites 16 and 17 remained small, however, with 
no evidence of a well-defined coastal current. The lamgest  vector-averaged 
velocity was 2.8 cm/s, recorded at Site 19 near Peel Point. This net 

westerly flow, averaging 3.5 cm/s, may have provided at least some of the 

waters flowing southwestward into Prince of Wales  Strait in 1982. 
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Centrail—Meguttalelrille_Boand 

Data were collected at six sites across Viscount Melville Sound during 
the  pring of 1982. The vector-averaged residual flows were weak, 
typically 0.5 to 1.6 cm/s (Figure 3.1-3). Mean speeds were 2 to 3 cm/s. At 
Sites 22, 24 and 26, there was a preference for along-bathymetric flow, as 
evident from the current roses. Off Stefansson Island (Sites 20 and 21) 
however, the flows tended to cross bathymetry and the vector-averaged 
currents were in opposition. No strong coastal currents are evident along 
either Shore. 

Ekietern_Viseountafabsille_Seme 

During the spring of 1983, current data were gathered at six sites in 
the area adjoining Barrow Strait in the west (Figure 3.1-4). The residual 
flows here were slightly stronger than in central Viscount Melville Sound; 
vector averaged velocities were 2 to 4 cm/s and the currents were quite 
stable (except at Site 79). The residual flows were generally parallel to 
the bathymetry, and evidence for coastal currents along the coasts of 
Bathurst and Prince of Wales Islands can be seen in the directional 
distribution at Sites 72 and 81, respectively. The largest velocities were 
at Site 72, toward the northwest; these opposed the net outflow from Austin 
Channel. The next strongest flow was at Site 81, where the currents were 
easterly towards Barrow Strait. Away from the coastline, at Sites 57 and 
79, the residual flows were weaker and more directionally variable. 

N' ai 	Channel 

The residual flow along the shores of M'Clintodk Channel in the spring 
of 1983 was weak, with vector-averaged speeds of 1.2 to 1.8 cm/s (Figure 
3.1-6). The flow was generally north-south, aligned with the bathymetry. 
However, between eadh station the net flow vector reverœd direction, 
suggesting a complicated, although weak,  flow  structure. 
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ItffluilarrelriLMannelitelnilarinel 

The residual flow through Byam Martin Channel during the spring of 

1983 Was  southerly (Figure 3.1-6) with mean speeds of 5.5 to 6.5 cm/s, and 

maxima values of 10 to 11 cm/s. The currents varied little indirection, 

as is evident from the high stability values (Table 2-1). Reversals 
towards the north were observed only at Site 66, near the eastern shore, 
and these were relatively short-lived events whidh occurred at intervals of 
about 12 days. 

At Site 71, on the eastern side of Austin Channel, the residual flow 
was weaker, ameraging 3.0 cm/s, azxl variable in direction. However, the 
results suggest a continued south,-southeasterly flow in this area. 

Penny Strait 

The uppermost instruments in Penny Strait were near 45 m depth, deeper 
than the 18.5 m depth of the other near-surface meters. The near-surface 
residual flow in Penny Strait during the spring of 1984 was southerly with 
mean speeds of 12 to 15 cm/s, and maximum values of 30 to 40 cm/s (Figure 
3.1-7). Directional variability was low, resulting in vectoraveraged 
velocities only slightly less in magnitude than the mean speeds. The 
southwesterly flow at Station PSE reflectS the local bathymetry. 

Near-botta  residual flows were weaker, about half as strong as those 
near the surface. At both stations the directional variability was similar 
at both depths. 

Wellington Memel 

Midway up Wellington Channel at its narrowest section (WC1-W07), the 
residual flow was southerly in the western and central portions, and 

northerly along the eastern shore (Figure 3.1-8), during the swing of 

1984. The northerly flow was confined within  about  6 Inn of shore. in the 

core of this current (Station WC3), large mean andmaximn residual speeds 

of 12.4 and 23.2 cm/s occurred (Table 2-1) with a vector-averaead velocity 
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of 12.3 cm/s. The southerly flow appears to have been centre .  near Station 
WC7, although the station spacing is too large to assess whether the core 
of the main southerly current was sampled. At W07, the mean and maximum 
residual speeds were 8.1 and 16.2 cm/s, with a, vector-,averaged velocity of 
7.8 cm/s. 

Further to the south, near the junction of Wellington Manne and 
Barrow Strait (Stations WC8-WC13), the measured residual flows were mudh 
weaker, and there was no evidence of the two counter-flowing currents 
observe at the more northern  section. The strongest flows occurred at 
W012 and were northerly. One can speculate that the station spacing, 
particularlybetween WC12 and WC13, was insufficient to define adequately 
the residual circulation. 

Barrow Strait 

Current-meter data were Obtained on the northern and southern sides of 
Barrow Strait during the spring of 1984. Both sites recorded a residual 
easterly flow; however, the strongest and most stable flow by far was at 
Station 46 on the southern side (Figure 3.1-0). At Station 46 the mean and 
maximum residual flows were 19.0 and 26.7 cm/s, with a vector-averaged 
velocity of 18.9 cm/s. At the northern site, the vector-averaged velocity 
was only 4.7 cm/s. 

Suggari 

The magnitudes of the vector-mean and of the maximum residual flow in 
springtime vary considerably within the Northwest Passage (Figure 3.1-10). 
From the 73 individual current records, the amplitude of the vector mean 
ranged from near- zero (0.2 cm/s) to 18.9 cm/s, while the maximum residual 
current varied from near 3 cm/s to 36.6 cm/s. Geographic variations on the 

velocity statistics for residual currents in springtime are summarized 

below. 
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The residual currents were lArger  in the easterly and northerly 
channels: Barrow Strait, Penny Strait, Wellington Channel and Byam Martin 
Channel. The smallest magnitudes were measured in M'Clintock Channel and 
the western portions of Parry Channel. 

Within individual channels, large differences were evident in the 
magnitude of residual flows, most notably in Prince of Wales Strait, 
eastern Viscount Melville Sound and Wellington Channel. 

In eadh of these channels, narrow, enhanced residual currents were 
present along the coastline. These flows were parallel to the coastline 
and local bathymetry, and with the coast to laying the right of the current 
direction. 

The characteristics of the coastal currents are summarized for eadh 
channel in whidh they were clearly observed: 

Prince of Wales Strait: A strong southwesterly current 
occurred within 4-6 km of the Banks Island coast. At the two 
stations situated in the core of the current, the residual flow 
was nearlyuniddrectional, with measured vector-mean magnitudes 
of 8.3 and 4.4 cm/s (nedimurivalues of 22.9 and 14.7 cm/s). 

Eastern Viscount Melville Sound: A northeasterly flowing 
coastal current (3.1 cm/s) was measured at Site 81, 
approximately 9 km offshore of Prince of Wales Island on the 
southern side of the sound. This current was confined to a 
width of less than 30 km; the currents at adjoining Site 79 were 
mudh weaker (0.4 cm/s) and more directionally variable. On the 
opposite side of the sound, a westerly flowing coastal current 
(3.9 cm/s) was Observed 9  in  from the Shore of Bathurst Island 
at Site 72. 

Wellington Channel: TWo oppositely directed coastal currents 
were present in the northern transect of current-meter moorings. 
On the eastern side of the channel, the northerly-flowing coastal 
current had awilth of approximately 7 km. The strongest net 
flow,  12.5 cm/s, occurred 3 km from the coast. A southerly 
coastal current was present on the opposite side of the channel. 

Coastal currents were not evident in au  areas For example, in Byam 
Martin Channel, strong southerly flow was present acToss the fullwilth of 
this comparatively narrow waterway. The very small mean flows in the 
southern and western regions did not provide evidence of coastal current 
régimes. 



25

In other areas, the array of current meter moorings was not adequate

to delineate coastal currents (eg. Barrow Strait and Penny Strait). A

different situation occurred across southern Wellington Channel, where an

array of seven current-meter moorimgs was insufficient to detect opposing

currents, such as were measured simul.taneoas.Ly 60 km to the north. This

may be an 3.ix3ication of more comp'1.ex current patterns on the more southerly

section due to the proximi.ty of the junction of Wellington Channel and

Lancaster Sound.

3.1. 2 Seasonal Varizaxili ty

In Section 3.1-1, the residual-current measurements for the

springtimes (April through June) of 1982 through 1984 were summwized.

Some current meters were moored throughout the winter, and nearl.y yeax-long

records were thereby obtai.ned (Table 2-1). These include two records at

Site 71 in Austin Manne7., two at Station 42 in northern Barrow Strait, and

three at two sites in Penny Strait. In all cases, the year-long records

were obtaiiied, from greater depths than were the spr:Lrgtime records.

Sprirgtime instruments were moored near 20 m depth, whereas the yea.r-long

meters were at least 25 m deeper. The ohoioe of seasons applied here is:

April 1-Z^ine 30, sprimg; July 1-September 30, suuYnner; October 1 December

31, fa11; January 1 Masch 31, winter. The rationale for this particular

choice is the desire to relate the currents to the extent of ice cover.

July, August and Septembes are generally the months of lightest ice

concentration. Freeze-up is most rapid after Septemberr arrt breakup first

occurs during June in Lancaster Sound and. Am=x9sen Gulf.

Austin ch=kel

The year-long data records from Site 71 in Austin Channel indicate

that the flows at mid-depth and near the bottom were of strength equal to

or greater than those near the surface. In nine of the twelve months, the

vector-averaged speed at 123 m depth was greater than that at 73 m depth.

There was also a tendeax:y for the residual flow vectors to rotate

counterclockwise with increasing depth (Figure 3.1-11). This may reflect a
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response, to the bottom topography, increasing with proximity to the 
seafloor. 

The direction of the residual flow vectors did not vary sUbstantially 
with month. The flow remained northeasterly. There did appear to be a 
seasonal variation in speed at both 73 and 123 In depths. The strongest 
residual currents occurred during fall (123 m) and winter (73 m). The 
weakest flows were recorded during the summer months. 

arazetrait 

A strong vertical Shear was evident in the measured current structure 
in Penny Strait (Figure 3.1-12). The residual flow in the 43 to 49 m depth 
range was nearly twice as strong as that near the bottom. The Shear was 
most pronounced at Site PSW. Near the bottom at PSW the flow was 
significantly slower than near the surface, and reversals to the north 
occurred frequently. 

The largest near-surface, vector averaged flows occurred during the 
summer months. A strong seasonal variability was observed only at Site 
PSW, where the October and Nover  currents were noticeably reduced in 
magnitude and stability. 

The peàk flow speed of 36.6 cm/s during the fall at Site PSE/43, was 
the letrgest  recorded during the 1982-1985 period. 

Barrow Strait 

Little vertical shear is apparent from an examination of the monthly 
vector averaged velocities at 50 and 100 m depths at Site 42 in northern 
Barrow Strait (Figure 3.1-13). 

A seasonal variation occurs, since the flow during late summer and 
early fall was westerly and southerly, whereas during the remaining months 
it was primarily easterly. Peak speeds were largest during the summer/fall 
period. In 1981, data collected, by the Canada Centre for Inland Waters 
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(CCIW), in southern Barrow Strait (Site 46) indicated a significant 

strengthening of flow towards the east during the summer months 

(Prinsenberg and Bennett, 19e). The reversal to westward flow at Site 42 
during summer in 1984 may perhape be related to a postulated simultaneous 
increase in easterly flow along the southern side of the Strait, such as 

occurred in 1981. 

3.2 Aut.o-Spectra 

Spectral (or Fourier) analysis techniques were applied to the low-pass 

filtered current data to elucidate the frequency composition of residual 

current fluctuations. Eadh record was initially divided into N segments or 

blocks of equal duration. The raw spectral estimates, computed 
ind.i.vidretlly from eadh  block,  were averaged to improve the statistical 

reliability of the spectral estimates. The results from the auto-spectral 

analysis consist of the computed variances for a discrete set of frequency 
(or period) ranges (bands). The range of frequencies (or periods) for eadh 
band is summarized in Table 3.2-1. For eadh frequency band, we compute the 
following parameters: 

- root-mean square amplitude of current fluctuations along the major and 

minor axes of variation; 

- root-mean square amplitude of current fluctuations resolved into 
clockwise (cw) and counterclockwise (cow) rotating current vectors. This 

representation is independent of the coordinate system  usai..  

The analytical methods are described in Appendix 3. 

3.2.1 Springtime, 1982-1988: Regional Comparisons 

Curremt fluctuations in a spectral representation are summarized in 

Figure 3.2-1 and in Table 3.2-2. Spectral variances have a notably 

different regional distribution than do the magnitudes of residual 

currents. At sites with the largest residual currents (vector mean >5 

cm/s), the amplitudes of the flow fluctuations  are the lergest  recordai. in 
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Table 3.2-1

The range of periods over the frecqu,enay bands used in the spectral
anal.ys,is of this study for (a) Wellington Channel (spr3ngtime),(b) all
other areas (sprimgtime) and (o) year-long data sets.

Band. Centre Frequency Periods in Each Band No. of Statistical
Label Frequency Bandwidth Lowest Middle Highest Degrees of Freedom

(a) Wellington. Channel - N Blocks of 11.25 days duration

T 0.089 0.089 22.50 11.25 7.50 2xN
TT 0.178 0.089 7.50 5.63 4.50 2kU

Ili 0.311 0.178 4.50 3.22 2.50 4XN
IV 0.489 0.178 2.50 2.05 1.73 4xN
V 0.711 0.267 1.73 1.41 1.18 6xN

(b) all other areas - N Blocks of 12.5 days duration

T 0.080 0.080 25.00 12.50 8.33 2xN
TT 0.160 0.080 8.33 6.25 5.00 2xN

TTT 0.280 0.160 5.00 3.57 2.78 4xN
IV 0.440 0.160 2.78 2.27 1.92 4xN
V 0.640 0.240 1.92 1.56 1.32 6xN

(c) year-long data sets - N blocks of 62.5 days duration

A 0.016 0.016 125.00 62.50 41.70 2xN
B 0.032 0.016 41.70 31.30 25.00 2xN
IA 0.056 0.032 25.00 17.90 13.90 4xN
TB 0.096 0.048 13.90 10.40 8.33 6xN
TT 0.160 0.080 8.33 6.25 5.00 10xN

TTT 0.280 0.160 5.00 3.57 2.78 20xN
IV 0.440 0.160 2.78 2.27 1.92 2W
V 0.640 0.240 1.92 1.56 1.32 30xN

the study area. However, the fluctuation amplitude amounts to only 30 to

50YG of the magnitude of the mean flaw. The low relative amplitude of the

fluctuations reflects the directional steadiness of current at these

locations.

Where the residual-flow magnitude is low, the relative amplitude of

the fluctuations shows considerable variation. In M' C1.intock Channel, very

low levels of fluotuation aocompaxiy the very low mean flow. However in

M'Clure Strait and western. Viscount Melville Sound, the amplitude of

fluctuations is large relative to the residuaL flow. The fluctuations in

the residual flow are particularly enharu.ed at Sites 16 and 17 on the



Table 3.2-2: 

STN START 

	

41% 59% 1.44 61.8% 	I 

	

57% 43% 1.32 55.1% 	I 

	

42% 58% 1.39 68.7% 	I 
67% 33% 2.04 40.2% *I 

	

1.8 	1.4 

	

3.3 	2.5 

	

4.0 	3.3 

	

2.6 	1.6 

	

61% 39% 1.57 52.8% 	I 

	

42% 58% 1.40 66.8% 	I 
44% 56% 1.27 22.9% III 

	

4.4 	3.2 

	

2.8 	2.3 

	

3.3 	1.6 

58% 42% 1.40 56.0% 	I 4.1 	3.0 
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Residual-flow parameters derived from auto-spectral analyses for 
all springtime records. The vector means may differ from those of 
Table 2-1 due to shorter record lengths used in the spectral 
analyses. 

	

*SAN  #NBLK POW. MAJ MIN 	CCW CW 	BAND I 	% 	% CC/C 	% MAX ALL 	LOW 
SP. 	SP. 	SP. 	SP. 	SP. 	CCW CW RATIO 	BAND RMS 	RMS 
< 	(CM/S)**2-DAY 	> 	 CM/S 

1984 AUTO-SPECTRA 

46 4/28/12 
42 4/28/12 

300 	3 112.1 93.8 18.3 41.6 70.5 	32.0 
300 	3 40.7 31.7 	9.0 26.3 14.4 	19.5 

37% 63% 1.69 28.6% II 4.2 	2.3 
65% 35% 1.83 48.0% 	I 2.6 	1.8 

WC1 4/10/6 
WC2 4/10/6 
WC3 4/10/6 
WC4 4/10/6 
WC5 4/10/6 
WC6 4/21/12 
4C7 4/21/12 

WC8 4/21/12 
WC10 4/21/12 
WC11 4/21/12 
WC12 5/2/18 
WC13 5/2/18 

PSWu 4/28/12 
PSWI 4/28/12 
PSEu 4/28/12 
PSEI 4/28/12 

270 	5 204.2 178.8 25.4 125.1 79.1 120.7 
270 	1 472.0 461.6 10.4 240.1 232.0 349.2 
270 	5 199.0 185.3 13.7 113.1 85.8 153.4 
270 	5 91.2 61.6 29.6 35.7 55.5 	65.5 
270 	5 68.7 46.7 22.0 39.3 29.4 	36.5 
270 	4 50.9 31.4 19.4 13.7 37.2 	23.0 
270 	4 89.2 77.9 11.3 42.2 47.0 	41.1 

270 	3 31.4 28.7 	2.7 12.4 19.0 	8.2 
270 	2 47.9 38.9 	9.0 20.3 27.7 	17.4 
270 	3 78.0 55.5 22.5 28.4 49.6 	20.6 
270 	3 102.1 60.9 41.2 26.2 75.9 	62.8 
270 	3 46.8 31.1 15.7 13.4 33.3 	19.6 

300 	6 182.9 127.7 55.2 117.7 65.1 109.5 
300 	6 109.2 68.0 41.2 53.7 55.5 	50.6 
300 	6 149.4 96.0 53.4 59.8 89.6 	80.4 
300 	6 185.7 82.7 103.1 66.8 118.9 101.0 

61% 39% 1.58 59.1% 
51% 49% 1.03 74.0% 
57% 43% 1.32 77.1% 
39% 61% 1.55 71.8% 
57% 43% 1.34 53.2% 
27% 73% 2.72 45.1% * 
47% 53% 1.11 46.1% 

40% 60% 1.52 26.0% I 
42% 58% 1.37 36.2% 
36% 64% 1.75 26.4% I 
26% 74% 2.90 61.5% * 
29% 71% 2.48 41.9% 

	

64% 36% 1.81 59.9% 	I 

	

49% 51% 1.03 46.4% 	I 

	

40% 60% 1.50 53.8% 	I 
36% 64% 1.78 54.4% *I 

	

6.0 	4.6 

	

9.2 	7.9 

	

5.9 	5.2 

	

4.0 	3.4 

	

3.5 	2.5 

	

3.0 	2.0 

	

4.0 	2.7 

	

2.4 	1.2 

	

2.9 	1.8 

	

3.7 	1.9 

	

4.3 	3.3 

	

2.9 	1.9 

	

5.4 	4.2 

	

4.2 	2.8 

	

4.9 	3.6 

	

5.5 	4.0 

1983 AUTO-SPECTRA 

57 4/8/10 
58 4/8/10 
72 4/8/10 
74 4/8/10 
79 N/A 
81 4/8/10 

71 4/8/11 
62 4/8/11 
63 4/8/11 
65 N/A 
66 4/8/11 

300 	2 19.7 15.8 	3.9 	8.1 	11.6 	12.2 
300 	2 68.4 53.8 14.6 38.9 29.5 	37.7 
300 	3 99.3 89.1 10.2 41.6 57.8 	68.3 
300 	3 41.9 24.9 16.9 28.1 13.8 	16.8 

300 	3 33.2 19.9 13.4 12.2 21.0 

300 	3 120.8 85.8 35.0 73.8 46.9 	63.8 
300 	3 50.2 41.8 	8.4 21.0 29.3 	33.6 
300 	3 69.2 42.9 26.3 30.5 38.8 	15.9 

300 	3 103.0 84.7 18.4 60.1 42.9 	57.7 

9.6 	37% 63% 1.73 29.0% *I 2.3 	1.2 

82 4/9/11 
83 4/9/11 
86 4/9/11 

300 	4 29.8 19.6 10.2 12.6 17.1 	17.0 	42% 58% 1.36 57.2% 	I 2.2 	1.7 
300 	4 10.6 	6.4 	4.2 	4.5 	6.1 	5.8 	43% 57% 1.35 54.8% 	I 1.3 	1.0 
300 	4 17.8 	9.3 	8.6 	7.8 10.0 	7.3 	44% 56% 1.27 41.0% *I 1.7 	1.1 



	

6.8 37.4 25.8 	17.3 

	

2.4 14.2 13.1 	13.4 

	

1.8 10.5 12.9 	8.2 
3.4 	7.0 12.8 	4.3 

	

7.5 15.7 25.4 	13.4 

	

7.7 20.3 18.9 	11.4 

	

6.3 59.7 66.9 	34.7 

	

5.3 94.9 100.1 	41.0 

	

7.9 23.2 19.2 	11.9 

2 63.2 56.4 
6 27.3 24.9 
2 23.4 21.6 
4 19.8 16.3 
6 41.1 33.7 
6 39.2 31.5 
6 126.6 120.2 
6 194.9 189.7 
6 42.4 34.5 

300 
300 
300 
300 
300 
300 
300 
300 
300 

11 4/1/15 	300 	2 39.4 27.3 12.0 15.1 24.2 	12.2 

1.2 
1.5 
1.6 
1.8 
3.3 
3.0 

300 	5 27.0 16.4 10.6 10.6 16.4 	9.2 
300 	5 27.2 15.5 11.8 14.9 12.3 	14.2 
300 	5 44.4 20.7 23.7 19.6 24.8 	15.2 
300 	5 34.2 21.8 12.4 16.7 17.4 	19.3 
300 	5 102.9 59.1 43.9 43.8 59.1 	67.4 
300 	5 133.6 105.7 27.9 74.6 59.0 	54.9 

59% 41% 1.45 27.3% 	I 3.2 	1.7 
52% 48% 1.08 49.0% 	I 2.1 	1.5 
45% 55% 1.22 35.2% 	I 1.9 	1.1 
35% 65% 1.83 21.7% III 	1.8 	0.8 
38% 62% 1.62 32.5% 	1 2.6 	1.5 
52% 48% 1.08 29.0% III 2.5 	1.3 
47% 53% 1.12 27.4% III 4.5 	2.4 
49% 51% 1.05 21.0% III 5.6 	2.6 
55% 45% 1.21 27.9% III 2.6 	1.4 

38% 62% 1.60 31.1%1,11 	2.5 	1.4 

39% 61% 1.56 33.9% *I 2.1 
55% 45% 1.22 52.1%  I 2.1 
44% 56% 1.26 34.3% * I 2.7 
49% 51% 1.04 56.5%  I 2.3 
43% 57% 1.35 65.5%  *1  4.1 
56% 44% 1.26 41.1%  I 4.6 

PW1 4/1/11 
9 3/27/11 
8 3/27/11 
7 3/27/11 
6 3/27/11 
5 3/27/11 
2 3/27/11 
1 3/27/11 

10 3/27/11 

12 4/11/12 
13 4/11/12 
14 4/11/12 
15 4/11/12 
16 4/11/12 
17 4/11/12 

(m
in
or
  c

om
po

ne
n
t)

  

in
  
CC

W-
to

-C
W  

p
o
w
e
r
  

V) 

o 

o
f
  d

a
ta
  
p
o
in

ts
  

o 
0 

VI 

ni 

(T.5 

4- 
o s 

aj  

0 o o %
 of

 p
ow

e
r  
i
n
  
lo
we
s t

  
ba

n
d 

Ba
n
d
 wi

th
 la

rg
es

t  
po

w
er
  

P
o
w
er

  i
n 
 
lo

we
s
t  

ba
n
d 

0 

4-)  
ni 

CC 

cll 

0 
0- 
E 
o 

w 

	

I -I-) 	V) 

CL, e 
c 

	

, o 	L.) 
0_ 0 

0 E 8- 
00 C...) 

4-) 

o 

0 

LD 	2e 
L.)  4-) L.) 

C CL) C 
•r- 

o 
5- C)- S-
W E w 
:O  3 

u 
0_ 

4- 	(4- 
o 

4-) 

S- 
5- 	0 

e (ts 
O E 
CD_ 

rcS 	(1) 
e 

0 0 

"CD 
• (1) 
(1) 	G) 
0_ 	o- 
u 

 

Cf) 

(I) 	CD MS 
S- 	S.- -0 

4-) 
ct 0' V) 

(f) 	 CU 
I CD I e 
:> C 0 

cr5 0 rcs 
w - 

4-) 	4-) 
0 0 

CC 

30 
TABLE 3.2-2 (CONT'D) 

STN START 	#SAM #NBLK POW. MAJ 	MIN 	CCW CW 	BAND I 	% 	% CC/C 	% MAX ALL 	LOW 
SP. 	SP. 	SP. 	SP. 	SP. 	CCW CW RATIO 	BAND RMS 	RMS 
< 	(CM/S)**2-DAY 	 CM/S 

1982 AUTO-SPECTRA 

18 4/11/12 	300 	5 52.9 33.7 19.2 37.1 15.8 	19.1 
19 4/11/12 	300 	5 60.4 45.7 14.7 41.4 19.0 	26.6 

70% 30% 2.35 36.2%  *J  2.9 	1.7 
69% 31% 2.18 44.0% 	I 3.1 	2.1 

1.5 
2.3 
1.5 
1.4 
2.6 
1.4 

20 4/24/0 
21 4/20/14 
22 4/24/0 
24 4/24/0 
25 4/24/0 
26 4/24/0 

300 	4 39.3 35.2 	4 1 19.8 19.5 	14.5 
300 	3 84.3 46.0 38 4 64.5 19.8 	34.0 
300 	4 33.4 16.1 17 4 24.2 	9.3 	14.9 
300 	4 43.4 28.7 14 6 21.6 21.8 	12.5 
300 	4 73.4 44.9 28 5 40.0 33.4 	42.6 
300 	4 54.4 45.1 	9.3 14.4 40.0 	11.8 

	

50% 50% 1.02 36 9% 	I 2.5 
76% 24% 3.25 40 3% *II 3.7 

	

72% 28% 2.60 44 4% * 	2.3 

	

50% 50% 1.01 28 8% I 	2.6 

	

55% 45% 1.20 58 1% 	I 3.4 
26% 74% 2.78 21.7% III 2.9 
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northern side of M'Clure Strait, where they reach values near 3 cm/s. The

fluctuation amplitudes also are notably greater than the mean flow at Sites

6, 8 and 10 in Prince of Wales Strait, and at Sites 10 and 11 on the

eastern side of sa-itharn Wellington Channel.

The spectral results, using rotary coordinates, reveal generally low

levels of rotary polarization. Such a result is hardl.y surprising in view

of the tendency, at most sites, for the residual currents to be oriented

along a single axis, usually parallel to the coastline or to local

bathymetry. Two sites exhibiting large clockwise preference in the

residual current fluctuations were Sites 6 and 12, both located in the

western half of Wellington Channel, where clockwise rotations represented

72 and 74% of the total variance. Counterclockwise fluctuations were

dominant at Sites 18, 19, 21 and 22 in the southern half of Western

Viscount Melville Sound., (ranging from 69 to 76% of total var3.anoe) and at

Site 74, further to the east in this Sound (67% of total variaru:e).

The current fluctuations are dominated by longer-period variations.

Of the 55 spectra of springtime currents, 42 had peak values in frequency

bard T(periods of 8.3 to 25 days). Spectral levels in the two highest

frequency bands IV and V (periods of 1.3 to 2.8 days) were very low. Note

that fluctuations of the residual flow also occur with periods greater than

25 days, as seen of the spectral analyses of the year-long ourrent records

(Section 3.2-3). However, the record length of the springtime data limits

the statistically-reliable spectra to a lorg-period, limit of 25 days.

A more detail.ed presentation of the auto-spectral results, displayed

for each area in Figures 3.2-2 to 3.2-6, follows.

Priuoe of Wales Stzai.t (Figure 3.2-2A)

in the spectra of the major component, most of the current variations

occurred within the three lowest bands (periods of 2.8 to 25 days) at all

measurement locations. The dominance of the lowest bands was most notable

at Sites 1 and 2 off Banks Island, within the strongest portion of the

residual flow. At Site 1, a]xroad spectral peak occurred in the secoxnd and
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third bands, over periods of 2.8 to 8.3 days, although at Site 2 the 
spectral level did not differ appreciably over the three bands. ln the 
spectra of the minor component, the levels were mudh smaller and Showed no 
consistent frequemy variation among the measurement locations. At some 
locations (Sites 5, 10 .and PW1) the spectra were dominated by the lowest 
frequencies, while at others (Sites 2 and 8) they tended to peak in the 
higher frequencyy lamds. 

leClure Stwait  (Figure 3.2-22) 

Spectral levels were generally low through the central and southern 
portions of M'Clure Strait. At Stations 11, 12, 13, 14 and 16, the 
amplitudes of the individual bands never exceeded 1 cm/s. Moreover, the 
major and minor axes differed little in amplitude, indicating a 
directionally-variable residual flow. At the two measurement sites in 
northern M'Clure Strait, Stations 16 and 17, the residual flow variations 
were better aLigned with the local bathymetry; this is intimemd by the 
1$1:rge  amplitude of the major axis, relative to that of the minor axis 
(approximately 1.6 cm/s). Moreover, the spectra Show that the flow 
varlahLatywas concentrated in the lowest resolvable bands, with the peak 
in the 8.3- to 25-day band. 

At the two measurement sites (18 and 19) off Peel Point in southwest 
Viscount Melville Sound, the residual flows were aligned along a 
northwest-southeast major axis, with an amplitude twice as large as the 
minor component amplitudes. Low-frequency variations were dominant at both 
sites. 

Central Viscount Melville Sound  (Figure 3.2-3A) 

The spectral amplitudes are indicative of weak and 
directionally-disorganized flow variability at most locations. Only at the 
most northerly Sites 24, 25 and 26, situated within 15 km of Melville 
Island, were the flow variations in rough alignment with local bathymetry. 
At these sites, the lowest frequency band had the largest amplitude. 
Interestingly the flow variations at Site 24, situated furthest offeore 
from Melville Island, were the least energetic. 
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On the southern side of Viscount Melville Sound, the spectra were of 
lower amplitude than those at the more northerly locations. At the 
stations fUrthest from shore, Sites 21 and 22, no strong direction 
preference was evident in the flow variations. The spectral amplitudes 
were larger at Site 21, exceeding l cm/s in the two lowest frequency 
han : a net residual flow to the south was computed for this location. 
At Site 20, located nearest Stefansson Island, spectral amplitudes were 
less than those at Site 21. The flow variebilii7iwas mostly directed along 
a northeast-southwest orientation, roughly perpendicular to that of the 
local bathymetry. 

IttQUatiodLahlamel (Figure  3.2-310 

Spectral levels were uniformly low (<1 cm/s) throughout the transect 
of stations across MiClintodk Channel. At au sites, the spectra for the 
major components were largest at the lowest resolvable frequency for the 
major components, and directed approximately north-south. The 
along-channel spectral levels were someWhat larger at Sites 82 and 87, 
nearest the coasts an opposite sides of the Channel. At both these sites 
the ratios of the major-axis to minor-axis amplitude were greater than at 
the other two Sites, 83 and 88, located further from Shore. 

BylUiLittledilLaIELAIIStin_Cheamail (Figure 3-2-4A) 

Comparativelybigh spectral levels were computed for Sites in Byam 
Martin Channel, where a strong southeasterly residual current was present 
throughout the cross-section. The largest spectral levels occurred in the 
lowest freemxxy band at the two sites located nearest a coastline At the 
mid,-channel location, spectral levels were uniform with frequency, and the 
cross-Channel spectral levels were considerably larger than those measured 
at the sites on either side of the Channel, 

At the single multilevel measurement location in Austin Channel (Site 
71, at depths of 19, 73 and 123 m), spectra exhibited large peaks in the 
lowest band with a fluctuation amplitude about one-half of the magnitude of 
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the easterly flowing net residual current (3.0 cm/s) at this site. 

Interestingly, at the near-surface level, the major component of the 

principal axis  was  directed north-south, at right angles to the mean 
residual flow direction. At greater depth, the mean and principal axis 

directions were more closely aligned, although the mean flow remained to 

the right (clockwise) of the major axis. 

Eafeern_namzunrafalasUle_emrd (Figure 3.2-4B) 

At the measurement siteslocated directly south of Byam Martin Island 

(Sites 57 and 68), and southwest of Bathurst Island (Sites 72 and 74), 

spectral levels increased with proximity to the coastline, and the current 
fluctuations became more directionally biased. While all spectra followed 
the usual pattern of increasing amplitudes with decreasing frequency, a 
secondary spectral peak was present in the third frequency band (periods of 

2.8 to 5.0 dap) at Sites 57, 72 and 81. 

Law spectral levels were computed from the residual flows off Prince 
of Wales Island (Site 81), an the southern side of Viscount Melville 
Sound. At this location, fluctuations in the residual flow were nearly 

omnidirectional. A preferenCe for clodkwise over anti-clodkwise 

oscillations was suggested by:the rotary spectra. 

Darrow Strait  (Figure 3.2-5A) 

Spectral amplitudes  had  intermediate values at the two measurement 

sites in Barrow Strait. At the northern Site 42, spectral amplitudes were 

just over 1 cm/s in the first and third frequency bands. In the lowest 

band, fluctuations were almost entirely directed along the 070-250° 

direction, in rough alignment with local bathymetry. However, the 

directional bias was less pronounced for fluctuations in the third band 

(periods of 2.8 - 6.0 days). 

On the southern side of Barrow Strait, within the strong (20 cm/s) 

eastward residual  flow, spectral levels were uniform and comparatively high 

in the three lowest bands (periods of 2.8 to 25 days), and oriented alOng 
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the direction of the mean flow. ln the cross-channel direction, the 
spectral amplitudes were very low at the low frequencies, but increased at 

higher freqUency. ln these same frequencylamds (periods of 1.9 to 8.3 

dais), the rotary spectra revealed that clodkwise oscillations were larger 
in amplitude than were the anti-clockwise oscillations. 

lielaligfeaLazumel (Figure 3.2-513) 

The fluctuations of the flow  in WellingtonClarmel had 

intermediate-to-large amplitudes. The largest amplitudes were measured at 

Sites WC1 and WW, located on the northern transect of stations, 

approximately 1 and 3 km from the coast of Devon Island. At both sites, 

spectral levels increased with decreasing frequency, reaching values of 3 
to 3.5 cm/s for the along-channel direction in the lowest band. Spectral 
levels were mudh lower for the cross-channel flow component, never 
exceeding 1 cm/s. 

At Sites WC4 and WC5, also located on the east side of Wellington 

Channel but further  offshore (5 and 7.6 km from the coast), the Spectral 
levels decreased with distance from Shore. The maximum amplitude, for the 
major component at the lowest frequency, was around 2 cm/s. At Site WC5, a 
secondary peàk occurred in the third frequenqy band. 

On the western side of the Channel, speCtral levels were lower. In 

the lowest frequeamband, that having the largest amplitude, the value for 
the major component was only 1.8 cm/s at WC6, decreasing to 1.3 cm/s within 
the stronger (3.9 cm/s) southward-flowing current at WC7. 

At Station WC13, also situated in the southerly flowing current 

further to the south, the maximum spectral amplitude was also small 

Virtually all fluctuations at the lowest frequencies occurred along the 

major axis but at higher frequencies the amplitude of cross-channel flows 

was considerably greater, particularly in the second band (5.0 to 8.3 days 

period). 
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Among the remaining stations on the southern transect in Wellington 
Channel, spectral levels were largest at Site WC12 which was situated in a 
northwesterly mean flow of 3.7 cm/s. Here, the maximum amplitude of 2.0 
cm/s occurred in the lowest band. 

Site WC11 was one of the few sites in Wellington Channel which showed 
a spectral peak  in  a, band other than the lowest. Here, the peak occurred 
in the second band (periods of 5 to 8.3 dais) with  an  amplitude of 1.7 
cm/s. This band also exhibited a clockwise rotational tendency, with an 
amplitude of 1.5 cm/s, approximately 65 percent larger than the 
anti-clockwise amplitude. 

At Sites WC8 and WC10, the easternmost sites on this transect, 
spectral levels were the lowest observed in WellingtonClomel. The peak 
amplitudes occurred in the lowest band,  with  values slightly larger than 
the weak mean flow measured at these sites (1.8 and 1.1 cm/s, 
respectively). With increasing proximity to the coastline, the flow 
variations become more parallel to the coastline, as indicated by the sharp 
decrease in minor-axis levels 

PennY 11 - t  (Figure 3.2-6) 

The spectral amplitudes computed from the four current records were 
moderate to large in comparison with those Characterizing most other 
areas. The spectral amplitudes of the major component in the lowest band 
ranged from 1.5 cm/s at depth to 2.5 cm/s (PSW) in the uppermost records. 

The lamgest spectral levels occurred in the lowest frequency band, 
although a secondary peak in the third frequency band was evident at all 
sites. The 1w-frequency amplitudes differed little with depth at Site 
PSE, but at Site PSW, a large vertical Shear was evident within the lowest 
frequency band (factor of 1.7). 
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3.2.2 Seasonal  Variation 

The seasOnal variation in the residual current fluctutations was 

examined through the computation of seasonal spectra, using the year-long 

current records Obtained in Austin Channel (2 data records), Barrow Strait 

(2 data sets) and Penny Strait (3 data sets). The spectral amplitudes are 

displayed in Figures 3.2-7, 3.2-8 and 3.2-9, with a summary listing given 

in Table 3.2.2-1. 

In  previous sections, regional variation in  both the mean flow and the 

spectral amplitudes of the springtime residual currents have been noted. 

In Penny Strait, the vector-mean flows are very large, accompanied by 

smaller but still comparatively large flow fluctuations. At the site in 

northern Barrow Strait, the amplitudes of both the vector-mean and the flow 

fluctuations are much smaller, being in the intermediate range for the 

entire study area. As in Penny Strait, the amplitude of the fluctuations 

is only half the magnitude of the vector-mean. By contrast, in Austin 

Channel, the amplitudes of the vector-mean and of fluctuations, although 

small. 

Given the differences between the areas where year-long current 

records were Obtained, a surprisingly consistent pattern of seasonal 

variations emerged (Figure 3.2-10): 

(1) Current fluctuations were smallest in the spring and readied peak 

values in fall or winter. The minimum oocurred in spring for au 

 areas and depths. 

(2) The remarkable similarity in the seasonal variation of residual 

current fluctuations (minimum in spring; maximum in fall or winter) 

was in marked contrast to the absence of a consistent pattern in the 

magnitude of the vectormean currents, whereimaximum values occurred 

in  an.  seasons. 

(3) Fluctuations in the summer differed according to location and depth: 

in Austin Channel, they were small and comparable to those of spring, 

while those  in  Barrow Strait readhed their lergest levels at mid-depth 



38

Table 3.2.2-1: Auto-spectral analyses for each season of the year-long
current-meter records.

STN DEP.START #SAM xN3LK POW. M4J MIN CCW CIY BAND I % % % CC/C MAX ALL LOW W VECT VECT
in SP. SP. SP. SP. SP. BAND I CCtiY GW RATIO BAR) f4r4S Rti6 IIEAN bEAN S.D.

1983 AKO-SPEGTRA 4-(C#M5)**2-DAY > ClNS CM/S

71 73 4/08/11 300 6 120.7 75.4 45.3 66.6 54.1 60.0 49.7% 55% 45% 0.81 I 3.1 2.2 1.1 2.9 3.4
71 73 7/01/0 300 7 95.6 56.7 38.9 43.3 52.4 32.1 33.6% 45% 55% 1.21 I 2.8 1.6 ; 1.7 1.6 3.3
71 73 10/01/0 300 7 94.0 68.2 27.8 44.0 50.1 48.7 51.8% 47% 53% 1.14 I 2.7 2.0 0.9 3.1 2.8
71 73 1/01/1 300 7 1e3.2 129.0 34.1 73.7 89.5 90.1 55.2% 45% 55% 1.21 I 3.6 2.7 1.1 3.3 4.1

71 123 4/08/11 300 6 62.9 42.1 20.8 28.3 34.6 26.3 41.8% 45% 55% 1.22 I 2.2 1.4 0.7 3.2 2.4
71 123 7/01/0 300 7 60.0 47.5 12.5 28.6 31.4 25.1 41.9% 48% 52% 1.10 I 2.2 1.4 ; 1.2 1.8 2.6
71 123 10/01/0 300 7 97.4 79.4 18.1 50.6 46.8 32.4 33.3% 52% 48% 0.92 I 2.8 1.6 ; 0.9 3.2 3.2
71 123 1/01/1 300 7 73.7 57.9 15.9 32.6 41.2 38.5 52.3% 44% 56% 1.28 I 2.4 1.8 ; 1.0 2.5 2.5

1984 SFASONAL N1f0-SPECTRA

42 51 4/28/12 300 6 92.7 48.6 44.1 57.5 35.2 42.9 46.3% 62% 38% 1.63 I 2.7 1.9 ; 0.6 4.4 2.9
42 51 7/01/0 300 7 339.3 252.5 86.9 144.6 194.8 230.7 68.0% 43% 57% 0.74 I 5.2 4.3 ; 1.4 3.7 6.6
42 51 10/01/0 300 7 303.2 208.2 95.0 169.9 133.3 129.4 42.7% 56% 44% 1.28 I 4.9 3.2 ; 1.5 3.2 5.9
42 51 1/01/0 300 6 198.6 163.6 33.0 102.7 93.9 85.8 43.6% 52% 48% 0.91 I 4.0 2.6 ; 1.1 3.5 4.3

42 100 4/28/12 300 6 55.4 39.9 15.5 39.5 15.9 25.9 46.8% 71% 29% 0.40 I 2.1 1.4 ; 0.6 3.7 2.0
42 100 7/01/0 300 7 145.5 111.2 34.3 54.4 91.1 94.5 64.9% 37% 63% 1.67 I 3.4 2.7 ; 1.4 2.4 4.0
42 100 10/01/0 300 7 216.7 177.7 38.9 110.9 105.7 76.9 35.5% 51% 49% 0.95 I 4.2 2.5 ; 1.5 2.7 5.1
42 100 1/01/0 300 6 154.7 132.5 22.1 72.4 82.3 77.8 50.3% 47% 53% 1.14 I 3.5 2.5 ; 0.9 3.7 4.2

PSiY 49 4/2$/12 300
PSW 49 7/01/0 300

PSYI 49 10/01/0 300
PSW 49 01/01/0 300

PSW 138 4/28/12 300
PSY! 138 7/01/0 300
PSW 138 10/01/0 300
PSY! 138 01/01/0 300

PSE 43 4/28/12 300
PSE 43 7/01/0 300
PSE 43 10/01/0 300
PSE 43 01/01/0 300

6 239.0 158.3 80.7 143.8 95.2 109.6 45.8% 60% 40% 0.66 I 4.4 3.0 0.3 12.6 4.4
7 334.7 216.0 118.7 138.5 198.2 182.9 54.6% 41% 59 1.42 I 5.2 3.8 0.4 14.7 5.3
7 343.8 288.6 55.5 144.3 199.5 199.7 58.1% 42% 58% 1.38 I 5.2 4.0 ; 0.7 7.3 7.4
7 373.4 293.9 73.6 146.4 227.0 234.9 62.9% 39% 61% 1.55 I 5.5 4.3 0.5 10.9 7.0

6 149.1 94.1 55.0 71.0 78.1 50.7 34.08% 48% 52% 0.91 I 3.5 2.0 0.8 4.1 3.5
7 149.5 102.9 46.6 67.4 82.1 42.1 28.2% 45% 55% 1.22 I 3.5 1.8 0.7 5.2 3.7
7 213.9 166.9 47.0 99.8 114.0 91.2 42.6% 47% 53% 1.14 I 4.1 2.7 3.2 1.3 6.4
7 245.3 204.6 40.8 87.4 157.9 134.5 54.8% 36% 64% 1.81 I 4.4 3.3 1.6 2.8 6.5

6 204.0 132.7 71.3 78.5 125.4 80.6 39.5% 39% 61% 1.60 I 4.0 2.5 ; 0.3 13.4 4.2
7391.2314.5 76.6 187.8 203.3 241.5 61.7% 48% 52% 0.92 I 5.6 4.4 0.4 15.8 6.2
7 562.2 450.3 111.9 281.3 280.9 367.5 65.4% 50% 50% 1.00 I 6.7 5.4 0.5 14.2 8.2
7 342.1 232.1 110.1 155.1 187.0 191.9 56.1% 45% 55% 1.21 I 5.2 3.9 ; 0.4 12.7 7.8

PSE 131 4/28/12 300 6 253.1 109.4 143.7 98.6 154.5 101.1 39.9% 39% 61% 0.64 *1 4.5 2.8 ; 0.5 8.2 4.2
PSE 131 7/01/0 300 7 268.9 128.6 140.2 129.4 139.5 88.4 32.9% 48% 52% 0.93 I 4.6 2.7 1 0.7 6.4 4.9

1 1 r^ I --I .. I I- I I
1 1 ^ ^ ^ 1 1
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in summer. Summertime fluctuations had intermediate values in Penny 
Strait. In both Barrow and Penny Straits, the magnitude of current 
fluctuations was considerably larger at mid-depth than near the 
bottom, indicating that the vertical shear in current is largest in 
the summer. 

(4) ln all records, the lArgest  current fluctuations occurred in the 
lowest band (8.3 to 25 day periods). In some records, the amplitude 
of shorter-period fluctuations became more prominent in fall, although 
it never exceeded that in the lowest band. This autumnal increase in 

shorter-period current variations was particularly evident at both 
measurement depths in Barrow Strait, as well as at the near-bottom 
level in Austin Channel. 

3.2.3 Year-Long Time Series 

Cbrrent fluctuations of longer period were studied using the year-long 
current records. The four-fold increase in duration of the year-long time 
series permits examination of periodicities as long as 125 days with some 
confidence. 

For the three records from Penny Strait (Figure 3.2-12), an area of 
strong residual flows, the largest fluctuations occurred at the lowest 
resolvable frequencies (band A: periods of 42 to 125 days). Here, the 
amplitudes were up to twice as large  as fluctutations with periods of 8.3 

to 25 days, the lowest resolvable band in the seasonal spectra. 

Tergsamplitude fluctuations at very long periods also occurred at 

Site 42 in northern Barrow Strait (Figure 3.2-11), although the amplitudes 

were smaller than those computed for Penny Strait, particularly at the 
deeper measurement depth. 

In Austin Channel (Figure 3.2-11), fluctuations at the very long 

periods were markedly smaller. Here, the current fluctuations were most 
energetic at intermediate periods, those of 8.3 to 13.9 days. 
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3.3 Spatial Coherence 

To examine the spatial scales of residual flows in the Northwest 
Passage, cross-spectral analysis techniques were applied to pairs of 
current records. The results are presented as coherence and phase values. 
The coherence value at eadh frequency, ranging from 0 to 1, represents the 
fraction of the amplitude of one signal that matches a similar oscillation 
in the other signal. The phase difference between the two signals at eadh 
frequency represents the angle, ranging from 0 to 360 degrees by whidh the 
second signal leads the first. 360° represents a lead equal to the period 
of the signal being investigated. 

Iehen presenting coherence values, some criterion must be used to 
decide whether the coherence is statistica,rly significant. Here we tàke 
the significance level to be that value of coherence (Table 3.3-1) below 
whidh a truly random coherence will fall with a chosen probàbility (Groves 
and Hannan, 1968). 

Table 3.3-1  

Coherence values between two time series that exceed random noise at 
80, 90 and 95 percent probability levels. 

No. of Blocks 	Percentage Significance Levels 
80 	 90 	 95 
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3.3.1 Springtime, 1962-1965 

For the sp.vingtime measurements, the bulk of the cross-spectral 
analyses dealt with horizontally separated pairs of current records. The 
examination of vertically separated pairs is presented for all seasons in 
the following section (3.3.2) of this report. The horizontally separated 
rairs used in the analyses were selected as follows: 

(1) AU  adjoining pairs of current-meter records; 

(2) On eadh cross-Channel transect of current-meter moorings, a current 
record at one &isle  was dhosen (on the basis of lamgest flow speeds). 
Cross-spectra were computed between thi  s  record and all other records 
on the transect; 

(3) Where significant cOherence was determined from the current records 
selected, additional pairs of other nearby current records were 
selected for cross-spectral analyei. 

The cross-spectral results are presented for individual areas, 
followed by a summary of the results throughout the full study area. 

Prince of Wales Strait (Figures 3.3-1, 3.3-2) 

Current fluctuations eXhibited larger cdherence in Prince of Wales 
Strait than in any other region. Fluctuations within the southwesterly 
coastal current off Banks Island had the highest adherence. Within the 
coastal current itself (at Sites 1 and 2), over 90 percent of the current 
fluctuations tradked one another with time lags of 4 hours or less. 

The similarity in the current fluctuations extended beyond the core of 
the southwesterly coastal current, to locations throughout the Strait. 
High coherence with the fluctuations in the current core was observed at 
Sites 5 and 9. The phase differences betmseameasurement sites were 
generally small, with the largest differences occurring in the lowest 
frequency band. The most pronounced phase differences were found for Site 
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9, indicating fluctuations there whidh were 16 to 24 hnurs ahead of ouvrent 
fluctuations an the transect of sites across the Strait (Sites 1, 2 and 
5). This pattern of current phases decreasing towards the northeast, in 
the lowest frequency band, was also Observed at Site 10 located to the 
northwest, where current fluctuations lagged behind those at transect Sites 
6, 6 and 7 by 20 to 60 hours. 

Coherence was lower, but still statistically significant, for 
locations on opposite sides of the Strait. The reduction in cdherence was 
most apparent in the very lowest frequency band, where the computed values 
were consistently below the significance level Temge and statistically 
significant coherence did occur in the higher frequency bands, particularly 
in band III (periods of 2.8 to 5 dais), which, was generally the most 
energetic of all bands in Prince of Wales Strait. In this band and the two 
highest frequency bands (III, IV and V), the fluctuations eXhibited a 
progressive time lag with increasing distance from the strong-current 
core.  •  The largest phase difference,  Lourd  between Sites 1 and 7 on 
opposite sides of the Strait, indicated that weaker currents on the 
southern side of the Strait lagged behind the current core by 8 to 20 
hours. 

WC:Lure Strait  (Figure 3.3-3) 

Coherence in WCIure Strait was uniformly low. For example at Sites 
16 and 17, on the northern side of the Strait, where the largest 

 fluctuations occurred, the odbarax)ewas low in all freqweey bards. The 
only pair of current records haying significant coherence in the dominant  
lowest band was that for Sites 12 and 17, located on opposite sides of the 
Strait. For these wIdely-separated sites (85 km) the coherence was 0.75, 
with a large phase difference of 161 degrees, indicating changes almost out 
of phase on opposite sides of the Strait. 

Near Peel Point, at the mouth of Prince of Wales Strait (Sites 18 and 
19), the fluctuations in the minor component were highly coherent in the 
most energetic, low frequamy  bard. At both of these sites, the flow 
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eXhibited a pronounced tendency for counter-clockwise  oscillation.  

Statistically significant cOherence (0.70 to 0.74) was found in the 

counter-clockwise rotary speotrumbetween these two sites. 

Central Visocant eaville Souna (Figure 3.3-4) 

As in  M' dure Strait, cdherencebere was generally low, particularly 
in the lowest frequency band, which ha.d the largest amplitude fluctuations. 

On the northern side of the Sdund, current fluctuations were coherent at 

significant levels for intermediate and higher frequency  ban s  (periods of 
1.3 to 5 days). The fluctuations were out of phase for both adjoining 

station pairs: Sites 24 and 25, and Sites 25 and 26, separated by 8 and 20 
km, respectively. 

At the three measurement sites on the southern side of the Sound,  se 

 significant values of cdherence were also computed for the middle and 

higher frequency bands (Site 22 with 20), but not for the lowest frequency 
band, which had the largest amplitude fluctuations. NO significant 

adherence was found for measurement pairs located on opposite sides of the 
Sound. 

ittaleica_Gbannel (Figure 3.3-5) 

As might be expeoted given the very small amplitude of the residual 
current and its fluctuations in M'Clintodk Channel the coherence was 

uniformly low. ln the most energetic, low frequency band, the computed 

coherence fell below the 90 percent significance level in all six pairs of 

current records. 

EalegalL3M2Cgiatagetballe_SQUrd (Figure 3-3-6) 

CUrrent fluctuations at both of two measurement Sites (72 and 74) 

situated off the southwest corner of Bathurst Island eedbited very high 

coherence in the lowest band for both the major and minor current 

components. This is remarkable, since the principal axes are poorly 

aligned. The largest coherence of 0.94 applies to fluctuations between 
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the two minor components, setting northeasterly at the nea.r-coastal. Site

72 aixl easterly at Site 74 located further from shore. The coherence

(0.80) for the major-axis corrpoxbent was nearly significant at the

90-peroent level. The phase differerbc:e ind_i.cates that the current

fluctuations at the offshore site lead those nearer the coast by 90 degrees

or 1.5 to 6 days. These results could be 3mr3i.cative of a narrow coastal

current which meanders, flowing nea,rer the coast at times, perhaps into

Austin Channel., or moving further offshore and turning southwarci..

High coherence was found in the highest band between Sites 72, 74, and

71 located nearly 80 km to the northwest in Austin Channel (at the 73 m or

mid-depth level only). Although the amplitude of fluctuations is small in

compa.rison to that in the lowest band (Figure 3.2-4), a sma1l peak was

evident in the auto-spectra for all three records.

Low coherence was found for residual currents measvred on opposite

sides of Viscount Melville Sound (Sites 72/74 with Site 81), particulaxly

in the lowest band.

(Figure 3.3-7)

Currents in Byam Martin Channel exhibited law coherence. For Sites 62

and 63, separated. by only 6 km, the coherence was uniformly low, with the

only statistically significant value occurring in the highest bamd., for

which fluctuations were very sma,1L at Site 62. In a statistica.l sense, the

residual currents at Site 63 appeared to be better correlated with those at

Site 66, located approximately 21 km away on the opposite side of the

Gbaxuie.l.. Coh,P.rervoe was well above the 9596 significance level in band III

(periods of 2.8 to 5 days), where a sma.1l peak occurs in the auto-spectra

for both sites.

Law coherence was founcl between the three Byam Martin Chaxune]. Sites

62, 63, 66 and Site 71 which was located over 90 km to the southeast in

Austin Channel.
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Barrow Strait  (Figure 3.3-8) 

The current fluctuations measured on opposite sides of Barrow Strait 
appear to be adherent at the mid-range frequencies, but not at the lowest 
frequencies. Over periods of 2.9 to 5 days, the near-surface fluctuations 
at Site 46 were adherent at the 90-95 significance levels with the 
along-Shore fluctuations for all three measurement depths at Site 42. The 
fluctuations on the southern side of the Strait lead those at the northern 
site, by approximately 7 to 10 hours. The statistically significant 
adherence extends into the next lowest frequency band (II: 5 to 8.3 days) 
for the upper and lower measurement depths at Site 42. The middle band  lias 

 large amplitudes throughout Barrow Strait (Figure 3.2-5), particularly at 
Site 46 on the southern side of the Strait. 

Highly cdherent fluctuations were Observed at the vertically-separated 
measurement levels of the northern measurement site in Barrow Strait. As 
for the computed cdherences between horizontaIly-separated sites, the 
residual current fluctuations were most adherent in the middle frequency 
bands, and dropped off Sharply at the lowest frequencies. Unlike the 
situation for horizontal pairs, the current fluctuations in the 
cross-strait component  are  highly adherent for the vertically-separated 
pairs. The phase differences are small 

YeLtinedoulbannel (Figures 3.349 ani 3.3-10) 

Due to the comparatively large number of measurement locations in 
WellingtonClommel, the eyoss-spectral results are displayed in two sets: 
Figure 3.349 displays the results for station pairs on the saine  
cross-ahannel transect, hile  Figure 3.3-10 provides the results between 
stations from the northern and southern transects. 

In the strong northward-flowing current found off Devon Island on the 
northern transect (Sites WC1, W03 and WC4), current fluctuations are highly 

coherent with small phase differences. The coherence is lArgest  in the 
second and third bands (periods of 2.5 to 7.5 days). In the western and 
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central portions of the northern transect, the coherence of current 

fluctuations is mudh lower, and generally below the 90-percent significance 

level. One noteworthy feature is the hi  gh coherence between the 
cross-channel flow fluctuations at mid-Channel pairs W04-WC5, and WC5-WC6. 
As with the station pairs further to the east, the highest coherence occurs 
in the middle bands, but only for cross-channel fluctuations at these 
locations. The high correlation in the cross-channel component may be 
indicative of mid-Channel lateral exchanges between the oppositely-flowing 
currents on either side of the Channel. 

Stronger coupling inntiddle-frequency bands is also suggested in the 
cross-spectral results computed between the site immediately off Devon 
Island (WC1) and eadh of the other sites on the northern transect. The 
coherence for bands II and III was in the vicinity of the 90 percent 
significance level for all along-channel current components. The phase 
differences appear to increase with horizontal separation between sites. 
For Sites WC]. and WC7, separated by 16 km and on opposite sides of the 
Channel, the current fluctuations were nearly out of phase. This apparent 
coupling between residual fluctuations does not occur in the lowest 
frequency band, whidh contains the largest fluctuations, particularly off 
Devon Island. 

On the southern transect  in  Wellington Channel, coherent current 
fluctuations were evident for the three easternmost sites: WC8, WC10 and 
WC11. Unlike the eastern sites on the northern transect,  the  residual 
currents observed at these locations were not particularly large in 
amplitude nor did they set consistently in a particular direction. The 

coherence was largest in the middle bands, and decreased to levels below 
statistical significance in the lowest band, which had the largest current 
fluctuations. Coherence was much lower for station pairs involving Sites 
WC12 and WC13 on the western half of the Channel; this may reflect the 
considerably larger station separation (9 km) than that present further to 
the east. 
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The coupling between currents at the southern and northern transects, 
separated by 32 km, can be inferred from selected cross-spectral results 
displayed in Figure 3.3-10. ln this figure, the cross-spectra are presented 
only for those station pairs having two or more statistically significant 
adherence levels at or exceeding 90 percent. Station pairs for whidh 
cross-spectra were computed, but not displayed, are indicated by the 
circled syrdbol 	in Figure 3.3-10. 

Residual currents measured in the core of the strong, north-flowing 
current at the northern Site W03 are coherent with those at Sites WC11 and 
WC12, for fluctuations having periods of 2.5 to 7.5 days. At these two 
southerly sites, the flows are also directed north but at mudh reduaed 
speed. The current at the northern Site WC1, situated just off the Devon 
Island coastline, also exhibited fluctuations coherent with those measured 
on the southern transect at central and easterly locations (Sites WC8, 
WC10, WC11 and WC12), particularly for the mid-range fraTmembards. The 
computed phase differences were generally lerge,  usually between 90 to 180 
degrees, for currents at the northern and southern sites. The phase 
differences are consistent, with currents on the southern transect leading 
those on the northern transect by 1.5 to 3 days when the reversed 
orientation of coordinate systems is taken into account. 

The lerrgest overall coherence computed between north and south station 

pairs occurred between Sites WC5 and WC11. For this pair, current 
fluctuations in the energetic, lowest band attained a, very high coherence 
level of 0.98. The phase difference of -70 degrees corresponds to currents 
at the southern site leading those to the north by approximately 1.5 to 4.5 

dais. Of the 13 station pairs between the northern and the southern 
transects, only this pair had statistically significant coherence in the 

lowest frequency band. 

Low coherence was found for measurement sites on the western side of 

WellingtonClomel (WC6, WC7 and WC13), where the flows set to the south. 

The low coherence may be indicative of greater spatial variability, 

although the less dense sampling network could algo have been a factor. 
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The adherence of horizontally separated currents was generally low, 
falling below statistical significance in the great majority of cases 
examined. These findings indicate that the spatial scale of most residual 
flows during spring are smaller  than the typical station separation of 5 to 
25 km. The areas having the lowest caherence were M 'dure Strait, Viscount 
Melville Sound, M'Clintodk Channel and Byam Martin Channel. The first three 
of these areas had the smallest residual flows within the study area. 

Well-defined coastal currents appear to be associated with high 
côherence in the lowest resolvable frequencies, over periods of 8 to 25 
dais. instances of strong coastal currents with this spectral 
dharacteristic were found an the western side of Prince of Wales Strait and 
on the eastern side of Wellington Channel. A less clearly defined coastal 
current, having high adherence at law frequency, was noted off the 
southwest corner of Bathurst Island in Viscount Melville Sound. The 
spatial scale of the low frequency coupling in the current fluctuation is 
generally small, ranging from 2  km (Wellington  Channel) to 8 km (Prince of 
Wales Strait). The small spatial scale suggests that the fluctuations in 
the coastal currents are baroolinia, since the internal Rosàby radius is of 
the saine  order of magnitude as the spatial scale inferred from the spectral 
analysis of the current data. 

Coherence was generally higher in the middle-frequency band (periods 
of 2.5 to 5 days) than in the more energetic low-frequency Lend. The 
comparatively large coherence at midfrequencies was most evident in areas 
having moderate-to-large current fluctuations. As well as more occurrences 
of statisticeny significant coherence values, the fluctuations at 
mid-range frequencies exhibited large coherences over larger station 
separations, of up to 20 to 30 km or more. The larger spatial scales 
exhibited in the mid-range frequencies suggest that a driving medhanism 

differémt from that responsibae for the low frequency fluctuations may be 
operating. The larger spati& scales inferred for the middle 'range 



49 

frequencies exceed the internal Rossby radius; barotropic processes may be 
more important for the  fluctuations. 

3.3.2 Seasonal Variations 

Vertically Separated Current Measurements 

The cross-spectral results, computed for eadh season between residual 
currents at mid-depth and near-botta  levels (Figures 3.3-11 and 3.3-12), 
reveal a consistent seasonal pattern in all regions. 

(1) Vertically separated currents have the highest ooherence in winter and 
the lowest during spring or summer. 

(2) ln the summer months, the cdherence of vertically separated currents 
eX•ibited the largest differences among regions. ln . Barrow Strait, 
the vertical cdherence was very high at this time, particularly in the 
lowest frequency band; large amplitude fluctuations of low frequency 
are present at this site in summer (section 3.2.2). ln Penny Strait 
during summer, vertical cdherence was the lowest of any season. . 

(3) The phase differences computed were generally small, particularly when 
associated with high adherence. For the lowest band, having the 
greatest contribution to fluctations of residual currents, the phase  
differences ranged from +15 to -45 degrees, corresponding to mid-depth 
fluctuations leading those near-bottom by as much as 1.5 days. During 
winter, when cdherence was largest, the lead time of mid,-depth 
currents was reduced to -2 to 9 hours. 

(4) For the cross-Channel current component, the cdherence was usually 
smaller than that computed for the along-dhannel component, and 
eXhibited a much less consistent pattern of seasonal variation. Some 
notable differences included a few instances where the cross-spectral 
adherence exceeded the along-dhannel values: at the Barrow Strait and 
the Penny Strait East locations in spring; and at the Penny Strait 
West location in summer. In the winter the cdherence between 
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cross-channel components decreased sY,arply, partioul.arly at the Penny

Strait West site.

Durimg fall, coherence was noted for some of the higher-frequency

bands, especially III and IV. At this time the auto-spectral results

(section 3.2.2) 1n1i.cated an increase in act3.vlty in this range of

periods (2 to 8 days) for the sites in Harrow Strait and in Austin

Channel. Appasenntly this greater activity is also reflected. in the

larger coherenoe. in summer, , the coherence at these higher bands is

much reduced, to levels at or near the seasonal miniYmun.

Horizamtally SPro®rated Ga=Mt Meeis«renents - Peuxv Stra3.t

The residual currents measured at both sites in Penny Strait had very

low coherence in the vertical during the spring and sumomer months, but much

higher values in fall and winter (ovrrent measurements were only available

at the western site in fa]1, and winter). The coherence computed for

currents at either of the two sites (Figures 3.3-13 and 3.3-14), reveal a

similar seasonal pattern. Durir,g spring and svnmier, the coherence between

the two sites is uniformly low (<0.7) for the along-channe.l caaponent in

all frequency bands.

,, Coherence increases to statistically significant levels in fall and

increases to much higher levels (0.8 to 0.9 for baxd I) in winter. The

coherence results between the uppermost currents measured at the eastern

site (PSE) and either measurement depth at the western site (PSW) are very

similar. During winter, the phase differences itd.3.ca,te that the currents

at the eastern site lead those to the west by approxi.mately 12 to 15 hours.

3.3.3 Year-Lomg Time Series

The coherence between residual current fluctuations of longer period

was examined by computing the oross-spectra between pairs of year-long

current measurements from Austin Channel, Barrow Strait (Figure 3.3-15) and

Penny Strait (Figure 3.3-16). The apparent coup].in,g at very low

frequencies differs aocording to region.
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In Penny Strait, where the magnitude of current fluctations at the 
very long periods was high relative to that at the periods resolved in 
seasonal  tune-seriesmeasurements (< 25 days), a high coherence of 0.97 was 
computed for the two measurement depths at Site PSW. The phase difference 
was very small, indicating that the fluctuations followed one another with 
a delay of less than 12 hours. For currents measured on opposite sides of 
Penny Strait, the coherence over very long periods, although lower (0.64 to 
0.78), indicated that the fluctuations in current at these periods were 
related to one another. 

Large cdherence for very long periods also occurred in Barrow Strait 
for the mid-depth and near-bottom currents measured at Site 42. ln the 
lowest band, the computed coherence was 0.88 with a phase difference of -10 
degrees, indicating that the mid-depth currents  lei  those near the bottom 
by approximately 1.5 dais. 

3.4  Volume Transport 

3.4.1 ComputaticInal. Methods and Uncert9.inty 

From the large number of temperature and salinity profiles whidh were 
Obtained concurrently, with flow data during the Northwest Passage 
Oceanography Programme, the total volume transports through NraTiOUS 
instrumented dhannel cross-sections of the archipelago can be computed. 
The total volume transport through a dhannel is the sum of the baroclinic 
(depth-varying) and barotropic (or depthinvariant) components. The 
temperature and salinity data (Buckingham, Lake and Melling, 1987 a, b, c, 
d, e) have been used in a companion study to estimate the baroclinic 
portion of the volume transport (de Lange Boom, Melling and Lake, 1987). 

In these computations, the reference "level of no motion" was taken as the 

sea surface. 
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We  estimated the barotropic component from the residual currents 
determined from the flow data. At eadh current-measurement site, the 
barotropic transport component was computed as the residual current minus 
the computed baroclinic flow at the measurement depth, relative to the sea 
surface. ln order -uo be computationally consistent with the baroclinic 
transport estimates (de Lange Boom, Melling and Lake, 1987), the barotropic 
transport was calculated by means of a linear interpolation over the area 
segments defined by successive pairs of temperature-salinity (TS) 
stations. For the portions of the channel between the coasts and the 
nearest TS stations, the barotropic component derived from the nearest 
current-meter site was assumed to apply to the cross-sectional area. The 
total barotropic transport through the channel cross-sectionL was then 
computed as the sum of the transport for eadh area segment. 

The total volume transport through eadh cross-section was determined 
as the sum of the bucclinic transport computed by de Lange Boom, Melling 
and Lake (1987), and the barotropic transport estimated in this study. 

Whenever possible, the barotrqpic and the total volume transports were 
determined from residual currents which were computed for times within 3 to 
4 days of the temperature-salinity profile measurements. For those 
Channels for whidh the time difference between the  cur ent  record and the 
TS Observations was larger than 3 to 4 days, the mean residual currents 
determine:1 over the full duration of the current record were used  in  place 
of the near-concurrent flow values. 

Uncertainties in the volume transports were estimated. The following 
sources of uncertainty were explicitly considered: 

(1) Horizontal Positioning Errors - The uncertainty in the location of the 
measurement sites, estimated as 0.5 to 1.0 km, causes uncertainty in 
the estimate of the area of eadh segment in the channel 
c •oss-section. For this study, this uncertainty  was  computed as: 

(1.414 * 0.75)  1  rx 
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where DX is the separation between adjacent measurement sites in km.  

(2) Other Measurement Errors - For the range of currents measured in this 
study, the uncertainty in current measurement was taken as + 1 cm/s. 

(3) Residual-Current Estimation Errors - ln some parts of the study area, 
two additional errors were encountered as described in Section 2.3. 
If either of these two errors was important, the estimate of volume 
transport uncertainty was increased accordingly. The additional 

current measurement error was determined as a typical value of the 

estimates described in section 2.3. 

Mean Residual CUrrent - Volume transports computed from residual 
currents, whidh are estimated as the mean measured value, are subject 
to an additional statistical uncertainty. This was computed using the 
standard deviation of the flow fluctuations and an estimate of the 
amailable degrees of freedom in the current record: 

3 * STD.DEV / SQRT( T/F) 

where STD.DEV is the computed staxdard demiation, T is the record 
length  in  days, and F is the estimated integral time scale, assumed to 

be 1.5 dais. 

A troubling source of uncertainty in volume transport estimates was 
the poor spatiel0 resolution in measurement, as indicated by the low levels 
of coherence for horizonteffly-separated current pairs (Section 3.3). In 

channel sections showing low coherence in current fluctuations and 

exhibiting differences in mean current of magnitude comparable to the 

fluctuations, volume transport was not computed; the uncertainties in the 
result were expected to be greater than the result itself. 

(4)  
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3.4.2 Computed Volume Transports 

In 1982, a, very dense array of current meters placed across a section 
of Prince of Wales Strait provided one of the ]est  estimates of volume 
transport obtained to date in the Archipelago. The spatial coherence 

between adjoining station pairs was generally high, particularly in the 

strongsouthwesterly coastal current on the northwestern side of the 
Strait. The three estimates of volume transport computed for Prince of 
Wales Strait (see Table 3.4-1) ranged from 4 to 6 x 104 m 3/s, directed 
to the southwest. The volume transport was largest on the northwest side 
of the channel, due to the coastal current there, and was directed 
southwestward across the full width of the channel in the upper 50 m. At 
greater depths, strong vertical shears occurred (de Lange Boom, Melling and 
Lake, 1987), and flow reversed to northeasterly at some nid- and eastern 
measurement sites. 

The volume transport computed for M'Clure Strait was sUbject to large 
uncertainty. Because of the weak residual currents in this area, 

uncertainties in the direct current measurements arise from the high 

proportion of measurements (about 40 percent) in whidh the speeds are below 
the threshold level of the speed sensor. This problem, in coMbination with 
the large separation between current meters across the comparatively large 
width of M'Clure Strait, led to a large uncertainty in the estimate of 
barotropic transport. However, unless some narrow, intense circulation 

feature was not detected, it appears that the total volume transport is 

very small through this channel. 

Volume transport computations were not possillle for the remaining 1982 

measurements, Obtained in eastern Viscount Melville Sound, as the current 

data were toowidely separated in this area. 

The 1983 volume transport computations were limited to cross-sections 

through Byam Martin and MiClintodk Channels (Table 3.4-1). As in 1982, the 

current measurements collected in central Viscount Melville Sound were too 

widely separated to permit estimation of the barotropic transports over the 

width of the Sound. 
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Date 	Value + Error Date Value + Error Value + Error 

Channel 

55 

Table 3.4-1  

The haroclinic, barotropic and total components of volume transport 
for selected channels in the Canadian Arctic Archipelago, derived from the 
1982- 1984 data collected by the Insititute of Ocean Sciences. The 
harotropic volume transports are computed both from  the  mean residual 
currents, and alternatively from current measurements obtained within a few 
days of the temperature-salinity data from whidh the baroclinic transports 
were derived (numbers in brackets). Positive transports indicate flow 
toward the north and east. 

(a) 1982 Results 

Prince of 	30/03 	-1 + 	7 	 -3 + 	1 	-4 + 	7 
Wales St. 	 1/04 	(-4 + 	1) 	(-5 + 	7) 

	

24/06 	-4 + 	7 	 -3 + 	1 	-6 + 	7 

	

M'Clure Str. 31/03 	6 + 	23 	 0 + 18 	5 + 	29 

(h) 1983 Results 

Eyam Martin 29/03 	26 + 	4 	 -37+ 	5 	-12+ 	6 
Channel 	 4/04 	(-38+ 	5) 	(-11+ 	6) 

M'Clintodk 	26/03 	-6 + 	8 	 0 + 11 	-6 + 	12 
Channel 

(c) 1984 Results 

Barrow Str. 8/04 	-29 + 	4 	 75 + 25 	45 + 25 

Wellington 	12/04 	-23 + 	2 	 -1 + 4 	-24 + 	5 
Channel 

Penny Str. 	15/04 	28 + 	4 	 -62 + 25 	-34 + 25 
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In M'Clintock Channel, the coherence in current was very low between 
adjoining stations. Moreover, the current meter for Site 88 in the middle 
of the Channel was not recovered, resulting in a large separation of 36 km 
between mid-Channel  measurement locations. Nevertheless, the very low 
residual currents measured in the remainder of the Channel, and the absence 
of any strong baroclinic flows in the middle of the Channel, provide some 
indication that the very weak volume transport computed for this channel is 
reasonably representative of the actual conditions. 

The volume transport computed for Byam Martin Channel was considerably 
larger, being directed southward at 11 to 12 x 104  m3/s. The 
uncertainties in the barotropic transport arise from the ladk of spatial 
caherence between adjacent current-meter sites, and from the absence of a 
mid-d•annel current meter record. 

Volume transports were computed for three channels using the 1984 
data. For two of these channels, Barrow Strait and Penny Strait, only two 
current records were available. Nevertheless, the volume transport was 
estimated since the very strong currents observed indicated substantial 
values for this feature. ln Barrow Strait, the TS stations situated across 
the eastern end of the Strait were selected as the basis for the baroclinic 
transport. The current-meters at Sites 42 and 46 located on opposite sides 
of the Strait, were situated 25 and 10 km to the west of the CE)  transect 
line, respectively. Because the mean residual current was larger at the 
southern site than at the northern, the estimated current values for the 
mid-channel locations were very important in determining the barotropic 
transport result. We assumed that the moderate flows on the north side of 
the Strait applied to the mid-chzummal locations as well, using as guidance 
springtime current measurements obtained at four sites in 1981 (Prinsenberg 
and Bennett, 1987). The result was a total volume transport of 45 x 104  
1113/s for the spring of 1984. Given the very limited number of current 
records available for 1984, the resulting uncertainty in the barotropic 
transport could be as large as 28  x 104  m3/s. 
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In Penny Strait, the saine  prOblem arises, as only two current records 
are available Here, the mean residual currents were more nearly equal as 
measured at the 40 to 50 m depth level. Residual currents for mid-dhannel 

locations were computed as interpolations between the two sites of direat 
measurement. The current measurements were dbtained at sites deeper than 

those at whidh CTD measurements were made, being located about 12 km to the 
southeast. This factor introduced additional uncertainty, due to the very 
oompmcbathymetry of the area. Given all these factors, the total volume 
transport of 34 x 104 e/s has  an  uncertainty of +25 x 104 m3/s,  
largely arising from the assumptions required to compute the barotropic 
transport. 

The volume transport computation for Wellington Mannel was derived 
for the northernmost of the two instrumented sections of the dhannel, since 
the circulation pattern was better resolved there (Section 3.1). On the 
eastern side of the dhannel, the higher-than-average sled& adherence 
allowed comparatively precise computation of barotropic and total-volume 
transport. Due to the larger station separation, and lower adherence on 
the dhannel's western half, the transport computation  had  larger 
uncertainty there. The net volume transport of 24 x 104 m3/s, was 
directed southward indicating that about two-thirds of the southward 
transport through Penny Strait passes throughWillington Memel. Another 
feature of interest was the strong vertical Shear in currents occurring on 
the easternhalf of the dhannel. The strong, narrow coastal current is 
confined to the upper 50 m of the water column, while the flow at depth 
reverses to southerly (de Lange  Boom, Mailing  and Take, 1987). 

Further discussion of volume transports throughout the Archipelago is 
presented in Section. 4.3, based on these transports and the results of 
earlier studies. 
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4. SUKKAW AND IXC1GUWTCN

The extensive 1982-1985 current measurement prograrn in the Northwest

Passage has provided the most comprehensive data set collected to date

within the Canadian Arctio Archipelago. In the present study, these data

have been processed and anal.ysed to provide a quantitative description of

the residual circulation patterns within the area. Other data available

from earlier studies, identified in Append.ix 2, have also been exami.ned.,

pa,rticul.arly for those geographical regions not instrumenteci in 1982-1985.

However, the use of these supplementary data sets has been 1.3.mi.ted to

determinimg the vector-mean current at each measurement site.

4.1 Mean G9rc1L7.ation

The mean near-surface residual circulation through the Archipelago is

illustrated in Figure 4-1. At each of the approximatel.y 100 measurement

sites, the mean current was determineâ over an averaging period of 30 days

or more of consecutive measu.rement . Since all measurements were obtained

in the spring or samaner, vxujertaint3.es due to seasonal variability are

reduced. However, the collection of data sets used in Figure 4-1 spans a

period of 10 years . Beoause the roagnitude of interannual variability in

residual currents is 1.axgel.y unkxuowr,, (section 4.2), some vnoestainty arises

in deriving circulation patterns from such non-synoptic data.

The general flow through the Archipelago is d3 reoted. to the south and

east, representing the transport of Arctic Ocean surfaoe waters into Baffin

Bay. A southwan].-and-eastward flow tl:rough the Archipelago is consistent

with that irr7i.cated in the ear'1.iest descriptive studies of the Archipelago

(Bad.1.ey, , 1957; Collin and Dunbar, 1964 ; Barber and Huyer, 1971; Coachman

and Aagaaxd, 1974), which inferred circulation inâ3.rectly from

water-property distributions.

From the direct measurements of residual currents, as assennbl.ed and

displayed in Figure 4-1, the circulation patterns within the Archipelago

are seen to be compl.ex and varied. Large differences in residual currents

were evident within some 3.ixïi.vidual channels. The variable and intricate
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pattern of the mean residual circulation is far more complex than 
anticipated on the basis of earlier, region-wide oceanographic studies, 
which relied on indirect measurement techniques and widely-separated 
measurement sites. 

The residual flow field in the different dhannels is summarized below, 
for eadh region in the Archipelago: 

Queen Elizabeth Islands:  In the broad and comparatively deep channels 
oocupying the most northerly portion of the Archipelago, the mean residual 
flow is generally weak (5 dmis or less) and is variable in  direction. The 
circulation patterns remain poorly resolved, due to the small number of 
direct measurement sites and the spatial complexity of the measured flows. 
A net southeasterly flow can be inferred for this area, to provide 
continuity with the strong southeasterly flows in Byam Martin Channel and 
Penny Strait, which connect the channels of the Queen Elizabeth Islands 
with the remainder of the Archipelago 

Northern Connecting Passages:  TWo sets of dhannels connect the broad 
passages of the Queen Elizabeth Islands with Parry Channel to the south. In 
both cases, the most northerly dhannel, Byam Martin Channel in the west and 
Penny Strait in the east, is quite narrow. FUrther to the south, the 
connecting passages have a more complex geometry, splitting into a series 
of dhannels whidh connect to the northern side of Parry Channel. As might 
be œTected in these constricted waeterways, large residual currents occur 
in Byam Martin Channel and Penny Strait. In both dhannels, the mean flow 
is to the southeast and is very steady near the surface, with virtually no 
current reversals being Observed. The largest vector-averaged residual 
flows were measured in Penny Strait (13 dmis); average flows of 5 to 7 cm/s 
were measured in Byam Martin Channel. 

Southerly residual currents are found in the adjoining passages to the 
south: Byam and Austin Channels in the west; and Crozier and Pullen 
Straits and WellingtonClumel in the east. Here, the residual currents 
are of lesser magnitude than those in the northern passages, and exhibit 

more directional variability. In Wellington Calomel, a strong northward 
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coastal current, directed opposite to the southerly flow, is present on the 
east side of the Channel. There is no evidence of opposing currents in the 
other instrumented dhannels. • 

Strong southerly flows also occur in the constricted waterway of Bares 
Strait, whidh  foras part of another passageway linking the Arctic Ocean to 
Baffin Bay. Cardigan Strait and Hell  Gate, two passages within the 
Archipelago whidh connect the Queen Elizabeth Islands with Jones Sound, are 
also ex• ected to have strong southerly residual flows. While no direct 
current measurements are available for these channels, indirect supporting 
evidence for strong currents is the occurrence of polynyas eadh winter and 
spring in these areas (Smith and Rigby, 1981). Inferenoes from summertime 
water-property distributions (Barber and Huyer, 1977) are  also consistent 
with southerly transports through Cardigan Strait and Bell Gate. 

arz Fsvm_ajaama: The broad and deep channels of the western end 
of the Northwest Passage, M'Clure Strait and Viscount Melville Sound, have 
very weak and directianaj4 variable  residual flows. The residual currents 
here are so small that the velocities are prone to measurement 
unoertainties of up to 40 percent. 

Fasteen_arrz_aaannel: Mudh larger residual flows are found farther 
to the east in Parry Channel, particularly in Barrow Strait, its stallowest 
and narrowest portion. In Barrow Strait, the residual currents set to the 
east, with the strongest flows concentrated on the southern side. DeUripg 

the , summer months, the flows on the northern side of the Strait reverse to 
the west, while easterly flows on the south side are observed to attain 
their strongest values of the year (Prixeemberg and Bennett, 1987). 
Further to the east, in the deeper waters of Lancaster Sound, the residual 
currents are dominated by a, Imandh of the Baffin Current, whidh intrudes 
approximately 35 to 75 km into Lancaster Sound before exiting as a strong 
easterly flow on the south  sine of the Sound (Fissel, Lemon and Birdh, 
1962). The easterly flow from Barrow Strait also contributes to the very 
strong currents observed an the south side of Lancaster Sound at its 
junction with Baffin. Bay. However, the residual currents through the 
western and central portions of Lancaster Sound are not clearly resolved; 
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surface-drifter and water-property data (Fisse]. and Marko, 1978; Fissel, 

Lemon and Birdh, 1982) suggest considerable time-dependent variability in 
the residual flows in this area. 

Southern Channels: Generally weak residual flows oocur in the broad 
expanses of M'Clintook Clammel and Prince Regent Inlet, located to the 
south of Parry Channel. The residual flows in M'Clintodk Channel are among 
the weakest measured throughout the Archipelago, and have no well-defined 
directional preference. Based on the very few direct measurements 
available for Prince Regent Inlet, the residual currents appear to be weak, 
although drifters have delineated a strong intrusive flow into the mouth of 
Prince Regent Inlet in the summer (Fissel and Marko, 1978). There is 
evidence for a similar pattern at the northern entrance to Peel Sound, 
where a northerly flow on the east side of the Sound may represent the 
return portion of an intrusion of the easterly flow thniough BaTTOW Strait. 
No direct current measurements are available at this time for most areas of 
the southern channels. 

SouthernCkwineetdng Passages: Residual-current measurements are 
available, in the west, only for Prince of Wales Strait connecting the 
Archipelago with the Arctic Ccean by way of Amundsen GUlf, and in the east 
for Fury and Hecla Strait, a.narrow channel ccmnecting the Gulf of Boothia 
with the northern reaches of Faxe Basin -  Hudson Bay. In both cases the 
net residual flows are directed out of the Archipelago into the adjoining 
waterway to the south. The upstream source for the southwesterly flow 
through Prince of Wales Strait is not clear, as direct measurements in 
western Parry Channel did not reveal any flows directed into Prince of 
Wales Strait. However, de Lange Boom et al. (1987) traced the water source 
to the area north of Banks Island, throggh a similarity in water 
properties. A net flow into Amundsen Gulf from the Archipelago also is 

believed to occur through Dolphin and Union Strait, on the basis of some 
measurements of short duration current (Kaghino, 1979) and of 

water-property dietributions (Fissel, Knight and Birdh, 1984). 

Coastal Current:  One of the most notable features of residual flows 
within the Archipelago is the common occurrence of coastal currents, often 

flowing in opposing directions an opposite sides of a channel. In most 
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cases, the coastal currents are considerably larger than the mean 
near-surface residual currents occurring at mid-dhannel locations. 
invariably the coastal currents are directed alonehore, with the nearest 
coastline to the right of the flow direction, consistent with 
buoyancy-driven geostrophic flow. Through direct current measurement (see 
Table 4-1), coastal currents were detected in six Channels 

Table 4-3.  

A summary of coastal currents in the Canadian Arctic Archipelago 
detected using Eulerian current data. included are the location, mean 
speed and estimatedleith for eadh coastal current. 

Channel Side 	Mean Flow Speed 	Est. Width 
(cm/s) 	 (km) 

	

Prince of Wales Strait NW 	 8 	 8 (a) 

E. Viscount Melville 	N 	 3 	 8 - 30 (b) 
(off SW Bathurst Is.) 

S 	 4 	 8 - 35 ( b) 
(off Prince of Wales Is.) 

Peel Sound 	 E 	 10 	<12 - 25 (b) 

Barrow Strait 	 S 	 16 	 8 - 28 (b) 
(sPring) 

	

S 	 26 	 >6 (c) 
(Sum ner) 

	

N 	 12 	 >8 (b) 
(summer only?) 

Wellington Channel 	E 	 13 	 2 - 5 ( a) 
(middle  transect) 

E. Lancaster Sound 	N 	 55 	 <10 (d) 

	

S 	 50 	<11 - 33 (d) 

Notes on estimation of coastal current width: 

(a)compubad fram cross-spectral analysis (section 3.3 this report) 
(b)estimated from the reduction or reversal in mean currents with distance 

across a transect of current measurement sites 
(c)from Prinsenberg and Bennett (1987) 
(d)determined from an analysis of a combined set of current-meter, surface-

drifter and CTD data (Fissel, Lemon and Birch, 1981) 



63 

As mentioned previously, summer surface-drifter data and satellite-
tradked ice-floe trajectories  (Fisse]. and Marko, 1978; Marko, 1978) suggest 
that the pattern of oppositely-directed coastal currents also occurs at the 
entrances to Prince Regent Inlet, Admiralty Inlet, WeIlingtonClermel and 
Peel Sound (Figure 1.3-3). 

IeBlond (1980) Showed that oppositely-directed coastal currents within 
the Archipelago are explicable as a pair of oppositely-directed coastal 
geostrophic flows. This condition of opposing flows is possible when the 
Channel width is large relative to the local internal RosÉby radius of 
deformation. Crrcsing coastal currents occur when currents flow across the 
mouths of wide Channels (eg. the Baffin  Current flowing past the mouth of 
Lancaster Sound), producing a re-entrant circulation. The coastal current 
flows into the adjoining Canne]. , eventually turns across the Channel and 
then flows out of the Channel along the opposite Shore. 

Interestingly, there was no evidence of a coastal current in other 
Channels having a,width comparable to that of Channels listed in Table 
4-1. ln Channels, sudh as M'Clintodk Channel, M'Clure Strait and W. 
Viscount Melville Sound, the residual currents are weak, and station 
spacing lArge; perhaps sudh features are therefore beyond detection. 
Hbwever, in other areas, most notably Byam Martin Channel, Byam and Austin 
Channels, comparatively large residual flows are present. The absence of 
coastal currents in these areas may indicate that the Channel is narrow 
relative to the internal Rosàby radius and that opposing flow may be forced 
to occur at depth. Alternatively, other phisical mechanisms, sudh as 
harotropic or baroclinic instability or the effects of Sharp curvature 
around corners (IeBlond, 1980) or of complex bathymetry, may result inmore 
complex flow patterns. 

4.2 Temporal Variability in Residual Currents 

Within-Season Variability 

Zn the 1982 - 1985 programme the amplitude of fluctuations in the 
residual flow differed considerably from site to site. The largest 
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fluctuations were generally associated with the strongest mean currents (>

5 cm1s). However, at these locations, the fluctuations amounted to only 30

to 50 percent of the the magnitude of the mean flow, thus generating a

directional stead iness , and only rare reversals of the residual current.

Fluctuations associated with weak residua.l. flows were often larger than the

mean flow itself, although there were large variations among meas1arement

sites. Areas having current fluctuations of larger amplitude than the

vector mean flows, are the northern side of M'Clure Strait, the eastern

side of Prince of Wales Strait and the eastern side of the southern.

transeet through. Wellington Cbannel.

Rotating fluctuations in the residual currents are sma:Ll in compa,rison

with the amplitude of fluctuations aligned with the channel. The

geometrical constraints on residual flows withisi the channels of the

Archipelago appear to reduce or eliminate any tendency for residual flaws

to be rotary.

At most rnea,surement locations, the largest residual current

fluctuations occur at periods of 8 to 25 days, the longest periods

resolva,ble from the seasonal data sets. The fluctuations exxtend to even

longer periods ; an analysis of year-long data sets showed that fluctuation

amplitudes were even.larger over periods ranging from 40 to 120 days.

Comparativel.y large fluctuations ext.en7.ed to periods as short as 3 days,

particularly in the strong coastal current in Prince of Wales Stralt, in

southern Barrow Strait, and at some locations in Wellington Channel. At

periods less than 3 days, the amplitude of the fluctuations was very low at

all measurement sites.

The coherence levels for horizontally separated current records were

generally low in most areas, inâicating that the spatial scale of most

current fluctuations is smaller than the typical station sepa,ration of 5 to

25 km. Areas having the lowest coherence levels were M'Clure Strait,

Viscount Melville Sound, M'C1.intock Channel and Byam Martin Channel. The

first three areas had very sma1.l residual currents.
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The longer-period fluctuations in currents appear to have the Shortest 
spatial scales, as ingdicatedby adherent current fluctuations at 
horizontally-separated sites Horizontal spatial scales, determined from 
the cross-spectral analysis for longer periods, ranged from only 2 km for 
the northward coastal current in Wellington Channel to 8 km for the 
southeasterly coastal current in Prince of Wales Strait. These results 
lend support to the suggestion that the coastal currents are baroclinic 
geostrophic flows, whose length scale will be approximated by the internal 
Rosey radius of deformation (a few to several km within the study area). 
However, at Shorter periods (3 to 5 days) current fluctuations adlibit 
larger spatial scales, at least for those areas with moderate or larger 
fluctuations. The spati.91 scale for these intermediate periods is 20 to 30 
km, generally exceeding the internal PosSby radius of deformation. These 
lerrger  scales suggest that barotropic mechamisms may be more important in 
driving the shorter-period fluctuations. 

Seasonal Variability 

The seasonal variations in the mean residual currents differ among the 
dozen or so sites at which year-long current measurements have been 
Obtained in the Archipelago. For the seven of these sites involved in the 
1982-1985 Institute of CCean Sciences study, the summer residual currents 
represented the seasonal maximum at the site in Penny Strait, but were the 
smallest seasonal value measured in Austin Channel. In northern Barrow 
Strait, summer residual currents  bal  intermediate levels between those of 
the spring maximum and fall to winter minimum. The seasonal variation in 
current fluctuations was more consistent among measurement sites, with the 
smallest fluctuations occurring in spring at all locations. The largest 
fluctuations were recorded in fall or winter, with the single exception of 
the northern Barrow Strait site, where the largest fluctuations occurred in 
summer . . 

Other studies involving year-long current measurements can assist in 
understanding the seasonal cycle. A year-long record of near-bottom 
current in Crozier Strait from 1977 to 1978 (Greisman and Lake, 1978) 
exhibited the lamest mean speeds in the fall, with the weakest currents 
between February and August. 
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An eight-month record of currents at the southern Barrow Strait site 
obtained from April to Eecembey 1981 (Prinsemberg and Bennett, 1987) 

revealed that the strong easterly coastal current at this site was lergest 
in the summer, increasing sharply from the values measured in speing and 

fall The seasonal pattern determined for site 42 in northern Barrow 

Strait appears to be correlated with the strengthening of the easterly 
coastal current on the opposite side of the Strait. The currents on the 
northern site were reversing to westerly  in  August and September, the same 
time (but  in a different year) as the maximum occurred in eastward flow on 
the south side of the Strait (Figure 4-2). This circulation pattern may 
arise from a strengthening of the westward circulation into northern Barrow 
Strait from Wellington Channel, or from northern Lancaster Sound, during 
the summer. The westward flow in northern Barrow Strait may be a 
re-entrant flow, eventually turning south clodkwise and crossing the 
Strait to contribute to a stronger flow on the south side 

Fürther to the east, year-long current measurements were getained at 
several sites in Baffin Bay near the entrance to Lancaster Sound (Lemon and 
Fissel, 1982). Hère, the strong Baffin Current eZhibited the largest flows 
in the summer months, with reduded flows and fluctuations through the fall 
and minimum values in spring. 

It appears that the seasonal variation in residual currents differs 
between the western and eastern portions of the Archipelago. From the 
results of this study and previous work, the residual currents at eastern 
sites are largest in the summer. A summertime maximum in residual. currents 
was  observai in Penny Strait (this study), southern Barrow Strait 
(Primeemberg and Bennett, 1987) and Lancaster Sound (Lemon and Fissel, 
1982). However, at more westerly locations in Austin Channel (this study) 
and Crozier Strait (Greisman and Lake, 1978), the 3e:ingest residual currents 
occurred in fall and winter. 

Prinsenberg and Bennett (1987) sgggested that the seasonal variation 
in the residual current measured in southern Barrow Strait were related to 
corresponding variations in largle-scale sea level gradient. They showed 
that the seasonal cycle in sear-level difference between the Beaufort Sea 
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and Barrow Strait was similar to the cycle in residual current in Barrow 
Strait. However, if a sea-level gradient on this scale is responsible for 
the  asonal pattern in residual current, the seasonal pattern should be 
similar throughout the Archipelago. One possible explanation for the 

observed regional differences in seasonal cycle is that large-scale 
sea-level gradients differ with direction in the Archipelago. An 

examination of monthly mean sea-level data from Alert and Resolute between 
1963 and 1974 (Walker, 1978) indicates that the north-south sea-level 
gradient hasminimum value in summer and peak level in fall and winter. 
This north-south gradient, is similar in magnitude, but reversed in sense 
from the west-east gradient  notes.  by Prinsenberg and Bennett (1987). 

The variation in sea,ice clearing during summer may also be related to 
the seasonal pattern in residual current.  Extensive clearing of sea-ice 
occurs in most years in the eastern Archipelago, but the clearing of ice 
cover is more limited and variable in the west. The presence of sea ice 
through the summer reduces wind forcing on the ocean. ln addition, the 
contribution of ice melt water to the development of a less dense upper 
layer is reduced at western locations in the Archipelago. 

Interannual Variability 

Few areas have been studied sufficiently to allow estimates of 
yeas-to-year variability. 

Current data were dbtlinedduring April thmmet *me 1978 at sites in 

WeilingtonClomel, along a line nearly identical to the northern one of 

1984. The net transport in 1984 was southerly, with the strongest flow 
(7.8 cm/s vector-average) along the western side. However, a strong, 
narrow counter-current with vector-average speeds of up to 13 cm/s was 

present along the eastern Shore. The 1978 current data are consistent with 

the 1984 data. Flow in the central and western portions of the Channel was 

southerly at 2 to 7 cm/s (vector-averaged), with a counter-flow of 1.7 cm/s 

at the easternmost site. The station spacing in 1978 was probably too 
large to permit adequate sampling of the counter-flow. This flow 
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pattern in Wellington Channel  sens  to be a fairly permanent feature of the 
circulation: a counter-current was evident here in 1977 drifter data 
(Fissel and Marko, 1978) and in 1973-1977 ice-drift data (Marko, 1978). 

The largest sem of direct measurements of currents in the Archipelago 
were made in Barrow Strait by CCIW and IOS between 1981 and 1985. Although 
no  t continuous, and not always at the same site, these provide the best 
indications of seasonal and year-to-year variability in the residual 

circulation in the Archipelago. 

The strong easterly flow along the southern side of Barrow Strait 
appears to be a permanent feature of the ciroulation. It was apparent in 
eadh of the springtime data sets collected from 1981 to 1983, as well as in 
the summer of 1981, as disomsepreviously, and in the summer of 1977 
(Fissel and Marko, 1978). 

4.3 Volume Transport 

Volume transports were computed for seven channels using the 1982-1985 
Institute of Ocean Sciences data. In previous studies, springtime volume 
transport computations are available for: Byam and Austin Channels, and 
Crozier and Pullen Straits, in 1975 (Greisman and Lake, 1978); Barrow 
Strait in 1982 (Prinsenberg and Bennett, 1987); Fury and Media Strait in 
1975 (Sadler et al., 1979); and Nàres Strait in 1972 (Sadler, 1976a). All 
available springtime volume transports derived from direct current 
measurement along with temperature and salinity distributions, are 
disPlayed in Figure 4.3-1. 

The volume transport results reflect the net flow from the Arctic 
Ocean into Baffin Bay through the Archipelago. The largest transport 
measured, 67 x 104 m3/s, occurred through Nares Strait, leading 
directly into Northern Baffin Bay. The outflow from the Archipelago 
through Lancaster Sound appears to be about the same value (68 x 104 

 m3/s) based on combined values from Barrow Strait (44 x 104 r&/s)  and 
Wellington Channel (24 x 104 m3/s). A relatively small eastward 
transport, 4 x 104 m3/s,  leaves the Archipelago through  Thiry and Media 
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Strait. The transport through Jones Sound las  not  been direogymeasured, 
but early indirect (haroclinic only) measurements indicate that the 
discharge from this Sound is about half that from Lancaster Sound in the 
summer (section 1.3). Assuming these results are applicable to the direct 
springtime measurements, the total volume discharge into Baffin Bay is 
approximately 170 x 104 e/s, which within uncertainties is in 
agreement with the 210 x 104 m3/s total transport southward in summer 
front  Baffin Bay to Davis Strait (Ccadmmul and Aagaard, 1974; Muendh, 

1971). 

Within the Archipelago, about  one- hAlf (34 x 104 m3/s) of the 
outward flow through Barrow Strait and Wellington Calomel appears to come 
through Penny Strait. About 12 to 16 x 104 leis flows into Parry 
Channel from Byam Martin Channel, leaving an apparent imbalance of 18 to 22 
X  104 m3/s. In view of the large uncertainties in the volume transport 
estimates, the imbalance  may  simply arise due to a combination of errors 
from individual transport computations, and the absence of any transport 
estimates for Peel Sound, one of the adjoining channels to the south of 
Barrow Strait. 

Alternatively, the iàbalance may indicate an underestimate of the 
eastward transport entering the Archipelago fram M'Clure Strait. The 
computed value of 5 x 104 eis had a large uncertainty of 30 x 104  
m3/s; this arose, in large part, both from the sparse sampling over this 
very wide and deep Channel and from the small current speeds measured over 
most of the Strait. There is irdirect  evidence for aminflow of Arctic 
Ocean water at depths near 120 m over the southern two-thirds of M'Clure 
Strait (de Lange Boom, 1988; Melling et al., 1984). Some of the flow into 
M'Clure Strait lïkely.exits through Prince of Wales Strait, while any 
additional, undetected, amount may contribute to the eastward transport 
through Barrow Strait. 

Seasonal variability in volume transport within the ArChipelago 
remains largely unknom. Prinsenberg and Bennett (1987) computed volume 
transport through Barrow Strait; it ranged  front  a low of 20 x 104 m3/s 
in January to a high of 100 x 104 re/s in August. The annual mean of 
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50 x 104 m3/s is appcximately the same as the springtime value. 
However, the transport °minted for seasons other than spring were derived 
from direct•ourrent measurements Obtained at just one site in Barrow Strait 
(Site 46 in the strong eastward flowing current on the south side of the 
Strait), using the springtime relationeip between total transport and 
currentmasuremnts at Site 46 (Prinsenberg and Bennett, 1987). This 
analytical approadh appears to make no alloWance for changes in the 
large-scale flow patterns within the Strait, sudh as the development of a 
westward counterflow on the northern side of the Strait Observed in the 
summer of 1984 (Figure 4-2). The westerly inflow would reduce the net 
transport unless the inflowing water was fully recirculated into the 
easterly flow on the southern side of the Strait. HOwever, even if this 
were the case, the algorithm of Prinsenberg and Bennett (1987) derived from 
the spœingtime situation (eastward flow throughout the dhannel), may tend 
to overestimate the net transport in summer, when two opposing flows are 
present. 

Interannual variability of the volume transports within the 
Ardhipelago can only be examined in a very preliminary faàhion, given the 
paucity of transport results available at the same location in more than 
one year. The best repeated estimate derived from direct current 
measurement is for BaTTOW Strait. The volume transport measured in April 
1982 (Prinseriberg and Bennett, 1987) and in April 1984 from this study Show 
good agreement (50 x 104 and'44 x 104 1113/s, respectively). A second 
comparison of volume transport for Byam Martin Channel elso reveals good 
agreement. ln this study a net southward transport of 12 + 4 x 104  
m3/s was Obtained from April 1982 data. Greisman and Take (1978) 
computed a total southerly transport of 16 x 104 m3/s for the 
connecting passages of Byam and Austin Channels Based on these two 
comparisons, volume transports may not add:bit lane year-to-year 
variations. However, many additional comparisons, in coMbination with a 
better understanding  of' the  underlying dinamics of lamge-scale flows 
through the Archipelago, are required to readh a, definitive conclusion on 
interannual variability of transports. 
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Figure 1.3-2:  Locations of all moored—current—meter data obtained in the Canadian 
Arctic .Archipelogo prior to 1982 (from Fiscel et al., 1983; Birch et 
al., 1983, 1987). 
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a) Vector—averaged velocities from drogued—drifter measurements in 
eastern Parry Channel, July—November, 1977. The averaging is applied 
over rectangles of size 0.2 6  latitude by 0.8' longitude (from Fissel and 
Marko, 1978). 
b) Observed directions of summer ice movements in eastern Parry Channel, 
1973-1977. 	Arrow length Is approximately proportional to observed ice 
speed (from Marko, 1978). 
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Figure 2.1-20: 

Figure 2.1-2b: 

Figure 2.1-2c: 	Bottom-founded mooring with vane-follower current meters (from Buckingham, Lake and Melling, 
1987c). 

Vane-follower current meters suspended from the sea-ice on hydraulic hose (from Buckingham, 
Lake and Melling, 1987c). 

Standard configuration current meter on a taut-line mooring (from Buckingham, Lake and 
Melling, 1987c). 
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Cross-spectra computed for pairs of current-meter records in Prince of 
Wales Strait. 

Figure 3.3-2: 
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Figure 3.3-3: 
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Figure 3.3-5: 	Crose—epectra computed for pairs of current—meter records in M'Clintock 
Channel. 
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Figure 3.3-10: 
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Figure 3.3-12: 
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Figure 3.3-13: Seasonal cross-spectra computed for hor izonta I I y-separated station pairs in Penny
Strait, using Site PSE mid-depth. -
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Figure 4-2: Monthly vector averaged velocities at stations 46 in 1981 and 42 'n 
1984. Although the data are from different years, the increased flow at 
station 46 during the summer correlates with a reversal from easter y 
to westerly flow at station 42. 



Figure 4-3: Estimated transport, in hundredth's of Sverdrups (1 Sv = 106m3/s), thr.ough the channels

of the Canadian Archipelago. Sources are the 1982-1985 IOS data and others specified in

Appendix 2.
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APPENDICES 





Area Per iod  

DOS I.D. #] 

Collecting 

Agency 

Comments 

5. 1977 	 M'Clure Strait & 	CCIW 

Apr-May 	Prince of Wales 

[77-0012] 	Strait 

6. 1977-1978 	Crozier Strait & 	Frozen Sea 

Mar-Mar 	Pullen Strait 	 Research Group 

[77-0026] 

APPENDIX 1 

DATA SETS CONTAINING CURRENT MEASUREMENTS WHICH MAY BE USEFUL 

IN DETERMINING RESIDUAL CIRCULATION PATTERNS IN THE CANADIAN ARCHIPELAGO 

1. 1969 	 Kane Basin 	 Arctic Inst. of 	Sixteen days of current data from 50 m depth 

May 3-20 	 N. America 	 indicated a weak southerly net flow. Speed 

[69-0005] 	 and direction histograms, but no means, are 

reported by Muench (1971). 

2. 1971, 	 Robeson Channel 	 DREP & DREO 	 Springtime measurements in the 3 years 
1972 and 	 indicated a net southerly transport of 
1975 	 0.67 x 10

6 
m
3
/s (Sadler, 19760,b). 

3. 1976 	 Fury & Hecla Strait 	DREP 	 Line of current meters extending north- 

Apr-May 	 south across the Strait. Effective length of 
[76-0007] 	 records, typically 20-30 days. 	Data status: 

processed and reported (Sadler, Serson and 

Chow, 1979). Calculated transport of 

1.2 x 10
12 

m
3
/year to the east. 

4. 	1976 	 Byam Channel & 	 Frozen Sea 

Apr-Jul 	Austin Channel 	 Research Group 

[76-0017] 

Seventeen current meters; surface, 

mid-depth and near-bottom. Effective 

length of records typically 40-70 days. 

Detailed analyses in Greisman and Lake (1978). 

Near-surface current meters. 	Effective 

lengths 10-40 days. 	Detailed analyses in 

Peck (1978). 

Six moorings in Crozier Strait, one in Pullen 

Strait. 	Effective lengths of records 

typically 50-70 days. Detailed analyses in 

Greisman and Lake (1978). 	Two deep meters in 

Crozier Strait provided records of nearly one-

year duration. 



Area Per iod  

DOS I.D. #] 

Comments Collecting 

Agency 

Wellington Channel 

Lancaster Sound 

Lancaster Sound & 

Lady Ann Strait 

Frozen  Sec  

Research Group 

Pet ro—Canada/ 

Arctic Sciences 

Pet ro—Canada/ 

Arctic Sciences 

M'Clure Strait Polar Gas/ 

Dobrocky Seatech 

Lancaster Sound 	 IOS 

Barrow Strait & 	 CCIW 

Austin Channel 

Desbarats Strait & 	CCIW 

Maclean Strait 

7. 	1977 

Aug—Oct 

[77-0013] 

8. 	1978 

Mar—Apr 

[78-0007] 

9. 	1978 

Apr—Jul 

[78-0012] 

10. 	1978 

Aug—Sep 

[78-0005] 

11. 	1979 

Aug—Sep 

[79-0011] 

12. 	1979 

Mar—Apr 

[79-0013] 

13. 	1979 

Apr—May 

[79-0019] 

Three moorings off Borden Peninsula. Maximum 

record lengths of 65 days. Detailed analyses 

in Fissel and Wilton (1978). 

Five moorings across Barrow Strait and three 

in Austin Channel. 	Effective lengths typically 

20-40 days. Barrow Strait moorings had 

instruments at 5 and 50 m depth. 	Detailed 

analyses in Peck (1980a). 

Four moorings in an east—west line across 

the channel. Instruments at 12 and 100 m. 

Reference IOS (unpubl. data report, 1981). 

Three moorings running north—south across 

the sound. Effective lengths 20-46 days. 

Detailed analyses in Fissel and Wilton (1980). 

Seven moorings in Lancaster Sound, one in Lady 

Ann Strait. 	Effective lengths typically 

50 days. 	Detailed analyses in Fissel and 

Wilton (1980). 

Five moorings across M'Clure Strait. Meters 

typically at near—surface, 250 m, and 500 m. 

Directional information at near- 

surface meters only. Reference Polar Gas 

Project (1979). 

Seven moorings with eight meters providing 

records of 10 to 30 days. 	Detailed analyses 

in Peck (1980b,c). 



Period Area Collecting Comments

[IOS I.D. #] Agency

14. 1979 Dolphin & Union Polar Gas/ Five moorings extending across the strait.
Aug-Sep Strait Dobrocky Seatech Effective record lengths tyically 15 days.
[79-0012] Analyses in Kashino (1979).

15. 1980 Desbarats Strait Polar Gas/ 15-20 day records at 10 m, three sites.

Apr Dobrocky Seatech Reference Juhasz ( 1980).

[80-0014]

16. 1981 Barrow Strait &

Mar-Apr Peel Sound

[81-0007]

CCIW Five moorings across Peel Sound. The mooring

in southern Barrow Strait recorded data from

April through December. No report; contact

Dr. S. Prinsenberg at BIO (902-426-6598).

17. 1982 Barrow Strait CCIW Three moorings across Barrow Strait (22-34

Mar-Jun days). Data analyzed but not reported;

[82-0002] contact Dr. S. Prinsenberg at BIO

( 902-426-6598).

18. 1983 Barrow Strait CCIW Two moorings (42A, 46A). Effective lengths

Apr 7-30 days. Data analyzed but not reported;

[83-0009] contact Dr. S. Prinsenberg at BIO

(902-426-6598).

19. 1983 Prince Regent Inlet CCIW Four meters, all at 10 m depth. Record
Apr lengths 5-47 days. Meters were nearshore, and

[83-0017] possibly not representative of currents in

the centre of the inlet. Data analyzed but not

reported; contact Dr. S. Prinsenberg at BIO

(902-426-6598).

20. 1984-1985 M'Clure Strait & Frozen Sea Data not fully processed. Direction channel

Ballantyne Strait Research Group should be inspected for proper response since

no rigid connection to surface was used

(Perkin, pers. comm.).

21. 1985 Arnot Strait CCIW Contact D. St. Jacques at CCIW (416-637-4384).
Spring



APPENDIX 2 

SUMMARY STATISTICS OF CURRENT RECORDS USED TO SUPPLEMENT 
THE DATA OBTAINED BY THE INSTITUTE OF OCEAN SCIENCES DURING 1982-85 

	

Stn# Latitude 	Longitude 	CM 	Start 	Stop 	Record 	Vector- 	 Comments 	 Source 

	

Deg Min 	Deg Min 	Depth (yr/mo/dy) (yr/mo/dy) Length 	Averaged 

( 111 ) 	 (days) 	Current 

(cm/s) °True 

Area 

Robeson 	1 	81 	58.8 62 	6.5 	5 	72/04/24 	72/06/04 	41 	11 	195 	 Sadler (1976) 
Channel 	1 	81 	58.8 62 	6.5 	20 	72/04/24 	72/06/04 	41 	30 	200* 

1 	81 	58.8 62 	6.5 	100 	72/04/24 	72/06/04 	41 	45 	230 
2 81 	55.9 61 	49.3 	5 	72/04/24 	72/06/02 	39 	9 	220 
2 	81 	55.9 61 	49.3 	10 	72/04/24 	72/06/04 	39 	10 	215  

CA 
2 81 	55.9 61 	49.3 	20 	72/04/24 	72/06/04 	39 	12 	210* 	 Co 
2 81 	55.9 61 	49.3 	50 	72/04/24 	72/06/04 	39 	19 	205 
3 	81 	53.2 61 	16.4 	10 	72/04/24 	72/05/31 	37 	11 	345 
3 81 	53.2 61 	16.4 	20 	72/04/24 	72/05/04 	37 	5 	345* 
3 	81 	53.2 61 	16.4 	lee 	72/04/24 	72/05/04 	37 	4 	360 

Fury & 	1 	69 	52.2 84 	15.6 	11 	76/04/26 	76/05/27 	21 	3 	105 	 Sadler, 

Hecla 	1 	69 	52.2 84 	15.6 	40 	76/04/23 	76/05/27 	21 	9 	135 	 Serson 
Strait 	 2 	69 	54.0 84 	15.6 	11 	76/04/24 	76/05/27 	29 	1 	225 	 & Chow (1979) 

2 69 	54.0 84 	15.6 	40 	76/04/25 	76/05/27 	32 	8 	295 
3 	69 	55.7 84 	15.6 	11 	76/04/25 	76/05/26 	30 	3 	130 

	

3 69 55.7 84 	15.6 	40 	76/04/25 	76/05/26 	30 	4 	320 
4 	69 	57.5 84 	15.6 	11 	76/04/27 	76/05/26 	19 	7 	se 
4 69 	57.5 84 	15.6 	40 	76/04/27 	76/05/26 	18 	1 	240 

Lancaster 	77-1 74 	5.5 81 	11.0 	39 	77/07/28 	77/09/26 	60 	16.2 	177 	 Fissel & 
Sound, 	77-3 74 	7.4 82 	13.0 	35 	77/07/29 	77/09/29 	63 	19.0 	233 	 Wilton (1978); 
NW Baffin 	79-2 75 	41.8 77 	51.8 	35 	79/07/25 	79/09/24 	61 	6 	256 	 Fissel, 
Bay 	 79-3 75 	26.3 76 	20.6 	35 	79/07/26 	79/09/26 	62 	4.8 	220 	 Lemon, 

(EAMES) 	79-5 74 	59.6 79 	8.9 	24 	79/07/25 	79/09/18 	56 	18 	210 	 & Birch (1981) 

*Indicates that the data were interpolated to the 20 m level. 



	

Stn# Latitude 	Longitude 	CM 	Start 	Stop 	Record 	Vector- 	 Comments 	Source 

	

Deg Min 	Deg Min 	Depth (yr/mo/dy) (yr/mo/dy) Length 	Averaged 

(m) 	 (days) 	Current 
(cm/s) °True 

Arec  

	

79-6 74 58.5 78 29.1 	29 	79/07/24 	79/09/25 	63 	17.5 	205 

	

79-7 74 58.9 78 51.6 	57 	79/07/24 	79/09/25 	63 	2.2 	327 

78-1 74 35.9 79 	28.6 	34 	78/08/04 	78/09/18 	45 	20.3 	230 

78-4 74 	29.8 80 38.0 	46 	78/08/04 	78/08/24 	20 	57.6 	251 

78-6 73 	47.1 80 	5.1 	29 	78/08/06 	78/09/20 	46 	45.3 	110 

78-8 73 	42.3 78 	11.3 	83 	78/07/31 	78/09/28 	45 	20.6 	96 

79-10 74 	26.3 81 	55.1 	42 	79/07/23 	79/09/22 	61 	6.8 	208 

79-12 74 	7.0 82 	11.0 	41- 	79/08/01 	79/09/22 	52 	26.7 	154 

79-13 73 	49.9 82 	7.4 	35 	79/08/01 	79/09/22 	52 	6.6 	134 

79-14 74 	9.0 82 53.5 	37 	79/08/02 	79/09/20 	50 	9.0 	25 	 1-1 
CA 

79-16 73 	51.9 80 	11.3 	50 	79/07/29 	79/09/23 	56 	34.3 	105 	 CC) 

78-7 74 	6.8 78 29.4 	35 	78/08/01 	78/09/16 	46 	4.8 	257 

78-9 74 	7.4 77 25.4 	35 	78/08/01 	78/09/28 	58 	0.5 	3 

78-11 72 	22.8 74 	3.9 	38 	78/08/10 	78/10/03 	53 	15.1 	130 

78-13 72 	30.7 72 	45.7 	31 	78/08/11 	78/10/03 	54 	7.6 	175 

78-14 71 	39.8 71 	8.6 	38 	78/08/14 	78/10/05 	46 	17.1 	131 

78-15 71 	45.1 70 	49.3 	19 	78/08/14 	78/10/04 	51 	20.9 	132 

79-24 71 	46.0 70 	44.5 	35 	79/08/09 	79/10/02 	54 	7.1 	156 

Prince 	. 	A 	72 	53.5 91 	44.0 	10 	83/03/17 	83/05/01 	45 	1.3 	338 	 Prinsenberg 

Regent 	8 	73. 14.0 89 	5.0 	10 	83/03/20 	83/04/30 	41 	0.8 	19 	 (pers. comm.) 

Inlet " 	C 	73 	49.0 90 	17.5 	10 	83/03/20 	83/04/30 	41 	0.4 	354 

Peel 	81 	73 	41.6 96 	49.0 	10 	81/03/29 	83/04/27 	29 	1.2 	142 	 Prinsenberg 
Sound 	82 	73 	41.6 96 	37.0 	10 	81/03/28 	83/04/26 	29 	0.9 	19 	 (pers. comm.) 

83 	73 	41.6 96 	18.5 	10 	81/03/29 	81/04/27 	29 	2.7 	32 

84 	73 	41.6 96 	0.0 	10 	81/03/23 	81/04/24 	32 	5.5 	6 

85 	73 	41.6 95 	48.2 	10 	81/03/29 	81/04/27 	29 	7.0 	4 

Byam 	B1 	75 	32.7 105 	25.2 	0.5 	76/04/20 	76/06/25 	96 	0.8 	245 	 Greisman 
Channel 	B2 	75 	30.2 105 	8.7 	0.5 	76/04/22 	76/07/15 	83 	2.6 	195 	 & Lake (1978) 

8 4 	75 	26.9 104 	46.5 	0.5 	76/04/28 	76/06/28 	61 	2.0 	200 

85 	75 	25.5 104 	37.8 	0.5 	76/05/12 	76/07/25 	73 	1.1 	115 



Area Stn# Latitude Longitude CH Start Stop Record Vector- Comments Source

Deg Min Deg Min Depth (yr/mo/dy) (yr/mo/dy) Length Averaged

(m) (days) Current

(cm/s) °True

Austin Al 75 25.2 103 50.1 0.5 76/05/10 76/07/21 72 1.7 110 Greisman

Channel A2 75 26.4 103 38.7 0.5 76/05/09 76/07/02 53 2.1 135 & Lake (1978)

A3 75 28.2 103 21.6 0.5 76/05/08 76/06/18 40 5.6 135

A4 75 30.2 103 01.0 0.5 76/05/13 76/07/22 79 5.2 125

A5 75 31.5 102 49.2 0.5 76/05/02 76/06/15 41 4.2 110

Crozier C1 75 31.6 97 22.2 0.5 77/03/27 77/06/11 76 6.0 170

Strait C2 75 31.5 97 19.8 0.5 77/03/30 77/06/11 73 1.0 55

C3 75 30.5 97 10.4 0.5 77/04/13 77/06/12 0? 9.5 180

C4 75 30.3 97 8.0 0.5 77/04/10 77/06/14 65 9.5 180

C5 75 30.0 97 5.1 0.5 77/04/06 77/06/12 66 9.0 175

C6 75 28.8 97 2.9 0.5 77/04/04 77/06/12 69 8.0 165

Pu1.1 en P3 75 26.5 96 5.9 0.5 77/04/21 77/06/15 55 2.5 255

Strait

Danish 32 77 50.0 100 46.0 5 79/04/08 79/04/30 22 5.1 138

Strait

Maclean 35 77 37.0 102 55.0 50 79/04/08 79/04/25 17 2.1 290

Strait 37 77 30.0 103 58.0 50 79/04/08 79/05/07 12 0.5 354

Desbarats 12 76 55.0 103 49.0 50 79/04/03 79/05/el 28 1.1 127

Strait 14 76 47.0 103 52.0 5 79/04/03 79/04/27 10 0.8 85

Hazen 24 76 52.0 107 52.0 5 79/04/03 79/05/02 29 2.5 145

Strait

Peck (1980b,c)

Austin 82 75 27.3 103 5.4 50 78/03/15 78/04/26 42 1.9 242 not plotted Peck (1980a)

Channel 95 75 7.4 102 59.6 5 78/03/15 78/04/01 17 1.7 169

Western 28 74 40.3 96 43.8 4 78/03/10 78/04/12 33 4.6 110

Barrow 28 74 40.3 96 43.8 50 78/03/10 78/04/02 23 5.6 92

Strait 35 74 52.8 98 17.0 4 78/03/11 78/04/22 42 5.3 92

35 74 52.8 98 17.0 50 78/03/11 78/04/22 42 5.1 21

38 74 38.3 97 58.2 4 78/03/13 78/04/29 47 3.6 202

38 74 38.3 97 58.2 50 78/03/13 78/04/22 40 6.3 186

42 74 26.7 98 6.4 4 78/03/11 78/04/23 43 6.8 127.5

Peck (1980a)



	

Stn# Latitude 	Longitude 	CM 	Start 	Stop 	Record 	Vector- 	 Comments 	 Source 

	

Deg Min 	Deg Min 	Depth (yr/mo/dy) (yr/mo/dy) Length 	Averaged 

(m) 	 (days) 	Current 

(cm/s) °True 

42 	74 	26.7 98 	6.4 	50 	78/03/11 	78/04/12 	32 	3.6 	338 
45 	74 	10.0 98 	34.0 	4 	78/03/11 	78/04/23 	43 	4.7 	79 
45 	74 	10.0 98 	34.0 	50 	78/03/11 	78/04/23 	43 	1.1 	70 

Barrow 	41 	74 	36.2 94 	2.8 	10 	82/03/19 	82/04/23 	35 	5.0 	88 	 Prinsenberg 
Strait 	42 	74 	34.0 94 	1.1 	10 	82/03/24 	82/04/22 	29 	7.7 	80 	 (pers. comm.) 

42 	74 	34.0 94 	1.1 	50 	82/03/24 	82/04/22 	29 	7.9 	116 
42 	74 	34.0 94 	1.1 	10 	83/03/29 	83/04/27 	29 	6.5 	103 
42 	74 	34.0 94 	1.1 	40 	83/03/28 	83/04/25 	28 	3.3 	83 

	

44 74 24.1 93 54.7 	10 	82/03/22 	82/04/30 	39 	7.7 	86 
44 74 	24.1 93 	54.7 	50 	82/03/22 	82/04/30 	39 	6.3 	101 
44 	74 	24.1 93 	54.7 	10 	83/03/29 	83/04/27 	29 	8.3 	119 
46 	74 	13.4 93 	41.2 	10 	82/03/20 	82/04/19 	30 	11.7 	80 
46 	74 	13.4 93 	41.2 	50 	82/03/20 	82/04/19 	30 	14.1 	76 
46 	74 	13.1 93 	45.5 	10 	83/03/29 	83/04/27 	29 	10.6 	76 
46 	74 	13.1 93 	45.5 	40 	83/03/25 	83/03/31 	6 	6.4 	81 short record 

47 	74 	11.3 93 	33.9 	10 	82/03/20 	82/04/19 	30 	5.1 	73 
47 	74 	11.3 93 	43.0 	10 	83/03/29 	83/04/27 	29 	9.8 	85 

M'Clure 	1 	73 	24.5 114 	25.6 	3 	79/02/26 	79/04/19 	52 	0.7 	328 	 Polar Gas 

Strait 	 2 	73 - 38.6 114 	12.9 	3 	79/03/04 	79/04/18 	45 	2.5 	249 	 (1979) 
3 	73 	54.1 113 	55.1 	3 	79/03/06 	79/04/18 	43 	1.3 	153 
4 	74 	09.1 113 	36.6 	3 	79/03/12 	79/04/19 	38 	3.2 	86 
5 	74 	24.9 113 	15.3 	3 	79/03/13 	79/04/18 	36 	0.9 	130 
5 	74 	24.9 113 	15.3 	18 	79/03/23 	79/04/16 	25 	4.4 	218 

Area 

M'Clure 	31 	74 	20.26 113 21.84 	6 	77/04/03 	77/05/07 	31 	1.1 	79 
Strait 	34 	73 	42.96 114 46.05 	6 	77/04/03 	77/05/12 	32 	0.3 	75 
Prince of 	42 	73 	20.98 115 36.06 	6 	77/04/01 	77/05/11 	40 	1.9 	251 
Wales 	 42 	73 	20.98 115 36.06 	34 	77/04/01 	77/05/11 	40 	2.4 	233 
Strait 

Peck (1978) 



Area Stn# Latitude Longitude

Deg Min Deg Min

Wellington 1 75 15.5 93 17.5

Channel 2 75 15.9 93 00.5

2 75 15.9 93 00.5

3 75 15.8 92 51.0

3 75 15.8 92 51.0

4 75 16.3 92 37.2

M'Clure 807 74 24.8 123 53.1

Strait

Ballantyne P01 77 43.2 116 00.1

Strait

Nares 4 81 12.0 65 27.8

Strait

CM Start Stop Record Vector- Comments Source

Depth (yr/mo/dy) (yr/mo/dy) Length Averaged

(m) (days) Current

( cm/s) °True

12 78/04/25 78/07/09 75

12 78/04/19 78/07/09 81

100 78/04/19 78/07/06 78

20 78/04/04 78/07/08 94

100 78/04/03 78/07/08 96

12 78/04/06 78/07/08 92

6.8 169 Lake

2.0 140 (pers. comm.)

0.6 109

4.6 133

2.5 138

1.7 16

36 84/04/11 85/05/02 ? ? ? Prelim. analysis Perkin

suggests strong (pers. comm.)

residual flow

towards east N

35 84/??/?? 85/??/?? ? ? ? Prelim. analysis Perkin

suggests weak (pers. comm.)

residual flow

6 85/03/10 85/04/28 49 4.0 242 Directions may be Griesman et al.

incorrect (1986)
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APPENDIX 3 
SUMMIT( OF COMPUTATICtIAL TECHNIQUES KR AUTO- 

AND CROSS-SPECTRAL ANALYSIS 

The time-series current records were subjected to several stages of 
processing and analysis prior to the computation of the auto- and cross-
spectral estimates. Initiaily the major and minor components were computed 
from eadh residual current meter data set. The component orientations were 
determined through computation of the principal axis from the time series 
data, by means of the following algorithm: 

TAN (2 x PHI) = -2 x COV(U x V)  
VAR(U) - VAR (V) 

where: 	- PHI is the angle of the major axis in degrees 
counterclockwise from the easterly direction; 

- U, V are the easterly and northerly current components 
- TAN() is the tangent function 
- VAR(), COV() are the variance and covariance functions. 

The remaining analysis stages are summarized below: 

(1) tidal and other fluctuations having periods less than 1.25 dais were 
removed from the data with a low-pass digital filter (see Section 
2.2.2 for details). 

(2) the mean over eadh time series was computed and removed from the 
record. 

(3) the time series data were pre-whitened to guard against very long-term 
variations being misinterpreted as periodic fluctuations at higher 
frequencies (Bath, 1974; p. 260). The algorithm applied to eadh time 
series data value  x(i) was: 

X(i) = X(i) - 

where PW = 0.99. 

(4) a cosine taper window was then applied to the time series to reduce 
the effects of sideband leakage, associated with computation of 
Fourier transforms of series of finite length  (Bath,  1974; p. 161). 

the Fourier coefficients were computed using the algorithm of 
Singleton (1969). 

(6) the Fourier coefficients were then corrected for frequency-dependent 
modifications resulting from the application of previous 
data-processing steps, specifically the low-pass filtering, the 
pre-whitening and the cosine taper, as described above. 

The corrected spectral coefficients were then band- and block-averaged 
in order to improve statistical reliability, as discussed in Sections 3.2 
and 3.3 of this report. 

(5)  




